
Background: Budesonide (BUD) has recently been licensed for
treatment of asthma in the United States, whereas triamcin-
olone acetonide (TAA) has been used for many years.
Objective: We sought to evaluate the dose-response effect of
inhaled BUD and TAA in terms of adrenal, bone, and blood
markers.
Methods: Twelve asthmatic subjects (mean age, 32 years; mean
FEV1, 91% of predicted value) were studied in a randomized
design comparing 3 days of treatment with placebo and low
(200 µg twice daily), medium (400 µg twice daily), and high (800
µg twice daily) doses of BUD (Pulmicort Turbuhaler, 100 µg)
and TAA (Azmacort integrated actuator/spacer, 100 µg) with a
7-day period at crossover, when patients received their usual
inhaled corticosteroid therapy. Measurements were made at 8
AM for serum cortisol, osteocalcin, and blood eosinophils. Mea-
surements were also made for overnight urinary cortisol/creati-
nine excretion.
Results: For all measurements there were no significant differ-
ences between the 2 treatments at any dose level. Ratios between
BUD and TAA (95% CI) at the highest dose levels were as fol-
lows: 8 AM serum cortisol, 1.08-fold (0.63 to 1.85); urinary corti-
sol, 1.09-fold (0.63 to 1.86); eosinophils, 0.98-fold (0.69 to 1.38);
and osteocalcin 1.05-fold (0.78 to 1.41). There was no evidence of
a significant overall dose-response effect for any parameter of
hypothalamo-pituitary-adrenocortical axis activity, with neither
drug being significantly different from placebo at any dose. For
the 3 dose levels of both drugs, total abnormal low values for 8
AM serum cortisol (ie, <5.4 µg/dL [<150 nmol/L]) showed 2 of 36
for BUD and 2 of 36 for TAA. There was also no significant
overall dose-response effect for eosinophils or osteocalcin,
although both drugs were significantly (P < .05) different from
placebo at the highest dose: eosinophils (×109/L), placebo: 0.36,
TAA: 0.24, and BUD: 0.23; and osteocalcin (nmol/L), placebo:
1.04, TAA: 0.73, and BUD: 0.77.
Conclusion: There were no significant differences in the sys-
temic bioactivity profiles, in terms of adrenal, blood, and bone
markers, between BUD administered by means of Turbuhaler
and TAA administered by means of an integrated
actuator/spacer in a dose range of 400 µg to 1600 µg/day. Both

drugs exhibited a significant degree of detectable systemic
bioactivity but only at the highest dose of 1600 µg/day for
effects on eosinophil count and osteocalcin. (J Allergy Clin
Immunol 1998;102:751-6.)
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Inhaled corticosteroids are regarded throughout
Europe and the United States to be the first line antiin-
flammatory therapy for the treatment of asthma. Indeed,
current national and international management guide-
lines suggest that inhaled corticosteroids should be pre-
scribed in all but the most mild cases of asthma and espe-
cially for those subjects who require regular reliever ther-
apy with β2 agonists.1,2 It is now widely accepted that all
inhaled corticosteroids are associated with similar dose-
related systemic adverse effects as occur with oral corti-
costeroids, although they do have a better therapeutic
index.3

The most important long-term systemic adverse effect
of corticosteroids is that of osteoporosis and the
increased risk of fracture,4 mainly in the more metaboli-
cally active trabecular bones such as the vertebrae.
Among other mechanisms, glucocorticoids cause osteo-
porosis by decreasing the function of osteoblasts, there-
by altering the balance of bone formation and resorption.
Osteocalcin, a protein secreted by osteoblasts, can be
used as a marker of systemic activity by measuring
changes in serum concentration.

Adrenal suppression is a sensitive and reproducible
marker of the systemic bioavailability of inhaled corti-
costeroids.5 Overnight urinary cortisol excretion, espe-
cially when corrected for creatinine excretion, is recog-
nized to be as sensitive as the more cumbersome 24-hour
urinary cortisol excretion and more sensitive than 8 AM

serum cortisol.6 Suppression of blood eosinophil count is
also a sensitive measure of the systemic effects of
steroids5 and can be regarded as a marker of the total sys-
temic allergic burden.

