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The objective of this study was to evaluate the safety and pharmacokinetics of unit dose budesonide
(UDB), an aqueous dispersion of submicron-sized budesonide particles, and a commercially available
budesonide suspension formulation. This was a randomized, double-blind, active-controlled, 4-period,
4-way crossover trial in 16 healthy, adult volunteers. Subjects received UDB 0.24, 0.12, and 0.06 mg or
commercial budesonide 0.25 mg via a jet nebulizer. Tmax was significantly (p < 0.05) earlier for UDB 0.06,
0.12, and 0.24 mg (4.5 ± 3.3, 3.1 ± 1.5, 3.7 ± 1.5 min) vs. commercial budesonide (9.1 ± 7.1 min). Cmax was
udesonide
ebulized
afety
harmacokinetics

significantly (p < 0.05) higher for UDB 0.24 mg vs. commercial budesonide 0.25 mg (434.5 ± 246.9 pg/mL
vs. 303.5 ± 177.4 pg/mL) but not between UDB 0.12 mg (239.9 ± 140 pg/mL) and commercial budesonide
0.25 mg (p = 0.448). AUC0–∞ was marginally, but significantly lower for UDB 0.24 mg than commercial
budesonide 0.25 mg. AUCs for UDB 0.12 mg were lower than commercial budesonide 0.25 mg. UDB
0.24 mg was absorbed more rapidly and achieved higher peak concentrations than commercial budes-
onide 0.25 mg, but had a lower AUC0–∞. UDB 0.12 mg also was absorbed more rapidly but had lower Cmax
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. Introduction

Inhaled corticosteroids (ICS) are recognized as standard ther-
py for pediatric and adult asthma (GINA, 2006; National Asthma
ducation and Prevention Program, 2007). A number of devices are
vailable for administration of ICS, however, infants and young chil-
ren often are unable to coordinate most inhaler devices (Dolovich
t al., 2005; Giraud and Roche, 2002; Kofman et al., 2004; O’Connell,
005). Consequently, a nebulizer may be recommended in the
oung asthmatic (Dolovich et al., 2005; Szefler and Eigen, 2002;
erger and Shapiro, 2004). Although nebulizers offer advantages
ver metered dose inhalers in infants and children, their use may be
imited by the need for expensive equipment (e.g. air compressor)
nd a power supply, by lengthy administration times, by concen-
rating effects that result in the delivery of drug late in the nebulizer

ycle, and by variable device performance (Rau, 2006).

One of the greatest challenges when administering ICS is deliv-
ring a sufficient concentration of drug to the lower respiratory
ract in order to provide a therapeutic response (Giraud and Roche,

∗ Corresponding author at: MAP Pharmaceuticals Inc., 2400 Bayshore Parkway,
uite 200, Mountain View, CA 94043, USA. Tel.: +1 650 386 3119;
ax: +1 650 386 3101.
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e
c
(
t
t
d
u
i

d

378-5173/$ – see front matter © 2008 Published by Elsevier B.V.
oi:10.1016/j.ijpharm.2008.08.012
esonide 0.25 mg.
© 2008 Published by Elsevier B.V.

002). Existing ICS formulations for nebulization are available only
s suspensions and consist of insoluble drug particles with a mass
edian aerodynamic diameter in excess of 2 �m (Luangvala et

l., 2008a,b; Kraft et al., 2004). These insoluble particles require
arrier droplets of a larger diameter in order to leave the nebu-
izer and be carried into the lungs. The large particle size prevents
hem from being carried by a significant fraction of the aqueous
roplets generated by conventional jet nebulizers that are of appro-
riate size for lung deposition (<5 �m) (Schüepp et al., 2005; Rubin,
004). Smaller aqueous droplets are important as they are respon-
ible for carrying drug to the smaller airways, especially those of
oung children. As a result, drug delivery is inefficient. In addition,
large fraction of the active drug that can be carried out of the

ebulizer (in the larger droplets) will deposit either in the upper
irway or oropharynx providing minimal, if any, therapeutic ben-
fit (Schüepp et al., 2005). This can be further compromised if the
hild is uncooperative or fussy during treatment administration
Geller, 2005), when even less aerosolized drug is inhaled due to
heir lack of compliance, and compounded by lengthy administra-
ion time. Improving the mass of drug carried by small, respirable

roplets delivered early in, or consistently throughout the neb-
lization cycle might improve drug deposition, and may lead to

