This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

URNAL OF Journal of Liquid Chromatography & Related Technologies
Ll OU_ 1D Publication details, including instructions for authors and subscription information:
CHROMAT http://www.informaworld.com/smpp/title~content=t713597273

Microextraction in Packed Syringe/Liquid Chromatography/Electrospray
Tandem Mass Spectrometry for Quantification of Acebutolol and

Metoprolol in Human Plasma and Urine Samples

| Aziza El-Beqqali®; Anders Kussak®; Lars Blomberg"; Mohamed Abdel-Rehim®

|| * University College of South Stockholm, Stockholm, Sweden ® Department of Chemistry, Karlstad
University, Karlstad, Sweden © Department of DMPK&BAC, AstraZeneca R&D Sodertilje, Sodertilje,

' Sweden
l (‘_/ Tayhie BaFrarcis i

> Ele
Supsoiical Fluid T

P ana Tach:

FieddiFiow Fraction
Proparstsa & Anaktical S

Exfitess by
dack Cazes, Ph.D.

To cite this Article El-Beqqali, Aziza , Kussak, Anders , Blomberg, Lars and Abdel-Rehim, Mohamed(2007)
'Microextraction in Packed Syringe/Liquid Chromatography/Electrospray Tandem Mass Spectrometry for Quantification
of Acebutolol and Metoprolol in Human Plasma and Urine Samples', Journal of Liquid Chromatography & Related
Technologies, 30: 4, 575 — 586

To link to this Article: DOI: 10.1080/10826070601093895
URL: http://dx.doi.org/10.1080/10826070601093895

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornmul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be |iable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826070601093895
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:50 23 January 2011

Downl oaded At:

Journal of Liquid Chromatography & Related Technologies®, 30: 575-586, 2007
Copyright © Taylor & Francis Group, LLC

ISSN 1082-6076 print/1520-572X online

DOI: 10.1080/10826070601093895

Microextraction in Packed Syringe /Liquid
Chromatography/Electrospray Tandem
Mass Spectrometry for Quantification of
Acebutolol and Metoprolol in Human
Plasma and Urine Samples

Aziza El-Beqqali and Anders Kussak
University College of South Stockholm, Stockholm, Sweden

Lars Blomberg
Karlstad University, Department of Chemistry, Karlstad, Sweden

Mohamed Abdel-Rehim
AstraZeneca R&D Sodertilje, Department of DMPK&BAC, Sodertilje,
Sweden

Abstract: The aim of the present investigation was to develop a simple, fast, and
sensitive method for the determination of acebutolol and metoprolol in human
plasma and urine samples. The determination of acebutolol and metoprolol in plasma
and urine was performed using micro extraction in packed syringe (MEPS) as a
sample preparation method, online with high performance liquid chromatography
and tandem mass spectrometry (LC-MS/MS). In MEPS the sampling sorbent was
1 mg polystyrene polymer, which was inserted in a 250 pL syringe. The lower limits
of quantification (LLOQ) for acebutolol and metoprolol were set to 1.0 ng/mL. The
accuracy of quality control samples (QC) varied by +10%, and precision (R.S.D.)
had a deviation of 1.4—-12% for plasma and urine samples. The calibration curve was
obtained within the concentration range 1.0-100 ng/mL in both plasma and urine.
The regression correlation coefficients (R?) for plasma and urine samples were
>0.999 for all runs. The present method is miniaturized, fully automated, robust, and
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can be easily used for pharmacokinetic and pharmacodynamic studies of acebutolol and
metoprolol.

