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a b s t r a c t

A chiral liquid chromatography–tandem mass spectrometry (LC–MS/MS) simultaneous stereoselective
analysis of bambuterol and its active metabolite terbutaline enantiomers in Wistar rat plasma has been
developed and validated. All analytes and the internal standard were extracted from rat plasma samples
by liquid–liquid extraction, separated on macrocyclic glycopeptide teicoplanin column with mobile phase
eywords:
tereoselective separation
ambuterol
erbutaline
C–MS/MS

constituted of 20 mM ammonium acetate solution–methanol (10:90, v/v) at a flow-rate of 0.4 mL/min.
Detection was performed on an API 3000 tandem mass spectrometer with positive electrospray ionization
in multiple reaction monitoring mode. The calibration curves in the range 1–800 ng/mL were linear and
the accuracy for each analyte was within 8.0%. The intra- and inter-day precision as determined from
quality control samples was less than 10.1%. The validated assay was successfully used to determine
the enantiomers of bambuterol and terbutaline in rat plasma samples in the pharmacokinetic studies of
lasma rac-bambuterol.

. Introduction

Bambuterol, an amphiphilic bis-N,N-dimethylcarbamate pro-
rug of the selective �2-adrenoceptor agonist terbutaline [1], is
n orally effective long-acting sympathomimetic bronchodilator.
t was widely used for asthma and chronic obstructive pulmonary
iseases in clinic [2–5]. Although bambuterol did not display direct
ffinity for the �2-adrenoceptor per se, it is slowly converted to
erbutaline, the active metabolite, mainly via hydrolysis by butyryl-
holinesterase (BuChE) (EC 3.1.1.8) [6]. The structures of racemic
ambuterol and terbutaline are shown in Fig. 1.

As most chiral drugs, for technical or economic reason, terbu-
aline and bambuterol are administrated as racemate although
he pharmacological activity resides mainly in the R-enantiomer
3]. Recent studies have indicated that S-enantiomer (distomer) of

2-adrenoceptor agonists is a less active or inactive bronchodila-

orily, while S-terbutaline may cause adverse effects contributing
o morbidity and even mortality in asthma patients [3,7]. Addi-
ionally, R-bambuterol displayed two-fold higher potency than
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rac-bambuterol in the treatment of asthma in guinea pigs [8]
and five-fold higher potency for in vitro inhibition of BuChE than
S-bambuterol in human, mouse, and horse BuChE [9]. Different
pharmacokinetic profiles of the enantiomers may occur and sub-
sequent formation of racemic metabolites would vary. Therefore,
the racemic form of bambuterol would play different roles in the
therapeutic or adverse effects in clinic. Furthermore, with the con-
tinued technical advances in chiral analysis, the US Food and Drug
Administration (FDA) has defined more strict requirements for the
pharmacological and toxicological evaluation of each single enan-
tiomer of a developing stereoisomeric drug [10,11]. Thus it is a
high need to scream for a rugged, sensitive and rapid quantita-
tive method for analysis of individual enantiomer in biological
samples.

There have been a body of assays reported for the determina-
tion of terbutaline enantiomers. The enantioseparation methods
included capillary electrophoresis (CE) with cyclodextrins or their
derivatives as chiral additives [12–15], CE with ionic liquids [16],
partial filling method for non-aqueous CE technique [17], chiral col-
umn liquid chromatography with UV or MS detection [18–23], and
high-field asymmetric waveform ion mobility spectrometry after

ionization in tandem mass spectrometry [24]. While, few reports on
enantioseparation of bambuterol were currently available [25,26].
And there is no reliable analytical method described in the lit-
erature for simultaneous enantiomeric quantification of prodrug
bambuterol and its active metabolite terbutaline yet.

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:renke_dai@yahoo.com
dx.doi.org/10.1016/j.jpba.2009.12.020
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ig. 1. The reaction of bambuterol to terbutaline catalyzed by BuChE. *Marks the
hiral center.

In the present study, we describe a new enantioselective bioan-
lytical method using a teicoplanin-containing Chirobiotic T chiral
olumn coupled to LC–MS/MS detection for simultaneous mea-
urement of all enantiomers of bambuterol and its metabolite
erbutaline in Wistar rat plasma. The developed analytical method
as precise and accurate. It can be utilized as a valuable tool

or stereoselective pharmacokinetic study of bambuterol and its
etabolite terbutaline.

