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Chiral analysis of albendazole sulfoxide
enantiomers in human plasma and saliva using
capillary electrophoresis with on-column
absorption and fluorescence detection

The capillary zone electrophoresis (CZE) analysis of albendazole sulfoxide (ABZSO)
enantiomers, oxfenbendazole (OxBZ) enantiomers, and albendazole sulfone in a
neutral buffer containing sulfated b-cyclodextrin as chiral selector and having UV
absorption and fluorescence detection is described. For analysis of ABZSO enantio-
mers in plasma and saliva, the first detected enantiomer of OxBZ is employed as
internal standard and the analytes are extracted using dichloromethane. With 1 mL of
plasma or saliva and reconstitution of the dried extract into 50 lL of five-fold diluted
buffer without chiral selector, ABZSO enantiomer concentrations as low as 0.10 lg/
mL can be determined. The assay is shown to be reproducible, robust, and suitable
for analysis of ABZSO enantiomers in human plasma and saliva collected from
patients that are under albendazole pharmacotherapy for the treatment of echinococ-
cosis of the liver. Chiral analysis of extracts of 31 patient plasma samples revealed a
mean (SD) enantiomeric (–)-ABZSO/(+)-ABZSO ratio of 0.31 (0.16), confirming the
stereoselectivity of the albendazole metabolism in man. The mean (SD) of the (–)-
ABZSO, (+)-ABZSO, and total ABZSO concentrations were determined to be 0.48
(0.45), 1.52 (0.80), and 1.96 (1.18) lg/mL, respectively. Furthermore, data obtained
for five saliva samples that were collected at the time of blood withdrawal suggest
that both the concentration of the ABZSO enantiomers and the enantiomeric ABZSO
ratio are smaller compared to plasma.
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1 Introduction

Albendazole (ABZ) is a benzimidazole anthelmintic drug
with a broad spectrum of activity against intestinal and tis-
sue parasites that is widely used in veterinary and human
pharmacotherapy. It was found to be effective in the treat-
ment of echinococcosis, hydatic cysts, and neurocysticer-
cosis [1–10]. ABZ is a prochiral sulfide drug that under-
goes rapid hepatic oxidation to albendazole sulfoxide
(ABZSO), a chiral compound with a sulfur stereogenic
center which is further oxidized to achiral albendazole sul-
fone (ABZSO2). The chemical structures are presented in
Figure 1.The metabolism of ABZ in man and different ani-
mals has been reported to be enantioselective and spe-
cies dependent. Levels of (+)-ABZSO were found to be

higher in body fluids of humans, sheep, dogs, goats, and
cattle, whereas (–)-ABZSOwas determined to be the pre-
dominant enantiomer in the plasma of rats and mice [11–
24]. An enantioselective disposition kinetics of ABZSO
was determined after intravenous and subcutaneous
administration of racemic ABZSO to calves, the total body
clearance of (–)-ABZSO being higher and the plasma
elimination halflife shorter compared with (+)-
ABZSO [15]. The enantioselectivity of the sulfoxidation of
ABZ was confirmed in vitro using rat liver microsomes and
tissue slices [25, 26] and cattle liver microsomes [27]. No
difference in the production or consumption of ABZSO
enantiomers were observed during ruminal microbial fer-
mentation using an artificial rumen, indicating that the
ruminal bacteria metabolism was not enantioselective
[28]. Furthermore, a very recent in vitro ruminal biotrans-
formation study revealed the enantioselective sulforeduc-
tion of ABZSO to ABZ in sheep and cattle and a bidirec-
tional chiral inversion of one ABZSO enantiomer into its
antipode [29]. Little is known about the fate of ABZSO
enantiomers in man and it is unknown whether both enan-
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tiomers have anthelmintic activity. Lienne et al. [17] first
reported the higher amount of (+)-ABZSO present in
human plasma and urine and Delatour et al. [11]
described the plasma concentrations of the two enantio-
mers for the 12 h period after oral administration of 10 mg
ABZ/kg to four healthy volunteers. The enantioselective
kinetic disposition of ABZSO in patients with neurocysti-
cercosis was recently described via analysis of plasma
samples that were collected after 8 days of 15 mg ABZ
intake [21–23]. For patients with the same disease, Paias
et al. [24] demonstrated the predominance of (+)-ABZSO
in cerebrospinal fluid. Furthermore, the enantiomeric
ABZSO plasma ratio was determined to change with time
after single dose ABZ administration [11] and at steady
state [21–23]. The metabolic behavior is assumed to be
the result of two enzyme systems with reverse enantio-
selectivities, namely the flavine monooxygenase (FMO)
and cytochrome P450 systems [11, 23, 25, 30]. Similarly,
fenbendazole which is employed in veterinary applications
only is metabolized to the chiral sulfoxide oxfenbendazole
(OxBZ) (Figure 1) and further to the achiral fenbendazole
sulfone. The enantioselectivity in the sulfoxidation of fen-
bendazole in sheep and rat [16, 17] and the stereoselec-
tive plasma elimination after intravenous OxBZ adminis-
tration to sheep [31] have been reported. Triclabendazole
is another prochiral sulfide benzimidazole anthelmintic
drug that is used in the control of the liver fluke, Fasciola
hepatica, in sheep and cattle and very recently also in the
treatment of patients with latent and chronic Fasciola
hepatica infection [32–34]. As in the case of ABZ and fen-
bendazole, this drug is hepatically oxidized to triclabenda-
zole sulfoxide whose asymmetric sulfur atom gives rise to
a pair of enantiomers. No paper reporting the analysis of
the triclabendazole sulfoxide enantiomers could be found.

