Pharmacodynamics and
pharmacokinetics of budesonide: A new
nebulized corticosteroid
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Under utilization of anti-inflammatory agentsin the treatment
of asthma has received widespread attention. Inhaled gluco-
corticosteroids are important agents for the management of
asthma in children and adults. Budesonide has a high ratio of
topical anti-inflammatory to systemic activity and is one of the
most extensively used inhaled glucocorticoids. Budesonide
inhalation suspension isthefirst formulation designed to deliv-
er budesonide by way of nebulization for infants and children
under 8 years of age with persistent asthma. Budesonide
decreases airway hyperresponsiveness and reduces the number
of inflammatory cells and mediators present in the airways of
patients with asthma. Budesonide appears to be retained with-
in cells, allowing for a once-daily treatment regimen in certain
patient groups. After inhalation of nebulized budesonide,
absorption is rapid. Data suggest that plasma concentrations
of budesonide are similar in adults and children after inhala-
tion of the same nominal dose from a nebulizer. In children 3
to 6 years of age, total systemic availability of budesonide after
dosing with ajet nebulizer was approximately 6% of the
labeled dose. Budesonide is highly protein bound, under goes
extensive fir st-pass hepatic metabolism, is metabolized by the
liver cytochrome P450 system, and is primarily excreted in the
urine as metabalites. In children 3 to 6 years of age, the vol-
ume of distribution at steady state of budesonide inhalation
suspension is approximately 3 L/kg, with aterminal elimina-
tion half-life of 2.3 hours; systemic clearance is approximately
30 mL/kg. The pharmacodynamic and pharmacokinetic prop-
erties of budesonide inhalation suspension allow for potent
local anti-inflammatory activity with limited systemic expo-
sure. (J Allergy Clin Immunol 1999;104: S175-83)
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Inflammation is a critical feature in the pathogenesis
of asthma,! and the underutilization of anti-inflammato-
ry glucocorticoids in the treatment of asthma has recent-
ly received widespread attention.23 Inhaled cortico-
steroids are now recommended for use in al but the
mildest cases of persistent asthma.3 However, for many
patients under 4 years of age, it is difficult to use avail-
able delivery systems effectively, because this age group
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typically lacks the necessary coordination skills and
understanding required for optimal drug delivery.4

Budesonide inhalation suspension (BIS; Pulmicort
Respules™; AstraZeneca, Wayne, Pa) isthe first formula-
tion designed to deliver a corticosteroid by way of nebu-
lization and will be the first inhaled corticosteroid for use
in children younger than 4 years of age in the United
States. Budesonide has been available for more than 15
years outside the United States as a nebulized suspen-
sion, as a pressurized metered-dose inhaler (pMDI) and
as a dry powder inhaler (Pulmicort Turbuhaler®;
AstraZeneca). Pulmicort Respules has been approved in
more than 35 countries outside the United States, includ-
ing Canada and the United Kingdom. Pulmicort Tur-
buhaler is now availablein the United States for the treat-
ment of patients with asthma who are 6 years of age and
older. Budesonide aso is approved in the United States
for the treatment of alergic rhinitis. The human pharma-
cokinetics and pharmacodynamics of budesonide have
been investigated thoroughly through the intravenous,
oral, pulmonary, nasal inhalation, and rectal routes of
administration and are reviewed elsewhere.56 This report
summarizes the pharmacodynamics and pharmacokinet-
ics of budesonide and focuses on pharmacokinetics of
BIS in the pediatric population.

PHARMACOLOGY AND PHARMACODYNAM-
ICS OF BUDESONIDE

Budesonide ([RS]-1pB, 16a 17, 21-tetrahydroxypregna-
1, 4-diene-3, 20-dione cyclic 16, 17-aceta with butyralde-
hyde) is a nonhalogenated corticosteroid that exhibits
potent glucocorticoid activity and weak mineralocorticoid
activity (Fig 1).57 Corticosteroid actions are mediated by
the glucocorticoid receptor, which is found in the cyto-
plasm of most cell types.89 Corticosteroids like budes-
onide have a wide range of inhibitory activities against
many cell types (eg, lymphocytes, eosinophils, mast cells,
neutrophils, and macrophages) and mediators involved in
alergic- and nonallergic-mediated inflammation (eg,
cytokines, histamine, eicosanoids, and leukotrienes).”.10
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FIG 1. Chemical structure of budesonide and its metabolites.