. Experimental

.1. Reagents and materials

R-Bambuterol hydrochloride (purity >99.5%) was from Key
harma Inc. (Dongguan, P.R. China) and rac-bambuterol was from
B Pharmachem International (Wuhan, P.R. China) Co., Ltd. Terbu-
aline sulfate was purchased from National Institute for the Control
f Pharmaceutical and Biological Products (Beijing, P.R. China). S-
ropranolol hydrochloride (internal standard, I.S.) was purchased
rom Sigma (St. Louis, USA). Methanol (HPLC grade) was from
urdick and Jackson (Muskegon, USA) and ammonium acetate
HPLC grade) from Dima Technology INC (Richmond Hill, Canada).
emineralized water was produced by Elix System (Millipore Cor-
oration, USA). Other chemicals used were of analytical grade from
ommercial sources.

.2. Stock solution

Standard solutions of racemic bambuterol and terbutaline
R/S = 1:1, w/w) were prepared in water–methanol (50:50, v/v) to
ive a final concentration of 1.0 mg/mL for each analyte. The solu-
ions were successively diluted with water–methanol (50:50, v/v)
o prepare a series of working solutions in the concentration range
f 5–4000 ng/mL for each analyte. Calibration curves were then pre-
ared by spiking 20 �L aliquots of the appropriate standard solution
o 100 �L blank rat plasma containing 1 �g/mL neostigmine metil-
ulfate as BuChE inhibitor. The final concentrations for each analyte
ere prepared to be 1, 3, 8, 20, 60, 400, and 800 ng/mL. The quality

ontrol samples (QCs) were prepared in a similar way as the cal-
bration standards to give three final concentrations of 3, 60, and
40 ng/mL for all analytes. I.S. working solution (3 �g/mL) was also
repared by diluting the 1 mg/mL S-propranolol stock solutions.
ll the solutions were stored at 4 ◦C and were brought to room

emperature before use.

.3. Sample preparation

To a 100 �L aliquot of plasma sample containing 1 �g/mL
eostigmine metilsulfate, was added 20 �L of water–methanol

50:50, v/v) and 50 �L of I.S. (3 �g/mL). The mixed sample was then
lkalinized by adding 40 �L 0.1 M sodium hydroxide. Sample was
haken for 1 min and 700 �L ethyl acetate was then added. The mix-
ure was vortex-mixed for approximate 15 min, then centrifuged
t 16,100 × g for 10 min, and the upper layer (750 �L) was carefully
iomedical Analysis 52 (2010) 227–231

aspirated. The remainder was extracted once again with 700 �L
ethyl acetate and the upper layer was combined with the former.
The combined upper layer solution was evaporated to dryness at
45 ◦C under vacuum. The residue was reconstituted with 100 �L of
the mobile phase, and vortex-mixed. 20 �L was injected into the
LC–MS/MS system for analysis.

2.4. LC–MS/MS

Determination of all analytes was carried out on an LC–MS/MS
system, API3000 mass spectrometer (Applied Biosystems, USA)
coupled with HPLC (Shimadzu, Japan) and MPS3C autosampler
(Gerstel, Germany).

An Astec Chirobiotic T column (250 mm × 4.6 mm I.D., 5 �m,
Advanced Separation Technologies Inc., USA) was equipped with
an ODS guard column (4 mm × 2.0 mm I.D., Phenomenex, USA). The
mobile phase for chiral HPLC analysis consisted of water–methanol
(10:90, v/v) containing 20 mM ammonium acetate (pH 6.4), which
was degassed. The flow-rate was set at 0.4 mL/min and the column
temperature was at 25 ◦C.

The mass spectrometer with electrospray ionization source was
operated in the positive mode. Mass spectrometric conditions were
optimized to obtain maximum sensitivity. The optimized heater
temperature was 400 ◦C. The ion spray voltage was set at 4500 V.
The nebulizer gas and the curtain gas (nitrogen) were both set at
8 psi. Quantification was performed using multiple reaction moni-
toring (MRM) of the transitions of m/z 368 → 294 for bambuterol,
m/z 226 → 152 for terbutalin and m/z 260 → 183 for S-propranolol
with a scan time of 0.2 s per transition. The optimized collision
energies chosen for bambuterol, terbutalin and I.S. were 27, 24 and
26 eV, respectively.

2.5. Method validation

Assay validation was performed according to FDA guideline [27].
During validation, the calibration curves were defined on three
different days based upon assays of the spiked duplicate plasma
samples, and QCs were determined in six replicates on the same
day. Accuracy and precision were also assessed by determining QC
samples at three concentration levels on three validation days. The
accuracy was expressed by relative errors (RE) and precision by
relative standard deviation (RSD).