Up to the present day, high-performance liquid chromato-
graphy (HPLC) using chiral stationary phases derived
from (S)-N-(3,5-dinitrobenzoyl)-tyrosine [11, 12, 16–18,
20], cellulose tribenzoate referred to as Chiracel OB-
H [21], amylose tris(3,5-dimethylphenyl carbamate)
referred to as Chiralpak AD [22, 23], and a1-acid glycopro-
tein also referred to as AGP [13–15, 18, 25, 28] have
mainly been employed for analysis of ABZSO enantio-
mers in biological samples. These approaches utilize col-
umns with expensive stationary phases and typically
require large amounts of organic solvents. During the past
few years chiral separations by capillary electromigration
methods have been studied extensively and have suc-
cessfully been applied to bioanalytical drug monitoring (for
reviews refer to Refs. [35–37]). This technology is based
on separations and analyses being performed in microliter
fluid volumes with one or multiple chiral selectors being
included in the separation medium and having on-column
solute detection, thereby providing higher separation effi-
ciencies than are characteristic for HPLC. Very recently,
capillary zone electrophoresis (CZE) with sulfated b-
cyclodextrin (sulfated b-CD) as chiral selector was
reported to permit the chiral resolution of a range of aryl
alkyl and aryl benzyl sulfoxides [38], the enantiosepara-
tion of ABZSO [39] and the analysis of ABZSO enantio-
mers in cerebrospinal fluid of patients treated for neuro-
cysticercosis with ABZ [24]. Furthermore, the separation
of ABZSO and OxBZ enantiomers and the analysis of
ABZSO enantiomers in human plasma using CZE with
(R)-(– )-N-(3,5-dinitrobenzoyl)-a-phenylglycine was
investigated in our laboratory [19]. With the Pirkle-type
selector, incomplete enantiomeric separation (Rs g 1.0)
was obtained and, due to the strong optical absorption of
this chiral selector, the concentration sensitivity per enan-

Figure 1. Chemical structures of ABZ, ABZSO, ABZSO2 and OxBZ. Asterisks mark
the sulfur stereogenic centers.
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tiomer was limited to about 2 lg/mL [19]. Increased sensi-
tivity and resolution of ABZSO enantiomers was reported
with the use of sulfated b-CD [24].

The use of sulfated b-CD as chiral selector was further
exploited for the CZE analysis of ABZSO and OxBZ enan-
tiomers in human plasma and saliva using on-column UV
absorption and fluorescence detection. Furthermore,
based on our involvement in providing therapeutic drug
monitoring (TDM) service for albendazole [8, 40], the
chiral CZE assay was applied to the determination of
ABZSO enantiomers in plasma and saliva samples of
patients treated for echinococcosis of the liver. To the
best of our knowledge, enantioselective ABZSO data for
such patient samples have not been reported in the litera-
ture and the use of on-column fluorescence detection
applied to the CZE analysis of ABZSO was investigated
for the first time. In the present paper, (i) data obtained
with on-column UV absorption detection are compared
with those monitored using a XeHg lamp based fluores-
cence detector, (ii) the elucidation of enantiomeric
ABZSO ratios of plasma and saliva extracts is presented,
and (iii) the distribution of the enantiomeric ABZSO
plasma ratio of 31 patient samples which stemmed from
echinococcosis patients under ABZ pharmacotherapy is
discussed.

2 Materials andmethods

2.1 Chemicals

All chemicals were of analytical grade and the organic sol-
vents methanol (Biosolve, Valkensvaard, the Nether-
lands) and dichloromethane (Chemicals Limited, Walker-
burn, Scotland) were of HPLC grade. ABZSO and OxBZ
were a gift from SmithKline Beecham Pharmaceuticals
(Brantfort, UK). Sulfated b-cyclodextrin (sulfated b-CD),
7–11 mol sulfate/mol b-CD, was from Sigma-Aldrich
Chemie (Schnelldorf, Germany) and tris(hydroxymethy-
l)aminomethane (Tris), sodium hydrogen carbonate, and
disodium carbonate decahydrate were fromMerck (Darm-
stadt, Germany).

2.2 Preparation of solutions, standard samples,
and calibrators

Stock solutions of racemic ABZSO and OxBZ were pre-
pared in methanol at 1000 lg/mL and further diluted to
100 lg/mL with methanol. Standard samples were pre-
pared from aliquots of the methanolic solutions that were
evaporated to dryness under a gentle stream of air and
reconstituted in 4 mM, pH 7.0 Tris buffer (5-fold diluted
running buffer that did not contain any chiral selector, see
below). Calibrator samples were prepared via spiking
blank plasma with racemic ABZSO in the 0.5 to 7 lg/mL

range and racemic OxBZ (3 lg/mL) using the methanolic
solutions. All solutions and samples were stored at –208C.

