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The pharmacokinetics and relative oral bioavailability of procaterol,
an orally active B,-adrenergic agonist bronchodilator were evaluated
in healthy volunteers. Procaterol was rapidly absorbed after oral
administration. Mean plasma procaterol concentration-time profiles
and pharmacokinetic parameters for both formulations were essen-
tially superimposable. Following tablet administration, the mean
Cax Was 358 pg/mL and the corresponding mean z,,,,, was 1.6 hr.
Mean renal clearance was 163 mL/min and accounted for approxi-
mately one-sixth of the mean apparent oral plasma clearance (988
mL/min). The mean apparent elimination half-life of procaterol was
4.2 hr. Hepatic metabolism appears to be the primary mechanism for
elimination of procaterol from the body, and first-pass metabolism
may limit systemic bioavailability.
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INTRODUCTION

Procaterol hydrochloride (Pro-Air, Parke-Davis), (*)-
(R*, S§*)-8-hydroxy-5-[1-hydroxy-2-[(1-methylethyl)amino]-
butyl]-2(1H)-quinolinone monohydrochloride hemihydrate, is
an orally effective selective B,-adrenergic receptor agonist.
Procaterol has potent bronchodilating action at microgram
doses, a rapid onset and long duration of action, and a higher
selectivity for bronchial smooth muscle than for cardiovascular
muscle (1-4). Bronchodilating effects of procaterol appear to
be exerted by increasing intracellular cyclic AMP as a result of
B-receptor stimulation of adenyl cyclase in bronchial cells,
thereby mediating smooth muscle relaxation (5,6). The rela-
tively long-lasting bronchodilation seen with procaterol, as
compared to that of isoproterenol and albuterol, is due primar-
ily to persistent elevation of cyclic AMP (7). In large, double-
blind comparative studies, procaterol was found to be an ef-
fective, well-tolerated, long-acting, oral bronchodilator suitable
for the treatment of reversible bronchospastic disease (8,9).

Since procaterol is efficacious at microgram doses, con-
centrations of drug in plasma and urine are low relative to
those of less potent B,-adrenergic agonists such as albuterol,
metaproterenol, and terbutaline. In a previous study of pro-

! Clinical Pharmacology Department, Parke-Davis Pharmaceutical
Research Division, Warner-Lambert Co., 2800 Plymouth Road,
Ann Arbor, Michigan 48105.

2 Pharmacokinetics/Drug Metabolism Department, Parke-Davis
Pharmaceutical Research Division, Warner-Lambert Co., 2800
Plymouth Road, Ann Arbor, Michigan 48105.

3 Current address: Harris Clinical Development, 7432 East Stetson
Drive, Scottsdale, Arizona 85251.

4 To whom correspondence should be addressed.

603

Report

caterol disposition in humans, *H-procaterol was used to
quantify drug in plasma and urine. Recently, specific and
sensitive radioimmunoassay methods capable of detecting
picomolar amounts of procaterol in plasma and urine were
developed. The purpose of this study was to assess the phar-
macokinetics of procaterol in healthy subjects and to com-
pare the bioavailability of procaterol tablets and solution af-
ter administration of single 100-png doses.

METHODS

Subjects. Eighteen healthy volunteers participated in
the study conducted at the Parke-Davis Community Re-
search Clinic, Ann Arbor, Michigan. All subjects were
healthy as determined by medical history, clinical laboratory
profiles, and physical examinations. Mean (range) weight,
age, and height for the subjects were 72.0 kg (55.6 to 100.7
kg), 31 years (20 to 46 years), and 174 cm (159 to 187 cm),
respectively. The protocol was approved by the Community
Research Clinic Institutional Review Board and subjects
provided informed consent.

Protocol. The study used a single-dose, nonblinded,
randomized, two-way crossover design. Subjects received
two oral 100-ug procaterol doses administered as 20 mL of a
5 pg/mL solution (Pro-Air Syrup, Parke-Davis, Lot CI-
144065) and a 100-pg tablet (Pro-Air commercial tablets,
Parke-Davis, Lot CI-144065), with a 1-week washout sepa-
rating the doses. All doses were administered with 8 oz of
water after a 10-hr overnight fast, and subjects continued
fasting for an additional 4 hr after dosing.