The lower limits of detection, defined as the lowest concen-
tration of an analyte were determined, which signal/noise ratio
should be larger than 3. The lower limits of quantification (LLOQ),
defined as the lowest concentration at which both precision
and accuracy were less than or equal to a deviation of ±20%,
were evaluated by analyzing samples which were prepared in six
replicates.

The extraction recoveries of all analytes were determined by
comparing the peak areas of QC samples to those of each ana-
lyte added post-extraction in blank plasma. To evaluate the matrix
effect, a post-column infusion method was also utilized using an
infusion pump (Harvard Apparatus, USA).

The robustness of the method was determined by according to
the International Conference on Harmonization guidelines for val-
idation of analytical procedures by typical variations, such as the
extraction time, pH in the mobile phase, the mobile phase compo-
sition, and the different lots of columns [28].

The analytes stability in plasma samples under processing was

evaluated at the concentrations of QCs. The short-term stability
was determined after processed samples at room temperature for
2 h. The freeze–thaw stability was studied after three successive
freeze–thaw cycles at −80 ◦C. The results were compared with
those QC samples freshly prepared.
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.6. Pharmacokinetic study

The analytical method was applied to determine plasma con-
entrations of bambuterol and its active metabolite terbutaline
nantiomers in Wistar rats after a single intravenous adminis-
ration with 5 mg/kg rac-bambuterol. The Wistar rats (3 males,

females, weighing 190–210 g) were originally provided by the
xperimental Animal Center, Southern Medical University, and
aintained under specific pathogen-free conditions in the Animal

enter of Guangzhou Institute of Biomedicine and Health (GIBH),
hinese Academy of Sciences. The animal protocols for experiments
ere reviewed and approved by the Institutional Laboratory Ani-
al Care and Use Committee of GIBH. Approximately 0.3 mL blood

f rats was collected during the time course of 0, 0.083, 0.167, 0.5,
.75, 1.0, 2.0, 3.0, 4.0, 8.0, 12.0, 24.0, 36.0 h for intravenous does of
mg/kg rac-bambuterol. Blood samples collected were centrifuged
t 3000 × g for 10 min, and the supernatant was separated and
tored at −80 ◦C until analysis. The pharmacokinetic parameters
ere calculated using the Drug and Statistics (DAS) version 2.0 soft-
are package (Anhui Provincial Center for Drug Clinical Evaluation,

.R. China).

. Results and discussion

.1. Optimization of chromatographic conditions

The enantioselective separations were achieved with the
eicoplanin-based macrocyclic antibiotic-type chiral column using

obile phase of water–methanol (10:90, v/v). Baseline separa-
ion of both bambuterol and terbutaline enantiomers was obtained
ith their resolution factor >1.6. Other organic modifiers have also

een studied for elution such as acetonitrile and 2-propanol. Ace-
onitrile and 2-propanol could not separate either enantiomers of
ambuterol and terbutaline, while the column pressure increased
reatly when 2-propanol was used.

For better peak shape and higher signal response, the buffer
elected for this study was ammonium acetate because of its
olatilization and compatibility. The buffer concentrations of 50,
0, 10, 5, 2 mM were investigated. No significant influence of these
uffer concentrations was detected on the enantioselective sep-
ration, while the retention times of these enantiomers became
horter and the signal response of MS became lower when increas-
ng the buffer concentrations. Therefore, 20 mM concentration of
mmonium acetate was chosen as the optimized conditions. The
ffect of pH on the enantioselective separation of bambuterol and
erbutaline was also studied in the range of pH 4.0–6.0 by adding
cetic acid. The results displayed no notable difference on the sep-
ration, retention time and signal response in this pH range. Based
pon these results, the mobile phase composition for the valida-
ion was set at ammonium acetate buffer–methanol (20 mM, pH
.4) (10:90, v/v). When the mobile phase conditions were inten-
ionally made small changes, no significant effect was observed in
he chromatogram. Moreover, the results of enantioselective sep-
ration were reproduced in different lots of columns.

.2. Method validation

.2.1. Selectivity
Potential interference from endogenous compounds was inves-

igated by analyzing rat plasma of six different subjects. Fig. 2

howed typical MRM chromatograms of (A) a blank plasma sample,
B) blank plasma spiked with 1 ng/mL (LLOQ) of both bambuterol
nd terbutaline, and (C) plasma sample 4 h after intravenous
nfusion of 5 mg/kg rac-bambuterol. No significant interference
r ion suppression from endogenous substances was observed
iomedical Analysis 52 (2010) 227–231 229

at the retention time of each analyte and I.S. The retention
times were approximately 19.5, 21.6, 15.1, 16.9 and 20.1 min for
R-bambuterol, S-bambuterol, R-terbutaline, S-terbutaline, and S-
propranolol, respectively.