2.3 Origin and preparation of plasma and saliva
samples

Patient plasma samples were obtained from the depart-
mental drug assay laboratory where they were received
for therapeutic drug monitoring of ABZSO using
HPLC [40]. Saliva samples that were collected at the time
of blood withdrawal from selected patients who gave their
consent were kindly provided by Dr. L. Renner, Gastroen-
terology and Hepatology, Department of Internal Medi-
cine, University Hospital Z�rich, Z�rich, Switzerland. Our
own plasma and saliva were used as blank matrices. Prior
to analysis, all plasma and saliva samples were stored in
polypropylene vials at –208C. For liquid/liquid extraction,
1 mL of patient plasma or saliva, 1 mL of blank plasma or
saliva, or 1 mL of fortified blank plasma or saliva were
combined with 1 mL of 0.25 M carbonate buffer (pH 10.3)
and 5 mL of dichloromethane in a 10 mL glass tube. After
gentle shaking of the closed tube for 10 min using a hori-
zontal shaker and centrifugation at about 1750 g
(3500 rpm) for 10 min, the aqueous (upper) phase was
removed and the organic phase was evaporated to dry-
ness at 408C employing a gentle stream of air. The resi-
due was first reconstituted in 400 lL methanol, again eva-
porated to dryness, and finally reconstituted in 50 lL of 5-
fold diluted pH 7.0 Tris buffer that did not contain any
chiral selector. Extraction recovery for ABZSO, ABZSO2,
and OxBZ (in the 1–3 lg/mL range) were determined to
be about 70% each.

2.4 Instrumentation and running conditions with
UV detection

A BioFocus 3000 capillary electrophoresis system (Bio-
Rad Laboratories, Hercules, CA, USA) was employed. It
was equipped with an untreated 50 lm ID fused-silica
capillary (Polymicro Technologies, Phoenix, AZ, USA) of
50 cm (45.4 cm to the detector) total length that was
mounted in a user assembled cartridge (Bio-Rad). Injec-
tion of sample was effected by applying positive pressure
(34.5 kPa6s, or 5 psi6s). The temperatures of cartridge
and carousel were maintained at 208C and detection was
effected at 225 nm for single wavelength detection and
from 195 to 360 nm (at 5 nm intervals) for multiwavelength
detection. Prior to a set of experiments, the capillary was
rinsed with 0.1 M NaOH and water (10 min each). Before
each experiment the capillary was rinsed with 0.1 M
NaOH for 90 s, water for 90 s, and running buffer for 90 s.
BioFocus integration software (version 3.01, Bio-Rad)
was employed for data conversion and evaluation. If not
stated otherwise, a buffer composed of 20 mM Tris buffer
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(adjusted to pH 7.0 with phosphoric acid) containing
3% w/v sulfated b-CD was used and a constant voltage of
18 kV (current of 54 to 58 lA) was applied. The chiral
selector was added freshly every day.

2.5 Instrumentation and running conditions with
fluorescence detection

Measurements were performed on a SpectraPHORESIS
100 capillary electrophoresis system (Thermo Separation
Products, Fremont, CA, USA) that was equipped with an
untreated, 50 lm ID fused-silica capillary (Polymicro
Technologies) of 71 cm (48 cm to the detector) total
length. Injection of sample was effected by aspiration dur-
ing 0.8 s. The temperature of the capillary surroundings
was about 258C. Detection was effected with an
Argos250B fluorescence detector (Flux Instruments,
Basel, Switzerland) that features a XeHg lamp, fiber optics
to and from the detection cell, and a detection cell in which
the fluorescent light is totally reflected within the capillary
and collected with an ellipsoid at the downstream end of
the cell prior to being guided into the optical fiber and to
the photomultiplier. If not stated otherwise, excitation was
obtained with a slit-based monochromator set at 280 nm
(600 lmslit providing a light source of 280 l l 10 nm) and
emission wasmeasured with a 320 nm cutoff filter. Prior to
a set of experiments, the capillary was rinsed with 0.1 M
NaOH and water (6 min each). Before each experiment
the capillary was rinsed with running buffer for 6 min. The
running buffer employed was the same as mentioned in
Section 2.4. A constant voltage of 20 kV was applied and
the current was between 55 and 60 lA.

2.6 HPLC

The routinely used HPLC method for ABZSO has been
described previously [40]. It provides achiral data and is
based upon liquid/liquid extraction as described in Section
2.3, a reversed phase C18 (5 lm) Nucleosil column, addi-
tion of cyclobendazole as internal standard, and solute
detection at 230 nm. The mobile phase comprised a mix-
ture of a 5 mM aqueous potassium dihydrogenphosphate
(pH adjusted to 6.5 with a few drops of 20% KOH) and
acetonitrile (68:32, v/v). The flow rate was 0.7 mL/min and
the temperature was ambient. The assay was calibrated
between 0.4 and 8.0 lM (0.11–2.25 lg/mL) ABZSO.

2.7 Statistical and graphical data analysis

Comparative drug levels were analyzed by linear regres-
sion analysis and by bias analysis defined as the mean
and standard deviation of the differences of each data
pair [41]. Comparative sets of data were statistically com-
pared using the t-test and each set of data was subjected

to the normality test. Statistical evaluations were per-
formed with SigmaStat for Windows version 1.0 (Jandel
Corporation, Corte Madera, CA, USA) and graphical pre-
sentations were made with Microsoft Excel 97 (Microsoft,
Redmond,WA, USA).

