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ABSTRACT: Racemic R,S-salbutamol is taken to relieve bronchial constriction. Only
the R-enantiomer has bronchodilating properties. The S-enantiomer has been pro-
posed to cause in vitro bronchial hyperreactivity in guinea-pigs. Stereoselective
elimination of salbutamol has been shown, with S-salbutamol being eliminated at a
slower rate than R-salbutamol. This study questioned whether rates of stereoselective
elimination were similar after oral or lung delivery, and whether the S:R ratio would
increase after repeated inhalations in a situation resembling a common clinical use.

Eighteen healthy volunteers received single-dose racemic salbutamol as a solution
instilled in the trachea during anaesthesia, as inhaled micronized powder and/or as
ingested tablets. Five volunteers inhaled repeated doses of racemic salbutamol.
Concentrations in plasma and urine were measured using a technique which allowed
chiral separation of samples with concentrations as low as 0.1 ng.mL-1.

The bioavailability of S-salbutamol was significantly higher than that of R-sal-
butamol after the different modes of administration. Stereoselective elimination was
more pronounced after oral administration than after inhalation. Repeated inhal-
ations resulted in successive increases in the S:R ratio as steady state was approached.

In conclusion, the clinical consequences of increasing plasma concentrations of S-
salbutamol need to be further assessed.
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Many drugs are formulated as racemic mixtures and it
has become clear that the enantiomers may differ in their
pharmacokinetic and pharmacodynamic properties. There
are numerous examples of enantioselective differences [1],
and single enantiomers have taken the place of racemic
drugs in several areas of medicine. Salbutamol (albuterol)
is a sympathomimetic drug, with potent b2-adrenoceptor
stimulating properties. Racemic R,S-salbutamol is taken
for the relief of reversible bronchoconstriction and the
therapeutic activity is associated with the R-enantiomer
[2±4]. S-salbutamol has been demonstrated to cause in-
creased airway responsiveness to carbachol in vitro and in
vivo (in guinea-pigs) [5, 6]. Previously it has been shown
that metabolism occurs in both airways and the gastro-
intestinal tract by stereoselective sulphate conjugation
[7]. The rate by which the bronchodilating R-enantiomer
is sulphated greatly exceeds that of the S-enantiomer in
vitro [8]. Unchanged R- and S-salbutamol is excreted in
urine [9]. Stereoselective elimination has been reported
after administration of the racemate by oral [3, 10], intra-
venous or rectal routes [9], findings that were also
supported by in vitro experiments [11, 12]. These obser-
vations indicate a more efficient removal of the active
bronchodilating R-enantiomer, exposing the body to high-
er concentrations of the S-enantiomer. Repeated dosing

could then lead to a greater ratio of S:R salbutamol in the
blood over time. Assuming that adverse effects are asso-
ciated with S-salbutamol in humans, the clinical implica-
tion of stereoselective disposition may be of importance.

The main aim of this study was to compare the
bioavailability of R- and S-salbutamol after oral and lung
administration, and to determine whether the rates of
stereoselective elimination were similar with these rates of
administration. To this end the racemate was administered
orally, by the inhaled route or by endotracheal instillation.
A further aim was to assess whether repeated inhalations of
R,S-salbutamol would lead to a higher S:R ratio than that
observed after a single dose. A method was developed
enabling the assessment of very low concentrations of
nonsulphate conjugated R- and S-salbutamol in plasma and
urine.

Material and methods

Subjects

A total of 22 healthy nonsmoking volunteers (14
females and eight males), aged 22±64 yrs, participated in
this study (table 1). There was a wash-out period of at
least one week between the study days for those who
participated in more than one experiment. Three differentFor editorial comments see page 1223

Eur Respir J 1999; 13: 1230±1235
Printed in UK ± all rights reserved

Copyright #ERS Journals Ltd 1999
European Respiratory Journal

ISSN 0903-1936



formulations of racemic salbutamol (Ventolin1; Glaxo-
Wellcome, Uxbridge, Middlesex, UK) were adminis-
tered: micronized inhalation powder (Diskhaler Ventolin
0.4 mg), a 4 mg tablet of Ventolin or a solution of Ven-
tolin (Ventolin 2 mg.mL-1). Blood samples were collected
from an antecubital vein to determine salbutamol enan-
tiomers in plasma, and urine was collected at intervals of
0±6 h and 6±24 h after dosing and analysed for sal-
butamol enantiomers.