Keywords: Microextraction in packed syringe, Sample preparation, Polystyrene
sorbent, Acebutolol, Metoprolol, Plasma, Urine, LC-MS/MS

INTRODUCTION

The measurement of drug levels in biological fluids is of crucial importance
for drug discovery and development. In addition, it allows the optimization
of pharmacotherapy and provides a basis for studies of patient compliance,
bioavailability, pharmacokinetics, and the influences of comedications.
Sample preparation is frequently done off-line and, in fact, this is often a
limiting step to perform fast bioanalysis; the introduction of on-line sample
pretreatment would greatly speed up the analyses. Further, as the number of
samples increases, high throughput and fully automated analytical techniques
becomes required. Current developments of sample handling techniques are
directed toward automatization and online coupling of sample preparation
units and detection systems. In addition, there is a trend toward development
of more selective sorbents for sample clean up and enrichment. MEPS is a new
technique for miniaturized solid-phase extraction that can be connected
on-line to GC or LC without any modifications."' ~®! In MEPS, approximately
1 mg of the solid packing material is inserted into a syringe (100—250 pL) as a
plug. The plasma sample (50—250 L) is withdrawn through the syringe by an
autosampler. When the plasma has passed through the solid support, the
analytes are adsorbed to the solid phase. The solid phase is then washed
once by water to remove the proteins and other interfering materials. The
analytes are then eluted with an organic solvent such as methanol or the LC
mobile phase (20-50 pL) directly into the instrument’s injector. The
process is fully automated. Many different types of absorption materials
such as silica based (C,, Cg, C;3), restricted access material (RAM), or
molecular imprinted polymers (MIPs) can be used.

Acebutolol and metoprolol are beta-adrenoceptor blocking drugs
(B-blockers) that are widely used as effective antihypertensive and antianginal
agents. They are used for the treatment of various cardiovascular disorders
such as hypertension, angina pectoris, and cardioarrhythmia. Thus, the Inter-
national Olympic Committee and International Sports Federations have
banned the use of SB-blockers because of their activity as anabolic agents.
Therefore, screening and determination of 3-blockers in biological samples
are required in many circumstances, such as clinical control for diagnosis
and treatment of diseases, doping control, forensic analysis, and toxico-
logy.” =" Therefore, the primary objective of the present study was to
develop, optimize, and validate an innovative analytical method for
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determination of acebutolol and metoprolol in plasma and urine samples,
employing online sample preparation and LC-MS/MS analysis.

EXPERIMENTAL
Chemicals

Acebutolol and metoprolol (Figure 1A) were purchased from Sigma-Aldrich
(Stockholm, Sweden) and [2H7] ropivacaine (IS), was supplied by the Depart-
ment of Medicinal Chemistry, AstraZeneca (Sodertélje, Sweden). Acetonitrile,
methanol, formic acid, and ammonium hydroxide were obtained from Merck
(Darmstadt, Germany). All chemicals were of analytical grade.

Apparatus

A high performance liquid chromatography (HPLC) instrument included a
Shimadzu LC-10Advp pump, Shimadzu (Kyoto, Japan), an autosampler,
CTC-Pal, Crelab (Knivsta, Sweden), and a 20 pL sample loop. A Zorbax
(50 x 2.1 mm, SB-C18, 3.5 pum) column obtained from Agilent (CA, USA)
was used as the analytical column connected to an Optiguard (Cg,
10 x 1 mm) as a guard column. A Valco C4W valve, Valco Instruments
(Houston, TX, USA) was used as the gate valve between the liquid chromato-
graph and the mass spectrometer. The water used was purified using a Reagent
Grade Milli-Q Plus water purification system from Millipore Corporation
(Bedford, MA, USA). A centrifuge, Hettich Rotanta/AP (Tuttlingen,
Germany), was used for plasma centrifugation.

Mobile Phase was 0.1% formic acid in acetonitrile/methanol /water
(15:15:70, v/v). The flow rate was 200 pL/min and sample volume
(loading) was 50 pL.

All experiments were conducted using a triple quadrupole mass spectro-
metric instrument Micromass QII Z-spray (Manchester, UK), equipped with a
Z-electrospray interface operated in positive ion mode. Nitrogen was used
both as drying (400 L h_l), and nebulizing gases (20 L h_l), the vacuum
was 2 x 107> mbar in the mass analyzer and 2 x 107> mbar in the
collision cell (argon was used as collision gas). The gases were from
ScanGas (Stockholm, Sweden). Source block and desolvation temperatures
were set to 150°C and 300°C, respectively. The data were collected and
processed using MassLynx version 3.4, and all calculations were based on
peak area ratios.