ncreased therapeutic benefit to young children.
Budesonide is the only ICS approved in the United States for

elivery via a nebulizer in children with asthma under age 8 (Geller,

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:puster@mappharma.com
dx.doi.org/10.1016/j.ijpharm.2008.08.012
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005). Results from clinical trials indicate that nebulized budes-
nide is effective for managing asthma in infants and children
Baker et al., 1999; Kemp et al., 1999; Shapiro et al., 1998), and
t is widely accepted as a first-line therapy for treating infants
nd children with asthma (Berger and Shapiro, 2004; Banov, 2004;
erger, 2005). A recent survey found improved outcomes with neb-
lized budesonide vs. other asthma medications among children
reated in the emergency department (McLaughlin et al., 2007)
ven with the potential drawbacks of conventional nebulization.
ommercially available nebulized budesonide has some potential

imitations. Administration of an effective dose may require up to
6 min, which has the potential to reduce compliance and thus
ffectiveness, especially for restless toddlers (Kraft et al., 2004).
ommercial budesonide cannot be administered effectively using
ltrasonic or next generation (“vibrating mesh”) nebulizers, which
re designed to have potentially faster drug administration times.
s only a small percentage of drug is nebulized in the first few
inutes of administration, much of the commercial budesonide

ose is delivered later in the administration cycle (Luangvala et
l., 2008a,b) and carried as large particles in large aerosol droplets
Bosco and Uster, 2007). Delivery of commercial budesonide in
arge droplets results in drug being deposited in the back of the

outh and throat, where it can lead to localized immune sup-
ression and local side effects, such as oral yeast infections and
ysphonia, and remains available for systemic absorption (and
ence adverse effects) without providing therapeutic benefit.

A new submicron formulation of budesonide for nebulization
unit dose budesonide or UDB) is in clinical development, which

ay offer faster delivery of drug to the airways by increasing mass
f drug aerosolized over the critical first few minutes of nebuliza-
ion (Luangvala et al., 2008b; Bosco and Uster, 2007) as well as
mproved delivery efficiency and delivery consistency at a lower
ose. The active ingredient is submicron budesonide in a sterile
queous formulation containing surface modifiers in an isotonic
uffer of sodium chloride, citric acid, sodium citrate, and disodium
dentate dehydrate, at a pH of 4.0–5.0. The stability of the UDB
ormulation at 25 ◦C for up to 12 months has been confirmed.

UDB consists of a smaller, consistently reproducible budesonide
article less than 1 �m in diameter, which allows for more drug
articles to be collected and transported into the lung by the small
erosol droplets generated by the nebulizer, especially in the initial
inutes of nebulization (Luangvala et al., 2008b; Bosco and Uster,

007).
The aerodynamic particle size distribution of two formulations

f UDB (0.12 mg/2 mL and 0.24 mg/2 mL) was characterized using
he Andersen Cascade Impactor (ACI) operated at room tempera-
ure at a flow rate of 28.3 LPM. Each formulation was tested using
he Pari LC Plus jet nebulizer paired with the Pari ProNeb Ultra com-
ressor. A 2 mL unit dose vial was loaded into the reservoir of the
ari LC Plus and connected to a mouthpiece adapter attached to a
SP inlet on the ACI. Nebulizers were sampled into the impactor

or 6 min. Three different nebulizer and compressor combinations
ere characterized with three replicates each (n = 9). After sam-
ling was complete, the ACI was disassembled and the USP inlet
nd each individual stage were chemically assayed with an appro-
riate diluent to recover the impacted mass of budesonide. The fine
article fraction (FPF), defined as the total % of impacted particles
hat are less then 4.7 �m in diameter, was 63 ± 1% and 61 ± 1% for
he 0.12 mg/2 mL and 0.24 mg/2 mL formulations, respectively. The
eposition of budesonide in the USP inlet was <1% for both formula-

ions, with the greatest mass of budesonide impacting on stages 3,
and 5 of the impactor, which represent effective cutoff diameters
f 4.7, 3.3, and 2.1 �m, respectively (Fig. 1).

The objective of this study was to evaluate the pharmacokinet-
cs and safety profile of unit dose budesonide (UDB), a proprietary

s
7
r
m
f

ig. 1. Distribution of the impacted mass of budesonide reaching the ACI when
ampling at 28.3 L/min.

ormulation of submicron particle-sized budesonide dispersion,
dministered at three strengths via a jet nebulizer in healthy
ubjects, compared with a commercially available budesonide sus-
ension formulation.