Eight subjects took a 4 mg tablet of salbutamol in the
morning after a regular breakfast. Blood samples were
taken before and at 15, 30, 45, 60, 90, 120, 180, 240 and
360 min after administration.

Eight patients were subjected to elective orthopaedic
surgery for traumatic injuries to a shoulder or knee, these
patients were otherwise healthy individuals. They were
fasting at least 8 h before anaesthesia and paracetamol was
given rectally as premedication. Anaesthesia was induced
with propofol (Diprivan1; Zeneca, Alderley, UK) and
tracheal intubation was carried out in succinylcholine-
apnoea. Anaesthesia was maintained with desflurane (Sup-
rane1; Pharmacia & Upjohn, Stockholm, Sweden) in O2/
N2O, and opioid-anaesthetic (Leptanal1; Janssen Cilag,
Beerse, Belgium) was given during the perioperative
period when needed. The R,S-salbutamol aerosol was
given after a steady-state level of general anaesthesia was
reached. One millilitre of a solution containing 0.2 mg
salbutamol in sterile 0.9% saline was administered via an
aerosol-producing 0.2 mm spray-catheter (PW6p1; Olym-

pus, Tokyo, Japan) inserted via the endotracheal tube and
ending 1 cm below the tip of the tube. This particular dose
was chosen based upon previous reports that <20% of an
inhaled dose reaches the bronchi [13]. When 0.1 mg of the
aerosol was instilled (carried out on two subjects who are
not reported in this study) this resulted in plasma concen-
trations below the detection limit. The dose was therefore
doubled which resulted in detectable plasma concentra-
tions. Blood samples were collected before and at 5, 8, 11,
15, 30, 45, 60, 90, 120, 180 and 240 min after the sal-
butamol aerosol was instilled. Urine was not collected in
this set of experiments.

Six subjects inhaled 0.8 mg salbutamol powder and
blood samples were taken before and at 3, 6, 9, 15, 30, 45,
60, 90, 120, 180, 240 and 360 min after inhalation.

Five healthy subjects inhaled two doses of 0.4 mg
salbutamol powder three times and the inhalations were
performed at 3-h intervals. Blood samples, to analyse en-
antiomers, were collected 3 h after the preceding inhalation
and immediately before the next dose of salbutamol. The
patients had regular meals, performed their normal activ-
ities during the day and urine was not collected.

The study was approved by the Ethics Research Com-
mittee, Faculty of Health, University of LinkoÈping, Swe-
den.

Assay of R- and S-salbutamol

Blood samples were collected in 7 mL heparinized glass
tubes (Vacutainer, Becton Dickinson and Co., Rutherford,
NJ, USA), and plasma was separated by centrifugation
(1,000 6 g for 10 min) within 30 minutes after collection
and stored in plastic tubes at -708C. Urine samples (0±6 h
and 6±24 h after administration) were stored at -708C until
analysis. The isolation of salbutamol from plasma and ur-
ine was carried out with solid phase extraction on ISOL-
UTE C2 (EC) columns (100 mg) (International Sorbent
Technology Ltd, Hengoed, Mid Glamorgan, UK). The cart-
ridges were preconditioned with 1 mL of methanol and 1
mL of deionized water. After preconditioning, plasma or
urine samples (1 mL) were applied to the cartridges by
vacuum suction. Standard salbutamol was dissolved in de-
ionized water and diluted in drug-free plasma (0.2±16
ng.mL-1) or urine (10±500 ng.mL-1). After drying, the cart-
ridges were washed with 1 mL 0.025 M phosphate buffer
(pH 7.3), 1 mL deionized water and 1 mL acetonitrile.
Another drying procedure was performed before salbuta-
mol was eluted with 2 mL methanol. The eluate was evapo-
rated to dryness using nitrogen at 508C. The samples were
dissolved in hexane, 1,2-dichloromethane and methanol
(50:45:5) for chromatography. Plasma samples were
dissolved in 80 mL of which 50 mL was injected for
chromatography.

