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ABSTRACT: The vasoconstrictive efficacies of glucocorticosteroids (GS) are usually
compared by the McKenzie skin-blanching test and taken as an index of relative
potency. The rationale for the present study was to transpose the McKenzie test to the
airway and to compare the airway vascular effects of three inhaled GS: beclomethasone
dipropionate (BDP), fluticasone propionate (FP) and budesonide (BUD), in healthy
subjects and patients with mild stable asthma.

A soluble, inert gas-uptake method was used to measure airway blood flow (Qaw).
Baseline mean¡SD Qaw normalised for anatomical dead space was 53.1¡1.4 mL?min-1?mL-1

in healthy subjects (n=10) and 67.8¡3 mL?min-1?mL-1 in asthmatics (n=10).
All GS caused a transient decrease in Qaw. The magnitude of the vasoconstriction

was greater in asthmatics. The relative vasoconstrictive effect of BDP, FP and BUD
was 1, 1.9, and 2.7, respectively, in asthmatics and 1, 3.3 and 3.0, respectively, in
healthy subjects, as assessed by the dose required to decrease Qaw by 20% from the
baseline, 30-min postdrug inhalation.

Therefore, measuring airway blood flow may be a useful, site-specific parameter to
assess the tissue bioavailability and vasoconstrictive efficacy of inhaled glucocorticosteroids.
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Inhaled glucocorticosteroids (GS) have assumed an impor-
tant role in the treatment of asthma. Various outcome
measures have been used to quantitate the clinical efficacy
(maximum effect) of inhaled GS [1–4]. However, efficacy
cannot be equated with potency (receptor-binding affinity).
However, both efficacy and potency are important in establish-
ing a therapeutic index. The in vivo "potency" (tissue
bioavailability and vasoconstrictive efficacy) of inhaled GS
is commonly determined by the McKenzie skin-blanching test
[5]. The test is based on the ability of inhaled GS to cause
transient cutaneous vasoconstriction when applied topically
in healthy subjects. However, for inhaled GS, the McKenzie
skin-blanching test is not ideal because the test is performed
in the skin as a substitute for the airway, it is time-consuming
and involves normal rather than inflamed tissue. The latter is
considered a shortcoming as airway inflammation has been
shown to alter the responsiveness to vasoactive agents [6].
Airway tissue is the therapeutic target for inhaled GS.
Therefore, the airway can be considered the ideal site to
assess the tissue bioavailability and vasoconstrictive efficacy
of inhaled GS.

The authors have developed and validated an in vivo
technique for the measurement of airway blood flow (Qaw)
in humans [7]. They have shown that Qaw is increased
in asthmatics, presumably due to inflammatory new vessel
formation and vasodilatation [6, 7]. They also found that
inhaled fluticasone propionate (FP) causes a dose-dependent,
transient decrease in Qaw in healthy and asthmatic subjects,
with a greater response observed in the latter [8, 9]. These
findings indicate that Qaw is a suitable index of tissue
bioavailability and vasoconstrictive efficacy for inhaled GS.

The purpose of the present study was to compare the

vasoconstrictive effect of three commercially available inhaled
GS preparations: FP, budesonide (BUD) and beclomethasone
dipropionate (BDP), in healthy and asthmatic subjects.

Methods

Test subjects

A total of 10 subjects with mild asthma and 10 normal
volunteers, without any history of asthma or other respiratory
disease, were recruited for this study. All subjects were current
nonsmokers. Asthma was defined by American Thoracic
Society criteria [10]. At study entry, all asthmatics were
clinically stable and had a forced expiratory volume in one
second (FEV1) w70% predicted, rare daytime symptoms and
no nocturnal awakenings (mild intermittent asthma [11]). The
asthmatics had not used inhaled or systemic GS or regularly
administered b-adrenergic agonists for a minimum of 2 weeks
before the study.

None of the subjects were taking oral anti-inflammatory
agents or vasoactive medications, or had cardiovascular
disease. All subjects denied having experienced an acute
respiratory infection v1 month before the study and no
subject developed an acute respiratory infection during the
study.