In addition, corticosteroids increase the synthesis of anti-
inflammatory proteins, such as lipocortin-1, secretory
leukocyte protease inhibitor, and IL-10, and increase the
expression of [,-adrenergic receptors.8 These anti-
inflammatory actions may contribute to the efficacy of
corticosteroids in asthma.8.10.11

Receptor affinity

Compared with previously developed inhaled steroids,
budesonide has a high rel ative affinity for the glucocorti-
coid receptor.12-14 |n standard in vitro tests and animal
models, budesonide has approximately a 200-fold higher
affinity for the glucocorticoid receptor and a 1000-fold
higher topical anti-inflammatory potency than cortisol.”
Budesonide is a 1:1 racemic mixture of 2 epimers, 22R
and 22S, that do not interconvert. Both epimers exhibit
high glucocorticoid activity, with the 22R epimer having
2-fold greater affinity than the 22S epimer.”

Relative activity

In patients with asthma, potent topical anti-inflamma-
tory action is necessary to relieve airway inflammation;
however, this often is achieved at the expense of
increased systemic exposure. Structure—activity studies
demonstrate that the 16, 17-acetal side chain of budes-
onide (Fig 1) confers highly potent topical anti-inflam-
matory activityl5 with low systemic activity. Budesonide
has demonstrated a high ratio of local anti-inflammatory
activity to systemic activity in preclinical and clinical
studies,1>17 which is explained by a potent anti-inflam-
matory effect, extensive first-pass hepatic metabolism of
oraly absorbed drug (85%-95%),16.17 and low potency
of budesonide metabolites.1s

In human skin blanching assays, budesonide has been
shown to be more potent than many of the available glu-
cocorticoids, including beclomethasone dipropionate, flu-
nisolide, and triamcinolone acetonide (Fig 2).16-20 Budes-
onide has an antiasthmatic potency approximately 58
times that of prednisone.22

In healthy volunteers, systemic activity of budesonide
(measured as changes in cortisol and total and differen-
tia white cell counts) was 2 to 4 times less than that of
beclomethasone dipropionate after oral intake.16.19 After
inhalation of these 2 agents, the differences in systemic
activity were less pronounced, yet still significant, with a
much weaker systemic effect observed with budes-
onide.19.23

The therapeutic effects of conventional doses of orally
inhaled budesonide can be explained by its direct local
action on the respiratory tract.” To confirm that systemic
absorption is not a significant factor in the clinical effi-
cacy of inhaled budesonide, arandomized trial compared
budesonide 400 pg administered by way of apMDI (with
atube spacer) with oral budesonide 1400 pg and placebo
in 47 patients with asthma.24 The oral dose corresponds
to approximately 50% greater systemic exposure than the
inhaled dose; a larger oral dose was chosen to diminish
the risk for a type Il error (ie, failure to detect an anti-
asthmatic effect with oral budesonide). Patients were fol-
lowed weekly until asthma relapsed (defined asadropin
the mean peak expiratory flow rate from baseline by
morethan 2 SEMs) or for 8 weeks if no relapse occurred.
Time to relapse was significantly longer for inhaled
budesonide than oral budesonide (22 vs 7.9 days, respec-
tively; P = .003) or placebo (22 vs 9 days, respectively;
P =.004) and did not differ between oral budesonide or
placebo. This trial demonstrated the efficacy of inhaled
budesonide and that systemically circulating budesonide
lacks any measurable antiasthmatic effect.

Effects on inflammatory cells and mediators

Reduction in the number of inflammatory cells in
bronchia mucosa correlates with clinical improvement in
patientswith asthma.2> I n vitro evidence suggests that budes-
onide may phenotypically ater aveolar macrophages,26
reduce histamine release from basophils,27.28 inhibit mono-
cyte-mediated cytotoxicity2® and eosinophil activation,30 and
induce the activity of neutral endopeptidase.3!
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FIG 2. The relative activity of glucocorticoids by the human skin-blanching assay and glucocorticoid receptor affin-
ity. BDP, beclomethasone dipropionate; BMP, beclomethasone monopropionate. *Skin blanching data compiled
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of the McKenzie vasoconstriction assay.