Triamcinolone acetonide (TAA) administered by
means of an integrated actuator/spacer is a commonly
used inhaled corticosteroid in the United States, whereas
budesonide administered by means of the Turbuhaler has
recently become licensed for use in the US. Therefore it
was believed to be important to perform a dose-response
study in asthmatic patients to assess the relative effects
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for these 2 drugs on systemic bioactivity markers. The
doses chosen represent the low, medium, and highest rec-
ommended licensed dose of both drugs. Also, the med-
ications were compared on a microgram equivalent basis
because this is how they are likely to be prescribed in
everyday clinical practice.

METHODS

Patients

Twelve patients with stable, mild-to-moderate asthma7 were
recruited into the study. Their mean age (SEM) was 32.0 years
(3.6 years), mean FEV1 was 91.0% (4.16%) of predicted value,
and mean forced expiratory flow between 25% and 75% of forced
vital capacity (FEF25-75) was 65.8% (6.7%) of predicted value.
All patients were receiving less than or equal to 1200 µg/day of
inhaled corticosteroid (median dose: 500 µg/day, range: 100 to
1200 µg/day; beclomethasone dipropionate: n = 7, BUD: n = 3,
and fluticasone propionate: n = 2). No patient had received oral
corticosteroids within the previous 6 months. All subjects had
normal full blood counts and biochemical profiles (including urea
and electrolytes, liver function tests, and bone markers) and nor-
mal urinalysis. Approval for the study was obtained from the Tay-
side Medical Ethics Committee, and all subjects gave written
informed consent.

Study design

A single (investigator) blind, placebo-controlled, randomized
crossover design was used. Subjects attended an initial screening
where FEV1 and FEF25-75 were measured with a Vitalograph Com-
pact spirometer (Vitalograph Ltd, Buckingham, UK). They were
eligible for inclusion in the study if their FEV1 was greater than
70% of predicted value. Spirometry was also measured at each sub-
sequent visit, although efficacy was not an end point due to the short
duration of treatment. Patients were randomized to receive either
inhaled BUD 100 µg per inhalation (administered by Pulmicort Tur-
buhaler, Astra Pharmaceuticals Ltd) or inhaled TAA 100 µg per
actuation (as Azmacort with integrated actuator/spacer, Rhone-
Poulenc Rorer Inc).

Each drug sequence was given over a total of 9 days, with 6
patients receiving BUD first in sequence and the other 6 patients
receiving TAA first in sequence. Both treatments were given in
twice daily divided doses at 8 AM and 10 PM. The doses for both
BUD and TAA were given sequentially for 3 days as 2 puffs twice
daily, 4 puffs twice daily, and 8 puffs twice daily (400 µg/day, 800
µg/day, and 1600 µg/day, respectively). Before each 9-day drug
sequence (either BUD or TAA), patients received 2 puffs twice
daily from the corresponding placebo inhaler (Turbuhaler or inte-
grated spacer) for 3 days. The patients’ usual inhaled cortico-
steroid therapy was discontinued during the placebo and treatment
periods. There was also a 7-day washout period between each of
the 9-day treatment sequences during which patients received
their usual maintenance inhaled corticosteroid therapy. Each

inhaler was discharged twice before use, and each inhalation was
followed by mouth rinsing.

All the inhalers were masked and sealed in envelopes by a phar-
macist along with instruction sheets at the beginning of the trial to
make it investigator blind. Before the study and at each visit, subjects
were given detailed instructions by a third party in how to use their
inhalers. The patients used the appropriate training device: Tur-
buhaler usage trainer (Astra Draco, Lund, Sweden) or Vitalograph
aerosol inhalation monitor device (Vitalograph, Bucks, UK). The
patients were not permitted to proceed into the study unless they had
near perfect technique by “passing” the trainer/monitor device test.
This included correct inspiratory flow rate and, in the case of the
pressurized metered-dose inhaler, correct timing of actuation. Each
subject received a written instruction sheet that was based on the
manufacturer’s recommended device operation and inhalation tech-
nique to follow while using their inhaler at home, and a simple tick
chart was used as an aide to compliance. Data from patients with
more than 90% compliance were considered to be evaluable.