3 Results and discussion

3.1 Separation and detection of ABZSO andOxBZ
enantiomers

As continuation of our efforts using (R)-(– )-N-(3,5-dinitro-
benzoyl)-a-phenylglycine as chiral selector [19] and in
analogy to the work of Paias et al. [24], chiral analysis of
ABZSO and OxBZ enantiomers in a neutral Tris buffer
containing sulfated b-CD was investigated. Sulfated b-CD
is a complex mixture of differently substituted isomers
(e.g. 7–11 sulfate/b-CD for the product used in this work).
First, 20 mM Tris at pH 7.0 with a 3% w/v sulfated b-CD
content was employed and solutes were detected by UV
at 225 nm, the maximum of the absorbance spectrum.
ABZSO is neutral at pH 7.0 (pKa values of 0.3 and
9.7 [42]). In the presence of sulfated b-CD, ABZSO enan-
tiomers are detected shortly after the electroosmotic flow
(EO) indicating a relatively weak interaction with the chiral
selector (Figure 2.A). The net mobilities of the firstly and
secondly detected enantiomers were determined to be
–0.25610– 8 m2/Vs and –0.40610–8 m2/Vs, respectively.
OxBZ enantiomers were noted to have a stronger interac-
tion with the chiral selector (Figure 2.B, detection around
9 min) and their net mobilities were calculated to be
–1.40610– 8 m2/Vs and –1.48610–8 m2/Vs, respectively.
ABZSO2 can also be detected with this assay. The peak
around 8 min in Figure 2.A stemmed from the ABZSO2

impurity of the ABZSO standard whereas the peak in Fig-
ure 2.B represents the ABZSO2 metabolite [19]. ABZSO2

appears to have an interaction with sulfated b-CD that is
intermediate to those of ABZSO and OxBZ. Furthermore,
it was interesting to find that ABZSO enantiomers in pre-
sence of the single isomer heptakis(2,3-dimethyl-6-sul-
fato)-b-CD and the single isomer heptakis(2,3-diacetyl-6-
sulfato)-b-CD (both kindly provided by Gyula Vigh, Texas
A & M University, College Station, TX, USA) at 3% w/v
and otherwise identical conditions could be retained to a
similar extent but could not be resolved.

Employing the 20 mM Tris buffer at pH 7.0 with 3% w/v
sulfated b-CD, ABZSO, and OxBZ enantiomers were
found to become completely resolved (Figure 2). Enantio-
meric resolution, defined as Rs = 2(t1 – t2)/(W1+W2), in
which ti andWi represent detection time and peak width of
enantiomer i, was calculated to be 1.52 (ABZSO) and 1.92
(OxBZ). By lowering the concentration of the chiral selec-
tor to 2% w/v, Rs values were noted to decrease to 0.99
and 1.18, respectively. At higher concentrations (4 to 6%
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w/v of sulfated b-CD) improved resolution and prolonged
run times were observed. At a selector concentration of
6%, Rs values became 3.44 and 3.78, respectively, and
the run time was about twice that obtained with the use of
3% of the chiral selector. For a 20 mM Tris concentration
and 3% w/v sulfated b-CD, the impact of the pH on the
resolution of the ABZSO and OxBZ enantiomers was also
investigated. Raising the pH to 8.0 lead to an increase of
the resolution of the ABZSO enantiomers (Rs = 1.54) and
to a decrease of the resolution for the OxBZ enantiomers
(Rs = 1.86). The opposite was found to be true for pH 6
(Rs values of 1.45 and 1.95, respectively). Furthermore,
having 3% w/v sulfated b-CD and pH 7, the concentration
of Tris was found to have an opposite effect on the chiral
resolution of ABZSO and OxBZ enantiomers. Lowering
the Tris concentration to 10 mM had a beneficial impact
on the resolution of ABZSO enantiomers but not for

OxBZ, whereas for 30 mM Tris, the opposite was found to
be true. Thus, the 20 mM Tris buffer at pH 7.0 with 3% w/v
sulfated b-CD was found to be the best medium for the
simultaneous CZE analysis of ABZSO and OxBZ enantio-
mers.

Fluorescence data obtained with the Argos250B detector
are presented in Figure 2.C and Figure 2.D. Except for the
spiked amount of OxBZ prior to plasma extraction, these
data are shown for the same two samples whose UV
absorbance electropherograms are depicted in Figure 2.A
and Figure 2.B, respectively. They were recorded with an
excitation at 280 nm (slit 600 lm) and an emission pro-
vided by a 320 nm cutoff filter. In comparison to the UV
data, fluorescence detection was found to provide similar
signals for ABZSO, a much higher response for ABZSO2,
and a decreased peak for OxBZ. Furthermore, analysis of