Numerous studies have evaluated the effects of inhaled
budesonide on airway inflammation in patients with asth-
ma by performing endobronchial biopsies before and
after treatment.32-35 |n 1 trial involving 6 patients with
asthma,32 inhaled budesonide therapy (400 ug twice daily
for 3 months) reduced both T-cell-mediated inflammation
in the bronchia wall and bronchia hyperresponsiveness.
In arandomized, double-blind, placebo-controlled tria in
16 patients with asthma,33 inhaled budesonide (800 g
daily for 6 months) resulted in a significant reduction
in the numbers of mast cells (P = .003), activated
eosinophils (P = .017), and expression of human leuko-
cyte antigen-DR (P = .034) compared with placebo.
Another randomized, double-blind trial3®> compared
budesonide 600 pg twice daily for 3 months with terbu-
taline 375 pg twice daily in 14 adult patients. Budesonide
significantly (P < .01) reduced the number of inflamma-
tory cells present in the airway epithelium (including lym-
phocytes, mast cells, eosinophils, neutrophils, and
macrophages); the total number of cells did not decrease
with terbutaline therapy. Thus reductions in the numbers
of mast cells and activated eosinophils appear to con-
tribute to the anti-inflammatory effects of budesonide.

Effects on airway hyperresponsiveness

Inhalation of glucocorticoids is associated with
decreased airway hyperresponsiveness.36 Budesonide
administered with the Turbuhaler has been shown in vari-
ous challenge models (including histamine, methacholine,
sodium metabisulfite, and adenosine monophosphate) to
decrease airway reactivity in patients with hyperreactive
airways.”37-39 In 1 randomized trial,37 103 newly diag-

nosed patients with asthma received either budesonide 600
Hg twice daily or terbutaline 375 g twice daily for 2
years. After 6 weeks of therapy, patients treated with
budesonide tolerated inhaled histamine significantly better
than patients treated with terbutaline (P < .001). In the
budesonide group, the marked decrease in airway hyperre-
sponsiveness was observed after 6 weeks of therapy;
although this decrease continued, the trend over time was
not significant. Similar results have been reported in adult
patients with asthma who receive inhaled budesonide 800
ug twice daily for 6 weeks*® and in patients who receive
400 pg to 800 ug daily for longer than 1 year.38

After inhaled allergen challenge, pretreatment with
budesonide 800 pg twice daily administered with the Tur-
buhaler for 2 weeks reduced the acute (early phase) and
delayed (late phase) pulmonary reaction, with ameasured
reduction in FEV ;.7 Budesonide appears to attenuate both
the early-phase and late-phase reactions to allergen chal-
lenge after a single dose and with short-term dosing.41-43
In a randomized, double-blind trial44 involving children
with mild asthma, budesonide 200 pg 3 times daily or
placebo was administered within 20 to 24 hours after
exposure to house dust—mite antigen and histamine; treat-
ment continued for 2 months. After 2 months of therapy,
hyperresponsiveness to both antigens was decreased by
approximately 2-fold in patients who received budes-
onide, which suggests that inhaled budesonide increases
tolerance to inhaled allergens and protects against an
allergen-induced increase in bronchia hyperresponsive-
ness. A randomized, placebo-controlled trial4> evaluated
budesonide 400 pg twice daily administered for 6 daysin
normal subjects to determine the effects of budesonide on
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TABLE |. BIS pharmacokinetics in children 3 to 6 years of
ageso

Parameter Value 95% Confidence interval
F (%) 6.1 4.6-8.1

Tpeak (min) 10-30 NR

Cpeak (NMol/L) 2.6 NR

AUC/mg (nmol/L -h/mg) 4.6 NR

V(L) 55 45-68

CLg (mL/min) 536 461-623

Ty (h) 23 2.0-2.6

F, Total systemic bioavailability; Tpey, time to pesk plasma concentration;
NR, not reported; Cpeek, peak plasma concentration; AUC/mg, AUC per mil-
ligram nominal dose; Vg, volume of distribution at steady state; CL, total
systemic clearance; Ty,, termina elimination half-life.

the dose-response curves to inhaled leukotriene D,
(LTD,) and methacholine. Compared with placebo,
budesonide significantly (P < .05) reduced the maximal
degree of airway narrowing because of LTD, and protect-
ed the subjects against an LTD 4-induced increase in max-
imal response to methacholine, without changing the
position of the dose-response curves to LTD, and metha-
choline. These findings support the hypothesis that
inflammatory changes account for excessive airway nar-
rowing observed in asthma.