. Methods

This was a randomized, double-blind, active-controlled, 4-arm,
-period single dose, crossover study of UDB and the commercially
vailable budesonide inhalation suspension (Pulmicort Respules®,
straZeneca, Wilmington, DE) approved for use in a jet nebulizer,
onducted at Q-Pharm Pty Limited, Brisbane, Australia. The study
rotocol was reviewed and approved by an independent Institu-
ional Review Board, and the study was conducted in accordance
ith the Declaration of Helsinki and guidance on Good Clinical

ractice. All subjects provided written informed consent prior to
articipating in the study.

Subjects were healthy, non-smoking adult volunteers, of either
ender, aged 18–50 years. Women were non-pregnant, non-
actating, and if of childbearing age, were using an approved
orm of contraception. Subjects also were required to demonstrate
omfortable cooperation with nebulized saline administration, as
videnced by the absence of tingling around the mouth, pins and
eedles or tingling of the fingers, chest tightness or discomfort,
izziness or lightheadedness with use of the Pari LC Plus jet neb-
lizer operated with the Pari ProNeb Ultra compressor. Subjects
ere issued their own individual jet nebulizer that was cleaned

nd re-used for all four dose administrations.
Each subject was screened and then randomized within 2–14

ays. Subjects who met the study criteria were randomized in
locks of 4 to receive one of four treatment sequences, which
etermined the order in which they received the four treatments
UDB 0.06, 0.12, and 0.24 mg or commercially available budesonide
.25 mg per dose). A 2 mL dose of the study drug was adminis-
ered via a Pari LC Plus jet nebulizer operated with the Pari ProNeb
ltra compressor. Following an overnight fast, single doses of the
arious budesonide suspensions were prepared by a trained phar-
acist or technician without subject or clinical staff observation

nd administered double-blind therefore on each of the four occa-
ions. Subjects were observed for a minimum of 8 h after each
osing. Each dose was separated by a washout period, such that
ubjects started to receive their next dose of study treatment within

2 h (±1 h) of starting to receive their previous dose. Subjects
eturned for a final termination visit 3–4 days after the last treat-
ent administration was initiated. Each subject was in the study

or a maximum of 27 days.
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Table 1
Baseline clinical and demographic characteristics

Characteristic n = 16

Male:female 8:8

Age (year)
Mean ± standard deviation (S.D.) 23.3 ± 4.3
Median 22.5
Range 19–33

Weight (kg)
Mean ± S.D. 72.9 ± 14.4
Median 72.2
Range 47.0–97.8

Height (cm)
Mean ± S.D. 175.3–13.1
Median 176.5
Range 153–199

FEV1 (L)
Mean ± S.D. 4.19 ± 0.88
Median 4.30
Range 2.75–6.10
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EV1 % predicted
Mean ± S.D. 99.94 ± 10.79
Median 97.50
Range 82–127

Spirometry, pulse oximetry, and vital signs were obtained
mmediately before dose administration and at 5, 15, and 30 min
nd 1, 1.5, 2, 3, 4, 6, and 8 h post-dose. Blood samples were obtained
rior to each dose for biochemical and hematological measure-
ents. Time of dosing was initiated when the compressor was

tarted and was terminated after 10 min. The time to first “sput-
er” was identified and recorded. Subjects were required to use the
ame compressor, nebulizer, and tubing for each dosing.

The occurrence of adverse events was collected from study entry
ntil 2–6 days after study termination or upon study withdrawal.
dverse events were tabulated according to severity, seriousness,
nd relationship to study drug.

.1. Pharmacokinetic parameters

To compare systemic exposure to budesonide, venous blood
amples were obtained pre-dose and at 2, 5, 15, and 30 min
nd 1, 2, and 8 h following dosing to determine peak plasma
oncentration (Cmax), time to peak plasma concentration (Tmax),
rea-under-the-concentration curve for 0–8 h (AUC0–8), area-
nder-the-concentration curve for 0 to infinity (AUC0–∞), and
alf-life (t1/2) for all subjects from each of the four treatments.
lasma budesonide concentrations were determined by a validated
PLC/MS-MS method with lower limit of assay quantitation vali-
ated at 10 pg/mL (personal communication).
.2. Statistical analysis

A sample size of 16 was chosen to ensure that the upper
5% binomial confidence interval for the incidence rate of bron-

d
c
s
o
s

able 2
ean time to sputter by treatment group (all 2.0 mL volumes)

