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Abstract

An investigation was conducted on the usage of a single-step extraction procedure involving the retention of a
phenylboronate—salbutamol complex on an end-cappgd C solid-phase sorbent to determine the level of salbutamol in
human plasma samples. Propranolol-flocker, was chosen as the internal standard for this assay. In this solid-phase
clean-up method, 50 W sodium carbonate buffer, pH 9.60, was used for conditioning the column as well as washing the
endogenous interference. Under the optimal conditions, the recovery of salbutamol from spiked plasma samples was found to
be high and reproducible with mean recoveries 8) of more than 90% after elution by using 50%/trifluoroacetic acid
in methanol. This sample clean-up step was effectively analyzed under reversed-phase high-performance liquid chromatog-
raphy with fluorimetric detection. The method was successfully applied to the routine measurement of salbutamol in human
plasma from the bioequivalence study on the different administration route of salbutamol. Quantification of salbutamol was
convincingly reported with the correlation of coefficient of 0.9980 for the concentration range from 0 to 1000hg ml . An
adequate precision was achieved with both between- and within-day precisions of less than=B)%o( 100 and 1000 ng
ml~* and less than 15%nE&6) for 10 ng mi .
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1. Introduction liquid—liquid or liquid—solid extraction procedures.
Liquid—liquid extraction (LLE) [10,14-16] is labour
The importance of determining salbutamol level in intensive and time consuming and involves extrac-
biological matrices for the investigation of banned tion of salbutamol into an organic phase and then
substance in sport testing and growth promoter in back-extraction into an acidified aqueous phase.
animals is well recognized [1-4]. Determination of Solid-phase extraction (SPE) [10,14,17-19] utilizing
salbutamol in biological samples is usually done by weak or strong cation-exchange columns, octadecyl

high-performance liquid chromatography (HPLC) 16C ), octyl4(C ), cyano (CN), crosslinked poly-
[5-9] and gas chromatography (GC) [1,10-13]. It styrene (ENVmatrix or even internal surface

requires an extensive sample purification step to boronate (ISBA) [20] and phenylboronate (ISPBA)
remove potentially interfering compounds. This puri- [21] gels tends to use extensive column washing
fication step has been performed mainly by using procedures and often requires two sequential ex-
tractions. In addition, optimal and reproducible re-
*Corresponding author. coveries with these procedures require careful adjust-
E-mail address: amingo my@yahoo.cor(Y.M. Koh). ment of the pH of sample. Several on-line extraction
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methods have been reported for the purpose of
simplification and automation. However, such meth-
ods require additional equipment such as column

switching and automated sample processing systems,

which are not readily available in clinical chemistry
laboratories.
Soga and Inoue [20] studied the total automated

profile of salbutamol in both human urine and
plasma after two different administration routes
namely oral and inhalation.

2. Experimental

methods for on-line sample pretreatment of catechol- 2.1. Materials and reagents

amines in urine and plasma using the synthesized
ISBA gel as a pretreatment column in combination
with an analytical column followed by electrochemi-
cal detection. Martin et al. [22] found that several
B-blockers were retained on a solid-phase extraction
cartridge containing phenylboronic acid. Ohta et al.
[21] developed a method for the selective extraction
of B-blockers from urine and plasma using an ISPBA
precolumn combined with a reversed-phase analyti-
cal column followed by fluorescence detection. Boos
et al. [30] introduced on-line sample processing
using phenylboronic acid silica and a reversed-phase
column and analyzed catecholamines and ribonu-
cleosides in biological fluids. Grossi et al. described
a rapid, one-step liquid—solid procedure for the
extraction of catecholamines from urine employing
diphenylboronic acid (DPBA) ethanolamine ester
and a G; SPE sorbent [23]. Urinary catecholamines
are only weakly retained by the,C matrix. How-
ever, DPBA—ethanolamine ester is dissociated into
negatively charged diphenylboronate and ethanol-
amine [24]. Talwar et al. reported on the long-term
performance of this method in the UK External
Quality Assurance scheme for the measurement of
urinary catecholamines. This method was found to
be effective and reliable for the routine determination
of free catecholamines in urine. The effectiveness of
the extraction procedure was demonstrated by re-
versed-phase HPLC with electrochemical detection
[25].