Inhaled budesonide diminishes bronchia hyperreactivi-
ty in patients with asthmain a dose-dependent manner, and
improvement in bronchial hyperreactivity is positively
influenced by the duration of the treatment.46 In arandom-
ized, double-blind trial 47 children with asthma received
either budesonide 200 pg 3 times daily plus salbutamol 200
pg 3timesdaily or placebo plus salbutamol 200 g 3 times
daily for 22 months. Between baseline and 4 months of
therapy, patients who received salbutamol plus budesonide
required an average increase of 0.98 dose steps (doubling
dose) of histamine to produce a 20% fall in FEV,, com-
pared with children who were receiving salbutamol plus
placebo therapy and who required a decrease of 0.42 dou-
bling dose of histamine (P < .0001).47 Thusthe resultsindi-
cate adifference of 1.4 doubling dose of histamine between
the 2 treatment groups; this difference further increased
over time and did not plateau a a median follow-up of 22
months. Similar results were reported in adult patients with
asthma who received inhaled budesonide 800 ug twice
daily for 6 weeks;48 this trial demonstrated that changesin
FEV, plateaued early during budesonide treatment,
although hyperresponsiveness to histamine continued to
decrease throughout the 6-week period. The clinical rele-
vance of the magnitude of these effectsis not certain, but it
indicates areduction in airway senditivity to irritants.

PHARMACOKINETICS OF BIS

The human pharmacokinetics of budesonide have
been evaluated by various routes of administration,
including intravenous, oral, pulmonary, nasal inhalation,
and rectal. The pharmacokinetic properties of BIS in
children are summarized in Table | (data on file,
AstraZeneca).
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Drug delivery

Nebulizer-compressor combinations have specific and
unique characteristics regarding drug output and droplet-
size distribution. Aerosol deposition is influenced by
droplet size, distribution of the aerosol, inspiratory flow,
length of the inspiratory phase, pattern of breathing (nose
or mouth breathing), and size and geometry of the air-
ways.13 Larger droplets are more likely to deposit in the
oropharynx, athough smaller droplets are more likely to
enter the conducting airways and alveoli. Anatomic factors
such as asmaller mouth and throat may result in increased
drug deposition in the oropharynx; however, the influence
of these factors also is dependent on inspiratory flow,
which determines the velocity of the droplets entering
through nebulization. 1351

Numerous nebulizer-compressor systems have been
evaluated both in vitrod! and in vivoS2 to determine total
output, delivered dose, respirable mass of the delivered
dose, and nebulization time of BIS. Compared with jet
nebulizers, ultrasonic nebulizers were inefficient and are
not recommended for delivering BIS. BIS must be admin-
istered only by ajet nebulizer (data on file, AstraZeneca).

Evidence suggests that jet nebulizer-compressor sys-
tems that deliver between 7.2% and 17.8% of the labeled
budesonide dose in vitro are expected to deliver a clini-
cally effective dose; these systems are shown in Table
1151 The nebulizer (Pari LC Jet Plus; Pari Respiratory
Equipment, Inc, Richmond, Va) with face mask or mouth-
piece with the compressor (Pari Master; Pari Respiratory
Equipment, Inc) ranks among the highest with respect to
respirable mass of the delivered dose and a short nebu-
lization time.51 In children with asthma, the Pari LC Jet
Plus nebulizer delivers approximately 25% of the labeled
BIS dose to the patient; 25% of the remaining dose is
delivered to the ambient air, and 50% of the dose staysin
the nebulizer. The delivered dose in children is compara-
ble to that in healthy adults (data on file, AstraZeneca).