The chromatography was performed using a proced-
ure which has been modified from methods previously
described [9, 14]. A Chirex 3022 25062.0 mm column
(Phenomenex, Torrence, CA, USA) was used for chiral
separation. During chromatography a thermostat regu-
lated the temperature of the column to a constant 208C The
mobile phase consisted of hexane, 1,2-dichloromethane,
methanol and trifluoroacetic acid (56.8%, 35.0%, 8.0%
and 0.25%) and was degassed by sonication. The flow

Table 1. ± Demographic data of the healthy volunteers
participating in this study

Subject
No.

Sex
M/F

Age
yrs

Weight
kg

Inhaled
dose

Oral
dose

Endo
dose

Rep
dose

1 M 23 83 + + - -
2 F 22 65 + + - -
3 F 37 68 + - - -
4 F 43 63 + + - -
5 F 52 75 + + - +
6 M 64 73 + - - -
7 F 34 52 - + - -
8 F 45 54 - + - -
9 F 51 59 - + - -

10 F 37 63 - + - -
11 F 35 90 - - + -
12 F 28 62 - - + -
13 M 22 68 - - + -
14 M 36 95 - - + -
15 M 29 105 - - + -
16 M 26 80 - - + -
17 M 29 81 - - + -
18 M 24 82 - - + -
19 F 45 70 - - - +
20 F 41 52 - - - +
21 F 40 61 - - - +
22 F 41 67 - - - +

Six subjects inhaled 0.8 mg micronized powder of R,S-salbu-
tamol, eight subjects ingested a 4 mg tablet of R,S-salbutamol,
eight subjects had a solution of 0.2 mg R,S-salbutamol (diluted
in saline) instilled into the bronchi via an endotracheal tube
during general anaesthesia, and five subjects inhaled 0.8 mg R,
S-salbutamol three times with 3 h intervals in between inhal-
ations. M: male; F: female; Endo: endotracheal; Rep: repeated.

1231PHARMACOKINETICS OF R,S-SALBUTAMOL



rate of the mobile phase was 0.25 mL.min-1, the excita-
tion and emission wavelengths of the fluorescence detec-
tor were set at 230 and 310 nm, respectively.

The following chemicals were used: R- and S-salbu-
tamol base (Sepracor Inc, Marlborough, MA, USA), Vent-
olin, salbutamol sulphate (GlaxoWellcome), n-hexane 95%
high performance liquid chromatography (HPLC) grade, di-
chloromethane HPLC grade, methanol Spectroscan, HPLC
grade acetonitrile, (LAB-SCAN, Analytical Sciences, Dub-
lin, Ireland), trifluoroacetic acid (Sigma Chemical Co.,
St Louis, MO, USA), potassium dihydrogen phosphate,
and disodiumhydrogenphosphate-2-hydrate (Merck/Kebo,
Stockholm, Sweden).

The S-salbutamol and R-salbutamol enantiomers were
separated 100% at baseline, with retention time ,14 and
16 min, respectively. The limit of detection was 0.1 ng.mL-1

for each enantiomer, with a signal:noise ratio 3:1. The
precision of the method was measured at three different
levels in the urine standard curve, by analysing five sam-
ples from each concentration. The day-to-day variation for
each enantiomer in the urine standard curve was 1.4% at
125 ng.mL-1, 7.7% at 25 ng.mL-1 and 10% at 5 ng.mL-1.
The coefficient of correlation varied between 0.9986 and
0.9996. The same procedure was used with plasma stand-
ards, analysing 6±7 samples at each concentration, and the
day-to-day variation for each enantiomer was 3.5% at 3
ng.mL-1, 18% at 0.25 ng.mL-1 and 36% at 0.1 ng.mL-1.
The coefficient of correlation for plasma analyses varied
between 0.9959 and 0.9992.

