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Simple determination of terbutaline in dog plasma by
column-switching liquid chromatography
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Abstract

Terbutaline is a�-adrenergic receptor antagonist that acts as a bronchodilator in the treatment of asthma and chronic bronchitis. In the
present work, a column-switching high-performance liquid chromatographic method was developed to monitor terbutaline sulphate in dog
plasma. The system consists of a C2 pre-column (PC) and a C18 analytical column connected in series via a switching valve. Atenolol was used
as the internal standard. Good linearity was achieved in the range of 5–800 ng/ml plasma. The mean intra- and inter-assay variation coefficients
for this analysis were 2.3 and 4.7%, respectively. The average recovery for terbutaline was 87.4% from plasma. The mean concentration after
three freeze-thaw cycles was 99.4% of the normal value. The analytical sensitivity and accuracy of this assay is adequate for characterisation
of the pharmacokinetics of oral administration of terbutaline to dogs and has been successfully used to provide pharmacokinetic data using
pulsatile and immediate-release tablets.
© 2004 Elsevier B.V. All rights reserved.
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1. Instruction

Terbutaline, 1-(3,5-dihydroxyphenyl)-2-(tert-butylamino)
ethanol, is a selective�2-receptor agonist widely used in the
treatment of bronchial asthma. Asthma symptoms tend to
become severe at 2:00 and 8:00 a.m.; it is inconvenient for
patients to take medications at mid-night. Terbutaline pul-
satile tablets with different lag times were developed in our
laboratory[1] to satisfy the dosing requirements for treat-
ment of asthma. Terbutaline in samples from pharmacoki-
netic studies has been analysed by GC-MS[2] or capillary
electrophoresis[3], however, most investigators have used
HPLC. Several HPLC methods have been developed, using
MS [4–6], electrochemical[7] or fluorescence detection[8]
to ensure adequate analytical sensitivity. The determination
of drugs in biological fluids using HPLC usually requires
several sample preparation processes or off-line solid phase
extraction[7], which are time-consuming and may lead to
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variability in the results. There are several reported HPLC
methods based on column-switching. Electrochemical de-
tection was applied in some of these methods[9–11],
which may not be available in many laboratories, or MS
[6] and some particular materials[12] were utilised in other
methods.

Automated column-switching liquid chromatographic
systems have the advantage that the enrichment and clean-up
of sample is performed by on-line liquid–solid extraction
via a short pre-column (PC) for removal of other matrix
components. With this automated column-switching tech-
nique, the drug level in plasma is easily determined by a
UV detector, without loss of accuracy and sensitivity.

The objective of the present work has been to develop a
more generally accessible method with a column-switching
system and UV detection for the analysis of terbutaline,
in which plasma samples could be applied to HPLC only
with simple deproteinisation without multiple prepara-
tion steps. Since a UV detector is widely available in
most laboratories, this method is easily adopted com-
pared with present methods for the determination of
terbutaline. This method is sensitive with a limit of de-
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tection at 1.5 ng/ml, which can meet the requirements of
pharmacokinetics studies. In the present study, pharmacoki-
netics of terbutaline in beagle dogs after oral administra-
tion of terbutaline pulsatile tablets and immediate-release
tablets as reference formulation was investigated using this
method.

2. Experimental

2.1. Chemicals and reagents

Terbutaline sulphate (Fig. 1, I) was kindly supplied by
Kanghong Medical Co. (Chengdu, China). Atenolol (Fig. 1,
II) used as internal standard was obtained from National
Institute for the Control of Pharmaceutical and Biological
Products (Beijing, China). The purity of I and II were 99.4
and 99.6%, respectively. Methanol and acetonitrile (HPLC
grade) were purchased from Sanli Chemical Factory (Zhe-
jiang, China). Water was prepared in a Milli-Q water purifi-
cation system (Millipore, Bedford, MA, USA). Dog plasma
was from Department of Pharmacology, Sichuan University
(Sichuan, China). All other chemical and reagents used were
of analytical grade.