In a randomized, 5-way crossover trial>3 involving 12
healthy adult volunteers, lung deposition and systemic
availability of inhaled budesonide were compared by the
use of 3 different nebulizers. The patientsreceived single 2-
mg doses of budesonide from the nebulizer (Pari Inhaier-
boy; Pari Respiratory Equipment, Inc) plus dosimeter
(Spira) the Pari LC Jet Plus nebulizer plus Spira dosimeter,
and the Maxin MA-2 nebulizer and a4-mg oral dose and a
0.5-mg intravenous reference dose, with 1-week washout
periods between each dose. Lung deposition and systemic
availability related to the nominal dose were approximate-
ly 15% and 16%, respectively, and did not differ signifi-
cantly among the 3 nebulizers. In a dose-to-subject analy-
sis, the Pari LC Jet Plus and Maxin MA-2 had similar lung
deposition and systemic availability, and both were greater
than the Pari Inhaierboy.

Absorption

Budesonide is a nonproteolytic, moderately lipophilic
compound with rapid uptake into airway mucosa.13 After
oral administration of budesonide in heathy adults, the
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TABLE Il. Nebulizer-compressor systems that delivered 7.2% to 17.8% of the labeled budesonide dose in in vitro studies5!

Nebulizer (distributor)

Compressor (distributor)

Percent of labeled budesonide dose (SD)

Pari LC Jet Plus* Pulmo-Aidet 17.8 (1.0)
Pari LC Jet Plus* Pari Master* 16.6 (0.4)
Intertech* Pulmo-Aidet 14.8 (2.1)
Baxter Misty-Neb8 Pulmo-Aidet 14.6 (0.9)
Hudson T-Updraft 11l Pulmo-Aidet 14.6 (1.2)
Hudson T-Updraft 11! Medi-MistT 14.5(0.9)
Hudson T-Updraft 11l Hudsonl 14.2 (1.6)
Hudson Ava-Nebl Pulmo-Aidet 13.8(1.2)
Hudson Ava-Nebl Medi-MistT 13.5(1.5)
Aiolos* Medic-Aid CR60** 13.4 (0.9
Pari LC Jet* Pari Master* 13.4 (0.8)
Hudson Ava-Nebl Hudsonl 12.7 (0.8)
Pari LC Jet* Pulmo-Aidet 12,5 (1.1)
DeVilbiss Pulmo-Nebf Pulmo-Aide Traveller 11.8 (2.0)
Hudson Iso-Neb (B)l Hudsonl 11.6 (1.8)
Hudson T-Updraft Neb-U-Mistl Hudsonl 11.1(1.7)
Hudson T-Updraft Neb-U-Mist Medi-Mist? 11.0 (1.4)
Peri-Jet 1460* Pro-Neb* 10.1 (0.8)
Pari-Jet 1460* Dura-Neb 2000* 9.9(0.4)
DeVilbiss Pulmo-Nebf Pulmo-Aidet 9.3 (1.4)
AeroTech with T-pieceft Schukott 9.0(1.3)
DeVilbiss Pulmo-Nebf Pulmo-Aidet 7.2(1.3)
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*Pari Respiratory Equipment Inc, Richmond, Va.
TDeVilbiss Health Care Inc, Chicago, III.
*Intertech Resources Inc, Lincolnshire, I11.
8Baxter Healthcare Corp, Deerfield, IlI.

[Hudson Respiratory Care, Inc, Temecula, Calif.
fMountain Medical Equipment Inc, Denver, Colo.
#Aiolos Medicnsk Teknik AB, Karlstad, Sweden.
**Medic-Aid Ltd, Sussex, UK.

tCIS-US, Bedford, Mass.

peak plasma concentration was reached within approxi-
mately 1 to 2 hours, and the absolute systemic availabil-
ity was 6% to 13%.7 A variable portion of inhaled corti-
costeroid is deposited in the oropharynx, and this poten-
tially systemically available drug may result in unwanted
systemic effects.12 The budesonide deposited in the
oropharynx is assumed to be swallowed and eventually
absorbed from the gastrointestinal tract; however,
because of extensive first-pass elimination of oral budes-
onide (approximately 85%-90%), very little drug is sys-
temically absorbed.53-55 In 3- to 6-year-old children with
asthma, the total systemic availability (pulmonary plus
oral) of BIS by ajet nebulizer was approximately 6% of
the labeled dose.4®