Statistical methods

Individual R- and S-salbutamol plasma concentration
curves versus time were used to obtain the maximum
plasma concentration (Cmax) and the time from adminis-
tration to time of maximum plasma concentration (tmax).
The area under the curve (AUC) for the separate enan-
tiomer plasma concentrations were calculated applying the
trapezoidal rule, for the time from inhalation or ingestion
until 6 h after the administrations. AUCs were also cal-
culated for 4 h after administration to the trachea via an
endotracheal tube. A mono-exponential elimination equa-
tion was applied to individual plasma concentration data
recorded from tmax to the end of the recording after the
racemate was inhaled. Elimination constants (t) of S- and
R-salbutamol plasma concentrations were calculated by
applying the elimination equation (A 6 C-(x-x0)/t); A is the
plasma concentration, C is a constant, x and x0 refer to time
intervals where x0 indicates the time at the start of elimin-
ation, and t is the elimination (or time) constant which is
associated with the plasma half-life of the compound. A
commercially available computer program (Origin 2.8, Mi-
croCal Software Inc., Northampton, MA, USA) was used
in order to calculate plasma elimination constants. The
quantities of unchanged drug excreted into the urine for the
time periods 0±6 h and 6±24 h after ingestion or inhalation
were added together to give a cumulative amount excreted
over 24 h. Mean values and a 95% confidence interval (CI)
were used to describe data, unless otherwise indicated.
Student's t-test of paired or unpaired data or a one-way
analysis of variance (ANOVA) test were used to compare
the data, and the level of significance was set at a p-
value=0.05.

Results

Oral administration: tablet

The profiles of plasma concentration to time curves for
S-salbutamol and R-salbutamol after a single oral dose of
R,S-salbutamol are shown in figure 1a. Plasma AUC and
Cmax were significantly higher for S-salbutamol than for
R-salbutamol (p<0.001 and p<0.001, respectively, table
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Fig. 1. ± a) S- and R-salbutamol plasma concentrations after an oral
dose of 4 mg of R,S-salbutamol in eight healthy volunteers followed for
6 h. Data were obtained from 4±8 subjects. b) S- and R-salbutamol
plasma concentrations after an endotracheal aerosol dose of 0.2 mg of
R,S-salbutamol in eight healthy volunteers followed for 4 h. Data were
obtained from 6±8 subjects. c) S- and R-salbutamol plasma concentra-
tions after inhalations of 0.8 mg of R,S-salbutamol in six healthy
volunteers followed for 6 h. Data were obtained from 3±6 subjects. For
further information see text. Data are presented as means�SEM. h: S-sal-
butamol; s: R-salbutamol.
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2). Furthermore, differences between plasma enantiomer
levels tended to increase with time (fig. 2) leading to an
increasing S:R ratio in plasma. The mean (95% CI) S:R
ratio was 2.5 (0.9±4.1) (n=4, concentrations of R-salbu-
tamol were not detectable in four subjects) 30 min after
the racemate was ingested and was 8.0 (5.1±10.8) (n=7,
not detectable in one subject) 3 h after ingestion.

The total amount of unchanged S-salbutamol in urine,
collected 0±24 h after ingestion, was significantly higher
than that of R-salbutamol (p<0.01), as well as when meas-
ured in two separate time periods, 0±6 h and 6±24 h after
the tablet was ingested (p<0.01 and p<0.001, respectively,

table 2). The ratio of unchanged S-salbutamol to R-sal-
butamol in urine increased with time from 4.1 (2.9±5.2)
during the 0±6 h sampling periods to 5.9 (4.2±7.7) (p=
0.03, n=8) during 6±24 h after administration.