The scan mode was multiple reaction monitoring (MRM) using a
precursor ion at (M + 1) (m/z: 337, 268, and 282), and after collisional dis-
sociation the product ions 116, 116, and 133 were used for quantification of
acebutolol, metoprolol, and [*H-] ropivacaine (IS), respectively. Different
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Figure 1. (A) Chemical structure of acebutolol, metoprolol, and internal standard;
(B) Packed syringe.

parameters such capillary voltage, cone voltage, and collision gas energy were
optimized to get a maximum signal in MS and MS-MS. After optimization,
the parameter settings were: capillary voltage at 3.1 kV, cone voltage at
38 V, extractor at 5 V, RF lens at 0.2 V. The collision energy was 25 eV.
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Preparation of Samples

Stock solutions of acebutolol and metoprolol (10 mg/mL) and [2H7] Ropi-
vacaine (internal standard, 3 pg/mL) were dissolved in methanol. From the
stock solution, stepwise dilution series were made in water. Spiked plasma
and urine samples were prepared by adding 10—50 pL of stock solutions to
1.0 mL of plasma or urine. Twenty pL of internal standard were added.
After vortex mixing, the samples were extracted and analyzed. The concen-
tration range of the standard curve was between 1.0-100 ng/mL (1, 2, 5,
10, 20, 40, 50, 80, and 100 ng/mL). Quality control (QC) samples concen-
trations were 15, 30, and 60 ng/mL. All standard and control solutions were
stored at —20°C.

MEPS Conditions

MEPS was performed using a 250 pL gas-tight syringe (Figure 1B). The
sorbent used was a polystyrene polymer. This sorbent has irregular particles
with average size of 50 wm and nominal 60 A porosity. One milligram of
the solid material was manually inserted inside the syringe as a plug. The
sorbent material was tightened by filters (polyethylene, obtained from
Varian, CA, USA) to avoid moving inside the syringe.

Before using for the first time, the sorbent was manually conditioned with
50 wL methanol followed by 50 L of water/methanol (90:10, v/v). After
that, the syringe was connected to the autosampler and the spiked plasma or
urine sample (50 wL) was withdrawn into the syringe by the autosampler. It
is important that the plasma samples are withdrawn slowly (20 wL s~ ') and
with caution to obtain good percolation of the sample through the solid
support bed. The sorbent was then washed once with 100 wL of water/
methanol (90:10, v/v) for plasma, and pure water for urine sample to
remove proteins, salts, and other interferences. The analytes were then
desorbed by 25 pL methanol /water (95:5, v/v) containing 0.2% ammonium
hydroxide directly into a gate valve, which was situated between the liquid
chromatograph and the tandem mass spectrometer. Cleaning of the sorbent
was carried out using a 5 x 50 pL elution solution followed by 5 x 50 pL
of the washing solution between every extraction. This step decreased
memory effects, but also functioned as a conditioning step before the next
extraction. The same packing bed was used for about 100 extractions before
it was discarded.

Method Validation

The plasma and urine used were collected and pooled from different objects.
The peak area ratios for acebutolol or metoprolol and internal standard were
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measured and a standard curve without zero concentration was constructed.
The calibration curves were described by the equation:

y=ax’ +bx+c

Where y is peak area ratio, x is the concentration, a is the curvature, b is the
slope, and c is the intercept. The calibration curves were quadratic and the
weight was 1/x. The accuracy and precision were calculated for the QC
samples at three different assays. The method was validated at optimized
conditions.

Accuracy was defined as the degree of deviation of the determined value
and the nominal value: [(measure value-nominal value)/nominal value]*100.
Precision (C.V.%) was defined as the percentage of standard deviation of the
observed values divided by their mean values: [(standard deviation)/mean
value]*100.

RESULTS AND DISCUSSION
Washing and Elution Solvents

The effect of different washing solutions on the recovery was investigated.
The recovery was measured as the response of a processed spiked plasma
sample expressed as peak area and calculated as a mean of three different
experiments. The use of methanol in the washing mixture slightly affected
the loss and the recovery of the analyte. The use of methanol in the
washing mixture increased the leakage and decreased the recovery;
however, a quite clean extract was obtained. The lowest amount of leakage,
with no interferences and the highest recovery, was obtained with the use of
100 pL of water/methanol (90:10, v/v) as washing solution.

