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Capillary electrophoresis evidence of the
stereoselective ketoreduction of mebendazole and
aminomebendazole in echinococcosis patients

An assay for the simultaneous determination of the enantiomers of hydroxymeben-
dazole (OH-MBZ) and hydroxyaminomebendazole (OH-AMBZ) together with amino-
mebendazole (AMBZ) in human plasma is described for the first time. It is based
upon liquid –liquid extraction at alkaline pH from 0.5 mL plasma followed by anal-
ysis of the reconstituted extract by CE with reversed polarity in the presence of a
50 mM, pH 4.2 acetate buffer containing 15 mg/mL sulfated b-CD as chiral selector.
For all compounds, detection limits are between 0.01 and 0.04 lg/mL, and intraday
and interday precisions evaluated from peak area ratios are a6.9 and a8.5%, respec-
tively. Analysis of 39 samples of echinoccocosis patients undergoing pharmacother-
apy with mebendazole (MBZ) revealed that the ketoreduction of MBZ and AMBZ is
highly stereoselective. One enantiomer of each metabolite (firstly detected peak in
both cases) could only be detected. The CE data revealed that OH-MBZ (mean:
0.715 lg/mL) is the major metabolite followed by AMBZ (mean: 0.165 lg/mL) and
OH-AMBZ (mean: 0.055 lg/mL) whereas the MBZ plasma levels (mean: 0.096 lg/mL,
levels determined by HPLC) were between those of AMBZ and OH-AMBZ.
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1 Introduction

Mebendazole (MBZ, for chemical structure see Fig. 1) is a
benzimidazole anthelmintic compound, which is used
in human medicine against gastrointestinal helminth
pathogens, and to treat echinoccocosis of the liver [1–8].
For the treatment of echinoccososis patients, several
studies have led to the conclusion that monitoring of
MBZ in plasma is mandatory during therapy, particu-
larly when the hepatic drug metabolizing capacity is
impaired, during cholestasis due to the frequently occur-
ring cysts in the liver, and because of poor absorption of
MBZ in the gastrointestinal tract [2–4, 9, 10]. Plasma lev-
els A250 nM (A73.8 ng/mL) are anticipated and are typi-
cally determined with HPLC [9–13]. MBZ is also an orally
active broad-spectrum drug against numerous species of
nematodes and cestodes of the gastrointestinal tract of
animals, and is thus widely employed in veterinary drug
products [14, 15]. Residues of MBZ and its metabolites in

foodstuffs might occur after MBZ treatment of food pro-
ducing animals, especially when the recommended with-
drawal period is not respected. To protect the consumer,
HPLC and LC-MS procedures are being used to monitor
MBZ and its metabolites in edible tissues of animals [15].
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Figure 1. Chemical structures of MBZ, OH-MBZ, AMBZ,
and OH-AMBZ and metabolic pathway. The asterisks mark
chiral centers.



J. Sep. Sci. 2008, 31, 188 – 194 Electrodriven Separation 189

In humans and mammals, MBZ is reduced to hydroxy-
mebendazole (OH-MBZ, Fig. 1) and hydrolyzed to amino-
mebendazole (AMBZ, Fig. 1), compounds that are further
metabolized to hydroxyaminomebendazole (OH-AMBZ,
Fig. 1) [10, 11, 13–18]. Conjugated metabolites are also
formed [17]. MBZ and AMBZ are achiral compounds,
whereas OH-MBZ and OH-AMBZ are chiral metabolites
and thus exist as two enantiomers each. The bioforma-
tion of these hydroxy metabolites might very well be ster-
eoselective. This, however, has not yet been reported in
the literature. The chromatographic and MS methods
used to assess the metabolic patterns of MBZ in body flu-
ids and tissues were not enantioselective [9–18]. Only
one report could be found that describes the separation
of the OH-MBZ enantiomers and their analysis in spiked
human plasma using enantioselective HPLC and CE [19].