Endotracheal administration: aerosol

The profiles of plasma concentration to time curves for
S-salbutamol and R-salbutamol after endotracheal admin-
istration of 0.2 mg R,S-salbutamol are shown in figure 1b.
Plasma AUC 0±4 h, Cmax and tmax were significantly
higher for S-salbutamol than for R-salbutamol (p<0.01,
p<0.01 and p<0.05, respectively, table 2).The mean (95%
CI) S:R ratio was 1.4 (0.7±2.2) 30 min after administra-
tion to the airways and 2.3 (1.8±2.8) (n=6, concentrations
of R-salbutamol were not detectable in two subjects) 3 h
after administration (p>0.05, fig. 2). When comparing the
plasma ratios of S- and R-enantiomer levels, these were
smaller after endotracheal administration than after oral
administration (p=0.012, one-way ANOVA).

Despite the fact that the total dose taken orally was 20-
times higher than the one administered to the bronchi via
aerosol, the mean Cmax of R-salbutamol was 2.5-times larg-
er and Cmax of S-salbutamol was ,10-times larger after
ingestion than after endotracheal administration.

Inhaled administration: micronized inhalation powder

The profiles of plasma concentration to time curves
for S-salbutamol and R-salbutamol after inhalation of 0.8
mg R,S-salbutamol are shown in figure 1c. Plasma AUC,
Cmax and tmax were significantly higher for S-salbutamol
than for R-salbutamol (p<0.001, p<0.001 and p<0.05,
respectively, table 2). The elimination constants were

Table 2. ± Pharmacokinetic data obtained in plasma or urine after administration of either a 4 mg tablet, 0.2 mg solution or
0.8 mg micronized inhalation powder of racemic salbutamol to healthy volunteers

S-salbutamol R-salbutamol

Oral administration 4 mg R,S-salbutamol (tablet)
Plasma

AUC0±6 h ng.mL-1.h-1 26.5 (18.4±34.6) 3.2 (1.7±4.6)***
Cmax ng.mL-1 7.2 (5.2±9.1) 1.0 (0.7±1.2)***
tmax min 206 (161±252) 150 (78±222)

Urine
Urine 0±6 h mg 200.8 (80.4±321.2) 46.7 (25.0±68.4)**
Urine 6±24 h mg 318.3 (196.3±440.2) 59.9 (33.8±86.0)***
Urine 0±24 h mg 519.1 (278.4±759.8) 106.6 (62.1±151.2)**

Endotracheal administration 0.2 mg R,S-salbutamol (solution)
Plasma

AUC0±6 h ng.mL-1.h-1 1.6 (1.2±2.0) 0.7 (0.4±1.0)**
Cmax ng.mL-1 0.7 (0.4±1.0) 0.4 (0.3±0.6)**
tmax min 68 (46±89) 53 (36±69)*

Inhaled administration 0.8 mg R,S-salbutamol
Plasma

AUC0±6 h ng.mL-1.h-1 7.0 (5.5±8.5) 1.9 (1.5±2.3)***
Cmax ng.mL-1 2.0 (1.5±2.5) 1.2 (0.9±1.6)***
tmax min 38 (25±50) 21 (13±30)*

Urine
Urine 0±6 h mg 73.0 (50.8±95.2) 40.2 (28.9±51.5)***
Urine 6±24 h mg 60.9 (41.0±80.8) 18.0 (9.8±26.2)***
Urine 0±24 h mg 97.5 (60.7±134.3) 42.7 (20.8±64.6)***

Data presented as means with 95% confidence intervals in parentheses. AUC: area under the curve; Cmax: maximum plasma concen-
tration; tmax: time of Cmax. *: p<0.05; **: p<0.01; ***: p<0.001, significantly different to S-salbutamol.
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Fig. 2. ± The ratio of S-salbutamol:R-salbutamol plasma concentrations
obtained after an oral dose of 4 mg of R,S-salbutamol (h; n=8), inhal-
ation of 0.8 mg R,S-salbutamol (s; n=6) or endotracheal administration
of 0.2 mg R,S-salbutamol (n; n=8). Data are presented as mean�SEM.
Owing to undetectable plasma concentrations of R-salbutamol, data
from 3±8 subjects are presented, see text for further information.
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significantly higher for S-salbutamol than for R-salbuta-
mol (110.7 (52.5±168.9) and 34.5 (20.8±48.2), respec-
tively, p<0.01) indicating that R-salbutamol is metabo-
lized faster than S-salbutamol. The mean S:R ratio in
plasma was 2.0 (1.5±2.4) (n=6) 30 min after inhalation
and was 3.1 (0.4±5.7) (n=3, R-salbutamol plasma
concentrations were not detectable in three subjects) 3
h after inhalation (fig. 2).

