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Aims

 

Inhaled corticosteroids (ICS) are the cornerstone of asthma treatment. At high doses
they can give rise to systemic side-effects such as hypothalamic-pituitary-adrenal
(HPA) axis suppression. This effect may depend on the delivery system, which in turn
alters drug deposition and adsorption. We hypothesized that adrenal suppression
depends on the rate of steroid absorption rather than the total steroid dose received.

 

Methods

 

Eight healthy adult males were recruited for a randomized double-blind placebo
controlled trial. Adrenocortical suppression ability was demonstrated by a 30% sup-
pression of early morning cortisol following 1 mg dexamethasone. Subjects then
attended in the evening on two occasions receiving 500 

 

µ

 

g of intravenous beclom-
ethasone monopropionate (17-BMP) for either 15 min or 2 h. Overnight urinary
cortisol : creatinine (C : C) ratio was measured before and after the infusion and an
08.00 h serum cortisol was measured following the infusion.

 

Results

 

Mean C : C pre and post 15 min infusion was 5.97 and 3.22 (

 

P 

 

=

 

 0.005). Mean C : C
pre and post 2 h infusion was 6.31 and 4.15 (

 

P 

 

=

 

 0.004). Delta C : C and mean
08.00 h cortisol for 15 min and 2 h infusion was 2.74 and 2.16 and 425 nmol l

 

−

 

1

 

and 400 nmol l

 

−

 

1

 

, respectively (

 

P 

 

=

 

 NS).

 

Conclusions

 

The rate of infusion of 17-BMP seemed to have little effect on the degree of adrenal
suppression. Individual C : C ratios were reproducible. Differences in absorption of
ICS are unlikely to explain observed differences in HPA axis suppression.

 

Introduction

 

Inhaled corticosteroids (ICS) are the cornerstone of
asthma treatment. It is well known that long-term oral
steroids have systemic side-effects such hypothalamic-
pituitary-adrenal (HPA) axis suppression, cataracts and
osteoporosis [1, 2]. ICS have local activity and high first
pass metabolism, which minimizes systemic side-effects
but at high doses ICS can also give rise to systemic
complications because of absorption from the lung and
partial clearance at first pass [3, 4].

Although the side-effects of ICS appear to be dose

related the delivery system also has a contributory
effect. In an editorial Dekhuijzen & Honour [5] specu-
lated on the mechanisms behind the apparent lack of
HPA suppression caused by chlorofluorocarbon (CFC)-
free beclomethasone dipropionate (BDP). This method
of drug delivery produces particles with a smaller
median mass aerodynamic diameter, which not only
results in greater lung deposition but also in a more rapid
absorption of drug. Thus peak blood concentrations
occur more rapidly compared with dose equivalent CFC
BDP. One hypothesis was that a rapid achievement of
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peak circulating exogenous corticosteroid concentra-
tions, as occurs with the rapid absorption of CFC free
BDP, led to less HPA axis suppression. The aim of our
study was to establish whether a rapid rate of change in
exogenous steroid caused less HPA axis suppression
than a slower elevation in plasma steroid concentration.
The steroid we used was intravenous 17-beclometha-
sone monopropionate (17-BMP) the active metabolite
of beclomethasone dipropionate. If the mechanism of
suppression of the HPA axis caused by the different
pharmacokinetic profiles of ICS could be elucidated
then it would allow drug delivery that minimized side-
effects without compromising the beneficial effects of
inhaled steroids.

We  hypothesized  that  the  rate  of  steroid  absorption
is an important determinant of the degree of adrenal
suppression.

 

Methods

 

Eight healthy adult males, mean age 34 years, were
recruited to a randomized double-blind placebo con-
trolled trial. Ethical approval was obtained from the
local ethics committee and patient consent taken prior
to screening. Sensitivity to adrenocortical suppression
was demonstrated by a 

 

>

 

30% suppression of early
morning cortisol following 1 mg dexamethasone. Ran-
domized subjects then attended in the evening on two
occasions receiving 500 

 

µ

 

g of intravenous 17-BMP sup-
plied as a 5 ml ampoule containing 500 

 

µ

 

g of 17-BMP
in a vehicle of propylene glycol and ethanol (BCM
Specials, Nottingham). The infusion was given for either
15 min or 2 h alongside appropriate saline placebo.
Overnight urinary cortisol : creatinine (C : C) ratio was
measured before and after the infusion and a 08.00 h
serum cortisol was measured following the infusion.
Cortisol was measured using the DPC (Llanberis, UK)
Immulite 2000 immunoassay analyzer. Creatinine was
measured using the Beckman Coulter (High Wycombe,
UK) LX20 PRO analyzer. The study was powered
(80%) at 0.05 significance for a 20% difference in C : C
ratio.

 

Results

 

Mean C : C pre and post 15 min infusion was 5.97 and
3.22 (

 

P 

 

=

 

 0.005) (Figure 1a). Mean C : C pre and post
2 h infusion was 6.31 and 4.15 (

 

P 

 

=

 

 0.004) (Figure 1b).
Thus the difference in C : C associated with the 15 min
and 2 h infusion was 2.74 (SD 1.9) and 2.16 (SD 1.5)
(

 

P 

 

=

 

 NS). The coefficient of variance for the pre-
infusion  C : C  was  21%.  Mean  08.00 h  cortisol  for
the 15 min and 2 h infusion was 425 nmol l

 

−

 

1

 

 and
400 nmol l

 

−

 

1

 

, respectively (

 

P 

 

=

 

 NS).