The reference formulation was an immediate-release
tablet (AstraZeneca, Jiangsu, China) containing terbutaline
sulphate 30 mg. Terbutaline pulsatile tablets with lag times
of 2 and 10 h were placed in size one gelatin capsules
to form pulsatile capsules. Each kind of pulsatile tablet
contains terbutaline sulphate 30 mg.

2.2. Apparatus

HPLC determinations were performed with a Shimadzu®

model 10Avp liquid chromatographic system (Chiyoda-Ku,
Tokyo, Japan) consisting of two gradient pumps (LC-10AT),
an UV-Vis detector (SPD-10A) operated at 220 nm, a
six-port valve and a 500�l sample loop. The system was
controlled by a system controller (SCL-10A) and a personal
computer.

The pre-column was dry-packed in-house with Bondesil
C2 material (40�m particle size, 50× 4.6 mm). The analyt-
ical column was a Shimadzu Shim-Pack C18 reversed-phase
column (5�m particle size, 150× 6 mm) (Chiyoda-Ku,
Tokyo, Japan) protected by a Shimadzu Shim-Pack guard
column (5�m particle size, 10× 2.5 mm).
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Fig. 1. Chemical structures of terbutaline (I) and atenolol (II).

2.3. Preparation of calibration standards

A concentrated stock solution of terbutaline was pre-
pared at a concentration of 250 �g/ml in deionized water
and was further diluted into 0.025–4 �g/ml for the prepara-
tion of plasma calibration standards. Atenolol, internal stan-
dard, was diluted to 3.66 �g/ml. All solutions were stored
at −20 ◦C in dark glass.

A plasma calibration curve was constructed with ten
different standards covering the expected concentration
range (5–800 ng/ml). Different standard solutions (100 �l
each) were transferred into test tubes containing 500 �l of
drug-free dog plasma and 100 �l of atenolol solution. The
calibration curve was produced by linear regression of peak
area ratios (terbutaline to atenolol) against their respective
concentrations.

2.4. Sample preparation and separation

The mixture was deproteinized with 1 ml acetonitrile, vor-
texed for 3 min and centrifuged for 5 min at 1500 × g. A
0.5 ml aliquot of supernatant fluid was injected onto the
pre-column, which was then washed with pure water at a
flow-rate of 1 ml/min to enrich terbutaline from the plasma
sample. In contrast, the analyte were eluted from the an-
alytical column with a mobile phase of 0.03 M phosphate
buffer solution (PBS, pH 3.5):methanol:acetonitrile (94:3:3,
v/v) at flow-rate of 1 ml/min at 40 ◦C. Four minutes after in-
jection, the switching valve was rotated to back-flush mode,
coupling the pre-column in line with the analytical column.
This mode allowed the separation mobile phase to flow in
a back-flush mode through the pre-column and transfer the
enriched analytes from the pre-column to the analytical col-
umn with an elution mobile phase at a flow-rate of 1 ml/min
for separation. The pre-column was re-equilibrated with wa-
ter prior to next injection.

2.5. Animal experiment

Three male and three female beagle dogs (weighing
10–12 kg) were divided into a test group and a control group
at random. The dogs were fasted for 15 h with a free supply
water before drug administration. The dogs were adminis-
tered, in a crossover design, either the immediate-release
tablets containing terbutaline sulphate 30 mg (control group)
or the pulsatile tablets with different lag times (test group).
The formulations were swallowed with 200 ml water. The
dogs were provided a standardised meal 6 h after drug in-
take. Blood samples of control group were collected into
heparinised polystyrene tubes at time 0, 0.5, 1, 1.5, 2, 2.5,
3, 3.5, 4, 5, 7, 9, 11 and 15 h. Blood samples of test group
were collected at time 0, 2, 2.5, 3, 4, 5, 7, 8, 9, 11, 12, 14,
15, 18, 19, 23, 26 and 28 h. Plasma samples were obtained
from the supernatant of centrifuged blood and they were im-
mediately frozen and kept at −20 ◦C until assay. There was
a 1-week washing-out time between each treatment period.
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3. Results and discussion

3.1. Extraction procedure

Although the column-switching sample-preparation
technique offers the possibility of directly analysing and
pre-concentrating an analyte, an additional isolation proce-
dure may be necessary for example to remove proteins that
could otherwise harm the liquid chromatographic system
[13]. Therefore, a simple depreteinization was applied to
prolong the lifetime of the pre-column. No striking change
was observed even after more than 250 plasma samples
(500 �l each) had been analysed by this pre-column.