Commercial budesonide
0.25 mg (n = 16)

Unit dose budesonide
0.06 mg (n = 15)a

ean (min:s) 3:52 2:56
.D. (min:s) 0:53 0:42
inimum (min:s) 2:41 1:50
aximum (min:s) 6:11 3:54

a One subject did not receive the dose of UDB 0.06 mg due to equipment failure.
l of Pharmaceutics 365 (2009) 12–17

hospasm (defined as a 15% fall in FEV1) would not exceed 0.2—if
ronchospasm did not occur in any subject. This is based on the
inomial confidence interval calculated for 0 occurrences out of
6 trials. The upper 95% confidence limits were 0.194 for Wilson’s
ethod or 0.206 for the exact method.
For the pharmacokinetic parameters using non-compartmental

ethods for Cmax, Tmax, AUC0–8, AUC0–∞, and t1/2, descriptive
tatistics were determined including arithmetic mean, geometric
ean, standard deviation, minimum, maximum, and coefficient

f variation (CV) and 90% confidence intervals (CI) for treatment
roup means. In addition, pharmacokinetic parameters were ana-
yzed using a linear mixed model, including fixed effect terms
or treatment group and period and random effect terms for
ubjects and residuals. Individual means for UDB and commer-
ial budesonide were compared using Dunnett’s procedure. Least
quare means were computed for each treatment. Analysis of
ariance (ANOVA) was performed on untransformed and on log-
ransformed Cmax, Tmax, AUC0–8, and AUC0–∞. The ANOVA model
ncluded terms for period, treatment, sequence, and subject nested
y sequence. For log-transformed analysis, adjusted means for
ach treatment group were calculated for Cmax, Tmax, AUC0–8, and
UC0–∞ and were transformed back to an arithmetic scale. For log-
ransformed data, a 90% CI was calculated for the ratio of any two

eans. For untransformed data, any two treatments were com-
ared for the 90% CI for the difference between means. For FEV1,
ntransformed values were more normally distributed than log-
ransformed values. Therefore, statistical analysis was based on
ntransformed data and 90% CI for differences between FEV1 treat-
ent means were calculated. Dose proportionality for UDB was

etermined by linear regression on AUC and Cmax vs. dose, by fit-
ing a power model to AUC and Cmax vs. dose, and by performing
NOVA on dose-adjusted AUC and Cmax with dose as the main
ffect.

. Results

Sixteen subjects were enrolled in the study and completed all
our study periods. These 16 subjects comprised the Intent-to-
reat Population for each of the four doses of budesonide and were
ncluded in the safety analysis. One subject did not receive a com-
lete dose of drug on one occasion due to nebulizer malfunction and
as excluded from pharmacokinetic analyses for that dose (0.06 mg
DB). Baseline demographic and clinical characteristics were typi-
al for a population of healthy volunteers (Table 1). Body mass index
or the 16 subjects ranged from 18.1 to 27.6 kg/m2.

.1. Safety and tolerability

No clinically significant changes in laboratory values were

etected except for low but fluctuating hemoglobin and red blood
ell count in three female subjects that was deemed clinically
ignificant but unrelated to the study drug. No differences were
bserved between treatment groups for laboratory values or vital
igns.

Unit dose budesonide
0.12 mg (n = 16)

Unit dose budesonide
0.24 mg (n = 16)

3:05 3:35
0:30 1:01
2:00 1:00
4:07 5:40
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Table 3
Incidence of adverse events by treatment group

Event Prior to therapy (n = 16) Commercial budesonide 0.25 mg (n = 16) Unit dose budesonide

0.06 mg (n = 16) 0.12 mg (n = 16) 0.24 mg (n = 16)

Any event 2 4 4 3 3
Abdominal pain 1 0 0 0 0
Anemia 0 0 0 2 1
Dysmenorrhea 0 2 0 0 0
Epistaxis 0 0 0 0 1
Eye irritation 0 1 0 0 0
Headache 0 0 1 0 0
Infections 0 1 2 0 0
Throat pain 1 0 1 0 0
Thrombophlebitis 0 0 0 1 1

Table 4
Percent predicted FEV1 before and after treatments

Variable Commercial budesonide 0.25 mg (n = 16) Unit dose budesonide

0.06 mg (n = 16) 0.12 mg (n = 16) 0.24 mg (n = 16)

Pre-dose 96.81 97.19 97.13 97.13

Change from pre-dose to
15 min 0.56 0.81 1.06 0.44
30 min 1.50 1.13 1.75 1.56
2 h 0.94 0.94 1.69 2.25
8 h 0.25 0.63 1.06 −0.06

Maximum increase 2.88 2.63 3.38 3.06
M
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aximum decrease −0.88

airwise comparisons were made for each time point using Dunnett’s test between
ignificant differences were detected with p values ranging from 0.5 to 1.