In this report, we conduct an investigation into the
usage of the single-step extraction involving reten-
tion of phenylboronate complex on the end-capped
C,s (EC-C,4) SPE sorbent to measure the salbutamol
level in human plasma. This extraction method was
validated on urinary salbutamol [26] and the repro-
ducibility as well as reliability of this method was
further explored on human plasma with minor modi-
fications. Therefore, with this study, we hope to
obtain a complete and precise pharmacokinetics

Salbutamol sulfate and propranolol hydrochloride
were purchased as pure drug standard from Sigma
(St. Louis, MO, USA). Phenylboronic acid, trifluoro-

acetic acid (TFA) and triethylamine (TEA) were
purchased from Fluka (Buchs, Switzerland). Ortho-
phosphoric acid, perchloric acid, sodium dihydro-
genphosphate, disodium hydrogenphosphate, sodium
carbonate, sodium hydrogencarbonate, ammonium
chloride, ethylenediaminetetracetic acid disodium
salt and ammonium hydroxide purchased as 30%
solution were obtained from R&M Chemicals
(Essex, UK). The Isolute SPE cartridgesg(EC-C )
were purchased from International Technologies,
UK. All solvents used for liquid chromatography
separation were HPLC grade and the solvents for
sample preparation steps were analytical grade.
Water was purified with a Milli-Q purification sys-
tem (Millipore, Bedford, MA, USA).

2.2. Preparation of the standard solutions

Stock standard solutions (1 mg ml ) of sal-
butamol sulfate and propranolol hydrochloride were
prepared in both purified water and HPLC-grade
methanol and were storedCatudtil use. The
salbutamol stock standard solution was further di-
luted in purified water to obtain 100, 10 and 1 ng

wl ~* working standard solutions for preparation of
spiked salbutamol in blank human plasma. Proprano-

lol stock standard solution was also diluted in
purified water to obtain il ngworking standard
solution as the internal standard (I.S.).

2.3. Preparation of spiked human plasma samples

Accurately measured aliquots of the diluted sal-
butamol standard solutions were each placed in
silanized tapered tubes followed by the addition of

1-ml of blank plasma to give standard solutions
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containing 0, 10, 20, 30, 50, 70, 100, 200, 500 and

1000 ng mI'* of salbutamol.

2.4. Preparation of buffer and complexation
reagent

Buffer stock solution pH 8.5 was prepared by
weighing ethylenediaminetetracetic acid disodium
salt (5.0 g) and ammonium chloride (106.98 g) into
a 1-1 volumetric flask. The chemicals were then
dissolved in deionised water (950 ml). The pH of the
buffer was adjusted to pH 8.5+(0.04) with 30%
ammonium hydroxide and made up to the mark with
deionised water.

Buffer containing complexing reagent pH 8.5 was
prepared by adding phenylboronic acid (1.0 g) to
500 ml buffer, pH 8.5 stock solution and stirring was
carried out overnight. The pH of the reagent was
adjusted to pH 8.5 £0.04) with 30% ammonium
hydroxide.

2.5. Sample pretreatment

Spiked plasma samples (1.00 ml) containing 0, 10,
20, 30, 50, 70, 100, 200, 500 and 1000 ng Ml
salbutamol and clinical plasma samples (1.00 ml)
from six healthy volunteers were added with 0.10 ml
of I.S., 2.10 ml of 50 M carbonate buffer, pH 9.60,
and 1.00 ml of phenylboronic acid reagent. All
samples were vortex-mixed for 1 min prior to
loading on the SPE cartridges.

2.6. Solid-phase extraction procedure
The 1-ml Isolute SPE cartridges containing 100

mg of EC-C, sorbent were positioned in the respec-
tive Luer fittings of the vacuum manifold. No
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eluates were transferred into 2-ml autosampler vials
and then injected (1@0 into the HPLC column
using the autoinjector.