The peak plasma concentration of budesonide occurs
approximately 10 to 30 minutes after the start of nebu-
lization in children and adults (data on file, AstraZeneca).
After nebulization of BIS 1 mg with the Pari LC Jet Plus
nebulizer in children 3 to 6 years of age, the peak plasma
concentration was approximately 2.6 nmol/L at 17 min-
utes after the start of nebulization (Fig 3).49 Systemic
exposure, defined as area under the plasma concentra-
tion—time curve (AUC) per mg nominal dose, was 4.6
nmol/L -hour per mg in children, compared with 3.9
nmol/L -hour per mg in adults (Fig 4).4° These data sug-
gest that the systemic availability after inhalation of the

same nominal dose from a Pari nebulizer is similar in
young children and adults, despite their differencein size
and weight. In addition, evidence suggests that systemic
exposure to inhaled budesonide (with a pMDI with a
metal spacer) in children 2 to 3 years of ageis similar to
that observed in children 4 to 6 years of age and adults.56

Distribution

Budesonide is distributed widely into tissues and is
85% to 90% protein bound over the concentration range
of 1 to 100 nmol/L, the latter exceeding the concentra-
tions achieved with recommended doses. Budesonide
shows little or no binding to corticosteroid-binding glob-
ulin and rapidly equilibrates with red blood cells with a
blood/plasma ratio of approximately 0.8, which is inde-
pendent of concentration.” In children 3 to 6 years of age,
budesonide has a mean volume of distribution at steady
state of approximately 3 L/kg, which is similar to that
observed in adults.49

Metabolism

In vitro studies with human liver homogenates indi-
cate that budesonide is rapidly and extensively metabo-
lized by the cytochrome P450 system, specifically by
CYP3A enzymes.”57 The resulting major metabolites of
budesonide are 16a-hydroxyprednisolone and 6[3-
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FIG 3. BIS plasma concentration-time data in children 3 to 6 years of age (n = 10). (Adapted from Agertoft L, Ander-
sen A, Weibull E, Pedersen S. Systemic availability and pharmacokinetics of nebulized budesonide in preschool
children. Arch Dis Child 1999;80:241-7. With permission from the BMJ Publishing Group.)
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FIG 4. Systemic exposure to inhaled budesonide in children and
adults expressed as AUC per milligram of labeled dose. Diamonds
represent individual data points for each group. (Data on file,
AstraZeneca.)

hydroxybudesonide (Fig 1); these metabolites have glu-
cocorticoid-receptor and topical anti-inflammatory activ-
ities, which are only 1% or less than that of the parent
drug.”.58-60 No important differences were detected
between in vitro and in vivo metabolic patterns, and little
metabolic inactivation was observed in human lung and
serum studies.”54 Budesonide has a high affinity for the
lung; a study that used the isolated perfused rat lung
model demonstrated that a substantial fraction of budes-
onide present in the lungs is bound to tissue components
and is retained for an extended time period.6!

Studies in human lung and liver microsomes have

demonstrated that esterification of the 16a, 17a-acetal
group of budesonide by coenzyme A and adenosine
triphosphate leads to the formation of budesonide fatty
acid conjugates (Fig 5).62 In a recent study, the topical
uptake and airway retention of radiolabeled budesonide,
fluticasone, and beclomethasone di propionate were com-
pared in rats.63 Budesonide, fluticasone, and beclometha-
sone dipropionate were equally well taken up into airway
tissue. Budesonide was shown to form lipophilic intra-
cellular fatty acid esters (at the C-21 position) in the air-
way and lung tissue after topical application. In the large
airways, approximately 70% to 80% of retained budes-
onide was conjugated 20 minutes after administration;
conjugated budesonide was retained in the large airways
longer than fluticasone or beclomethasone dipropionate,
which do not form fatty acid conjugates. Conjugation of
budesonide isreversible in vivo, and the conjugates grad-
ually are hydrolyzed by intracellular lipases to free
budesonide. The reversible conjugation observed with
budesonide may enhance airway selectivity®4 and pro-
long local anti-inflammatory effects.83.65 The formation
of fatty acid conjugates in human lung tissues recently
was demonstrated in vivo.66 These data may explain why
budesonide is effective in the treatment of mild asthma
when administered once daily. Budesonide has been
approved in severa countries for once-daily treatment of
mild-to-moderate asthma.