 

Discussion

 

To our knowledge this is the first use of intravenous 17-
BMP to mimic the pharmacokinetics of inhaled BDP.
BDP is metabolized in the lung to 17- BMP, 21-BMP
and beclomethasone. 17-BMP has the highest affinity
for glucocorticoid receptors and it is known to circulate
at greater concentrations in the serum compared with
other metabolic breakdown products [6–8]. Daley-Yates
and colleagues [9] showed that the main active metab-
olite of inhaled BDP is 17-BMP and that following an
inhaled dose of BDP the bioavailability 17-BMP is high
(mean percentage 62%). Hence by infusing 17-BMP at
two different rates we sought to mimic rapid and slow
systemic bioavailability of 17-BMP seen with different
inhalers. The use of the active metabolite allowed us to
avoid any individual variation in the conversion of par-
ent drug to 17-BMP.

By using different rates of infusion of intravenous 17-
BMP we sought to mimic the pharmacokinetics of sys-
temic corticosteroid bioavailability when inhaled from
CFC free and conventional inhalers. The infusion times
in our study were chosen to reflect the peak blood con-
centrations achieved after inhalation of CFC and hydro-

 

Figure 1 

 

Pre (

 

�
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) infusion overnight urinary cortisol : creatinine ratios 

 

following a) a 15 min infusion of 17-BMP and b) a 2 h infusion of 17-BMP
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flurocarbon (HFA) BDP. They are based on the work of
Seale 

 

et al.

 

 [10] who showed that the serum concentra-
tions of BDP plus metabolites peaked at 15 min and 2 h
following single inhaled doses of HFA-BDP and CFC-
BDP, respectively.

The dose of 17-BMP was chosen to reflect the con-
centration achieved following high dose inhaled steroids
and the level of urinary C : C suppression achieved was
similar to that shown following 2000 

 

µ

 

g of inhaled
beclomethasone [11].

Because our study was small, an accurate measure-
ment of adrenal suppression was required. There is con-
troversy regarding the best method of assessing adrenal
suppression. Assessing HPA axis suppression in heathly
adults is a different scenario from the assessment of
pathological, long-term, adrenal suppression when stim-
ulation tests are used.

Methods of assessment of basal adrenocortical secre-
tory activity commonly used include 24 h urine collec-
tion, which is associated with a risk of poor compliance,
and overnight assessment of plasma cortisol. In studies
using plasma cortisol the AUC is generally assessed to
establish the degree of suppression [12, 13]. This
method however, requires frequent blood sampling
because of the pulsatile secretion of the adrenal hor-
mones. Figure 2 shows the short-term variability of
overnight cortisol on a study subject during the pilot
study. Fifty-three blood samples were taken. Overnight
plasma cortisol estimation is therefore time consuming,
expensive and labour intensive.

Since our study was of a crossover design and we
were investigating the relative degree of adrenal sup-
pression, the assessment of a population normal range

of cortisol secretion at baseline was not required. We
therefore took as our primary endpoint overnight urinary
C : C ratios as it is claimed that within individuals it is
a sensitive and reproducible index of change in cortisol
secretion [4, 11, 14, 15]. Others have previously dem-
onstrated that overnight and timed morning urinary
C : C ratios are as sensitive as 24 h urinary free cortisol
excretion [11, 14].

In this study we showed that individual C : C ratios
were reproducible and a highly significant degree of
adrenal suppression could be demonstrated at dosing
consistent with clinical usage. Thus we suggest that in
correctly designed studies this highly practical method
of assessing adrenal suppression has advantages over
other methods for gauging the relative potential of
inhaled steroids to cause systemic side-effects. We dem-
onstrated that differences in rates of infusion of 17-BMP
had little effect on the degree of adrenal suppression in
normal male subjects. However the coefficient of vari-
ance of suppression was large and this relates to the
relatively small numbers. C : C ratios are an established
methodology and previous studies with larger numbers
have demonstrated much smaller CVs [11, 14]. We
acknowledge that the large CV seen in our study does
considerably reduce the degree of certainty with which
we can suggest that changes in absorption rates do not
cause different degrees of adrenal suppression.

The half-life of 17-BMP formed following an intra-
venous dose of BDP is 2.7 h and it has extensive tissue
distribution [9]. Thus although these results suggest that
time to peak concentrations is not the determinant of
adrenal suppression, we cannot exclude the suggestion
that an infusion time greater than 2 h may be required

 

Figure 2 
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to show a significant difference in HPA axis suppres-
sion. In addition a study in the acute setting such as ours
does not provide information about chronic dosing
where, for example, partial drug clearance between dos-
ing may lead to accumulation. We conclude that the
differences  in  absorption  rate  of  ICS  seem  unlikely
to explain any observed differences in HPA axis

 

suppression.
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