Mean time to sputter (Table 2) in this population of healthy adult
olunteers, showed a relationship between dose and administra-
ion time with all doses of UDB being faster than the commercial
reparation, at the same 2.0 mL volume. All adverse events experi-
nced in this study were classified as mild, and none were classified
s related to the study drug (Table 3). No serious adverse events
ere reported. There were no significant between-treatment dif-
erences in the incidence of adverse events.
A 15% decline in FEV1 is generally considered to be clinically

ignificant. No change in FEV1 from baseline of this degree was seen
ith any treatment in this study (Table 4). The maximum decline

n FEV1 shown by any subject was 8.5%, and the maximum increase

s
d
f
C
a

able 5
harmacokinetic parameters for each treatment

Cmax (pg/mL) Tmax (min) AUC0–8

ommercial budesonide 0.25 mg
N 16 16 16
Mean 303.5 9.1 29,040
S.D. 177.4 7.1 9,316
CV% 58.5 78.6 32.

nit dose budesonide 0.06 mg
N 15 15 15
Mean 106.2 4.5 3,978
S.D. 63.5 3.3 1,974
CV% 59.8 73.2 49.

nit dose budesonide 0.12 mg
N 16 16 16
Mean 239.9 3.1 8,626
S.D. 140.1 1.5 4,184
CV% 58.4 48.0 48.

nit dose budesonide 0.24 mg
N 16 16 16
Mean 434.5 3.7 22,130
S.D. 246.9 1.5 9,675
CV% 56.8 39.3 43.
−0.88 −0.50 −1.25

e from baseline with UDB (at each dose) and commercial budesonide 0.25 mg. No

as 14.8%. There was no significant difference between treatments
n terms of FEV1, % predicted FEV1, or the observed changes in either
arameter.

.2. Pharmacokinetic results

Descriptive summary of the pharmacokinetic parameters

howed a dose-proportional increase in Cmax and AUC with UDB
ose (Table 5). Mean values of AUC0–8, and half-life were similar
or commercial budesonide 0.25 mg and UDB 0.24 mg, however,
max, AUC0–∞, and Tmax were significantly (p < 0.05) different
t 434.5 pg/mL, 25,290 pg min/mL (loge = 9.97) and 3.7 min with

(pg min/mL) AUC0–∞ (pg min/mL) Half-life (min)

16 16
31,480 145.4
10,690 40.8

1 33.9 28.1

12 12
4,391 73.0
1,423 33.4

6 32.4 45.8

13 13
7,842 78.4
3,647 27.1

5 46.5 34.6

14 14
25,290 140.0
11,750 54.2

7 46.5 38.7



16 S.B. Shrewsbury et al. / International Journal of Pharmaceutics 365 (2009) 12–17

F

U
9
p
0
t

m
A
(
s
c
b
v
a
a
e
s
(
0
C
(
i
w
a
c

Fig. 3. Mean (standard deviation) AUC0–∞ for each treatment.
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ig. 2. Mean plasma concentrations of budesonide over time with each treatment.

DB 0.24 mg and 303.5 pg/mL, 31,480 pg min/mL (loge = 10.28) and
.1 min with commercial budesonide. Fig. 2 illustrates the mean
lasma concentrations of budesonide for commercial budesonide
.25 mg, UDB 0.06 mg, UDB 0.12 mg, and UDB 0.24 mg vs. sampling
ime.

Comparison of differences between treatment means for phar-
acokinetic parameters was accomplished with ANOVA (Table 6).
s expected, Cmax, AUC0–8, and AUC0–∞ for UDB showed significant

p < 0.05) increases with increasing dose. The value for AUC0–∞ was
ignificantly (p < 0.05) lower for UDB doses, even for UDB 0.24 mg,
ompared to commercial budesonide 0.25 mg with UDB values
eing 13.9%, 24.9%, and 80.3% of the commercial product. AUC0–8
alues were 13.7%, 29.7%, and 76.2% respectively for UDB 0.06, 0.12,
nd 0.24 mg of the commercial budesonide 0.25 mg dose (Fig. 3),
lthough the result for UDB 0.24 mg was not statistically differ-
nt from commercial budesonide, due to higher variance than was
een with the AUC0–∞ result. In contrast, Cmax was significantly
p = 0.04) higher for UDB 0.24 mg than for commercial budesonide
.25 mg, but no significant difference (p = 0.448) was observed for
max between UDB 0.12 mg and commercial budesonide 0.25 mg
Fig. 4). These differences in Cmax are consistent with the signif-

