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ABSTRACT We present a method for the enantioselective analysis of albendazole
sulfoxide (ABZSO) in plasma for application in clinical pharmacokinetic studies. ABZSO
enantiomers were separated on a 5-µm Chiralcel OB-Ht column (4.6 × 150 mm) using
hexane:ethanol (93:7, v/v) as the mobile phase and fluorescence detection. ABZSO was
extracted with chloroform:isopropanol (8:2, v/v) from 500-µl aliquots of acidified plasma,
with full drug recovery. The proposed method presented quantitation limits of 20 ng/ml
for (−)ABZSO and 50 ng/ml for (+)ABZSO and was linear up to a concentration of 5,000
ng/ml of each enantiomer. Chirality 9:722–726, 1997. © 1997 Wiley-Liss, Inc.
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Human neurocysticercosis, an infestation of the central
nervous system by the larval form of Taenia solium, is a
serious public health problem in several regions of Asia,
Africa, and Latin America. This is especially true in devel-
oping countries where precarious sanitary conditions and a
low socioeconomic and cultural level contribute to the per-
sistence of its dissemination, and there is a need for the
immediate implantation of preventive measures.1–3

Etiological treatment of neurocysticercosis has been
successfully performed using albendazole4–6 whose effec-
tiveness is related to the presence of the active metabolite
albendazole sulfoxide (ABZSO). The formation of ABZSO
by initial oxidation of albendazole by flavin, mono-
oxygenase followed by further oxidation to the inactive
product, albendazole sulfone (ABZSO2), by cytochrome
P450 enzymes (Fig. 1) is of crucial importance in the ex-
pression of the pharmacologic activity of the drug. Another
interesting feature of this metabolic process is the forma-
tion of a chiral metabolite, ABZSO, which can exist in two
enantiomer forms, i.e., (+)ABZSO and (−)ABZSO.7–10

The few studies available have reported that the (+)/(−)
ratio differs between species, with a predominance of
(+)ABZSO in human (80%) and dog (70%) plasma, whereas
(−)ABZSO predominates in rats (59%).11 Furthermore, this
ratio changes with time after albendazole administration,
with the concentrations of ABZSO enantiomers resembling
those of a racemate immediately after administration of the
drug, whereas after 10–12 hours the (+)/(−) ratio is ap-
proximately 13 in man, 9 in dogs and 0.6 in rats.11

These stereoselective differences observed among spe-
cies, the change in enantiomer ratio as a function of time
after administration, and the absence of detailed informa-
tion about the stereoselective differences in the therapeutic
and toxic properties of the ABZSO enantiomers have at-

tracted interest in the investigation of stereoselectivity in
the kinetic disposition of this metabolite and consequently
in the development of methods that would make such stud-
ies viable.

Only two studies published by the same research group
have reported the enantiomeric resolution of ABZSO in
biological samples. Lienne et al.12 used the stationary
phase prepared with (S)-N-(3,5-dinitrobenzoyl)tyrosine-O-
(2-propen-1-yl) methyl ester for the resolution of ABZSO
enantiomers and reported the application of the method to
the analysis of plasma and urine samples from various spe-
cies, including humans. Samples were prepared by diethyl
ether extraction and in cases in which significant amounts
of ABZSO2 were observed, a purification step by thin-layer
chromatography was required. The authors gave no details
about the parameters for validation of their method, espe-
cially sensitivity and selectivity, factors of primary impor-
tance for the application of the method to clinical pharma-
cokinetic studies.

In 1989 the same group published a study showing the
resolution of ABZSO enantiomers using the Chiral-AGPt
column,13 and these results were adapted by Delatour et
al.14 for application to plasma samples. In this case, the
authors first separated ABZSO by high performance liquid
chromatography on an RP-18 column. Although the
method has been used for the study of enantioselective
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kinetic disposition of ABZSO in healthy volunteers and in
experimental animals,11,14 the complexity of the analytical
procedure represents a disadvantage when a large number
of samples is to be analyzed. Furthermore, the authors
used plasma volumes ranging from 1 to 6 ml, which is
undesirable for the study of kinetic disposition in patients.

