
Research article

Received 7 January 2011, Revised 25 April 2011, Accepted 2 May 2011 Published online in Wiley Online Library: 1 July 2011

(wileyonlinelibrary.com) DOI 10.1002/bmc.1659
A simple LC‐MS/MS method to determine
plasma and cerebrospinal fluid levels of
albendazole metabolites (albendazole
sulfoxide and albendazole sulfone) in patients
with neurocysticercosis
Iliana González‐Hernándeza, María Isabel Ruiz‐Olmedob,
Graciela Cárdenasc and Helgi Jung‐Cooka,b*
ABSTRACT: The development and validation of an LC‐MS/MS method for the simultaneous determination of albendazole
metabolites (albendazole sulfoxide and albendazole sulfone) in humanplasma are described. Samples of 200μLwere extracted
with ether–dichloromethane–chloroform (60:30:10, v/v/v). The chromatographic separationwas performed using a C18 column
with methanol–formic acid 20mmol/L (70:30) as the mobile phase. The method was linear in a range of 20–5000ng/mL for
albendazole sulfoxide and 10–1500ng/mL for albendazole sulfone. For both analytes themethod was precise (RSD<12%) and
accurate (RE <7%) with high recovery (>90%). Themethodwas successfully applied to determine the plasma and cerebrospinal
fluid levels of albendazole sulfoxide and albendazole sulfone in patients with subarachnoidal neurocysticercosis who received
albendazole at 30mg/kg per day for 7 days. This LC‐MS/MS method yielded a quick, simple and reliable protocol for
determining albendazole sulfoxide and albendazole sulfone concentrations in plasma and cerebrospinal fluid samples and is
applicable to therapeutic monitoring. Copyright © 2011 John Wiley & Sons, Ltd.
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Introduction
Albendazole (ABZ) is a broad‐spectrum antihelmintic agent,
effective against a wide variety of parasites infecting animals or
humans, and it has been effectively used in the treatment of
neurocysticercosis (NCC). Once orally administered, ABZ is
rapidly and successively metabolized to albendazole sulfoxide
(ABZ‐SO) and albendazole sulfone (ABZ‐SO2) (Rawden et al.,
2000; Dayan, 2003; Marriner et al., 1986; Marques et al., 2002).
ABZ‐SO is the active metabolite of the drug, while ABZ‐SO2 lacks
cestocidal activity. Some comparative studies between 15 and
30mg/kg doses of ABZ for NCC treatment have shown a
significant radiological involution of the cysticercus (Góngora‐
Rivera et al., 2006; Rocha et al., 2008). The results favored the
higher dose, with larger cyst reduction and higher albendazole
sulfoxide levels in plasma; however, little information is available
regarding pharmacological monitoring with this dose.

Different methodologies have been developed for the
determination of ABZ‐SO in plasma. Also, procedures using
LC‐MS/MS for pharmacokinetic studies in humans have been
described for the determination of ABZ and ABZ‐SO (Chen et al.,
2004), or for the simultaneous quantification of ABZ‐SO and
ABZ‐SO2 in plasma (Bonato et al., 2003). In the present paper, a
specific and rapid LC−MS/MS method was developed and
validated for the simultaneous determination of ABZ‐SO and
ABZ‐SO2 in plasma, using a small volume of sample (200 μL of
plasma or cerebrospinal fluid, CSF). This assay was successfully
Biomed. Chromatogr. 2012; 26: 267–272 Copyright © 2011 John
applied to determine steady state plasma and CSF levels of ABZ‐
SO and ABZ‐SO2 in 10 patients with NCC receiving pharmaco-
logic treatment with an oral dose of 30mg/kg ABZ per day.

Experimental

Chemicals

ABZ‐SO and ABZ‐SO2 were synthesized by Dr Rafael Castillo‐Bocanegra
at the Facultad de Química, UNAM. Chemical identity was confirmed by
NMR, MS analysis and m.p. determination. ABZ and carbamazepine
(CBZ, IS) were purchased from Sigma‐Aldrich Co. (St Louis, MO, USA).
Methanol, ether, dichloromethane and chloroform were HPLC grade
Wiley & Sons, Ltd.
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(Mallinckrodt, Co., St Louis, MO, USA). Formic acid (Sigma‐Aldrich Co.,
St Louis, MO, USA) was of analytical reagent‐grade. Water was obtained
in‐house from a Milli‐Q Water System (Millipore Corporation, Bedford,
MA, USA).