cantly (p < 0.05) faster Tmax observed with UDB doses compared

ith commercial budesonide. This significant difference in Cmax

nd Tmax for UBD vs. commercial budesonide at a similar dose
learly suggests that the novel submicron particle formulation of

b
0

able 6
ean, standard error (S.E.) and p-values for differences between UDB and commercial bu

ariable Treatment

alf-life (min) Commercial budesonide 0.25 mg
UDB 0.06 mg
UDB 0.12 mg
UDB 0.24 mg

max (min) Commercial budesonide 0.25 mg
UDB 0.06 mg
UDB 0.12 mg
UDB 0.24 mg

oge AUC0–8 Commercial budesonide 0.25 mg
UDB 0.06 mg
UDB 0.12 mg
UDB 0.24 mg

oge AUC0–∞ Commercial budesonide 0.25 mg
UDB 0.06 mg
UDB 0.12 mg
UDB 0.24 mg

oge Cmax Commercial budesonide 0.25 mg
UDB 0.06 mg
UDB 0.12 mg
UDB 0.24 mg
Fig. 4. Mean (standard deviation) Cmax for each treatment.

DB allows for budesonide to be absorbed more rapidly than the
xisting marketed formulation of commercial budesonide.

. Discussion
The results from this study found no evidence of any difference
etween the commercially available budesonide 0.25 mg and UDB
.06, 0.12 and 0.24 mg as determined by the incidence of adverse

desonide for pharmacokinetic parameters

Mean S.E. Adjusted p-value

145.4 9.1 –
68.7 11.4 <0.001
77.3 11.0 <0.001

138.1 10.5 0.903

9.1 0.9 –
3.9 1.1 0.001
3.7 1.0 0.001
3.5 1.0 <0.001

10.22 0.16 –
8.16 0.17 <0.001
9.04 0.17 <0.001
9.96 0.17 0.201

10.28 0.13 –
8.26 0.14 <0.001
8.91 0.13 <0.001
9.97 0.13 0.009

5.54 0.17 –
4.49 0.19 <0.001
5.34 0.18 0.448
5.96 0.18 0.040
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vents, abnormal laboratory values, vital signs, ECG, pulse oximetry
r spirometry (FEV1) measurements.

The three doses of UDB demonstrated consistent dose-
roportionality for the measured pharmacokinetic parameters.
he pharmacokinetics results indicate that UDB is absorbed more
apidly than commercial budesonide as demonstrated by the sig-
ificantly greater Cmax for UDB 0.24 mg vs. commercial budesonide
.25 mg and supported by the significantly faster Tmax for all three
oses of UDB vs. commercial budesonide. However AUC with UDB
id not exceed the systemic exposure seen with commercial budes-
nide even at similar dose (0.24 mg vs. commercial 0.25 mg dose),
ndeed the AUC0–∞ with UDB 0.24 mg was marginally, but statis-
ically significantly, lower than commercial budesonide 0.25 mg
p = 0.009). The lack of a significant difference in Cmax between UDB
.12 mg and commercial budesonide 0.25 mg supports the view
hat UDB is more rapidly absorbed.

The small size of UDB particles resulted in approximately twice
s much UDB being nebulized in the first 2 min when compared to
ommercial budesonide (Bosco et al., 2006), which may be espe-
ially helpful in uncooperative toddlers. The low label dose of UDB
as the potential to treat asthma effectively at approximately half
f the lowest dose of commercial budesonide, with lower Cmax and
UC. UDB is efficiently delivered to the surface of the lung, reducing
he amount of drug deposited in the back of the mouth and throat,
hich may result in reduced oral thrush (which was not reported

y any subject in this repeat single dose study) and less systemic
ortisol suppression.

In conclusion, the results of this study show that UDB is safe and
ell tolerated in healthy, adult volunteers. Improvements in rela-

ive delivery time of the same dose volume were noted in inverse
roportion to label strength. Clinical trials are ongoing with UDB in
sthmatic children to confirm its efficacy and safety.
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