The study protocol was approved by the Mount Sinai
Medical Center and the University of Miami Institutional
Review Boards. All subjects provided written, informed
consent. They received financial remuneration for their
participation.
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Forced expiratory volume in one second

Spirometry was carried out using an Essential Medic Unit
(model 6200 Autobox DL; Yorba Linda, CA, USA). The
FEV1 was determined and expressed as an absolute value and
as % pred [12].

Airway blood flow

A previously validated and applied, soluble, inert gas-
uptake was used to measure Qaw [7, 13]. The subjects first
inhaled room air and then exhaled 500 mL from the total lung
capacity position. Subsequently, the subjects rapidly inhaled
the same volume of gas from a gas mixture contained in
a Teflon bag, consisting of 10% dimethylether (DME), 5%
helium and a balance of oxygen. After a predetermined
breath-hold time, the subject then exhaled into a spirometer,
through a critical flow orifice, to standardise the expiratory
flow. During exhalation, the instantaneous concentrations of
DME, nitrogen and helium were measured at the airway
opening using a mass spectrometer (Perkin-Elmer, Pomona,
CA, USA) along with the expired gas volume. The manoeuvre
was performed with two breath-hold times each of 5, 10,
15 and 20 s in random order. The Qaw was calculated by
multiplying the helium-corrected DME concentration slope
by the expired anatomic dead space volume (minus the
proximal 50 mL) to obtain DME uptake, which was then
divided by the mean DME concentration and the solubility
coefficient for DME in blood (Fick9s principle). The anatomic
dead space was derived from the nitrogen washout curve
inscribed after the 10-s breath-hold time. Qaw was expressed
as mL?min-1?mL-1 anatomical dead space.

Protocol

The subjects were instructed to abstain from ingesting
alcoholic beverages the night before the study and the
asthmatic subjects were asked not to use their inhaled
b-adrenergic agonist for o12 h before the study. For each
subject, the experiment was started at the same time on the
different study days. The subjects were asked not to ingest
coffee or caffeinated drinks prior to the study.

Days 1–3: time course. The subjects inhaled either BDP
(1,680 mg), FP (880 mg) or BUD (1,000 mg) from commercially
available metered-dose inhalers (MDIs) with a spacer in
random order on three different days. The manoeuvre was
standardised by having the subjects inhale from a functional,
residual-capacity position to a total lung-capacity position,
followed by a 10-s breath-hold. The Qaw and FEV1, blood
pressure and pulse rate were measured before and at 15-, 30-,
60-, 90- and 120-min postdrug inhalation.

Days 4–6: dose/response. On each of these 3 days, the subjects
underwent a dose/response assessment of one of the three GS
preparations in random order. The doses were as follows: 420,
840, 1,680 and 3,360 mg for BDP; 220, 440, 880 and 1,760 mg
for FP; and 200, 400, 800 and 1,600 mg for BUD. After the
baseline measurements of blood pressure, pulse rate, Qaw and
FEV1, the lowest dose was inhaled and the measurements
repeated 30 min later. This corresponded to the nadir of Qaw

after inhalation of FP in a previous study [9]. Immediately
thereafter, the next highest dose was inhaled and the procedure
repeated until the maximum dose had been inhaled.

Statistical analysis

The unpaired and paired variants of t-tests were used to
compare baseline data among and within the two groups. A
univariate and multivariate, repeated-measures analysis were
used to analyse and compare the time courses to the three
drugs. To assess the dose/response, the appropriate statistical
model was used, analysing the response within each subject
and pooling across subjects, using the method of dummy vari-
ables to adjust for different levels of response across subjects.

The response profiles were modelled within subjects as:

Qaw i~aie
�bDose ð1Þ

where i is the subject number, a the intercept, b the decay
constant and e the base of natural log, using a natural log
transform to ln(Qaw i)=ln(ai)–bDose. Use of the dummy
variables allowed the computation of a common decay
constant b. The final model was:

Qaw~ae�bDose ð2Þ
where a is back-calculated from the average of the baseline

ln(Qaw) across subjects. The adequacy of this procedure was
assessed by the R2 value associated with the final model.