The amount of unchanged S-salbutamol was signifi-
cantly higher than that of R-salbutamol in urine measured
0±24 h (p<0.001), as well as in the two time periods 0±6 h
and 6±24 h after inhalation (p<0.001 and p<0.001, re-
spectively, table 2). The ratio of unchanged S-salbutamol
to R-salbutamol in urine increased with time from 1.9
(1.5±2.3) to 4.4 (3.2±5.6) during the sampling periods 0±
6 h and 6±24 h after administration (p<0.001, n=6).

The nominal dose inhaled was four-times larger than
that given to the bronchi by endotracheal instillation, but
Cmax for R-salbutamol, recorded after inhalation was three-
times as high. Also, Cmax of S-salbutamol appeared in
plasma at an earlier stage after inhalation than after bron-
chial instillation (p=0.04, ANOVA). The differences in Cmax

of S-salbutamol recorded after the three different types of
administration and/or formulation were greater (p<0.05, all
comparisons) than the differences in R-salbutamol con-
centration (p>0.05, all comparisons).

Repeated inhalations

Plasma concentrations of S-salbutamol were signifi-
cantly higher 3 h after the last administration compared to
3 h after the first administration (2.1 (1.0±3.3) ng.mL-1

versus 0.8 (0.1±1.5) ng.mL-1, p<0.01, fig. 3) There was no
significant difference between R-salbutamol plasma con-
centration measured 3 h after the last and first adminis-
trations (0.4 (0±0.8) ng.mL-1 versus 0.1 (0±0.2) ng.mL-1,
p>0.05, fig. 3).

Discussion

Based on the differences in the values of plasma AUCs,
total body exposure to S-salbutamol was significantly

higher than that of R-salbutamol after inhalation, inges-
tion as well as after endotracheal administration of R,S-
salbutamol. The half-life of S-salbutamol, as indicated by
elimination constants, was significantly longer than that of
R-salbutamol after the racemate was inhaled. Differences
in elimination rates after repeated inhalation of R,S-
salbutamol may cause the component that is metabolized at
a slower rate, i.e. S-salbutamol, to successively increase in
the blood pool. If dose intervals are kept long enough to
allow the elimination of R-salbutamol and short enough to
allow significant S-salbutamol residue in plasma, succes-
sively raised levels of S-salbutamol in plasma might be
found. The intention of this study was to mimic a feasible
scenario of a patient with symptomatic asthma. Therefore,
repeated inhalations and selected clinically common doses
and intervals at which the racemate was inhaled were
administered. In doing this, it was found that the healthy
volunteers had significantly higher S-salbutamol plasma
levels after three inhalations with an interval of 3-h in
between, but this was not the case for R-salbutamol. It is
not known whether successively increasing plasma levels
also reflect the increases of S-salbutamol in bronchial or
lung tissue in vivo. It is also not known whether higher
levels of S-salbutamol per se, than of R-salbutamol, result
in clinical effects. Enhanced bronchial hyperresponsive-
ness has been shown in guinea-pigs exposed to high levels
of S-salbutamol in vivo [5]. Provided that human airways
respond in a similar manner to S-salbutamol, the scenario
with successively increasing S-salbutamol plasma levels
after repeated inhalation may develop into a potentially
hazardous situation. There are several reports suggesting
worsening of asthma after regular treatment with b2-
adrenoceptors [15], and asthma instability was reported
after regular treatment with salbutamol [16].