Liquid–liquid extraction

A volume of 200μL of plasma sample was transferred to an assay tube
and spiked with 100μL of IS solution (2000 ng/mL). After the addition of
4.5mL of ether–dichloromethane–chloroform (60:30:10, v/v/v), samples
were shaken in a vortex for 5min, and centrifuged for 30min at
3000 rpm. The organic upper phase was transferred to a clean glass
assay tube and was evaporated at 45 °C with a nitrogen stream. The
residue was reconstituted with 160μL of methanol:water (70:30, v/v) and
an aliquot of 25μL was injected into the chromatographic system. For
CSF analysis, the same liquid–liquid extraction procedure was used.

LC‐MS/MS method

Preparation of standard and quality control samples. Stock
solutions of ABZ‐SO (1mg/mL) and ABZ‐SO2 (1mg/mL) in methanol
were prepared. Stock solutions were further diluted with methanol to
obtain standard solutions of 100, 10 and 1 µg/mL. Standard solutionswere
diluted with methanol–water (70:30, v/v) to achieve standard working
solutions at concentrations of 200–50,000 for ABZ‐SOand100–15,000ng/mL
for ABZ‐SO2.. In order to prepare the calibration curve, 900μL of plasma
were spiked with 100μL of the standard working solutions to obtain the
desired concentrations of 20, 50, 125, 250, 500, 750, 1500, 3000 and
5000 ng/mL of ABZ‐SO and 10, 25, 50, 100, 200, 300, 600, 1000 and
1500 ng/mL of ABZ‐SO2. The sameprocedurewasmade for quality control
samples (QC) at low, medium and high concentrations (40, 600 and
4000 ng/mL for ABZ‐SO and 20, 250 and 1250ng/mL for ABZ‐SO2). The
plasma spiked samples (calibration points and QC) were then processed
using the liquid–liquid extraction procedure.

Chromatographic conditions. The LC‐MS/MS system consisted of a
Finnigan Surveyor LC pump Plus and a Finnigan Surveyor Autosampler
Plus coupled to a Finnigan LCQ Advantage Max ionic trap mass
spectrometer (Thermo Electron Corporation, San Jose, CA, USA).
Separation was performed using a Gemini C18 analytical column
(150 × 4.6mm i.d., 5 µm particle size, Phenomenex, Torrance, CA, USA)
protected with a security guard column (Phenomenex C18 ODS). The
autosampler and column oven were held at 12 and 25°C, respectively.
The mobile phase was composed of methanol:formic acid 20mM (70:30,
v/v) pumped at 0.7mL/min. The eluate flow coming from the HPLC
system was split 1:3 before introduction into the ESI source. The mass
spectrometer was coupled to the HPLC system using an electrospray
ionization (ESI) source and was operated in the positive ion detection
mode with the spray voltage set at 4 kV. Nitrogen was used as the
sheath gas (60 arb) and auxiliary gas (16 arb). The heated capillary
temperature was set at 300°C. Quantitation was performed using
selected reaction monitoring (SRM) of the transitions of m/z 282→ 240
for ABZ‐SO, m/z 298.2→ 266 for ABZ‐SO2 and m/z 237.1→ 194.4 for CBZ
(IS), with a scan time of 0.3 s per transition. The collision energies of 35,
33 and 35 eV were used for ABZ‐SO, ABZ‐SO2 and IS, respectively.

Method validation

The developed method was validated according to standard procedures
(FDA, 2001; http://www.fda.gov/cder/gui‐dance/index.htm).

Selectivity. In order to determine the selectivity, six blank plasma
samples from different sources were analyzed. Spectral interference of
heparin was evaluated since it was used as anticoagulant in blood samples.