Measurements

The subjects attended the laboratory at 7:30 AM, 91⁄2 hours after
taking the sixth dose (at 10 PM) of inhaled medication or placebo. A
cannula was inserted into the antecubital fossa vein to permit blood
sampling, and subjects then rested supine for 30 minutes. After the
rest period, blood samples were taken for measurement of serum
cortisol, serum osteocalcin, and blood eosinophils at 8 AM. Patients
were asked to empty their bladder at 10 PM on the third day of
placebo or active treatment and collect all voided urine from 10 PM

until arriving at the department. They completed the collection after
voiding another sample after the blood sample at 8 AM. The volume
of the total sample was recorded, and aliquots were taken for uri-
nary cortisol and creatinine.

Assays

All assays were performed in duplicate in a blinded fashion by a
separate technician. Serum cortisol was measured with a commer-
cial RIA kit (Incstar Ltd, Wokingham, Berkshire, UK), which has
no cross reactivity for either steroid. The coefficient of variation
(CV) for analytic imprecision for serum cortisol was 5.5% within
the assay and 10.9% between the assay. For urinary free cortisol
excretion, the within-assay CV was 7.9% and the between-assay
CV was 12.1%. Urinary creatinine was measured on a Cobas-bio
autoanalyzer (Roche Products Ltd, Welwyn Garden City, Herts,
UK). The intraassay CV was 1.92%, and the interassay CV was
4.9%. Serum osteocalcin was measured with an RIA kit (Incstar
Ltd). The within-assay CV was 5.9%. The eosinophil count was
measured with an SE-9000 Haematology analyzer (Sysmex UK
Ltd, Bucks, UK). The lower limit of the normal reference range for
8 AM serum cortisol in our laboratory is 5.4 µg/dL (150 nmol/L),
and that for overnight urinary cortisol excretion is 3.6 µg (10 nmol).

Statistical analysis

The study was designed with a sample size of 12 with 80%
power (β error = .2) to detect 20% cortisol suppression, and the α
error was set at .05 (2-tailed). All data were analyzed with a Stat-
graphics software package (STSC Software Group, Rockville, Md).
All data apart from 8 AM serum cortisol were analyzed geometri-
cally to normalize their distributions.

All active treatments and both placebos were compared by an
overall multifactorial analysis of variance by using treatment, dose,
subject, and period as factors followed by Bonferroni’s multiple
range testing to obviate multiple pair-wise comparisons. The Bon-
ferroni’s multiple range test was set with 95% confidence intervals,
and hence any significant differences are reported at the P < .05
level. At the highest dose level, the response ratio and 95% confi-

Abbreviations used
BUD: Budesonide

CV: Coefficient of variation
FEF25-75: Forced expiratory flow between 25% and

75% of forced vital capacity
HPA: Hypothalamo-pituitary-adrenocortical
TAA: Triamcinolone acetonide
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dence interval between the 2 drugs (BUD:TAA) were also calculat-
ed. Ratios including unity indicate a nonsignificant (P < .05) differ-
ence. The presence of dose-related suppression was evaluated by
using least-squares regression analysis to evaluate the overall
effects of all 3 dose levels for each drug. The number of individual
values of 8 AM serum cortisol or overnight urinary cortisol with an
abnormal level less than 5.4 µg/dL (150 nmol/L) or 3.6 µg/10 hours
(10 nmol/10 hours), respectively, were analyzed by using the chi-
square test.