3.2.2. Linearity of calibration curves and sensitivity
Good linear relationship was obtained over the concentration

range of 1–800 ng/mL for all analytes in rat plasma. The correlation
coefficients for the weighted (1/x2) least-squares linear regression
curves were over 0.991. The typical linear equations of the cal-
ibration curves regressed were: y = 2.8 × 10−2 + 3.56 × 10−2x
for R-bambuterol, y = 4.1 × 10−2 + 3.58 × 10−2x for S-
bambuterol, y = 5.8 × 10−5 + 1.48 × 10−3x for R-terbutaline, and
y = 3.86 × 10−4 + 1.93 × 10−3x for S-terbutaline. Here y represents
the ratios of bambuterol or terbutaline enantiomers peak-area
to that of I.S. and x represents the plasma concentrations of
analytes. The LLOD for R-bambuterol, S-bambuterol, R-terbutaline,
and S-terbutaline were 0.2, 0.2, 0.4 and 0.4 ng h/mL, respec-
tively. The LLOQ were 1 ng/mL for each of these analytes, MRM
chromatograms of LLOQs plasma samples are shown in Fig. 2.

3.2.3. Precision and accuracy
The intra- and inter-day precision and accuracy for R-

bambuterol, S-bambuterol, R-terbutaline, and S-terbutaline from
the QCs were summarized in Table 1. In this assay, the intra- and
inter-assay precision was 2.0–10%, 2.1–7.5%, 3.9–8.8%, and 2.3–6.8%
for R-bambuterol, S-bambuterol, R-terbutaline, and S-terbutaline,
respectively. The accuracy was in the range of −8.0% to 7.6%, −9.2%
to 5.6%, −1.6% to 7.2% and −3.7% to 4.4% for R-bambuterol, S-
bambuterol, R-terbutaline, and S-terbutaline, respectively.

3.2.4. Extraction recovery and matrix effect
The mean extraction recoveries (means ± SD) for R-bambuterol,

S-bambuterol, R-terbutaline, and S-terbutaline, are shown in
Table 1, and the extraction recovery of I.S. was 71.8 ± 1.1%. The RSD
was less than 10% for all recoveries throughout the entire standard
concentration ranges, showing good consistency. The extraction
time, which was altered, had not obviously effects for the recovery.

No significant ion suppression or enhancement from plasma
matrix was shown for bambuterol and terbutaline in post-column
infusion experiments when the liquid–liquid extraction (LLE)
method was applied. In contrast, when a simple protein precipita-
tion with methanol was used for sample preparation, significant ion
enhancement was observed at the retention time of R-bambuterol
and S-bambuterol. The variability in matrix factor for bambuterol
was up to 60% in protein precipitations (data not shown). The
matrix effect should be taken into account when applying lim-
ited standard preparations to all different subject measurements.
According to the result of matrix effect, the LLE method was chosen
rather than the protein precipitation.

3.2.5. Stability
The processing stability of bambuterol and terbutaline enan-

tiomers after the exposure of the spiked samples at room
temperature (25 ◦C) for 2 h and three freeze–thaw cycles at −80 ◦C
was evaluated by comparing the concentration with fresh QC
plasma samples. The REs were within 12% for all the analytes, indi-
cating the bambuterol and terbutaline enantiomers were stable in
2 h at room temperature. The bambuterol and terbutaline enan-
tiomers were also stable in plasma after three freeze–thaw cycles
at −80 ◦C (REs ≤ 15%).
3.2.6. Method application
This validated analytical method was applied for pharma-

cokinetic studies of bambuterol enantiomers and its active
metabolite terbutaline after intravenous administration of 5 mg/kg
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Fig. 2. Typical MRM chromatograms of R-bambuterol, S-bambuterol, R-terbutaline, S-terbutaline, and S-propranolol (I.S.) in Wistar rat plasma. The retention times were
approximately 19.5, 21.6, 15.1, 16.9, and 20.1 min, respectively. (A) Blank plasma sample; (B) plasma spiked with 1 ng/mL of bambuterol and terbutaline enantiomers
and 1.5 �g/mL S-propranolol; (C) plasma sample 4 h after intravenous infusion of 5 mg/kg rac-bambuterol. Panels marked are (1) for bambuterol (m/z 368 → 294); (2) for
terbutaline (226 → 152); and (3) for I.S. (260 → 183).