Blood samples (5 mL) were drawn into heparinized
tubes before dosing and at 0.5, 1, 1.5,2,2.5,3,4,6, 8,10, 12,
14, and 16 hr after dosing. Plasma was harvested and stored
frozen until assayed for procaterol. Urine was collected
prior to dosing and quantitatively during the intervals 0-2,
2-4,4-6, 6-8, 8-10, 10-12, 12-16, 16-24, 24-36, and 3648 hr
postdose. Total urine voided was measured for each collec-
tion period and a 20-mL aliquot was stored frozen until as-
sayed for procaterol.

Sample Analysis. Procaterol in plasma and urine was
assayed using sensitive, specific, and validated radioimmu-
noassays (10). Plasma (100-pl) and urine (10-pl) samples
were incubated with fixed amounts of antibody and '*I-
labeled procaterol. The antibody bound fraction was precip-
itated with sheep anti-rabbit immunoglobulin antibody and
counted in a gamma counter. In plasma, cross-reactivities of
the three major procaterol metabolites, procaterol .glucuro-
nide, N-desisopropyl procaterol, and 5-formyl-8-hydroxy-
carbostyril, were 0.46% or less. Logit-log standard curves in
plasma were linear over the calibration range of 15 pg/mL to
2 ng/mL. The lower limit of quantitation for procaterol in
plasma was 15 pg/mL and values below this concentration
were reported as zero. Precision of plasma control standards
(N = 8 at each of four concentrations) assayed during sam-
ple analysis range from 10.1 to 24.9% and accuracy ranged
from —1.8 to 6.0% of procaterol concentrations determined
during validation. In urine, cross-reactivities of the pro-
caterol metabolites described above were 0.029% or less.
Logit-log standard curves in urine were linear over the cal-
ibration range of 800 pg/mL to 50 ng/mL. The lower limit of
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quantitation for procaterol in urine was 800 pg/mL and val-
ues below this concentration were reported as zero. Preci-
sion of urine quality control standards (N = 8 at each of four
concentrations) assayed during sample analysis ranged from
11.4 to 21.7% and accuracy ranged from —5.7 to 18.0% of
theoretical procaterol concentrations.

Data Analysis. Noncompartmental pharmacokinetic
parameters were calculated from plasma procaterol concen-
tration~time data using established methods (11) (see Table I
for parameter definitions). The cumulative amount of pro-
caterol excreted unchanged in urine (A,.), expressed as per-
centage of dose (A.%), was determined from urine drug con-
centration and urine volume data. Apparent plasma clear-
ance (CI/F) was calculated as Dose/AUC(0—=). Renal
clearance (Cl) was calculated as A_/AUC(0-x). Nonrenal
clearance (Cl,,) was obtained as the difference between ap-
parent plasma clearance and renal clearance.

The terminal phase of drug disposition was not deter-
mined for Subject 16 after the solution treatment because of
a lack of data in the latter portion of the plasma concentra-
tion-time profile. Subjects 17 and 18 did not receive the tab-
let treatment. Subject 17 withdrew from the study for per-
sonal reasons, whereas Subject 18 was unable to complete
the trial due to a viral illness. Data from these subjects for
completed treatments were included in the statistical analy-
ses, requiring use of statistical methods for unbalanced data.

Procaterol pharmacokinetic parameters and urinary ex-
cretion parameters were analyzed using an analysis of vari-
ance (ANOVA) model with sequence, subject (within se-
quence), period, and treatment main effects to evaluate the
statistical significance of differences between treatment
means. To assess the pharmacokinetic performance of the
tablets relative to the solution, 90% confidence intervals for

Table I. Mean Procaterol Pharmacokinetic Parameters Following
Administration of Single 100-pg Oral Doses of Procaterol as a So-
lution and as a Tablet to 18 Healthy Subjects

Treatment mean® (%RSD)

Pharmacokinetic

Parameter Tablet Solution
Crnax 358 (38.8) 368 (47.0)
nax 1.6 (30.9) 1.7 (51.1)
AUC(0-16) 1780 (39.2) 1800 (35.0)
AUC(0—0) 1960  (37.3) 1980 (31.7)
A, 0.23 (48.0) 0.19 (40.0)
ty, 4.2 (78.5) 4.3 (50.1)
CVF 988  (43.5) 922  (31.5)
Cl, 163 (34.7) 169  (33.0)
Cl,,, 825 (48.7) 753 (36.3)
AT 17.9 (31.4) 19.3 (39.2)