Systemic clearance

An important property of inhaled corticosteroids is
rapid plasma clearance after absorption, which minimizes
potential systemic effects.12 In children 3to 6 years of age
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FIG 5. Reversible fatty acid esterification of budesonide.

with asthma, systemic clearance is approximately 30
mL/min/kg, which is approximately 50% greater than that
observed in healthy adults, with adjustment for weight
differences.#® High plasma clearance of budesonide in
this young population is advantageous to minimize poten-
tial systemic adverse effects associated with high-dose
treatment.6” The low-systemic availability of inhaled
budesonide and the higher clearance per kilogram of body
weight in young children explain why these patients can
use the same nebulized budesonide dose as adults without
an increased risk of undesirable systemic effects.49

Elimination

Budesonide is excreted primarily as metabolitesin the
urine and feces. Rena eimination of unchanged budes-
onideislow because of its extensive biotransformation in
the liver. In healthy adults, 60% of an intravenous radio-
labeled budesonide dose was recovered in urine, and no
unchanged budesonide was detected. The terminal elim-
ination half-life of budesonide after inhalation is approx-
imately 2.3 hours in children 3 to 6 years of age with
asthma.”49

Compromised liver function may decrease the rate of
glucocorticoid elimination.13 Hepatic impairment
increased the systemic availability of budesonide 2-fold
after oral ingestion in adults with cirrhosis. However,
after intravenous administration, the pharmacokinetics of
budesonide were similar in patients with cirrhosis and
healthy adults. No differences in the pharmacokinetics of
BIS related to race, gender, or advanced age have been
identified.

CONCLUSIONS

Budesonide is a potent topical glucocorticoid with a
favorable ratio between topical anti-inflammatory activity
and systemic corticosteroid effects when administered by
inhalation in patients with asthma. Therapeutic benefits of
inhaled budesonide are explained primarily by its local
effectsin the lung. Inhaled budesoni de has been shown to
reduce the number of inflammatory cells and mediators
present in the airways of patients with asthma. In addi-
tion, inhaled budesonide has been shown to decrease air-
way hyperresponsiveness after histamine, methacholine,
and allergen challenges in children with asthma.

The pharmacokinetics of BIS administered by nebu-

lization have been well characterized in children. Only
jet nebulizers are recommended for administration of
BIS. Absorption of nebulized budesonide from the lungs
is rapid, with peak plasma concentrations reached
approximately 10 to 30 minutes after the start of nebu-
lization. Budesonide is highly protein bound, undergoes
extensive first-pass hepatic metabolism, and is rapidly
metabolized by the cytochrome P450 system in the liver.
In children 3 to 6 years of age, nebulization of BIS 1 mg
with the Pari LC Jet Plus nebulizer resulted in an AUC of
4.6 nmol/L -hour/mg nomina dose; in adults, the AUC
was 3.9 nmol/L -hour/mg nominal dose. These data sug-
gest that systemic availability after inhalation of identical
nominal doses from a Pari nebulizer issimilar in children
and adults. The volume of distribution at steady state of
BISisapproximately 3 L/kg and the terminal elimination
half-life is approximately 2.3 hours in children 3 to 6
years of age. Budesonide is excreted in the urine primarily
as metabolites; renal elimination of unchanged budesonide
is very low. The corticosteroid activity of the 2 primary
budesonide metabolites is less than 1% of the parent com-
pound. Evidence suggests that budesonide fatty acid conju-
gates are formed and retained in the lung on inhaation; this
conjugation is reversible and may prolong anti-inflamma-
tory activity, potentially allowing once-daily dosing.
Overdl, the pharmacokinetic profile of BIS alows for a
long duration of local therapeutic effectswith minimal sys-
temic exposure. This novel formulation of budesonide isa
long-awaited therapeutic option for the treatment of persis-
tent asthma in infants and children up to 8 years of age.
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