The relationship between AUCs for S- and R-salbutamol
plasma concentrations was about 8:1 after administration
to the gastrointestinal tract, while it was only ,2:1 after
deposition on the bronchial mucosa via an endotracheal
catheter. The concept of differential rates of metabolism at
first passage by various exposed organs is also supported
by a relationship between the amounts of unchanged S-
and R-salbutamol in urine. The relationship between the
total amount of S- and R-salbutamol was ,5:1 after R,S-
salbutamol was ingested, while the corresponding relation-
ship after inhalation was ,2:1. Most R-salbutamol plasma
concentrations, although well above the detection limit,
were low after endotracheal administration, and a variabil-
ity of the analyses from day-to-day of up to 36% in the
lowest detectable concentration range, diminishes the valid-
ity of comparing data in these ranges. Taking all data into
consideration, however, these results indicate that the
intestinal tract is more efficient than the airways in elim-
inating R-salbutamol. The capacity of the lung to remove
salbutamol from the systemic circulation is, however, not
fully known. The present data do not support the assump-
tion that the removal capacity of the lungs is comparable to
that of the liver, an assumption which was based on theo-
retical grounds, considering the size of the organs and the
presence of specific transferases responsible for elimin-
ation of the compounds considered [11].

In agreement with other data recorded, in the present
conscious subjects who inhaled the racemate, it was found
that the tmax of S-salbutamol was slightly higher than that
of R-salbutamol after R,S-salbutamol was administered as
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Fig. 3. ± S- and R-salbutamol plasma concentrations after three repeat-
ed inhalations of 0.8 mg of R,S-salbutamol in five healthy volunteers
every 3 h. Data are presented as mean�SEM. h: S-salbutamol; u: R-
salbutamol. **: p<0.01, significant differences between concentrations
of S-salbutamol measured 3 h after the first and last inhalation.
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an aerosol to bronchial mucosa via an endotracheal cath-
eter during general anaesthesia (i.e. an average 1 h after the
aerosol was instilled). The tmax for S-salbutamol, as well as
for R-salbutamol, was found to be about twice as high after
endotracheal administration as after an inhaled adminis-
tration. In contrast to the findings during general anaes-
thesia, a tmax was already recorded within a few minutes
after a canister of salbutamol metered-dose inhaler (MDI)
was actuated via an intratracheal catheter in rabbits anaes-
thetized by halothane and ventilated with 100% O2 [17]. It
is not known whether the latter findings were influenced
by dysfunction of surfactant, presumably depleted by halo-
thane in combination with 100% O2, or whether this was
a combined effect of induced epithelial damage [18]. The
delayed absorption in the present experiments may
possibly have a bearing on a number of factors which
might influence the airways during general anaesthesia,
such as transient changes in the efficacy of the airway
microvasculature and/or interference with metabolic pro-
cesses by anaesthetics. To the best of the authors' know-
ledge, there have been no reports on the effect of general
anaesthesia on the pharmacokinetics of inhaled drugs.

In conclusion, stereoselective first pass and/or systemic
elimination of salbutamol is a reality, and overall removal
of S-salbutamol is considerably slower than that of R-
salbutamol. Elimination of R-salbutamol was more rapid
when the racemate was administered orally than via air-
ways. This causes much higher plasma levels of S-salbu-
tamol than R-salbutamol, after ingestion of the racemic
compound, but also after inhalation due to the fact that the
bulk of an inhaled dose is swallowed and ends up in the
gastrointestinal tract [13]. That successively higher plas-
ma concentrations of S-salbutamol occur after repeated
inhalation stresses the importance of using inhalation
devices, which are efficient in delivering the dose to the
pulmonary compartment. The clinical consequences of a
stereoselective elimination of salbutamol are presently
not known and a potentially harmful effect of high levels
of the S-enantiomer in the absence of bronchodilating and
thus protective R-enantiomer is an open question. How-
ever, a number of articles and reviews reporting adverse
effects of regular treatment with inhaled b2-adrenoceptor
agonists have been published [15, 19±22], and the role of
the S-enantiomer in these effects will need to be further
investigated.
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