Figure 2. Electropherograms of (A, C) an ABZSO standard solution (about 50 lg/mL of racemic ABZSO in five-fold diluted run-
ning buffer without the chiral selector) and (B, D) extracts of a patient plasma containing according to HPLC 2.28 lg/mL ABZSO
that was fortified with 5 and 3 lg/mL OxBZ, respectively, using (A,B) the BioFocus 3000 with UV detection at 225 nm and (C,D)
the SpectraPHORESIS 100 with fluorescence detection (excitation at 280 nm, emission light collected with a cutoff filter of
320 nm). The applied voltages on the BioFocus 3000 and the SpectraPHORESIS 100 were 18 and 20 kV, respectively and the
currents were 56 lA in all cases. EO refers to the electroosmotic flow. The asterisk in panel B marks caffeine and other neutral
compounds.
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plasma extracts with fluorescence detection revealed a
somewhat higher selectivity for the ABZSO enantiomers
(compare Figure 2.B and Figure 2.D). No improvements
were noted for excitation at 256 nm (slit 600 lm) and
employing cutoff filters of 280 or 320 nm (assessed with
extracts of fortified plasma only). The data suggest that
fluorescence detection can be employed for analysis of
the ABZSO enantiomers but does not represent an attrac-
tive approach for the determination of OxBZ. It could be
employed for the monitoring of ABZSO2 with high sensitiv-
ity, e.g. as an impurity of the standard (Figure 2.C) and as
albendazole metabolite (Figure 2.D). It is worth mention-
ing that using the same setup for analysis of these com-
pounds in the previously used buffer system containing
(R)-(– )-N-(3,5-dinitrobenzoyl)-a-phenylglycine as chiral
selector [19] did not provide useful data.

3.2 Analysis of albendazole sulfoxide enantiomers
in plasma and saliva extracts

UV electropherograms obtained with human plasma
extracts are depicted in Figure 2.B, Figure 3.A, and Fig-
ure 4. Analysis of extracted blank plasma shows no major
disturbance (Figure 3.A). Two small peaks were detected
shortly before EO, whereas a peak of varying magnitude
was monitored at EO. The latter peak (marked with an

asterisk in Figure 2.B, Figure 3, and Figure 4.A) contains
caffeine and possibly also other neutral compounds that
do not interact with the chiral selector and cations that
form a neutral complex with sulfated b-CD. Even at high
magnitudes (Figure 4), this peak was found not to interfere
with the analysis of ABZSO enantiomers. A blank plasma
spiked with racemic ABZSO and OxBZ (2.5 and 5 lg/mL,
respectively) provided the data presented in Figure 3.B.
All four enantiomers are completely resolved. The
detected peaks were evaluated based upon peak height,
peak area, relative peak height (height divided by detec-
tion time), and relative peak area (peak area divided by
detection time). For the data of Figure 3.B, the first
detected enantiomer of ABZSO is somewhat lower than
the second detected one (peak height ratio: 0.95, relative
peak height ratio: 1.00) and OxBZ shows a higher first
detected enantiomer (peak height ratio: 1.11, relative
peak height ratio: 1.15). The electropherogram of the
ABZSO standard (Figure 2.A, insert Figure 3.A) shows
also a higher secondly detected peak. The area ratios for
ABZSO and OxBZ enantiomers were determined to be
1.02 and 0.96, respectively. The electropherogram of an
extract of a patient plasma containing 1.77 lg/mL ABZSO
(value determined by HPLC) that was fortified with 3 lg/
mL OxBZ is presented in Figure 3.C. Peak assignment
can be based upon detection times of the enantiomers,
spectral analysis of the detected peaks (Figure 4), spiking

Figure 3. Electropherograms recorded on the BioFocus 3000 of extracts prepared from (A) a blank
plasma, (B) a blank plasma spiked with racemic ABZSO and OxBZ (2.5 and 5 lg/mL, respectively), (C)
a patient plasma containing 1.77 lg/mL ABZSO that was fortified with 3 lg/mL OxBZ and (D) a 1:1
combination of samples (B) and (C). EO refers to the electroosmotic flow. The insert in panel A depicts
an electropherogram of a standard solution of 50 lg/mL racemic ABZSO.
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of extracts prior to rerunning of the sample (Figure 3.D)
and comparison of electropherograms obtained by UV
absorption and fluorescence detection (Figure 2). Accord-
ing to the literature [11, 17, 21–23], human plasma is
known to contain a higher amount of the (+)-ABZSO enan-
tiomer. Thus, the first and second detected ABZSO peaks
could be assigned to (–)-ABZSO and (+)-ABZSO,
respectively. The concentrations of the (+)-ABZSO and
(–)-ABZSO enantiomers in the sample whose electro-
pherogram is presented in Figure 3.C were determined to
be 1.09 and 0.35 lg/mL, respectively (see below). The
enantiomeric ratio of the relative peak areas of (–)-
ABZSO/(+)-ABZSO obtained for this patient was calcu-
lated to be 0.36. Furthermore, the (–)-ABZSO/(+)-

ABZSO peak height ratios determined with UV absorption
and fluorescence detection were found to be comparable
(0.27 and 0.24 for Figure 2.B and Figure 2.D, respec-
tively), such that disturbing interferences could be
excluded.

The same chiral CZE-based assay with UV absorption
and fluorescence detection was also applied to the analy-
sis of saliva of patients that was collected at the time of
blood withdrawal (Figure 4 and Figure 5). For the data
presented in Figure 4, only 100 lL of saliva was available.
Nevertheless, the enantiomeric ABZSO ratio evaluated
based upon relative peak heights could be determined as
being 0.51, a value that is close to 0.57 obtained with the
extract prepared from 1 mL of plasma. The data depicted
in Figure 5 were monitored with extracts prepared from
1 mL of both body fluids. The ABZSO plasma level deter-
mined by HPLC was 2.16 lg/mL. Analysis of saliva and
plasma extracts using UV absorption and fluorescence
provided comparable ABZSO enantiomeric ratios for both
body fluids (compare Figure 5.A with Figure 5.B and Fig-
ure 5.C with Figure 5.D). However, it was interesting to
find that the enantiomeric ABZSO ratio in saliva was found
to be smaller than that of plasma (e.g. 0.15 and 0.22 for
the data presented in Figure 5.A and Figure 5.B, respec-
tively).