During the past few years, chiral separations by CE
have been studied extensively and were successfully
applied to bioanalytical drug monitoring (for reviews
refer to [20–22]). For enantiomeric separation under elec-
trokinetic conditions, a chiral selector (such as a CD, a
crown ether, a protein, or a bile acid, to name but a few)
and proper buffer conditions (pH, ionic strength, solvent,
additives, etc.) are required. In the work of Paias and
Bonato [19], randomly sulfated b-CD was employed to
resolve the OH-MBZ enantiomers. The enantioselectivity
of the bioformation of this MBZ metabolite, as well as
that of OH-AMBZ, was not described. This prompted us (i)
to elucidate CE conditions for resolving the enantiomers
of OH-MBZ and OH-AMBZ together with AMBZ and MBZ,
(ii) to develop an assay for monitoring of these com-
pounds in human plasma, and (iii) to study the stereose-
lectivity of the ketoreduction of MBZ and AMBZ in sam-
ples from echinococcosis patients treated with MBZ.

2 Experimental

2.1 Chemicals, standard solutions, and samples

All the chemicals used were of analytical grade. OH-MBZ,
AMBZ, and OH-AMBZ were kindly obtained from Johnson
& Johnson Pharmaceutical R&D, Division of Janssen
Pharmaceutica N.V. (Beerse, Belgium). MBZ and amitrip-
tyline hydrochloride were from Sigma (St. Louis, USA).
Dichloromethane, ethanol, acetic acid (100%), sodium
acetate, disodium carbonate, and sodium hydrogencar-
bonate were from Merck (Darmstadt, Germany). Ethyl
acetate was from Fluka (Buchs, Switzerland). Sulfated b-
CD (7–11 mol sulfate/mol b-CD, Lot No. 01231KC) was
obtained from Sigma–Aldrich Chemie (Schnelldorf, Ger-
many). Stock solutions of the two amino metabolites
were prepared in ethanol, whereas OH-MBZ was dis-
solved in acidified ethanol (70 lL acetic acid/mL ethanol).
An aqueous solution of amitriptyline hydrochloride
(30 lg/mL) was employed as internal standard solution.

Bovine plasma was received from a local slaughterhouse
and was used for the preparation of calibration and con-
trol samples. Plasma samples analyzed stemmed from
patients under MBZ pharmacotherapy for the treatment
of echinococcosis of the liver and were collected in the
departmental routine drug assay laboratory, where they
were received for the therapeutic drug monitoring of
MBZ. They were frozen at –188C until further use. For
the preparation of calibrators, aliquots of the standard
solutions were added to 500 lL of bovine plasma produc-
ing four samples containing 1, 1.67, 5, and 10 times of
0.6 lg/mL racemic OH-MBZ, 0.12 lg/mL racemic OH-
AMBZ, and 0.12 lg/mL AMBZ. The fortified bovine plasma
calibrators were made freshly for each set of analyses. A
bovine plasma control (10 mL) containing 2 lg OH-MBZ/
mL/enantiomer, 0.2 lg OH-AMBZ/mL/enantiomer, and
0.4 lg AMBZ/mL was prepared independently and stored
at 48C. The frozen patient samples were slowly defrosted
and vortex mixed prior to analysis.

2.2 Sample preparation

The freshly prepared calibrators, the control (0.5 mL),
and the patient plasma samples (0.5 mL) were pipetted
into 10 mL glass tubes and combined with 40 lL of the
internal standard solution, 500 lL of 0.25 M carbonate
buffer (adjusted to pH 10.3 with small amounts of HCl or
NaOH) and 5 mL of a dichloromethane/ethyl acetate (25/
75% v/v) solvent mixture. The tubes were closed, shaken
for about 10 min and centrifuged at about 15006g for
10 min. The aqueous phase (upper phase) and the protein
cake were carefully removed with a glass pipette (under
vacuum) and the organic phase was decanted into a glass
tube with a rounded bottom. The organic solvent was
evaporated under a gentle stream of air at 378C; the resi-
due was dissolved in 200 lL of ethanol, transferred into a
300 lL eppendorf vial and again dried as described
above. The residue was redissolved in 20 lL ethanol and
100 lL of ten-fold diluted acetate buffer (pH 4.2) that did
not contain the chiral selector (see below). Some samples
became opaque upon reconstitution and were centri-
fuged at 100006g for 10 min prior to analysis.