Once the model was computed for each drug and each
group, the per cent reduction from baseline was calculated to
find an appropriate point within the range of the data to
estimate relative vasoconstrictive efficacy. For a given per
cent of baseline (P), the dose necessary to reach that point was
calculated as:

Dosep~{ln(P){1 ð3Þ
Relative vasoconstrictive efficacy was calculated as the ratio

of the respective Dosep values. The SD was derived according
to the principle of the propagation of error. Data were
expressed as mean¡SD. A pv0.05 was considered significant.

Results

Demographic and baseline physiological data for the two
study groups are shown in table 1. The mean Qaw was 29%
higher in subjects with asthma when compared with healthy
subjects (pv0.001). The mean FEV1 was lower in subjects
with asthma compared with the healthy subjects (pv0.001).
All other parameters were similar in the two groups of
subjects. There were no statistically significant variations in
baseline Qaw among experimental days (fig. 1). Likewise,
mean baseline blood pressure, pulse rate, and FEV1 remained
stable throughout the study.

Table 1. – Demographics and baseline physiological parameters

Healthy Asthmatics

Subjects n 10 10
Age yrs 31 (18–41) 38 (28–52)
Male n 3 2
Female n 7 8
Weight kg 67.1¡4.9 65.3¡3.4
Heart rate?min-1 70¡1 70¡1
Systolic BP mmHg 110¡1 111¡2
Diastolic BP mmHg 71¡1 71¡1
FEV1 L 3.41¡0.07 2.70¡0.10*
FEV1 % pred 92.9¡1.1 86.8¡1.5*
Qaw mL?min-1?mL-1 53.1¡1.4 67.8¡3*
Anatomic dead space mL 202¡8 178¡5

Data are presented as mean¡SD on 6 experiment days unless otherwise
stated. BP: blood pressure; FEV1: forced expiratory volume in one
second; Qaw: airway blood flow. *: pv0.05.
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There were no changes in mean FEV1, anatomical dead
space, pulse rate or blood pressure after inhalation of any of
the three GS in either asthmatic or healthy subjects.

No adverse effects were reported after drug inhalation.
Some subjects experienced transient sleepiness that was attri-
buted to DME.

Time course of glucocorticosteroid effect on airway blood flow

All subjects showed a marked, statistically significant
decrease in Qaw after inhalation of BDP, FP and BUD
(figs 2 and 3). The nadir in mean Qaw was observed at 60 min
in all instances except for BUD in healthy subjects, where the
nadir occurred at 90 min. As the time of maximal decrease in
Qaw showed interindividual variability, the authors calculated
the maximum change in Qaw for each subject. The mean
maximum decrease was greater in asthmatics compared with
healthy subjects for all three GS examined (pv0.05; table 2).

Dose-dependent effects of glucocorticosteroid effect on
airway blood flow

There was a dose/response relationship for all three drugs
in both groups of subjects (figs 4 and 5). The relative potency
of BDP, FP and BUD was 1, 1.9 and 2.7, respectively, in asth-
matic subjects and 1, 3.3, 3.0, respectively, in healthy subjects,

as assessed by the dose required to decrease Qaw by 20% from
the baseline (pv0.05 for FP and BUD versus BDP; table 3).

Discussion

Although inhaled GS are commonly used in the treat-
ment of asthma, the relationship between dose and clinical
response remains unclear. A number of inhaled GS have been
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Fig. 1. – Baseline airway blood flow (Qaw) in healthy (h) and
asthmatic subjects (p). Data are presented as mean¡SD.
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Fig. 2. – Airway blood flow (Qaw) before and after the inhalation of
fluticasone ($), beclomethasone (#) and budesonide (h) in healthy
subjects (n=10). Data are presented as mean¡SD. *: pv0.05 versus
baseline value.
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Fig. 3. – Airway blood flow (Qaw) before and after the inhalation of
fluticasone ($), beclomethasone (#) and budesonide (h) in asth-
matic subjects (n=10). Data are presented as mean¡SD. *: pv0.05
versus baseline value.