3.3 Impact of electroosmosis and temperature on
electropherograms

The electropherograms shown in Figure 5.A and Fig-
ure 5.B were measured in a new capillary which was
found to exhibit a smaller electroosmotic flow than the
capillary employed for the data presented in Figure 2.A,
Figure 2.B, Figure 3, and Figure 4.A. Having a pH 7.0,
20 mM Tris buffer containing 3% w/v sulfated b-CD and a
constant voltage of 18 kV, the electroosmotic mobility was
calculated to be 2.45610– 8 m2/Vs. Under otherwise iden-
tical conditions, the previous capillary generated an elec-
troosmotic mobility of about 3.82610– 8 m2/Vs. As there
was no impact on the determination of the enantiomeric
ratio, no efforts were undertaken to elucidate the different
behavior of the two capillaries. However, in order to
reduce the run times of the new capillary, the concentra-
tion of the chiral selector was changed to 1.5% w/v (Fig-
ure 5.A and Figure 5.B) for which the electroosmotic
mobility was calculated to be 2.75610–8 m2/Vs. The
capillary with reduced electroosmosis was also employed
in the setup with fluorescence detection (Figure 2.C, Fig-
ure 2.D, Figure 5.C, and Figure 5.D).

As the intracapillary temperature has an effect on solute
separation and transport along the capillary, data
obtained on different instruments can only be compared
via consideration of the effect of temperature. Using the
BioFocus 3000 with its liquid cooled capillary holder and

Figure 4. (A) Electropherogram of an extract of a patient
plasma containing 4.19 lg/mL ABZSO, (B) overlay of nor-
malized UV spectra of the (+)-ABZSO peak compared to that
obtained with an extract of fortified blank plasma, (C) normal-
ized UV spectra of the firstly detected OxBZ enantiomer with
that of a fortified blank plasma extract, and (D) normalized
spectra of ABZSO2 and that of a standard (same x-axis scale
as for panels B and C). The insert in panel A depicts the
electropherogram obtained with the extract prepared from
100 lL of saliva. For other conditions see Figure 3.C.
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the temperature of the recirculating cooling fluid being
increased from 20 to 308C, the run time could be cut by
about 50% (data not shown). Power levels applied at 20
and 308C were determined to be 2.02 and 2.38 W/m,
respectively, this resulting in estimated intracapillary tem-
peratures of 33 and 448C, respectively [43]. Using the
capillary with reduced electroosmosis, Rs values of
ABZSO and OxBZ enantiomers at cooling temperatures
of 208C and 308C were determined to be 3.56 and 4.33,
and 2.25 and 3.04, respectively. For the experiments per-
formed on the air-thermostated SpectraPHORESIS 100
and the same capillary with reduced electroosmosis, the
applied power level was 1.51 W/m, the temperature was
about 258C, and the estimated intracapillary temperature
about 468C. Rs values were calculated to be 2.46 and
3.20, respectively. These values compare well with those
obtained on the BioFocus 3000 with the temperature of

the circulating fluid being set at 308C. Thus, the data
obtained on the two instruments are comparable when
temperature effects are properly considered.

3.4 Repeatability, detection limit, and
quantification

For the evaluation of repeatability, 5 aliquots of a blank
plasma spiked with 3 lg/mL racemic ABZSO and 3 lg/mL
racemic OxBZ and 5 aliquots of a patient plasma spiked
with 3 lg/mL racemic OxBZ were analyzed. The samples
were treated as described in Sections 2.3 and 2.4; electro-
pherograms similar to those depicted in Figure 3 were
obtained and the evaluated data are summarized in
Table 1. For both types of sample, RSD values of detec-
tion times were calculated to be g 3%. As a result of the

Figure 5. Electropherograms of extracts of (A, C) saliva and (B, D) plasma containing 2.16 lg/mL ABZSO (according to HPLC)
of the same patient using (A,B) the BioFocus 3000 with UV detection and (C,D) the SpectraPHORESIS 100 with fluorescence
detection. The data of panels (A,B) and (C,D) were monitored with buffers containing 1.5% w/v and 3% w/v sulfated b-CD,
respectively. The applied voltages on the BioFocus 3000 and the SpectraPHORESIS 100 were 18 and 20 kV, respectively and
the currents were (A,B) 31 lA and (C,D) 56 lA. EO refers to the electroosmotic flow. The asterisks mark caffeine and other neu-
tral compounds.
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extraction during which unequal amounts of the organic
phase were recovered, peak areas and heights were
found to vary considerably. However, RSD values of peak
area and peak height ratios were determined to be g 7%,
values that compare well with those reported for analysis
of ABZSO enantiomers in human cerebrospinal fluid by
Paias et al. [24].