RESULTS

There were no significant carryover effects between
the first and second placebos in sequence by using any of

the systemic parameters measured (Table I). There were
no significant differences between the FEV1 values (as
percent predicted) comparing pooled placebo with low,
medium, or high doses of each drug: placebo: 84.3%;
low-dose BUD, 83.7%; medium-dose BUD, 85.4%;
high-dose BUD, 84.8%; low-dose TAA, 83.6%; medium-
dose TAA, 88.3%; and high-dose TAA, 85.4%. FEF25-75
values (as percent predicted) were as follows: placebo,
57.5%; BUD, 58.8%; medium-dose BUD, 58.7%; high-
dose BUD, 60.8%; low-dose TAA, 57.5%; medium-dose
TAA, 63.3%; high-dose TAA, 56.7%.

Hypothalamo-pituitary-adrenocortical axis

There were no significant differences in any of the mark-
ers of hypothalamo-pituitary-adrenocortical (HPA)–axis
activity between the 2 drugs. Ratios and 95% confidence
intervals for difference (BUD:TAA) at the high dose
(1600 µg/day) were as follows: serum cortisol, 1.08 (0.63
to 85); overnight urinary cortisol, 1.09 (0.63 to 1.86); and
overnight urinary cortisol/creatinine, 1.24 (0.71 to 2.15).
There was also no significant dose-related suppression
from overall analysis of the 3 doses for each drug. There
was also no significant difference between pooled place-
bo and any of the dose levels of either drug (Fig 1). When

FIG 1. Geometric means (SE) for BUD and TAA 400 µg/day, 800
µg/day, and 1600 µg/day for 8 AM serum cortisol (A), overnight uri-
nary cortisol excretion (B), and overnight corrected cortisol/cre-
atinine ratio (C). There was no overall dose-related suppression
or significant difference between pooled placebo (PL) and either
corticosteroid for any marker or HPA-axis activity.

FIG 2. Geometric means (SEM) for BUD and TAA 400 µg/day, 800
µg/day, and 1600 µg/day for serum osteocalcin (A) and blood
eosinophil count (B). There was no overall dose-related suppres-
sion for either marker. Asterix denotes significant (P < .05) differ-
ence between either corticosteroid and pooled placebo (PL).
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comparing all doses of both drugs, there was no signif-
icant difference in the total number of individual
results with abnormal low values for 8 AM cortisol less
than 5.4 µg/dL (150 nmol/L) (TAA [n = 2 of 36] vs
BUD [n = 2 of 36]) or for overnight urinary cortisol
less than 3.6 µg/10 hours (10 nmol/10 hours) (TAA [n
= 4] vs BUD [n = 3]).

Osteocalcin and eosinophils

There were no significant differences in either serum
osteocalcin or blood eosinophils between the 2 treat-
ments. Ratios (BUD:TAA) and 95% confidence intervals
for difference at the high (1600 µg) dose were as follows:
eosinophils, 0.98 (0.69 to 1.38); and osteocalcin, 1.05
(0.78 to 1.41). There was no significant overall dose-
related suppression. There was a significant (P < .05) dif-
ference between pooled placebo and both of these mark-
ers at the high dose only (Fig 2): eosinophils (×109/L),
placebo: 0.36, high-dose TAA: 0.24, and high-dose
BUD: 0.23; and osteocalcin (nmol/L), placebo: 1.04,
high-dose TAA: 0.73, and high-dose BUD: 0.77.

DISCUSSION

We found no significant differences between inhaled
BUD and TAA administered at a dose range of 400
µg/day to 1600 µg/day in patients with mild-to-moderate
asthma for all of the measured markers of systemic activ-
ity. Indeed, only blood eosinophils and serum osteocalcin
showed any significant suppression compared with
placebo, and this occurred only at the highest dose level
of 1600 µg/day. To explain these findings, it is pertinent
to consider the relative pharmacologic properties of both
drugs. BUD has greater topical potency than TAA, as
measured by the MacKenzie skin vasoconstrictor assay,8

but a similar receptor residency half-time (BUD, 5.7
hours vs TAA, 3.9 hours).9,10 The effect of cortico-
steroids are not the same on different tissue markers.11,12

Although the MacKenzie skin vasoconstrictor assay is a
convenient measure of potency, it does have its limita-
tions because the topical effect on the skin does not nec-
essarily mirror systemic activity in adrenal, bone, or
blood tissues. It is therefore unclear whether any differ-
ence in topical potency will translate into commensurate
differences in systemic bioactivity.