2.7. HPLC instrumentation and chromatographic
conditions

The HPLC system for this assay consisted of a
modular unit from Agilent Technologies (USA): a
model HP 1100 series liquid chromatograph with
autoinjector, a binary pump, solvent-delivery system
and column oven. The separation was done on a
NovaPak G, analytical column, (1536 mm I.D.,

5 wm; Waters, USA) at ambient temperature. A
mobile phase mixture of 50 W phosphate buffer

containing 1% TEA (pH 2.80)-MeOH (85:15, v/v)
was delivered at flow-rate of 1 ml mini . A model
HP 1100 fluorescence detector (Agilent Tech-
nologies) was operated at 230 nm for excitation
wavelength and 320 nm for emission wavelength.

2.8. Extraction recovery

In order to determine the efficiency of the ex-
traction procedure, an identical set of methanolic
standard solutions was prepared with the concen-
trations equal to those in the spiked plasma. These
methanolic standards were evaporated to dryness
under a gentle stream of nitrogen at°8€7 The dried
standard was then reconstituted with 1 ml of eluting
solvent and transferred into a 2-ml autosampler vial.
The standard (10Qul) was injected into the HPLC
column using the autoinjector. The peak area ob-
tained was taken as an absolute recovery and com-
pared with that obtained from spiked plasma.

vacuum pressure was applied throughout the ex- 2.9. Quantification and validation

traction. The cartridges were preconditioned with
1 ml of methanol and 1 ml of 50 M carbonate
buffer, pH 9.60. The whole plasma sample mixture
(4.2 ml) was loaded gradually to each cartridge and
the cartridges were eventually washed with 1 ml of
50 mM carbonate buffer, pH 9.60. A vacuum of
100—-200 mmHg (1 mmHg133.322 Pa) was applied
for 5 min to dry the cartridges. Elution of the
analytes was performed with twice of 5@0 of 1.0

M trifluoroacetic acid—methanol (1:1, v/v). The

In order to obtain standard calibration curves for

analytical assay of human plasma, three stock solu-

tions of salbutamol in distilled water were indepen-
dently prepared and appropriate volumes added to
1.00-ml aliquots of drug-free plasma to give two
replicate spiked standards 0, 10, 20, 30, 50, 70, 100,
200, 500 and 1000 ng'ml . The plasma standards

were subjected to SPE and analyzed as described in

Section 2.6.
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The within-day variation of the assay at 10, 100
and 1000 ng ml*
standards by extracting and analyzing six replicates
(n=6) of each independently prepared spiked plasma
on the same day. Between-day variation was de-
termined at 10, 100 and 1000 ng ™l by extracting
and analyzing the spiked standard solutions on 6
subsequent days€6).

2.10. Ssampling

Blood sampling was carried out in addition to
urine during the bioequivalance study of different
administration route of salbutamol [26]. Blood sam-
ples of about 10 ml volume were taken via an
in-dwelling cannula placed in the forearm into
heparinized tubes at 0 (predose), 0.25, 0.50, 0.75, 1,
15,2,3,4,5,6, 8, 10, 12 and 16 h after dosing. The
blood samples were centrifuged at 3500 rpm and the

was assessed using aqueous

urine [25], we proposed to perform off-line com-
plexation using phenylboronic acid instead of using
the ISPBA that enables on-line isolation of the drug.
Salbutamol forms cyclic boronate with phenylboron-
ic acid under basic condition at its 1,3-diols group
and not the hydroxyamino group. There is a high
possibility that it is affected by adjacentdotitky

butyl groups (Fig. 1). The reaction involves the
formation of ester complexes between phenylboronic
acid and salbutamol and also propranolol under basic
conditions by the addition of complexing buffer, pH

9.60. Propranolol has been selected as the internal
standard for this assay because of its availability and
more importantly isolation of propranolol by ISBA
has been well established [20,21]. Unlike salbutamol,
propranolol forms the cyclic boronate at its hydroxy-
amino group due to the absence of the 1,3-diols and
btgkly-butyl groups. In the amounts used, it was
found that the yield of phenylboronate complex for

plasma samples were separated into plain tubes and
then kept frozen at —2C until analysis.