Sensitivity. Accuracy and precision of the LOQ were assured with the
extraction of five spiked samples of 20 ng/mL of ABZ‐SO and 10 ng/mL
of ABZ‐SO2. Criteria for the limits of quantitation were established as the
lowest concentration for which the variations in precision and accuracy
were less than 20%.
Copyright © 2011 Johnwileyonlinelibrary.com/journal/bmc
Linearity. For linearity, three calibration curves at concentrations in the
range of 20–5000ng/mL for ABZ‐SO and 10–1500ng/mL for ABZ‐SO2

were subjected to the extraction procedure and injected into the
LC‐MS/MS system. Calibration curves were plotted using the relationship
between the area of ABZ‐SO/IS and ABZ‐SO2/IS vs concentration and
analyzed by 1/x weighted least squares linear regression for both analytes.

Recovery. The percentage recovery of ABZ‐SO and ABZ‐SO2 after
liquid–liquid extraction from spiked plasma samples was determined by
analyzing five extracted samples at concentrations of 40, 600 and
4000 ng/mL for ABZ‐SO and 20, 250 and 1250 ng/mL for ABZ‐SO2. The
peak area ratios of ABZ‐SO/IS and ABZ‐SO2/IS of these samples were
compared with standard solutions in 70:30 v/v methanol:water at the
same concentrations as plasma samples. The recovery of IS was
evaluated by comparing the mean detector responses of six processed
plasma samples with mean detector responses of six standard solutions
of the same concentration.

Matrix effect. Matrix effect was validated using a post‐extraction
spike method. Blank plasma samples were submitted to the liquid–liquid
extraction method, and were spiked with analyte standard solutions for
the three QC points (five samples for each QC concentration). These
samples were analyzed and the area was compared with that obtained
for the standards in solution at the same concentration levels.

Precision and accuracy. Intra‐day accuracy and precision were
calculated on a single day using five replicates of the QC samples. For
the inter‐day precision and accuracy, five replicates of the low‐,
medium‐ and high‐quality control points were evaluated over three
consecutive days. Accuracy was evaluated as follows: [mean calculated
concentration−mean theoretical concentration/mean theoretical con-
centration] × 100 (percentage relative error, %RE), while the precision
was given by the inter‐day and intra‐day in percentage relative standard
deviation (%RSD).

Stability. The stability of both ABZ metabolites in the autosampler
and on the benchtop was determined during the validation of the
analytical method. For all studies, three replicates of the QC samples
at low and high concentrations were processed and analyzed
according to requirements. Stability test results were compared with
fresh QC samples. Autosampler stability was evaluated keeping the
processed samples in the autosampler for 12 h at 12°C. For the
benchtop stability test, aliquots were kept for 24 h at room
temperature before analysis.
Clinical application: analysis of plasma and CSF
patient samples

Plasma and CSF of 10 patients with NCC treated at the Instituto Nacional
de Neurología y Neurocirugía (Mexico City, Mexico) were analyzed. The
protocol was approved by the ethics committee, and informed written
consent was obtained from each subject after detailed explanation of
the purpose and risks of the study. The ages of subjects ranged from 25
to 58 years, and the mean was 39± 14. Samples were obtained from
patients receiving 30mg/kg per day oral doses of ABZ for 7 days. Blood
and cerebrospinal fluid samples were obtained at steady state on day 7
of ABZ treatment before the last ABZ dose. Blood samples of
approximately 5mL were collected in heparinized tubes (BD Vacutainer
sodium heparin, BD Fanklin Lakes, NJ, USA). Following centrifugation
(3000g for 15min) the plasma was removed and stored at −70°C until
analysis. Cerebrospinal fluid samples were obtained by lumbar puncture
and were stored at −70°C until analysis.
Results and discussion

Method development and validation

The selection of the precursor as well as the product ions of
ABZ‐SO, ABZ‐SO2 and CBZ as IS was carried out by direct
Biomed. Chromatogr. 2012; 26: 267–272Wiley & Sons, Ltd.
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infusion of solutions of the analytes in methanol in the MS
detector. The product ion monitored for ABZ‐SO was at m/z 240,
at m/z 266 for ABZ‐SO2 and at 194.4 for IS. Figure 1 shows the
product ion spectra of ABZ‐SO, ABZ‐SO2 and IS.