2.3 Electrophoretic instrumentation and running
conditions

A P/ACE MDQ CE system (Beckman Coulter, Fullerton,
CA, USA), equipped with an untreated fused-silica capil-
lary (Polymicro Technologies, Phoenix, AZ, USA) of
75 lm id and 40.2 cm (30.0 cm to the detector) total
length, was used. The temperature control of the circu-
lating cooling fluid of the capillary cartridge was set to
20.08C and the temperature of the sample tray was kept
at 20.08C. If not stated otherwise, samples were intro-
duced from 0.5 mL polypropylene vials by applying a pos-
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itive pressure of 0.5 psi (1 psi = 6894.76 Pa) for 10 s, the
applied voltage was –9.0 kV (reversed polarity; current:
about –43 lA) and the run time was 12 min. The UV
detector at 214 nm was employed for solute detection.
The buffer was composed of 50 mM sodium acetate, ace-
tic acid (pH 4.2), and 15 mg/mL sulfated b-CD. The run-
ning buffer was prepared daily by addition of the chiral
selector to the sodium acetate/acetic acid solution. Solute
quantitation was based upon four-level internal calibra-
tion using corrected peak areas for data evaluation. In
the morning, the capillary was rinsed with 1 M NaOH,
0.2 M NaOH, bidistilled water, 0.1 M HCl, and running
buffer (about 10 min each). Before each experiment, the
capillary was sequentially rinsed with 0.2 M NaOH
(1 min), water (1 min), 0.1 M HCl (1 min), and running
buffer (1 min).

2.4 HPLC of MBZ

The HPLC system used comprised a Waters Alliance Sys-
tem with a model 2695 separations module and a model
2487 absorbance detector (Waters, Milford, MA, USA).
Chromatography was performed at ambient tempera-
ture using an EC 250/4 Nucleosil 100-5 C18 column
(Macherey Nagel, Oensingen, Switzerland) using a
mobile phase comprising a 40:60 v/v mixture of ACN and
5 mM potassium dihydrogenphosphate buffer that was
adjusted to pH 6.5 with KOH. The flow rate was 1.0 mL/
min, the total run time was 15 min, and detection
occurred at 250 nm. The system was controlled and chro-
matograms were registered and evaluated with the
Empower Software package (Waters). The assay is based
upon liquid–liquid extraction employing 500 lL of
plasma, 40 lL of a 16.6 lM albendazole (internal stand-
ard) solution, 500 lL of a pH 10.3 carbonate buffer (see
Section 2.2), and 5 mL dichloromethane. The organic
phase was evaporated at 378C under a gentle stream of
air, reconstituted in 200 lL methanol, and 40 lL was
injected. Quantitation of MBZ was based upon five-level
internal calibration using peak areas (calibration range:
40 –600 nM). Linear calibration graphs (peak area ratio
versus concentration) were obtained (r A0.996, F A400
with p a0.0003) and LOQ was 20 nM. Interday precision
RSD values (n = 5) assessed for drug levels of 100, 250, and
400 nM were determined to be a10%. After each set of
data, the column was rinsed with an equivolume mix-
ture of water and ACN at a flow rate of 0.7 mL/min for
1 h. Typical chromatograms obtained with a blank, a
control and two patient samples are presented in Fig. 2.

2.5 Statistical data treatment and graphical
presentations

Statistical analyses were performed using the SigmaStat
for Windows version 1.0 (Jandel, Corte Madera, CA, USA).

Input groups were compared with the Mann–Whitney
rank sum test. Graphical presentations were made with
SigmaPlot for Windows version 8.02 (SPSS, Chicago, IL,
USA).