both salbutamol and propranolol were essentially
quantitative [23]. In order to remove the extracted
endogenous materials without washing the retained
phenylboronate complexes, it was necessary to pass

3. Reaults
3.1. Evaluation of extraction method

The efficiency and robustness of this extraction
procedure in terms of recovery and sample clean-up

has been investigated for analytical variables such as

extraction pH, sample loading, elution flow-rates,
wash step, elution conditions, stability of the
phenylboronate—salbutamol complex during the ex-
traction procedure, the capacity of thg,C sorbent to
adsorb the complex from urine, type of C sorbent
used for extraction, effect of sample matrix and
potential interferences by some structurally related
compounds. Then, this one-step extraction procedure
has been successfully applied to a urinary salbutamol
study [26] and its application was further investi-
gated after minor modifications to determine sal-
butamol level in human plasma samples in order to
obtain a complete pharmacokinetics profile of
bioequivalance study on different administration
route of salbutamol in human.

Since Ohta et al. have also briefly studied sal-

OH ) OH
QE< + H0 =— @B/
OH l ;\OH

Phenylboronic acid

OH
R
OH
,B/ HO \C(CH3)3
+
[
OH
OH HO

Salbutamol

Phenylboronate salbutamol complex

Fig. 1. Proposed mechanism of esterification between phenyl-

butamol [21] and off-line complexation has been poronic acid and salbutamol in aqueous solution under basic
applied to the extraction of catecholamines from conditions.
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the reaction mixture through a 1-ml SPE end-capped (LOQ) of 10 ng" n®/N £ 3; RSD=12.26%),
C,; cartridge that effectively removed the endogen- although this can be lowered considerably by analyz-
ous interference by washing the sorbent with the ing a larger volume of plasma or by injecting a larger
complexing buffer pH 9.60, resulting in cleaner proportion of the sample on-column. The equation
chromatograms. Finally, the complexation process describing the line iy = 0.00Xx + 0.0231.
was reversed and the analytes were eluted with The analytical procedure has shown good preci-
highest recovery from the SPE sorbent by usingl1 ~ sion and accuracy at all three concentration levels.
trifluoroacetic acid—methanol (50:50, v/v) after sev- The within- and between-day relative standard devia-
eral types of elution solvents had been studied (Table tions (RSDs) were determined by analyzing repli-
1). This SPE clean-up step was relatively rapid, cates of urine samplea£6) spiked with salbutamol
simple, efficient and found to be more effective than at 10, 100 and 1000 ng ml  and the 1.S. at 100
back-extraction with MM HCI [14,15]. ml~*. As shown in Table 2, the RSD values for both
within- and between-days were between 10 and 15%

ng

3.2. Chromatography

for 10 ng ml'*, indicating the assay was nearing its

LOQ. On the other hand, the RSD was10% for

From the chromatograms of authentic and spiked
samples as shown in Fig. 2, it can be seen that the
peaks corresponding to salbutamol and propranolol
eluted with retention times of 2.5320.10 min and
11.20+0.10 min, respectively. Under the same
HPLC conditions, the retention times were also in
agreement with the results obtained from the similar
spiked samples extracted using,,C SPE without
phenylboronic acid complexation. Moreover, phenyl-
boronic acid was also found to be eluted with
retention time of 6.560.10 min. Thus, the peaks of
salbutamol and propranolol were obviously free from
interfering substances in their respective regions
under the optimized HPLC conditions despite of the
long run time of 14 min.

the other two concentrations for both within- and
between-day precisions.