Good resolution was obtained with a mobile phase
composed of methanol–20mM formic acid (70:30, v/v) under
isocratic conditions and a flow rate of 0.7mL/min. All peaks
were well defined and retention times were 3.0min for ABZ‐SO,
3.1min for ABZ‐SO2 and 4.1min for IS. Although retention times
for both ABZ metabolites were similar, it was possible to
a)

b)

c)

Figure 1. Product ion mass spectra of a) ABZ‐SO, b), ABZ‐SO2 and
c) CBZ.
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differentiate between them because of the use of MS detection,
which makes the analysis more selective than other detection
systems.
The method was validated by evaluating selectivity, linearity,

accuracy, precision, recovery, stability and LOQ of both ABZ
metabolites. The method was selective as no interferences were
found in the detection of ABZ‐SO, ABZ‐SO2 and IS. Figure 2
shows representative chromatograms of blank plasma and CSF
samples and the signals corresponding to ABZ‐SO, ABZ‐SO2 and
IS in plasma and CSF samples of a patient.
Matrix effect investigation showed that there was no

interference in the detection and quantification of ABZ‐SO
and ABZ‐SO2 owing to the matrix, since there were no
significant differences in the response of spiked plasma QC
samples when compared with those obtained in solution.
Differences were less than 7%.
The combination of ether, dichloromethane and chloroform

gave good recoveries for both metabolites. The extraction
efficiency for QC samples for ABZ‐SO was 100.2 ± 10.9% for the
concentration of 40 ng/mL, 92.8 ± 6.5% for 600 ng/mL and
97.4 ± 10.8% for 4000 ng/mL (corresponding to low, medium
and high QC samples, respectively). For ABZ‐SO2 the recovery
was 93.4 ± 9.5 for the low QC (20 ng/mL), 88.5 ± 5.4 for the
medium QC (250 ng/mL) and 91.7 ± 8.0 for the high QC
(1250 ng/mL).
The method proved to be linear for both ABZ metabolites.

For ABZ‐SO, all calibration curves were linear in a range of
20–5000 ng/mL (y= 0.0017x+0.015) with an average determina-
tion coefficient of 0.995; for ABZ‐SO2 the method was linear in a
range of 10–1500 ng/mL (y=0.0032x+ 0.015) with an average
determination coefficient of 0.997. The LOQ was 20 ng/mL for
ABZ‐SO and 10 ng/mL for ABZ‐SO2.
Table 1 shows the results of the precision and accuracy of the

method. For ABZ‐SO, the RSD of the intra‐day precision did not
exceed 10% and for the inter‐day precision the maximum value
was 10.4%. In the case of accuracy, the maximum percentage
deviation with respect to the nominal value for repeatability was
5.8. For ABZ‐SO2 the RSD of the intra‐day precision did not
exceed 7% and for the inter‐day precision the maximum value
was 11.6%. For accuracy, the deviation did not exceed 7% with
respect to the nominal value.
The stability test performed at room temperature showed

that, after 24 h at 25°C, neither low nor high concentrations of
QC samples presented significant degradation; samples were
also stable in the autoinjector for 12 h and therefore no
stability‐related problems were found during routine sample
analysis.
Table 2 shows the previously published methods for the

analysis of ABZ and its metabolites in plasma or CSF. There are
two methods for the assay of albendazole sulfoxide in CSF
samples using UV or fluorescence detection. Both methods
require a greater sample volume when compared with the
present method (Takayanagui et al., 2002; Hurtado et al., 1989).
The advantages of this method are the high selectivity owing to
the use of the MS detection system and the analysis time of less
than 5min. The developed method can be applied for the assay
of CSF as well as for plasma samples.
26
Clinical application

The method was successfully applied for the determination of
ABZ‐SO and ABZ‐SO2 levels in patients under treatment with
Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/bmc
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Figure 2. Representative chromatograms of: a) blank plasma, b) blank CSF, c) plasma sample of a patient, d) CSF sample of a patient.