To study the recovery, solutions containing methanol, water, formic acid,
and ammonium hydroxide were investigated as elution solutions. After intro-
duction of the sample (50 L) into the syringe and washing with 100 L of
water/methanol (90:10, v/v), the elution efficiency was measured and
compared to that of the pure standard solution (100 ng/mL). The eluting effi-
ciency increased as the methanol content in the eluent increased. Acceptable
recovery (~50%) was obtained when using a solution of methanol/water
(95:5, v/v) containing 0.2% ammonium hydroxide, and this was used as the
elution solution for validation of the method.

Selectivity

The method selectivity was defined as non-interference with the endogenous
substances in the regions of interest. LC—MS/MS analysis of the blank
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plasma and urine samples showed no presence of an endogenous interference
peak with the quantification of acebutolol and metoprolol. Representative
chromatograms of blank human plasma and acebutolol and metoprolol
spiked plasma are presented in Figures 2A and 2B. Representative chromato-
grams of blank human urine and acebutolol and metoprolol spiked urine, are
shown in Figures 3A and 3B.

Calibrations

The constructed calibration curve consisted of nine concentration levels of
human plasma and urine spiked with acebutolol and metoprolol. The R? for
plasma and urine samples were >0.999 for all runs. The back calculated
values of the calibration points showed good agreement with the theoretical
concentrations. Deviation between —4% and +8% of the nominal concen-
trations was observed (n = 3) for plasma, and between —4% and +5% for
urine samples (Tables 1 and 2) .

Accuracy and Precision

The accuracy for quality control (QC) samples varied from 94% to 104% for
plasma, and from 91% to 107% for urine (n = 12). The precisions (R.S.D.)
were 9.5-12% for plasma samples and 1.4-9.9% for urine samples
(n = 12). The accuracy and precision data are summarized in Table 3. The
accuracy and the precision of the method were within the internationally
accepted limits.!'?!

Limit of Quantification (LOQ) and Carry Over

The carry over was investigated by injecting the elution solution after the
highest standard concentration; the carry over was lower than 0.1%.

The LOQ was set to 1.0 ng/mL. At this concentration, the accuracy of
LOQ was between 97% and 104% and the precision had a maximum
deviation of 3% (n = 6) for plasma samples.

CONCLUSIONS

In the present work, an LC-MS/MS assay for the determination of acebutolol
and metoprolol in plasma and urine samples has been developed and
validated. Our data showed that the method is selective and accurate. The
acceptance criteria for the method validation were in accordance with
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Figure 2. Mass chromatograms obtained from (A) human plasma spiked with acebu-
tolol, metoprolol (100 ng/mL), and internal standard; (B) blank human plasma.
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Figure 3. Mass chromatograms obtained from (A) human urine spiked with acebuto-

lol, metoprolol (100 ng / mL), and internal standard; (B) blank human urine.
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Table 1. Back-calculated values of the calibration points of the plasma samples

Concentration Mean conc Mean accuracy RSD
Compound ng/mL (n=06) (%) (%)
Acebutolol 1 1 101 7.6
2 2 97 4.0
5 5 107 2.8
10 11 108 6.5
20 20 98 4.7
40 39 98 4.1
50 48 96 7.3
80 81 101 1.3
100 100 100 1.2
Metoprolol 1 1 97 8.8
2 2 101 2.0
5 5 101 13
10 10 97 54
20 21 103 4.3
40 39 98 7.8
50 50 101 39
80 80 100 4.5
100 99 100 9.9

Table 2. Back-calculated values of the calibration points of the urine samples

Concentration Mean conc Mean accuracy RSD

Compound ng/mL (n=3) (%) (%)
Acebutolol 1 1 103 10.7
2 2 101 1.2

5 5 97 4.3

10 10 97 4.9

20 20 101 0.8

40 41 101 1.9

50 48 96 6.3

80 84 105 6.0

100 100 100 0.3

Metoprolol 1 1 103 3.7
10 10.4 102 2.7

20 20 102 2.6

40 39 99 2.0

50 44 90 18.8

80 78 98 34

100 100 100 0.4
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Table 3. The accuracy and precision at various concentrations in urine and plasma
samples

Mean conc. Accuracy RSD
(n=12) (%, n=12) (%, n=12)

Conc.