3.4. Assay application

The developed assay was successfully applied to
clinical plasma samples from six healthy volunteers
after two different administration routes of sal-
butamol. Fig. 3 shows the chromatograms of plasma
samples at both 0 h and 3 h after oral salbutamol and

Fig. 4 shows the chromatograms of plasma samples
at both 0 h and 1.5 h after administration of
salbutamol via inhalation, respectively. The retention
times for salbutamol and the I.S. arg02187and

11.360.10 min, respectively. The pharmacokinetic

profile of salbutamol in all volunteers shows the time

3.3. Quantification and validation

of maximum plasma salbutamol concentratidp,,,

was 1.0-1.5 and 2-3 h after administration of

Linear regression coefficients of the daily cali-
bration curves of spiked plasma samples are 0.9980
with the limit of detection (LOD) of 5 ng ml*
(S/N = 3; RSD=11.21%) and limit of quantification

C

Table 1
Mean recovery of salbutamol using different types of elution solvent

max

plasma samples from volunteers administered with

salbutamol via inhalation and oral route, respective-
ly. The plasma salbutamol concentraligns at
were calculated as 200-230 ng ™l for

Elution solvent

Mean recovery (%h€3)

1st elution (50Qu1)

2nd elution (500ul)

0.1 M Perchloric acid—methanol (50:50, v/v)

1 M Trifluoroacetic acid—methanol (50:50, v/v)
0.5 M Acetic acid—methanol (50:50, v/v)
Phosphate buffer, pH 2.8—methanol (50:50, v/v)
1 M Hydrochloride acid—methanol (50:50, v/v)

49:90.40 16.16:0.30
65:80.40 25.4@0.50
44 40.50 20.8@:0.50

2%8(B0 22.13-0.40
38:60.50 17.4:0.30
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Fig. 2. Typical chromatograms of (A) salbutamol aqueous standard (4 T, (B) blank human plasma extract, (C) human plasma extract
spiked with salbutamol at 1 ngl~*. Peaks: %= salbutamol; 2=propranolol (I.S.).

Table 2
Within-day and between-day variation, accuracy and extraction recoveries of salbutamol in spiked plasma san@les (
Concentration RSD (%) SD Mean recovery (%)
-1
(ng mi™*) Within-day Between-day Within-day Between-day Within-day Between-day
(n=6) (h=6) (n=6) (h=6) (n=6) (n=6)
10 14.30 11.94 0.0035 0.0031 85.90 86.20
100 8.38 6.11 0.0022 0.0154 87.70 90.10

1000 4.28 3.80 0.0856 0.0743 91.30 90.50
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Fig. 3. Chromatograms of plasma extract from a healthy volunteer at (A) 0 h and (B) 3 h after 8 mg oral dose of salbutamol. Peaks:
1=salbutamol; 2= propranolol (I.S.).

8 mg oral salbutamol and 50—65 ng ™l  for plasma acid components and carbohydrates by using boro-
samples from volunteers inhaling 2 mg salbutamol. nate affinity chromatography in 1970 [27]. The
specificity of boronate, therefore, has been further
studied in the separation of a wider range of com-
4. Discussion pounds with cis-diol as functional group that in-
cluded catecholamines, nucleosides, nucleotides, nu-
Weith et al. first reported separation of nucleic cleic acids, carbohydrates, glycoproteins and en-



264 Y.M. Koh et al. / J. Chromatogr. A 987 (2003) 257-267

(A) w
2

17.5 ﬁ
15

12.5 1

104

754

T T T
o 2 4 6 8 10 12 14 min
B) w
2
17.5—_
15 ]
125
10
7.5
1
5_
25
P~ NN
D"
T T T T T T T T T Y L T X
o 2 4 6 8 10 12 14 min

Fig. 4. Chromatograms of plasma extract from a healthy volunteer at (A) 0 h and (B) 1.5 h after 2 mg dose of salbutamol via inhalation.
Peaks: I salbutamol; 2=propranolol (I.S.).

action also occurs withsid®ls andcis-inositols
or triethanolamine [29]. Under basic conditions,
boronate in aqueous solution, which has a trigonal

zymes [28]. Basically, these compounds undergo
esterification between the boronate ligands airs

diols. However, the major structural requirement is
the two hydroxyl groups which should be on adja- co-planar geometry, is hydroxylated yielding a tetra-

cent carbon atoms and in an approximately co-planar hedral boronate anion that eventually form esters
configuration, that is a 1,2s-diol. The boronate withcis-diols as illustrated in Fig. 1. The reaction
ester bonds formed are the strongest although inter- can be reversed by hydrolysis of the cyclic diester
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under acidic condition. Unfortunately, only a few
dissociation constants for phenylboronic acid diesters

have been reported because the boronate diester bond

strength has not been well studied.