When considering antiasthmatic efficacy and systemic
effects of inhaled corticosteroids, we must take into
account both the potency of the drug and the lung dose to
the patient. In this respect it has been shown that the res-
pirable fraction of TAA as Azmacort administered by
means of the integrated spacer/actuator (69% of the dose
leaving the spacer)13 is greater than that of BUD admin-
istered by means of the Turbuhaler (30% of the nominal
dose)14 by using the Andersson sampler. However,
because the devices are different, it is not possible to
directly compare the respirable fraction, and unfortunate-
ly there are no in vivo data directly comparing these
devices in terms of lung delivery.

The patients in our study were given both cortico-
steroids with twice daily dosing for 3 days and therefore
should have reached steady-state tissue and blood drug
levels. The plasma elimination half-life (BUD, 2.3 hours
vs TAA, 3.6 hours)9,10 and the lipophilicity (BUD twice
that of TAA)15,16 will determine intravascular and tissue
accumulation, respectively. The similar pharmacokinetic
profiles for TAA and BUD probably explain why there
was no significant difference in systemic activity. 

The importance of ensuring steady-state blood drug
levels is that adrenal suppression is directly related to
blood drug concentration. It is worth noting that 3 days is
sufficient for steady-state systemic tissue concentration,
and therefore effects of adrenal suppression, osteocalcin,
and eosinophils can be reliably measured after such time.
For the same reason, 3 days is sufficient to reduce plas-
ma drug levels to negligible amounts, and therefore the
systemic markers will return to baseline as evidenced by
the nonsignificant difference between the first and sec-
ond placebo values. This duration of treatment, however,
is not sufficient to detect differences in antiasthmatic
activity, and hence clinical efficacy was not intended to
be an end point in this study. In fact it was more impor-
tant for our patients to have an unchanged degree of asth-
ma severity throughout the study because alterations in
airway caliber might conceivably have altered lung
bioavailability17 and added a potentially confounding
variable to our results.

Because both of the corticosteroids studied had a high
degree of first-pass hepatic metabolism (89%),18,19 the
overall systemic bioactivity will be determined mainly

TABLE I. Geometric means (SEM) for the first placebo in sequence, the second placebo in sequence, the placebo given
before TAA, and the placebo given before BUD for 8 AM serum cortisol, overnight urinary cortisol excretion, overnight
corrected cortisol/creatinine, osteocalcin, and eosinophils

First PL Second PL TAA-PL BUD-PL

8 AM serum cortisol (nmol/L) 566.60 (75.2) 548.69 (47.0) 594.20 (72.5) 521.09 (48.8)
Overnight urinary cortisol (nmol/10 h) 25.61 (3.23) 29.18 (3.68) 22.60 (2.78) 33.05 (4.06)
Overnight urinary cortisol/creatinine (nmol/mmol) 4.46 (0.55) 5.55 (0.69) 4.39 (0.54) 5.64 (0.69)
Osteocalcin (nmol/L) 1.03 (0.07) 1.01 (0.07) 1.01 (0.07) 1.03 (0.07)
Eosinophils (×109/L) 0.39 (0.03) 0.33 (0.03) 0.39 (0.03) 0.33 (0.03)

There was no significant difference between any of the placebos.
First PL, First placebo in sequence; Second PL, second placebo in sequence; TAA-PL, placebo given before TAA; BUD-PL, placebo given before BUD.
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by the lung bioavailability where there is no first-pass
metabolism. There was negligible contribution from oral
bioavailability because all of our patients practiced
mouth rinsing after inhalation, which is the usual clini-
cally recommended practice to avoid oral candidiasis. It
is conceivable that individual differences in inhaler tech-
nique might have affected the systemic bioavailability,
which is dependent on lung delivery. However, we tried
to obviate this factor by regular checking of inhaler tech-
nique with the aide of training devices, and both the Tur-
buhaler and integrated spacer devices are designed to
facilitate ease of administration. Another factor that
would influence the systemic bioactivity is poor compli-
ance. Therefore we also took great care to maximize cor-
rect timing and dosing of medication by issuing a clear
instruction sheet, keeping the dosing schedule short and
simple, reinforcing compliance before and during the
study, and analyzing compliance tick charts.