The detection limit was determined by spiking racemic
ABZSO into blank plasma. Using UV absorption detec-
tion, a peak height signal to noise ratio of 10:1 was
obtained with 0.25 lg/mL ABZSO. Thus, the assay pro-
vides a detection limit of about 0.10 lg/mL per ABZSO
enantiomer. Comparable data were found for fluores-
cence detection. For quantification of plasma extracts,
calibration graphs were constructed using six plasma
based calibrators containing ABZSO enantiomer concen-
trations of 0.25, 0.5, 1, 2, 3, and 3.5 lg/mL and 1.5 lg/mL
of each OxBZ enantiomer. Taking the first detected OxBZ
enantiomer as internal standard, linear relationships for
ABZSO enantiomer concentration vs. relative peak area
ratio were obtained. The regression lines for (–)-ABZSO
and (+)-ABZSO were determined to be y = (0.64 l 0.05)x
+ (–0.05 l 0.02) and y = (0.63 l 0.06)x + (–0.06 l 0.02),
respectively (n = 2), and the squared correlation coeffi-
cients were 0.996 in all cases. Using this calibration, the
RSD values for enantiomer quantitation were determined
to be g 7.0% (Table 1) and the ABZSO enantiomer con-

centrations were found to be somewhat lower than
expected (see below).

3.5 Evaluation of patient data

Plasma extracts of 31 patient samples were analyzed with
the chiral CZE method and using UV detection. All sam-
ples stemmed from patients with echinococcosis of the
liver that are under ABZ pharmacotherapy for extended
periods of time (between about 1 week and 1 year) during
which a steady-state can be assumed to have been
reached [8, 21, 23]. Patients are typically receiving 10–
15 mg ABZ/kg/day (same as for treatment of neurocysti-
cercosis [21, 23]) distributed in two p.o. doses that should
be taken with meals to improve drug resorption [3]. For
TDM, blood collection should have occurred about 4 h
after the morning dose. The mean and median of the
enantiomeric relative peak area ratios ((–)-ABZSO/(+)-
ABZSO) of all 31 plasma extracts were calculated to be
0.31 and 0.29, respectively, the RSD of the mean was
50.56% and the smallest and largest values were 0.07
and 0.62, respectively. Statistical evaluation using the
Kolmogorov-Smirnov test revealed a normal distribution
(P = 0.3232, K-S distance = 0.1176). A frequency dia-
gram of the relative peak area ratios, represented by ratio
intervals of 0.07 vs. number of patients, is depicted in Fig-
ure 6. In agreement with the data reported for neurocysti-

Table 1. Typical intraday imprecision data obtained with a fortified blank plasma and a patient plasma (n = 5)a).

(– )-ABZSO (+)-ABZSO OxBZb)

mean RSD [%] mean RSD [%] mean RSD [%]

Fortified blank plasma c)

Detection time [min]
6.27 1.92 6.60 2.05 9.66 2.99

Rel. peak area [lAU] 30199.48 7.91 29322.87 8.56 33672.60 11.48
Rel. peak area ratiod) 0.90 5.10 0.87 5.67 – –
Rel. peak height [lAU/min] 554.92 8.55 550.47 8.24 571.92 12.69
Rel. peak height ratiod) 0.97 6.23 0.97 6.65 – –
Recovered amountf) [lg/mL] 1.37 5.55 1.36 6.20 – –

Patient plasma e)

Detection time [min] 6.37 1.49 6.72 1.48 9.93 2.20
Rel. peak area [lAU] 10853.06 28.37 20610.54 28.79 27496.39 29.29
Rel. peak area ratiod) 0.40 5.75 0.75 2.40 – –
Rel. peak height [lAU/min] 197.81 28.03 383.93 28.41 435.43 28.69
Rel. peak height ratiod) 0.45 3.59 0.88 2.78 – –
Determined amountf) [lg/mL] 0.53 7.07 1.15 2.67 – –

a) Experimental conditions as for Figure 3 with peak areas and peak heights being expressed as relative values, i.e. values
divided by the detection time.

b) First-detected OxBZ enantiomer.
c) Blank human plasma fortified with racemic ABZSO and racemic OxBZ (3 lg/mL each).
d) Ratio of peak properties of ABZSO enantiomer and firstly detected OxBZ enantiomer.
e) Patient plasma containing 1.92 lg/mL (HPLC value) ABZSO fortified with 3 lg/mL racemic OxBZ.
f) Quantitation based upon internal calibration using relative peak areas.
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cercosis patients [23], the (–)-ABZSO/(+)-ABZSO enan-
tiomeric ratios were found to be a 1 which is presumably
due to selectivities of the FMO and selected cytochrome
P450 liver enzymes [23–25, 30]. The mean and range of
enantiomeric ratios, however, observed with our samples
were found to be significantly larger. The timing of blood
collection in relation to the last ABZ dose was reported to
have an impact on the enantiomeric ratio in patients treat-
ed for neurocysticercosis. For blood samples that were
collected at different time intervals during 12 h after
8 days of 15 mg ABZ/day intake, mean (–)-ABZSO/(+)-
ABZSO enantiomeric ratios were noted to range between
about 0.05 and 0.15 [23]. The large ratio variation
observed for our samples, however, can not be readily
explained. Differences in liver status and possibly also
comedication are presumed to have a decisive and lasting
impact on the metabolism of ABZ [5]. In order to gain a
further insight, a controlled clinical study would have to be
performed.