The first step in the set-up of a switching system in-
volved selection of a suitable pre-column, which would re-
tain the drug and remove the endogenous components. A
short C2 pre-column was chosen for this purpose. C2 materi-
als showed the most favourable retention characteristics for
terbutaline and weak retention for other matrix components
when compared with C18 packing materials. The next stage
was to find two compatible and miscible eluents of different
elutropic strength. The washing mobile phase ideally would
have poor elution capability on the pre-column in order to
ensure maximum concentration of the sample with minimum
band broadening. In this case, deionized water was found to
provide adequate concentration and was compatible with an
aqueous-based mobile phase (analytical mobile phase). Full
elution of the drug from the pre-column and minimisation
of band broadening was achieved by eluting in a back-flush
direction.

Complete separation of terbutaine and atenolol (I.S.) can
be achieved by an analytical mobile phase of PBS–methanol
or PBS–acetonitrile. But there always was an inverse or
concave system peak at the retention time of terbutaline to
distort the peak shape. However, the system peak disap-
peared when mixture of methanol and acetonitrile on the
halves were applied. It was estimated that the inverse or
concave system peak resulted from methnol or acetonitrile
was counteracted by the mixture of the two solvents in equal
proportion.

To determine the optimum wash time for the samples on
the pre-column, plasma aliquots containing 50 ng/ml drug
were injected onto the concentration column. The wash time
was varied between 1 and 6 min, and it was found that an
optimum was obtained at 4 min, in that it provided good
clean-up of the plasma components without causing the drug
to elute.

3.2. Selectivity, stability and recovery

Typical chromatograms obtained from blank plasma,
plasma sample and drug-spiked plasma are shown in Fig. 2.
The retention times of terbutaline and the I.S. were approx-
imately 19 and 24 min, respectively, with complete baseline
resolution between peaks of interest. The selectivity of
the assay was investigated by injecting the blank plasma.

Fig. 2. Representative chromatograms of (A) blank plasma, (B) dog
plasma sample (TB 86.4 ng/ml, AT 183 ng/ml), (C) sample close to the
LOQ (3.4 ng/ml), (D) plasma spiked with TB and AT (TB 800 ng/ml, AT
700 ng/ml). (1. terbutaline; 2. atenolol.)

No chromatographic interference derived from endogenous
substance or system peaks was observed.

The stability of terbutaline was investigated after storing
spiked plasma samples (100 ng/ml) at −20 ◦C for 2 months.
During the storing period, three freeze-thaw cycles were
carried out. The mean concentration following this storage
period was 99.4% (R.S.D. = 1.2%, n = 3) of the normal
value, indicating that plasma samples containing terbutaline
were stable at −20 ◦C for at least 2 months.

Recoveries of terbutaline were assessed at three concen-
tration levels by comparing the results obtained from the
spiked plasmas to standard solutions. Table 1 showed the
mean recoveries of terbutailne at the concentrations tested.
The mean recovery was 87.4% for terbutaline from dog
plasma.

3.3. Linearity, limit of detection and precision

The calibration curve was linear with a correlation coeffi-
cient of 0.999 over the concentration range of 5–800 ng/ml.
This linear correlation had a slope of (0.0025±0.0004) and
an intercept of (−0.016±0.019). The limit of detection for
this method defined as a signal-to-noise ratio of 3:1, was
1.5 ng/ml. The limit of quantification (LOQ) was defined
as the lowest drug concentration, which can be determined
with a within-day relative standard deviation R.S.D.≤20%
[14,15]. The LOQ was estimated as 3 ng/ml.