Although the basis interaction for boronate affinity
chromatography is through boronate ants-diol
ester formation, secondary interactions such as hy-
drophobic, ionic, hydrogen bonding and charge
transfer interaction can also play important roles in
the process. Hydrophobic interactions occur because
almost all boronate ligands used are aromatic boro-
nate ligands. The phenyl ring can also contribute to
the w—m interaction. These interactions cause non-
specific adsorption of analytes especially with pro-
teins. Therefore, ionic strength should be low, usual-
ly about 50 "M in order to reduce the hydrophobic
effect. The negative charge of the active tetrahedral
boronate can cause ionic attraction or repulsion. The
ionic strength should be high in order to reduce the
effect, but still should be lower than 500Mnto
avoid hydrophobic effects. Boronic acid has two
hydroxyls (three in the active tetrahedral anion) and
therefore contributes to the hydrogen bonding effect.
Besides, the boron atom has an empty orbital in a
trigonal uncharged boronate and it can serve as an
electron receptor for charge transfer interaction.
Unprotonated amines are good electron donors and
when an amine donates a pair of electrons to boron,
the boron atom becomes tetrahedral. This may
explain why amines may serve to promote boronate
and cis-diol esterification. However, if there is a
hydroxyl group adjacent to the amine, this can block
boronatedis-diol esterification. For this reason, Tris
and ethanolamines should be avoided in boronate
chromatography binding buffers. Carboxyl groups

can also serve as electron donors for charge transfer

interaction. Carboxyls can form stable complexes
with boronates together with-hydroxyl groups as
demonstrated by the esterification of lactic acid or
salicylic acid with boronate in boronate chromatog-
raphy.

We have previously examined the effect of various
analytical variables on the efficiency of the one-step
extraction procedure for the extraction of salbutamol
from urine samples. The extraction efficiency in
terms of recovery and effective sample clean-up was
found to be influenced by analytical factors such as
the pH of the sample, type of washing solvents, the

265

concentration of acid used for elution and the type of
15 C SPE sorbent used [26]. The phenyl boronate
extraction procedure described has several adval
tages over conventional liquid phase and solid-phase
extraction methods utilizing cation-exchange, cyano,

C,s. C; or boronate sorbent. Firstly, the extraction

method described is rapid—requiring only a single
purification step to yield sample preparations that
show low residual interference when analyzed by
HPLC. Secondly, extraction of salbutamol as their
phenylboronate complexes using end-capped C
SPE sorbent shows uniform recoveries. Stability and
recovery studies showed that once the complexing
agent was added to samples, there was no significant
loss of salbutamol at alkaline pH.

However, there are some limitations with the
proposed extraction method. Since urinary sal-
butamol recoveries with this extraction procedure fall
within the pH range of 9-10, it is necessary to check

the pH of the sample prior to extraction. Also, like

many other extraction methods previously described

for salbutamol, the method suffers from interference

by some structurally related drug metabolites e.g.
metabolite of paracetamol and labetalol and poten-
tially methyldopa.

The mixture containing the phenylboronate com-
plex was introduced to solid-phase clean-up in order
to remove endogenous interference in plasma by
retaining the complex in the nonpolar end-capped

15 C sorbent. A few conditions in SPE extraction

steps were studied including the most suitable wash-
ing solvent and the most efficient eluting solvent to

be used in order to achieve background-free chro-
matogram and highest recoveries of salbutamol,
respectively. We have discovered that washing the

sorbent with the same conditioning buffé4, 50 m
carbonate buffer, pH 9.60, has managed to remove

most of the endogenous interference without desorb-
ing the complex. Hence it has provided a rather clean
background chromatogram as compared to the other

studied washing solvents [26]. Finally, the complex
was dissociated and the analyte was eluted from the
sorbent. The complexation process can be reversed
under acidic condition that led towards the study of
using different types of acids. Grossi et al. [23]
described a one-step extraction of catecholamines
from plasma employing diphenylboronic acid
(DPBA) ethanolamine ester and monofunctional
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