ABZSO enantiomer plasma concentrations of the 31
patient samples were determined using relative peak area

ratios (Table 2). The mean of the (–)-ABZSO and (+)-
ABZSO concentrations determined by chiral CZE were
0.48 and 1.52 lg/mL, respectively. These values are
higher compared to those found in patients treated for
neurocysticercosis [23]. Furthermore, the sum of the two
ABZSO enantiomer concentrations was compared to data
obtained by achiral HPLC (Table 2, Figure 7). Linear
regression analysis for the corresponding data pairs
revealed a linear relationship (r = 0.956) with a slope of
0.909 and a relatively small y-intercept of 0.40 lg/mL (Fig-

Table 2. ABZSO concentrations of 31 patient samples determined by chiral CZE and achiral HPLC.

Chiral CZE HPLC

(–)-ABZSO (+)-ABZSO ABZSOa) ABZSO
[lg/mL] [lg/mL] [lg/mL] [lg/mL]

Lowest value 0b) 0.44 0.44 0.69
Highest value 2.17 3.87 6.05 6.17
Mean 0.48 1.52 1.96 2.19
SD 0.45 0.80 1.18 1.12
RSD 94.09% 52.33% 60.21% 51.34%

a) Sum of (– )-ABZSO and (+)-ABZSO concentrations.
b) Six values were below the quantitation limit of 0.1 lg/mL.

Figure 6. Frequency diagram of the enantiomeric peak
height ratios (n = 31) obtained with a ratio interval of 0.07.

Figure 7. Comparison of ABZSO plasma levels of 31 patient
samples determined by CZE (use of relative peak area
ratios) and HPLC using (A) linear regression analysis and
(B) a representation based upon the difference vs. the mean
of each data pair. The solid line in panel A is the regression
line whereas the lines in panel B represent the mean of the
differences (–0.22 lg/mL) and the mean l 2 SD (0.47,
–0.91 lg/mL).
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ure 7.A). The t-test with a 95% confidence interval for dif-
ference of means revealed that there is not a statistically
significant difference between the two input groups
(P = 0.4459). Furthermore, bias analysis expressed by
the difference vs. the mean of each data pair resulted in a
bias of –0.22 lg/mL (Figure 7.B). Using achiral CZE in a
nonaqueous medium also provided data that were slightly
lower than those determined by HPLC [40]. No efforts
were undertaken to elucidate the origin of the somewhat
smaller drug levels determined by CZE.

Plasma and saliva samples of 5 patients were analyzed.
For each patient, both body fluids were sampled at the
same time and the extracts were prepared and analyzed
together in the same set of analyses. It was interesting to
find that the enantiomeric ABZSO ratio in saliva was not
equal to that of plasma. For all five samples analyzed, the
saliva ratio was determined to be about 20% smaller.
Further investigations are required to elucidate the origin
of this difference. Furthermore, as saliva is expected to
contain the concentration of a neutral drug that corre-
sponds to its free (unbound) plasma fraction, it was not
surprising to learn that the saliva content was smaller than
that found in plasma (Figure 5). The saliva extracts were
determined to contain ABZSO concentrations that were
between 26 and 64% of those found in plasma.

4 Conclusions

Sulfated b-CD is shown to permit the chiral resolution of
ABZSO and OxBZ enantiomers and their analysis in
plasma and saliva extracts using CZE with on-column UV
absorption and fluorescence detection. Compared to our
previous work with (R)-(– )-N-(3,5-dinitrobenzoyl)-a-phe-
nylglycine as chiral selector [19], sulfated b-CD led to
improved enantiomeric separation and detection sensitiv-
ity. At pH 7, ABZSO2 and the enantiomers of ABZSO and
OxBZ (all neutral molecules at that pH) are shown to form
negatively charged complexes with sulfated b-CD which
can be easily separated and thus monitored in one CZE
run. All compounds of interest could be detected by UV
absorption at 225 nm. Commencing with 1 mL of plasma
or saliva and reconstitution into 50 lL of five-fold diluted
buffer that did not contain the chiral selector, ABZSO
enantiomer concentrations as low as 0.125 lg/mL can be
determined. This detection sensitivity is sufficient for most
applications dealing with albendazole pharmacotherapy.
Employing an XeHg lamp based fluorescence detector
with solute excitation at 280 nm and fluorescence moni-
toring with a 320 nm cutoff filter, the sensitivity for ABZSO
was found to be about equal, for ABZSO2 much better,
and for OxBZ lower compared to UV absorption at
225 nm. For analysis of ABZSO enantiomers, fluores-
cence detection provides higher selectivity and thereby a

somewhat more reliable data evaluation. The assay is
shown to be reproducible and suitable for analysis of
ABZSO enantiomers in human plasma and saliva. Chiral
analysis of extracts of 31 plasma samples of patients
under albendazole pharmacotherapy to treat echinococ-
cosis of the liver revealed a (–)-ABZSO/(+)-ABZSO rela-
tive peak area ratio of 0.31 l 0.16, indicating the stereose-
lectivity of the albendazole metabolism. Compared to
data obtained with samples originating from patients treat-
ed for neurocysticercosis [23], the enantiomeric ratio and
the enantiomer concentrations were found to be higher.
Quantitative ABZSO plasma data (sum of both enantio-
mers) were found to compare well with those monitored
by HPLC. Furthermore, data of five saliva samples that
were collected at the time of blood withdrawal indicate
that both the concentration of the ABZSO enantiomers
and the enantiomeric ABZSO ratio are smaller compared
to plasma. To gain a deeper insight into the relationship
between saliva and plasma ABZSO enantiomers, further
investigations will have to be undertaken.
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