3 Results and discussion

3.1 Separation of OH-MBZ and OH-AMBZ
enantiomers in the presence of MBZ and AMBZ

Enantiomeric separation of OH-MBZ and OH-AMBZ in the
presence of MBZ and AMBZ by CE was evaluated using
multiple isomer sulfated b-CD as chiral selector. Although
this randomly substituted selector is not ideal for the
development of a validated method, it was found to per-
mit the simultaneous resolution of the enantiomers of
multiple metabolites of a drug, which was not possible
using single isomer sulfated CDs [23–25]. Lot to lot differ-
ences of this commercial product, however, might result
in substantial differences in separation as was recently
shown for ketamine and its metabolites [24]. For OH-MBZ
and OH-AMBZ no such problems were observed. The con-
figuration of Paias and Bonato [19] which is based upon a
pH 7.0 tris buffer containing 3.0% w/v of sulfated b-CD
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Figure 2. HPLC chromatograms of (A) a blank, (B) a control
sample containing 168.3 ng/mL (570 nM) MBZ, (C) a patient
sample with 173.1 ng/mL (586 nM) MBZ, and (D) a patient
sample with 170.1 ng/mL (576 nM) MBZ. IST refers to alben-
dazole, the internal standard.
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and led to the separation of the OH-MBZ enantiomers as
negatively charged complexes under normal polarity was
employed first. In our trails with 2% of the chiral selector,
MBZ, OH-MBZ enantiomers, and AMBZ were resolved and
detected in this order, but OH-AMBZ enantiomers could
not be detected. Increase in the buffer pH to 7.5 and fur-
ther up to 8.2 in steps of 0.1 pH unit, led to the detection
of the resolved OH-AMBZ enantiomers between 22 min
(pH 7.5) and 10 min (pH 8.2). Under these conditions,
AMBZ was found to comigrate with or was incompletely
resolved from one of the OH-MBZ enantiomers or MBZ
(data not shown). Thus, the use of a reversed polarity sys-
tem at low pH, as was employed for the enantiomers of
ketamine and its metabolites [23, 24], was studied. Incom-
plete resolution of the anionic complexes of the metabo-
lites was obtained at pH 2.5 in a 50 mM tris/phosphoric
acid buffer (data not shown). Resolution was attained
with a pH around 4, but currents became too high
(A50 lA at a voltage of 9 kV and a chiral selector concen-
tration of 1.0%). With a 50 mM sodium acetate/acidic acid
buffer and 1.0% sulfated b-CD, the compounds of interest
could be separated together with a reasonable current
(Fig. 3). The OH-AMBZ enantiomers were detected in front
of the OH-MBZ enantiomers followed by AMBZ and MBZ.
The latter compound did not reach the detector within
16 min. Thus, after 11 min, the voltage was increased to
–15 kV and MBZ could be detected as sharp peak about
2 min after AMBZ (Fig. 3). At somewhat higher pH

(assessed up to pH 4.4), AMBZ was monitored closer to the
second enantiomer of OH-MBZ. Best separation condi-
tions were noted for pH 4.2. An increase in the chiral
selector concentration to 1.5 and 2.0% provided an
increase in the sharpness of the peaks and higher cur-
rents, whereas the use of a 100 mM sodium acetate/acetic
acid buffer instead of the 50 mM buffer led to higher reso-
lution and run times that were about 25% larger. In order
to keep run times below 14 min, the 50 mM, pH 4.2,
sodium acetate/acetic acid buffer with 1.5% of sulfated
b-CD was considered as optimized separation medium for
our purposes (Fig. 4).