“ Mean of 17 observations for solution treatment and 16 observa-
tions for tablet treatment. %RSD, relative standard deviation ex-
pressed as percentage of mean; C,,,, maximum observed plasma
concentration (pg/mL); 7., time of C,., (hr); AUC(0-16), area
under the plasma concentration—time curve from time 0 to 16 hr
(pg-hr/mL); AUC(0—x), area under the plasma concentration-time
curve from time 0 to infinity (pg-hr/mL); \,, apparent elimination
rate constant (hr™!); ty,, apparent elimination half-life (hr); CVF,
apparent plasma clearance (mL/min); Cl,, renal clearance (mL/
min); Cl,,, nonrenal clearance (mL/min); A%, percentage of dose
excreted in urine as unchanged procaterol.
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the differences between treatment mean C,,, and AUC val-
ues were calculated and expressed as a percentage of the
solution mean values (12).

RESULTS AND DISCUSSION

Mean plasma procaterol concentration-time profiles fol-
lowing administration of tablets and solution were compara-
ble (Fig. 1). Procaterol was rapidly absorbed after adminis-
tration of both formulations as indicted by mean ¢, values
of 1.6 and 1.7 hr for the tablets and solution, respectively.
Inspection of individual subject data showed that after
reaching a peak, concentrations declined with time in a mo-
noexponential fashion. Mean ¢, values were 4.2 and 4.3 hr
for the tablet and solution, respectively. Although variation
in plasma concentration-time profiles and pharmacokinetic
parameters was evident among subjects (see %RSD values,
Table 1), data were generally comparable between formula-
tions within a given subject.

Mean C,,,, and AUC values were comparable for both
formulations (Table I) indicating that drug absorption follow-
ing tablet administration was rapid and complete relative to
that of solution. No statistically significant differences were
found between the tablet and solution dosage forms for any
pharmacokinetic parameter. Confidence intervals (90%) for
between-formulation differences in C,,,, and AUC(0—x) rel-
ative to solution mean values were 82.8 to 115 and 85.2 to
110.9%, respectively, demonstrating that the rate and extent
of procaterol absorption are equivalent for both formula-
tions.

Approximately 70% of an oral procaterol dose is ab-
sorbed after administration to rats and beagle dogs, but first-
pass metabolism results in a systemic bioavailability of ap-
proximately 10 to 30% (13,14). Following administration of a
100-pg oral dose of *H-procaterol to humans, 70% of the
dose was excreted in urine (20% unchanged) and 24% of the
dose was recovered in feces (21% unchanged) within 24 hr
postdose (unpublished data). These findings, in conjunction
with the results of the present study (Table I), indicate that
procaterol is reasonably well absorbed, rapidly eliminated
from the systemic circulation, extensively metabolized, and
probably subject to first-pass metabolism. The high mean
values for apparent plasma clearance (988 mL/min) and non-
renal clearance (825 mL/min) after tablet administration sup-
port the concept that the systemic bioavailability of pro-
caterol is limited by first-pass metabolism.

Procaterol undergoes extensive conjugative and oxida-
tive metabolism in humans, with the glucuronide conjugate
being the major metabolite formed (15). Desisopropyl-
procaterol, 5-formyl-8-hydroxycarbostyril, and, to a lesser
extent, 8-hydroxycarbostyril are also formed. None of these
metabolites are significantly active as B-adrenergic agonists
(16,17). The metabolic pattern in humans is qualitatively
similar to those of laboratory animals, which show evidence
of extensive absorption from the intestine, first-pass metab-
olism, biliary excretion of procaterol and metabolites, and
enterohepatic recycling of procaterol (13-15). In summary,
absorption of procaterol is rapid after oral administration of
tablets or solution, first-pass metabolism may limit systemic
bioavailability, and hepatic metabolism appears to be the
primary mechanism for elimination of procaterol from the
body.
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Fig. 1. Mean (*=SD) plasma procaterol concentration—time profiles following adminis-
tration of single 100-pg oral doses of procaterol as a solution (O) and as a tablet (@) to

healthy subjects.
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