We also showed in this study that there was no signif-
icant dose-related suppression with any of the systemic
markers used. Indeed, for all markers of HPA-axis activ-
ity, there was no significant difference between either
treatment and placebo, even at the high dose of 1600
µg/day. These findings are in keeping with results from 2
of our previous dose-ranging studies, also performed
with asthmatic subjects, in which neither BUD (500 µg
to 2000 µg/day administered by means of a pressurized
metered-dose inhaler)20 nor TAA (400 µg to 1600 µg/day
administered by means of an integrated spacer)21 exhib-
ited a significant dose-response effect on 8 AM serum cor-
tisol. Aaroson et al22 also showed no dose-response
effect for budesonide (800 µg to 3200 µg/day) adminis-
tered by means of Turbuhaler in terms of 8 AM cortisol or
250 µg cosyntropin stimulation test after 6 weeks of
treatment in asthmatic patients. Moreover, in all of the
above studies there was no significant difference between
placebo and the highest dose of either BUD or TAA in
terms of 8 AM cortisol. However, in healthy volunteers,
BUD 1600 µg administered by means of the Turbuhaler
produced a 47% reduction in 8 AM serum cortisol.23 In
this respect studies in healthy volunteers can be mislead-
ing because of potential differences in lung bioavailabili-
ty caused by altered small airway caliber in asthmatic
subjects.24 This is illustrated in this study by a 34% reduc-
tion in mean FEF25-75, a marker of small airway caliber.

Because it is known that patients differ in their response
to inhaled corticosteroids, it is also important to look at the
individual responses to inhaled corticosteroids, as well as
the mean data. Our results showed no significant differ-
ence in the number of individual low values for both 8 AM

serum cortisol (<5.4 µg/dL or 150 nmol/L) or overnight
urinary cortisol (<3.6 µg or 10 nmol) between inhaled
BUD or TAA at all doses. In this respect it is known that
patients who have an abnormally low value for 8 AM serum
cortisol and urinary free cortisol excretion while receiving
inhaled corticosteroid medication also exhibit a subnormal
dynamic response to adrenocorticotropic hormone stimu-
lation.25-27 Unfortunately, we were unable to evaluate the
adrenocorticotropic hormone stimulation response in our

study, because it is contraindicated in the UK data sheet
(Synacthen, Novartis, UK) for use in asthmatic or atopic
subjects because of occasional reports of potentially fatal
anaphylactic reactions.

Although there was no significant dose-related sup-
pression for blood eosinophils and serum osteocalcin,
there was significant suppression of these 2 parameters
for both drugs compared with placebo at the highest dose.
In general it is assumed that the suppression of these 2
markers is less sensitive than that of adrenal suppression.5

However, different studies have previously shown blood
eosinophil suppression to be more sensitive than cortisol
suppression with inhaled28 and intranasal29 corticos-
teroids. In addition, Knutsson et al30 reported a 53% sup-
pression in 8 AM serum osteocalcin but only a 26% fall in
8 AM serum cortisol after 1 week of intranasal BUD 400
µg/day. Osteocalcin is a sensitive marker of the function
of osteoblasts but is only a surrogate marker for overall
effects of bone turnover and is therefore not as clinically
valid as bone densitometry, which is considered the gold
standard.5 Another potential reason for lack of detectable
systemic bioactivity in terms of cortisol suppression was
that the HPA axis had not recovered from previous corti-
costeroid use. However, this would be unlikely in this
study because no patient usually received a maintenance
dose greater than that used in the study, and both placebo
values (after washout) were within normal limits.