Compound  (ng/mL) Plasma Urine Plasma Urine Plasma  Urine

Acebutolol 15 15 15 104 103 11.5 2.8
30 29 31 99 104 11 1.4
60 59 64 98 107 10 14
Metoprolol 15 15 15 100 99 9.9 6.9
30 20 24 99 91 9.5 6.4
60 56 57 94 93 12 9.9

the international criteria. MEPS is a new sample preparation method suitable
for the fully automated determination of analytes in complex matrices, in
addition it requires only small sample volumes.

REFERENCES

N —

. Current Patent Gazette, week 0310, W0O03019149, 2003 77.
. Abdel-Rehim, M. New trends in sample preparation: Online microextraction in

packed syringe for liquid and gas chromatography applications. I. Determination
of local anaesthetics in human plasma samples using gas chromatography —
mass spectrometry. J. Chromatogr. B 2004, 801, 317-321.

. Abdel-Rehim, M.; Altun, Z.; Blomberg, L. Microextraction in packed syringe

(MEPS) for liquid and gas chromatographic applications. Part II — Determination
of ropivacaine and its metabolites in human plasma samples using MEPS with
liquid chromatography/tandem mass spectrometry. J. Mass Spectrom. 2004, 39,
1488-1493.

. Altun, Z.; Abdel-Rehim, M.; Blomberg, L.G. New trends in sample preparation:

on-line microextraction in packed syringe (MEPS) for LC and GC applications.
Part III: Determination and validation of local anaesthetics in human samples
using cation-exchange sorbent, and MEPS-LC-MS-MS. J. Chromatogr. B 2004,
813, 129-135.

. Vita, M.; Skansen, P.; Hassan, M.; Abdel-Rehim, M. Development and validation

of a liquid chromatography and tandem mass spectrometry method for determi-
nation of roscovitine in plasma and urine samples utilizing on-line sample
preparation. J. Chromatogr. B 2005, 817, 303—-307.

. Abdel-Rehim, M.; Vita, M.; Skansen, P.; Hassan, M. Microextraction in packed

syringe/liquid chromatography/electrospray tandem mass spectrometry (MEPS/
LC/MS/MS) for quantification of olomoucine in human plasma samples. Anal.
Chim. Acta 2005, 539, 35-39.

. Svendsen, T.L.; Jelnes, R.; Tonnesen, K.H. The effects of acebutolol and meto-

prolol on walking distances and distal blood pressure in hypertensive patients
with intermittent claudication. Acta Med. Scand. 1986, 219, 161-165.



17:50 23 January 2011

Downl oaded At:

586

10.

11.

A. El-Beqqali et al.

. Davies, C.L. Chromatography of S-adrenergic blocking agents. J. Chromatogr.

1990, 531, 131-180.

. Kataoka, H.; Narimatsu, S.; Lord, H.L.; Pawliszyn, J. Automated in-tube solid-

phase microextraction coupled with liquid chromatography /electrospray Ioniz-
ation mass spectrometry for the determination of B-blockers and metabolites in
urine and serum samples. Anal. Chem. 1999, 71, 4237-4244.

Wren, S.A.; Tchelitcheff, P. UPLC/MS for the identification of beta-blockers.
J. Pharm. Biomed. Anal. 2006, 40, 571-580.

International Olympic Committee, [OC Medical Code and Explanatory
Document; 10C: Lausanne, Switzerland, 1995.

. Shah, V.P.; Midha, K.K.; Findlay, J.W.; Hill, H.M.; Hulse, J.D.; McGilveray, 1.J.;

McKay, G.; Miller, KJ.; Patnaik, R.N.; Powell, M.L.; Tonelli, A.;
Viswanathan, C.T.; Yacobi, A. Bioanalytical method validation—a revisit with
a decade of progress. Pharm. Res. 2000, /7, 1551-1557.

Received October 5, 2006
Accepted November 3, 2006
Manuscript 6958