Table 2. – The maximum decreases in airway blood flow
(Qaw) mL?min-1?mL-1 after fluticasone propionate (FP), beclo-
methasone dipropionate (BDP) and budesonide (BUD) inhalation
in healthy and asthmatic subjects

Glucocorticosteroids

FP BDP BUD

Concentration mg 880 1680 1000
Healthy# 21.8¡2.0* 15.3¡2.7* 23.3¡3.1*
Asthmatics# 30.05¡4.9 21.1¡3.4 29.7¡4.4

Data are presented as mean¡SD of individual troughs in the time-
course protocol. #: n=10; *: pv0.05 versus corresponding value in
asthmatics.
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Fig. 4. – Dose/response relationship between inhaled fluticasone ($),
beclomethasone (#) and budesonide (h) doses and airway blood
flow (Qaw) in healthy subjects (n=10). Data are presented as
mean¡SD. *: pv0.05 versus baseline value.
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introduced over the years, with different pharmacokinetics,
pharmakodynamics, potencies and bioavailabilities and more
efficient delivery systems have been developed. [2, 14, 15].
Differences in pharmacokinetics determine the topical to
systemic effect ratio or the pulmonary targeting of the drug.
Differences in receptor-binding affinity, however, translate
into differences in potency for different drugs.

There is no method to evaluate the potency of inhaled GS
in vivo. The standard screening test to determine the relative
"potencies" for inhaled GS has been the McKenzie skin-
blanching test [5]. However, this procedure has come under
criticism. The intensity of the blanching response to a GS
varies from subject-to-subject and is influenced by ambient
temperature and humidity and other factors [16]. The blanch-
ing effect score is difficult to compare among groups or
among specific formulations conducted in different groups
and the visual reading of the skin-blanching by the human
eye is a subjective measure. Furthermore, the results are
influenced by drug diffusibility through tissue, which is likely
to vary in skin and in the airway. Most importantly, the test
assesses vasoconstrictive efficacy rather than true potency
(receptor-binding affinity) and may have little relevance to
the anti-inflammatory effects of GS, which, in contrast
to vasoconstriction, are mediated through genomic effects.
Finally, aerosol delivery devices can produce clinically sig-
nificant differences in topical activity by altering the dose
deposited in the lung [17]. Alternative approaches are there-
fore desirable.

The authors believe that the quantitative assessment of
bronchial vasoconstriction, as described in this article, is such

an alternative approach. The vascular response is measured
at the anatomically relevant site for inhaled GS, using a
clinically relevant inhalation technique and with the inclusion
of clinically relevant test subjects, such as asthmatics.

Inhalation technique, particle size distribution and airway
geometry all influence aerosol deposition in the airways.
Although the inhalation manoeuvre was normalised and a
spacer was used, MDI-generated, particle-size distribution
may have differed for the three drugs used. Asthmatic and
healthy subjects have different airway geometry, which, in
turn, influences total aerosol deposition and deposition
distribution. These variables are part of tissue bioavailability
and may significantly influence the authors9 vasoconstrictive
efficacy measurement for the three MDIs used clinically.

The change of Qaw in response to inhaled GS is a physio-
logical parameter that reflects bronchial vascular tone because
inhaled GS have no effect on bronchial arterial perfusion
(aortic) and presumably downstream (atrial) pressures. There-
fore, there is a direct relationship between vascular conductance
(which is indirectly related to bronchial vascular smooth
muscle tone) and Qaw. It is unlikely that Qaw was influenced
by the manoeuvres involved in this study9s protocol, based
on previous observations with a chlorofluorocarbon placebo
MDI [9].