The precision of the present method was investigated
by repeated analysis of TB-spiked plasma samples at 15.5,

Table 1
Assay recoveries of terbutaline from plasma

Spiked concentration (ng/ml) Recovery (%) R.S.D. (%)

15.5 87.0 3.5
206.7 86.4 1.7
826.9 88.8 1.3
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Table 2
Intra- and inter-assay precision measurement

Spiked concentration
(ng/ml)

Observed concentration
(ng/ml)

R.S.D.
(%)

Intra-assay
15.5 15.0 2.3

206.7 199.2 2.6
826.9 825.1 2
Inter-assay

15.5 15.7 6.1
206.7 206 4.8
826.9 835.3 3.2

0

50

100

150

200

250

300

350

400

450

500

0 5 10 15 20 25 30

Time (h)

C
 (

ng
/m

l)

Fig. 3. Plasma concentration–time profiles of terbutaline after oral admin-
istration of pulsatile tablets and immediate-release tablets: (�--�,), test
group; (�-�), control group.

206.7, 826.9 ng/ml. The results of intra-assay and inter-assay
was reproducible with an average intra-day C.V. less than
2.6%, and an average inter-day C.V. less than 6.1% (Table 2).

3.4. Assay application

The mean plasma profiles of the terbutaline pulsatile
tablets and reference tablets are shown in Fig. 3. Two
plasma concentration peaks were observed in the test group,
representing the first and second pulsed-release with differ-
ent lag times respectively. The pharmacokinetic parameters
were estimated by the 3p87 program (The Chinese Soci-
ety of Mathematical Pharmacology). A one-compartment
model without lag-time was applied to estimate the param-
eters of immediate-release tablets, and a one-compartment
model with lag-time was applied for terbutaline pulsatile
tablets. Statistical moment was applied to calculate area
under curve (AUC). The main pharmacokinetic parameters
are listed in Table 3.

In the test group, Tmax was 5 h for the first pulsed-release
and 12 h for the second pulsed-release. Tlag was defined
as the extrapolated intersection with the time axis. In this
case, Tlag were 2.35 and 9.87 h for the two pulsed-releases,
respectively. While in the control group, no obvious lag-time
was observed and Tmax was about 2 h. A t-test was carried
out to evaluate the difference of the Tmax between the two
formulations. The P-value was smaller than 0.01 indicating

Table 3
Mean pharmacokinetic parameters and statistical analysis (n = 6)

Parameters Pulsatile tablets Immediate-release
tablets

t-Test

Tmax (h) 5 ± 0.5 2.1 ± 0.6 P < 0.01
12 ± 1.5

Cmax (ng/ml) 234.1 ± 32.2 328.3 ± 125 P < 0.01
213.9 ± 40.4

Tlag (h) 2.4 ± 0.4 0.2 ± 0.04 P < 0.01
9.9 ± 1.1

AUC0−tn(h �g/ml) 3275 ± 431 1691 ± 377 P < 0.01
AUC0→∞(h �g/ml) 3539 ± 434 1879 ± 426 P < 0.01
MRT (h) 14.6 ± 0.6 5.2 ± 0.6 P < 0.01

that there was statistical difference of the Tmax between the
two formulations. These parameters showed that delayed
release could be fulfilled using terbutaline pulsatile tablets to
satisfy the necessary time concentration profile for treatment
of asthma.

4. Conclusion

The analytical method described above is useful for
quantification of terbutaline in dog plasma for pharmacoki-
netic studies. This system employs column-switching with
off-line deproteinisation. The method shows good overall
recovery, accuracy, precision, and a low detection limit of
terbutaline with UV detection. There was no evidence of
instability of terbutaline in plasma following freeze-thaw
cycles or after 2 months of storage at −20 ◦C. The present
method may be useful for the routine determination of
terbutaline in pharmacokinetic study.
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