3.2 Analysis of plasma extracts

Several other anthelmintic compounds were tested for
use as internal standard. Fenbendazole and cyclobenda-
zole did not provide nice peaks and oxfenbendazole
(which has the same chemical structure as MBZ except
that there is a sulfoxide instead of the carbonyl moiety)
was detected after MBZ (e. g., about 16 min under the con-
ditions of Fig. 3). Amitriptyline was found to migrate
ahead of the MBZ metabolites (Fig. 4). Preparation of
plasma extracts using dichloromethane at alkaline pH,
an approach that is used for the determination of MBZ by
HPLC (cf. Section 2.4), revealed poor recovery for the
metabolites. A solvent mixture composed of dichlorome-
thane and ethyl acetate (25:75% v/v) followed by reconsti-
tution, first in 20 lL ethanol and then 100 lL of ten-fold
diluted acetate buffer (pH 4.2) was found to recover well
all metabolites and amitriptyline, which was used as
internal standard (see below) but not MBZ (data not
shown). Thus, assay conditions were optimized without
inclusion of MBZ. Using a 50 mM sodium acetate/acidic
acid buffer (pH 4.2) and 1.5% sulfated b-CD led to runs
with quantifiable data that could be executed within
12 min. Electropherograms obtained with a blank
plasma and two calibrator samples are presented in Fig.
4, whereas the data of patient samples are depicted in
Fig. 5. The samples whose CE data are shown in panels B
and C of Fig. 5 are the same as those whose HPLC chroma-
tograms are shown in panels C and D, respectively, of Fig.
2. The enantioselective CE data provide evidence that the
bioformation of the two hydroxy metabolites of MBZ
occurs stereoselectively. The two firstly detected enan-
tiomers of OH-MBZ and OH-AMBZ could be quantified
only. The presence of traces of the other enantiomers,
however, cannot be excluded (Figs. 5B and C). Peak assign-
ment for all substances was made via reanalysis of
patient plasma extracts that were spiked with the stand-
ard compounds (insets of Fig. 5). In order to obtain con-
stant run conditions, it was found that an HCl rinsing
step during the capillary conditioning procedure
between runs was essential. Otherwise, detection times
were found to increase from run to run.
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Figure 3. (A) Electropherogram and (B) current trace for the
separation of a sample composed of racemic OH-AMBZ,
racemic OH-MBZ, AMBZ, and MBZ (about 1 lg/mL each)
using a 50 mM sodium acetate/acetic acid buffer at pH 4.0
containing 1.0% of sulfated b-CD. The applied voltage was
increased from –9.0 kV (current: –26.7 lA) to –15.0 kV
(current: –46.0 lA) after 11 min. The injection time was 5 s.
The asterisk marks an impurity stemming from the OH-MBZ
standard.
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3.3 Assay specifications

Recovery was assessed in triplicate analyses on the lowest
and the highest calibrator samples (fortified bovine
plasma) together with samples that were prepared by
taking the corresponding amounts of the standard com-
pounds in solution, evaporation to dryness, and reconsti-
tution as described in Section 3.2 for extraction. Recov-
eries of OH-MBZ enantiomers, OH-AMBZ enantiomers,
AMBZ, and amitriptyline were determined to be about
93, 77, 69, and 69%, respectively. All the calibration
graphs were found to be linear (r2 >0.996) with F values
A500 (p a0.002). Furthermore, the y-intercepts were

observed to be significantly smaller than the peak area
ratio produced by the lowest calibrator and were negli-
gible in most cases. Half of the lowest calibrator was
taken as LOQ. LODs for the enantiomers of OH-AMBZ, the
enantiomers of OH-MBZ, and AMBZ were estimated to be
0.01, 0.04, and 0.02 lg/mL, respectively. Precision was
assessed with the control sample. Intraday RSD values
were found to between 4.8 and 6.9% (n = 6). Correspond-
ing interday values were determined to be between 6.4
and 8.5% (n = 8). Detection times within a day of analysis
were found to be stable (RSD a0.50% (n = 10) when the
HCl rinsing step was used).
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Figure 4. Typical electropherograms obtained for CE anal-
ysis of extracts prepared from (A) blank bovine plasma, (B)
blank bovine plasma fortified with 0.3 lg/mL of each OH-
MBZ enantiomer, 0.06 lg/mL of each OH-AMBZ enantiomer,
and 0.12 lg/mL AMBZ, and (C) blank bovine plasma fortified
with ten-fold the amount of panel B. Panel D depicts the tem-
poral behavior of the current of panel C. IST refers to amitrip-
tyline, the internal standard that was added during extract
preparation. The 50 mM sodium acetate/acetic acid buffer at
pH 4.2 containing 1.5% w/v of sulfated b-CD, an injection
time of 10 s, and a voltage of –9.0 kV (current: –43.0 lA)
were used.