In conclusion, we have shown that there was no evi-
dence of overall dose-related suppression with either
inhaled BUD or TAA by using 3 sensitive markers of
HPA-axis activity (8 AM serum cortisol, overnight urinary
cortisol excretion, and overnight corrected cortisol/cre-
atinine ratio) and with osteocalcin and blood eosinophil
count. There was no significant difference between these
2 drugs within a dose range of 400 µg to 1600 µg/day.
Compared with placebo, there was significant suppres-
sion of osteocalcin and blood eosinophils, which
occurred only at the highest dose levels of both drugs.

REFERENCES

1. The British guidelines on asthma management. 1995 review and position
statement. Thorax 1997;52(Suppl 1):S1-28.

2. National Asthma Education and Prevention Programme. Expert panel
report II: guidelines for the diagnosis and management of asthma.
Bethesda (MD): National Institute of Health; 1997. Publication No. 97-
4051.

3. Lipworth BJ. Airway and systemic effects of inhaled corticosteroids in
asthma: dose response relationship. Pulm Pharmacol 1996;9:19-27.

4. American College of Rheumatology Task Force on Osteoporosis Guide-
lines. Recommendations for the prevention and treatment of glucocorti-
coid-induced osteoporosis. Arthritis Rheum 1996;39:1791-801.

5. Lipworth BJ, Seckl JR. Measures for detecting systemic bioactivity with
inhaled and intra-nasal corticosteroids. Thorax 1997;52:476-82.

6. McIntyre HD, Mitchell CA, Bowler SD, Armstrong JG, Wooler JA, Cow-
ley DM. Measuring the systemic effects of inhaled beclomethasone:
timed morning urine collections compared with 24 hr specimens. Thorax
1995;50:1280-4.

7. American Thoracic Society. Standards for the diagnosis and care of
patients with chronic obstructive pulmonary disease (COPD) and asthma.
Am Rev Respir Dis 1987;136:225-43.

8. Johansson AS, Anderson FE, Brattsand R, Gruvstad E, Hedner P. Topical
and systemic glucocorticoid potencies of budesonide and beclometha-
sone dipropionate in man. Eur J Clin Pharmacol 1982;22:523-9.



756 Wilson, Brewster, and Lipworth J ALLERGY CLIN IMMUNOL
NOVEMBER 1998

9. Thorsson L, Edsbacker S, Conradson TB. Lung deposition of budesonide
from turbuhaler is twice that from a pressurised metered dose inhaler. Eur
Respir J 1994;7:1839-44.

10. Derendorf H, Hochhaus G, Rohatagi S, Mollmann H, Barth J, Sourgens
H, et al. Pharmacokinetics of triamcinolone acetonide after intravenous,
oral and inhaled administration. J Clin Pharmacol 1995;35:302-5.

11. Toogood JH, Baskerville J, Jennings BA, Lefcoe NM, Johansson SA.
Bioequivalent doses of budesonide and prednisone in moderate and
severe asthma. J Allergy Clin Immunol 1989;84:688-700.

12. Wilson AM, Lipworth BJ. Systematic dose-response relationships with oral
and inhaled corticosteroids in asthmatics. Thorax 1997;52(suppl 6):A57.

13. Iula A, Flynn CL, Deluccia F. Comparative study of the in vitro dose
delivery and particle size distribution characteristics of an Azmacort
metered-dose inhaler in combination with four different spacer devices.
Cur Ther Res 1997;58:544-54.

14. Olsson B. Aerosol particle generation from dry powder inhalers: Can
they equal pressurised meter dose inhalers? J Aerosol Med
1995;8(Suppl 3):S13-9.

15. Hogger P, Rohdewald P. Binding kinetics of fluticasone propionate to the
human glucocorticoid receptor. Steroids 1994;59:597-602.

16. Wurthwein G, Rehder S, Rohdewald P. Lipophilicity and receptor affini-
ty of glucocorticoids. Pharm Ztg Wiss 1992;4:161-7.

17. Lipworth BJ. Pharmacokinetics of inhaled drugs. Br J Clin Pharmacol
1996;42:697-705.

18. Ryrfeldt A, Andersson P, Edsbacker S, Tonnesson M, Davis P, Pauwels R.
Pharmacokinetics and metabolism of budesonide, a selective glucocorti-
coid. Eur J Respir Dis 1982;63(Suppl 122):86-95.