Table 1. Intra and inter‐day precision and accuracy from QC samples

Analyte Added, C (ng/mL) Found, C (ng/mL) RSD (%) Relative error (%)

Intra‐day
ABZ‐SO 40 37.7 9.6 −5.8

600 621.5 6.0 3.6
4000 4103.1 5.3 2.6

ABZ‐SO2 20 18.6 6.9 −7.0
250 253.5 6.1 1.4
1250 1304.1 4.2 4.3

Inter‐day
ABZ‐SO 40 37.3 10.4 −6.9

600 630.0 6.7 5.0
4000 3890.5 8.4 −2.7

ABZ‐SO2 20 19.9 11.6 −0.6
250 244.1 7.8 −2.4
1250 1262.0 5.6 1.0

I. González‐Hernández et al.

270
albendazole. Figure 3 shows the concentrations of ABZ‐SO and
ABZ‐SO2 in plasma and CSF samples. The mean plasma
concentration was 1911.4 ± 925.9 ng/mL (range of 839.7–
3754.0 ng/mL) for ABZ‐SO and 198.9 ± 173.4 ng/mL (range
Copyright © 2011 Johnwileyonlinelibrary.com/journal/bmc
of 42.0–497.7 ng/mL) for ABZ‐SO2. In cerebrospinal fluid
the mean concentrations were 842.7 ± 517.6 ng/mL (range
124.2–1652.0 ng/mL) and 78.0 ±. 79.4 ng/mL (range 10.9–
244.8 ng/mL) for ABZ‐SO and ABZ‐SO2 respectively.
Biomed. Chromatogr. 2012; 26: 267–272Wiley & Sons, Ltd.



Table 2. Characteristics of methods for the determination of ABZ, ABZ‐SO and ABZ‐SO2

Analyte Biological fluid Extraction
method

Detection Sample amount
for extraction

Concentration
(ng/mL)

Recovery (%)

Hurtado et al.
(1989)

ABZ ABZ‐SO Plasma and
CSF

Solid‐phase
extraction

UV 2mL 60–1000
30–1000

95–105

Lanchote (1998)
Takayanagui
(2002)

ABZ‐SO
ABZ‐SO2

Plasma CSF Liquid–liquid
extraction

Fluorescence 500μL 5–2500 1–500 91.3 92.4
5–500 1–100 NIa

Bonato (2003) ABZ‐SO
ABZ‐SO2

Plasma Liquid–liquid
extraction

MS/MS 1mL 12.5–2500 1.25–250 86.6–89.6 87.3–91.1

Chen (2004) ABZ ABZ‐SO Plasma Liquid–liquid
extraction

MS/MS 500μL 0.4–200
4–2000

77.0–78.6 53.2–58.5

Bonato (2007) ABZ‐SO
ABZ‐SO2

Plasma Liquid–liquid
extraction

MS/MS 1mL 5–2500 5–2500 54.3 64.7

aNI, not informed.
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Figure 3. Plasma and cerebrospinal fluid levels of ABZ‐SO and ABZ‐SO2

of patients with neurocysticercosis treated with ABZ 30mg kg‐1 for
7 days.
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Figure 4. ABZ‐SO and ABZ‐SO2 correlation between plasma and CSF.
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In the present study, the mean ratio of plasma–CSF
concentration for ABZ‐SO was 2.87 ± 1.78 with a range of
1.4–7.48. The same behavior was found by Takayanagui et al.
(2002) with a mean plasma–CSF ratio of 2.6 and 2.7 for the (+)
Biomed. Chromatogr. 2012; 26: 267–272 Copyright © 2011 John
and (−) enantiomers of ABZ‐SO when a dose of 15mg/kg per
day ABZ was administered. The results of the present study
show that, with a 30mg/kg ABZ dose, a similar relationship
was found. For the sulfone metabolite, this ratio was
3.26 ± 1.46.
A good correlation between plasma and CSF of ABZ‐SO was

found (Fig. 4), indicating that plasma levels reflect cerebrospinal
fluid levels. These findings confirm the clinical reliability of
monitoring ABZ‐SO plasma levels as an indicator of therapeutic
response as part of the routine management of NCC. Castro
et al. (2009) found a great variability in ABZ absorption, and that
low drug exposures might be responsible for treatment failures.
The present method could be used for therapeutic monitoring
of ABZ‐SO in order to improve ABZ treatment.
Conclusions
This paper describes the methodology and validation of an LC‐
MS/MS assay for the simultaneous determination of two ABZ
metabolites, ABZ‐SO and ABZ‐SO2, in plasma samples. The
method presented in this work proved to be simple, fast and
selective. It was also sensitive enough to quantify the wide
range of concentrations of ABS‐SO and ABZ‐SO2 found in
patients receiving a 30mg/kg per day of ABZ and can be
applied to therapeutic monitoring of the drug.
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