Figure 5. Typical electropherograms obtained for CE anal-
ysis of extracts prepared from patient plasma samples with
(A) no metabolite peaks (no MBZ detected), (B) with 0.92 lg/
mL OH-MBZ, 0.16 lg/mL AMBZ, and 0.07 lg/mL OH-AMBZ
(MBZ: 173.1 ng/mL, same sample as Fig. 2C), and (C) with
1.72 lg/mL OH-MBZ, 0.27 lg/mL AMBZ, and 0.10 lg/mL
OH-AMBZ (MBZ: 170.1 ng/mL, same sample as Fig. 2D).
Panel D depicts the temporal behavior of the current of panel
C. IST refers to amitriptyline, the internal standard that was
added during extract preparation. The inserts depict data
obtained with the extracts of the same patient plasma sam-
ples that were prepared on a different day and were fortified
with small amounts of racemic OH-AMBZ and OH-MBZ.
Other conditions as for Fig. 4.
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3.4 Patient results

In this work, 50 plasma samples of echinococcosis
patients undergoing pharmacotherapy with MBZ were
analyzed. Seven out of the fifty samples did not reveal an
MBZ drug level that could be quantified with the
employed HPLC assay (four with no detected peak, three
with a tiny peak corresponding to an MBZ level of
a50 nM (a14.8 ng/mL). These samples revealed none, one,
two, or three metabolite peaks and were not used for the
data analysis discussed below. Four other samples were
excluded because of missing OH-MBZ and/or AMBZ peaks.
The data of the 39 remaining samples, which were deter-
mined to have a mean (median) MBZ plasma level of
0.096 (0.083) lg/mL, are summarized in Table 1. For all
samples, the first OH-MBZ peak could only be quantified
(Fig. 5). The same was essentially found to be true for OH-
AMBZ (Fig. 5) with the exception that a small peak at the
location of the second OH-AMBZ enantiomer was
detected in the extracts of four samples. Furthermore,
one sample revealed a second OH-AMBZ peak that was
much larger compared to the first OH-AMBZ peak (0.048
versus 0.008 lg/mL). As another sample from the same
patient did not show this second peak, one can assume
that this is an interference, which is not associated with
the metabolism of MBZ. Thus, these data revealed that
the ketoreduction of MBZ and AMBZ in vivo is highly
stereoselective.

The CE data revealed that OH-MBZ is the major metab-
olite (mean: 0.715 lg/mL) followed by AMBZ (mean:
0.165 lg/mL) and OH-AMBZ (mean: 0.055 lg/mL). Statisti-
cal analysis of the different data sets using the Mann –
Whitney rank sum test revealed significant differences
(p a0.0001) for all possible combinations of two sets of
input data. Mean OH-MBZ and AMBZ concentrations
were found to be larger compared to the mean MBZ level
whereas the mean OH-AMBZ level was lower compared to
MBZ. This is in agreement with the literature [10, 13, 18].
Regression analysis revealed a linear relationship
between OH-MBZ and MBZ concentrations (OH-
MBZ = 4.246MBZ + 0.31, r = 0.637). No linear relation-
ships with MBZ were noted for the other two metabolites
(r a0.1). Furthermore, with hydrolysis of the sera with b-
glucuronidase/arylsufatase from Helix pomatia (Roche,
Mannheim, Germany) prior to extraction did not provide

a change of the metabolic pattern. This is different com-
pared to what was noted for the MBZ metabolites in bile
and urine of rats [17].

4 Concluding remarks

The first enantioselective assay for the simultaneous
determination of the hydroxy metabolites of MBZ and
AMBZ is described and shown to be robust and suffi-
ciently sensitive to determine these compounds together
with AMBZ in liquid –liquid extracts of plasma samples
of echinococcosis patients undergoing pharmacotherapy
with MBZ. Analysis of patient samples revealed that the
ketoreduction of MBZ and AMBZ is highly stereoselective.
One enantiomer of each metabolite (firstly detected peak
in both cases) could only be quantified. The assignment
of the produced enantiomers could not be undertaken
because the standards for the single enantiomers were
not available. The CE data revealed that OH-MBZ is the
major metabolite followed by AMBZ and OH-AMBZ
whereas the MBZ plasma levels were between those of
AMBZ and OH-AMBZ. This is another example which
demonstrates the suitability of enantioselective CE to
assess the stereoselectivity of drug metabolism.

The standards of the mebendazole metabolites were kindly
received from Johnson & Johnson Pharmaceutical Research &
Development, Division of Janssen Pharmaceutica N.V. (Beerse, Bel-
gium). The authors are grateful to the technicians of the depart-
mental routine laboratory who determined the mebendazole drug
levels. This work was sponsored by the Swiss National Science
Foundation.
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