19. Heald D, Argenti D, Jensen B, Vaccaro S. The deposition of 14C triamcin-
olone acetonide administrated as single oral dose of 100µCI (800µg) to
healthy volunteers. In: Proceedings of a joint meeting of the American Acad-
emy of Allergy, Asthma and Immunology and the American Thoracic Soci-
ety in cooperation with the American College of Chest Physicians. Asthma
1995 Conference: Theory to Treatment; 1995 July 15-17; Chicago, Ill. p 14.

20. Clark DJ, Lipworth BJ. Adrenal suppression with chronic dosing of flu-
ticasone propionate compared with budesonide in adult asthmatic
patients. Thorax 1997;52:55-8.

21. Wilson AM, McFarlane LC, Lipworth BJ. Dose response effect for
adrenal suppression with repeated twice daily inhaled fluticasone propi-
onate and triamcinolone acetonide in adult asthmatics. Am J Respir Crit
Care Med 1997;156:1274-7.

22. Aaronson D, Kaiser H, Dockhron R, Findlay S, Korenblat P, Thorsson L,
et al. Effects of budesonide by means of the Turbuhaler on the hypo-
thalmic-pituitary-adrenal axis in asthmatic subjects: a dose response
study. J Allergy Clin Immunol 1998;101:312-9.

23. Grahnen A, Jansson B, Brundin RM, Ling-Anderssson A, Lonnebo A,
Johansson M, et al. A dose-response study comparing suppression of
plasma cortisol induced by fluticasone propionate from Diskhaler and
budesonide from Turbuhaler. Eur J Clin Pharmacol 1997;52:261-7.

24. Lipworth BJ, Clark DJ. Effects of airway calibre on the lung delivery of
nebulised salbutamol. Thorax 1997;52:47-9.

25. Brown PH, Blundell G, Greening AP, Crompton GK. Screening for hypo-
thalmo-pituitary adrenal axis suppression in asthmatics taking high doses
of inhaled corticosteroids. Respir Med 1991;85:511-6.

26. Broide J, Soferman R, Kivity S, Golander A, Dickstein G, Spirer Z, et al.
Low-dose adrenocorticotropin test reveals impaired adrenal function in
patients taking inhaled corticosteroids. J Clin Endocrinol Metab
1995;80:1243-6.

27. Grebe SKG, Feek CM, Durham JA, Kljakovic M, Cooke RR. Inhaled
beclomethasone dipropionate suppresses the hypothalamo-pituitary-adren-
al axis in a dose dependant manner. Clin Endocrinol 1997;47:297-304.

28. Bootsma GP, Dekhuijzen PNR, Festen J, Mulder PGH, Vanherwaarden
CLA. Comparison of fluticasone propionate and beclomethasone dipro-
pionate on direct and indirect measures of bronchial hyperresponsiveness
in patients with stable asthma. Thorax 1995;50:1044-50.

29. Foresi A, Pelucchi A, Gherson G, Mastropasqua B, Chiapparino A, Testi
R. Once daily intranasal fluticasone propionate (200µg) reduces nasal
symptoms and inflammation but also attenuates the increase in bronchial
responsiveness during the pollen season in allergic rhinitis. J Allergy Clin
Immunol 1996;98:274-82.

30. Knutsson U, Stiema P, Marcus C, Carlstedt-Duke J, Carlstrom K, Bron-
negard M. Effects of intranasal glucocorticoids on endogenous glucocor-
ticoid peripheral and central function. J Endocrinol 1995;144:301-10.

Receive tables of contents by e-mail

To receive the tables of contents by e-mail, send an e-mail message to
majordomo@mosby.com

Leave the subject line blank and type the following as the body of your mesage:
subscribe jaci_toc

You can also sign up through our website at
http://www.mosby.com/jaci

You will receive an e-mail to confirm that you have been added to the mailing list.
Note that TOC e-mails will be sent out when a new issue is posted to the website.