Table 1
Precision, accuracy and extraction recoveries of the method to determine R-bambuterol, S-bambuterol, R-terbutaline, and S-terbutaline in rat plasma.

Analyte Concentration
added (ng/mL)

Within-batch (n = 6) Between-batch (n = 6) Extraction
recoveries (n = 3)
(mean ± SD) (%)Concentration

found (ng/mL)
(mean ± SD)

Precision
RSD (%)

Accuracy
RE (%)

Concentration
found (ng/mL)
(mean ± SD)

Precision
RSD (%)

Accuracy
RE (%)

R-Bambuterol 1 1.01 ± 0.08 8.4 0.6 / / / /
3 2.89 ± 0.06 2.0 −3.6 2.88 ± 0.19 6.7 −4.0 74.9 ± 1.4

60 64.1 ± 2.8 4.3 6.9 64.6 ± 3.0 4.7 7.6 86.8 ± 3.8
640 619.2 ± 62.7 10.1 −3.3 588.7 7.9 −8.0 80.2 ± 0.5

S-Bambuterol 1 0.97 ± 0.03 2.7 −2.3 / / / /
3 3.09 ± 0.06 2.1 3.0 3.2 ± 0.16 5.0 5.6 80.8 ± 2.3

60 61.5 ± 1.9 3.2 2.5 63.1 ± 2.3 3.7 4.7 89.7 ± 4.1
640 606.8 ± 45.4 7.5 −5.2 581.3 ± 39.3 6.8 −9.2 79.7 ± 0.4

R-Terbutaline 1 1.01 ± 0.09 8.8 1.1 / / / /
3 2.98 ± 0.13 4.6 −0.4 2.95 ± 0.20 6.9 −1.6 41.8 ± 2.3

60 60.1 ± 2.4 4.0 0.1 61.1 ± 2.8 4.5 1.9 41.5 ± 4.1
640 686.1 ± 26.4 3.9 7.2 649.0 ± 44.6 6.9 1.4 39.5 ± 0.4

S-Terbutaline 1 1.00 ± 0.05 5.2 0.3 / / / /
3 2.89 ± 0.09 3.0 −3.7 2.98 ± 0.12 4.1 −0.6 50.3 ± 2.4

60 57.7 ± 1.33 2.3 96.1 59.1 ± 1.9 3.3 −1.6 50.6 ± 3.6
640 661.3 ± 36.2 5.5 3.3 668.4 ± 45.4 6.8 4.4 44.0 ± 1.4

Fig. 3. Mean plasma concentration–time course of the enantiomers of bambuterol and terbutaline after an intravenous infusion of 5 mg/kg rac-bambuterol in Wistar rats
(n = 6). (A) �: R-bambuterol,♦: S-bambuterol; (B)�: R-terbutaline,�: S-terbutaline. The insert in panel A is the typical total chromatograms of plasma sample after intravenous
infusion of 5 mg/kg rac-bambuterol. The retention times of R-bambuterol, S-bambuterol, R-terbutaline, and S-terbutaline were 19.5, 21.9, 15.2, and 16.9 min, respectively.
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ac-bambuterol in Wistar rats. Their plasma concentration–time
ourses were shown in Fig. 3. It confirms that the method was
uitable for pharmacokinetic studies of bambuterol and terbu-
aline enantiomers in Wistar rat plasma. The mean area under
he plasma concentration–time curve (AUC0−t) for R-bambuterol,
-bambuterol, R-terbutaline, and S-terbutaline were 2735 ± 919,
333 ± 646, 535 ± 82, and 474 ± 84 ng·h/mL, respectively. And
he mean elimination half-life (t1/2) was 6.43 ± 2.85, 7.16 ± 3.19,
.74 ± 1.83, and 10.85 ± 1.42 h, respectively. The mean peak plasma
oncentration (Cmax) for R-terbutaline and S-terbutaline were
52 ± 20 and 138 ± 34 ng/mL, respectively, at a time (Tmax) of
.92 ± 0.38 and 0.83 ± 0.41 h.

. Conclusions

This method offers significant advantages over those previously
eported, in terms of enantioselective and simultaneous determi-
ation of bambuterol and its active metabolite terbutaline. The
ssay was successfully employed for pharmacokinetic studies of
he enantiomers of bambuterol and terbutaline in Wistar rat plasma
ith acceptable precision, adequate sensitivity and satisfied accu-

acy. It would be, furthermore, applicable for clinical studies of each
nantiomer of bambuterol and terbutaline.
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