The dose/response measurements were taken at 30-min
intervals because the authors had previously demonstrated
that FP at 880 mg produced a transient decrease in mean Qaw

with a nadir at 30 min in asthmatic and healthy subjects [9]
and because it was the first time point where all three drugs
showed a significant change in Qaw in healthy and asthmatic
subjects. Analysis of the dose/response curve at 60 min may
have changed the relative vasoconstrictive efficacy ratio for
the three drugs.

The relative vasoconstrictive efficacies of BDP, FP and
BUD were 1, 1.9 and 2.7, respectively, in asthmatic subjects
and 1, 3.3 and 3.0, respectively, in healthy subjects. Using the
McKenzie skin-blanching test, KAMADA et al [18] found the
vasoconstrictive efficacy of inhaled GS relative to dexametha-
sone to be 600 for BDP, 980 for BUD and 1,200 for FP [18].
While different relative efficacies have been reported by other
investigators, the rank order of BDPvBUDvFP has been
consistent across laboratories [19, 20]. The discrepancies may
result from differences in the technique of applying the drug
to the skin or the subjective assessment of skin blanching. The
interdrug quantitative differences between the present obser-
vations and the reported skin-blanching findings may be
related to the differences in tissue bioavailability.

The mechanism of the rapid transient vasoconstrictor
response to topically applied GS is unknown. Preliminary
findings suggest that a-adrenergic neurotransmission is
involved [21]. The concentration of noradrenaline (NA) at
a1-adrenergic receptor sites is, in part, regulated by NA
uptake into postsynaptic cells (extraneural uptake: uptake2)
where NA undergoes enzymatic inactivation. It has been
demonstrated in vitro that, uptake2 is inhibited by steroid
hormones through a nongenomic action [22]. This could lead
to an increased NA concentration at the neuromuscular
junction and explain the GS-induced vasoconstriction. The
potentiated GS-induced vasoconstriction in asthmatics9 air-
ways seems to be accompanied by a greater a1-adrenergic
vasoconstrictor response [6]. This adds further support to an
a-adrenergic-GS interplay in the regulation of vascular tone.

The Qaw response to inhaled GS is an in vivo index of
airway tissue bioavailability and vasoconstrictive efficacy, not
true potency or clinical anti-inflammatory efficacy. Although
the vasoconstrictive differences reported here, for three popular
inhaled GS, may not affect their clinical efficacy, the authors
believe it is essential to consider tissue bioavailability when
clinically evaluating GS. The Global Initiative for Ashma
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Fig. 5. – Dose/response relationship between inhaled fluticasone ($),
beclomethasone (#) and budesonide (h) dose and airway blood flow
(Qaw) in asthmatics (n=10). Data are presented as mean¡SD.
*: pv0.05 versus baseline value.

Table 3. – Relative vasoconstrictive efficacy of beclome-
thasone dipropionate (BDP), fluticasone propionate (FP)
and budesonide (BUD) in healthy (n=10) and asthmatic
subjects (n=10)

Healthy Asthmatics

EC20 mg Relative efficacy EC20 mg Relative efficacy

BDP 2721¡863 1 2625¡988 1
FP 823¡155* 3.3 1336¡416* 1.9
BUD 922¡183* 3.0 970¡337* 2.7

Data are presented as mean¡SD unless otherwise stated. EC20: effective
concentration that causes a 20% decrease in airway blood flow from
baseline. *: pv0.05 versus beclomethasone.
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guidelines, recommend dosages for different inhaled GS on a
mg?day-1 basis, implying that no differences exist among the
products [23]. However, both in vitro and in vivo evaluations,
including the present study, have demonstrated interdrug
differences in potency and bioavailability [18–20]. Such data
are needed to establish a therapeutic index [20, 24].

In summary, this investigation showed that inhaled fluticasone
propionate and budesonide cause greater vasoconstriction
in the airway than beclomethasone dipropionate. It was also
shown that for all three inhaled glucocorticosteroids, the
vasoconstrictor response is greater in asthmatics than in
healthy subjects. These findings indicate drug-specific and
disease-specific in vivo potency differences in both bioavail-
ability and vasoconstrictive efficacy among three commonly
prescribed glucocorticosteroid metered-dose inhalers.
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