In the present study we describe a simple, sensitive, and
reproducible method for the enantioselective analysis of
ABZSO in plasma, as well as its validation and application
to a pilot study of kinetic disposition.

MATERIALS AND METHODS
Preparation of Standard Solutions

A stock solution of rac-ABZSO (99.4%, kindly supplied by
Robert Young & Co. Ltd., Glasgow, Scotland) in ethanol at
the concentration of 1.0 mg/ml was prepared and used for
the preparation of working solutions at concentrations of
0.8, 2.0, 4.8, 20.0, 40.0, 80.0, and 200.0 µg/ml. The solutions
were stored at −20°C and were stable for at least 3 months.
A phenacetin solution, used as the internal standard, was
prepared with ethanol at the concentration of 1.0 mg/ml.

Extraction Procedure

Aliquots of 500 µl of plasma samples were spiked with 25
µg of phenacetin as internal standard and supplemented
with 200 µl of a 0.01 M orthophosphoric acid solution (pH
7.0) and 200 µl of a 4 mg/ml sodium metabisulfite solution
(to prevent ABZSO oxidation). Two milliliters of the ex-
traction mixture consisting of chloroform:isopropanol (8:2,
v/v) was then added. After mechanical shaking at 200 rpm
for 20 minutes, the tubes were centrifuged at 1,800g for 10
minutes, the organic phases were transferred to conical
tubes, and the solvent was evaporated dry under an air flow
at room temperature. The residue thus obtained was dis-
solved in 50 µl of the mobile phase and 20 µl of the solution
was submitted to chromatographic analysis.

For the construction of the calibration curves, 25 µl of

the ABZSO solution at concentrations of 2.0, 4.8, 20.0, and
40.0 µg/ml and 25 µl of the phenacetin solution (internal
standard) at the concentration of 1.0 mg/ml were added to
test tubes. After solvent evaporation under an air flow at
room temperature, the residues were supplemented with
500-µl blank plasma and extracted as described earlier.

Apparatus and Chromatographic Conditions
The ABZSO enantiomers were analyzed with a Shi-

madzu (Kyoto, Japan) chromatography apparatus consist-
ing of a model LC-10AS solvent pump, a model 7125 Rheo-
dyne injector with a 20-µl loop, a model RF 535 fluores-
cence detector (lexc = 280 nm, lem = 320 nm), and a model
CR6-A integrator.

ABZSO enantiomers were separated using a 5-µm Chi-
ralcel OB-Ht column (4.6 × 150 mm) protected with a 4 ×
4 mm CN precolumn (Merck, Darmstadt, Germany) and a
mobile phase consisting of hexane:ethanol (93:7, v/v), at a
flow rate of 1.3 ml/min.

Assay Specification
The efficiency of the extraction procedure was assessed

by the recovery test carried out for plasma concentrations
of 120 and 500 ng/ml of each enantiomer; the linearity was
assessed in the 50 to 5,000 ng/ml range for each enantio-
mer.

The precision and accuracy of the method were tested
by within-day and between-day studies. For the determina-
tion of within-day precision and accuracy, aliquots (n = 9) of
plasma enriched with ABZSO at the concentrations of 120
and 500 ng/ml of each enantiomer were analyzed accord-
ing to the procedures described earlier and the results
obtained were expressed as relative standard deviation (co-
efficient of variation, CV). The between-day precision and
accuracy were calculated by analyzing aliquots of the same
samples on 5 consecutive days.

The quantitation limit was assessed by analyzing ali-
quots (n = 4) of plasma enriched with ABZSO at the con-
centration of 20 ng/ml of each enantiomer. To assess the
selectivity of the method, several drugs that can be admin-
istered in combination with albendazole were submitted to
chromatographic analysis at concentrations corresponding
to the maximum value of the therapeutic range. The drugs
whose retention times were similar to those of the ABZSO
enantiomers or of the internal standard were added to 500-
µl aliquots of the blank plasma and submitted to the ex-
traction procedure before chromatographic analysis.

Clinical Study
The method developed and validated was used in a pilot

pharmacokinetic study carried out on a female patient
weighing 67 kg and 152-cm tall admitted to the University
Hospital of the Faculty of Medicine of Ribeirão Preto, USP,
for treatment of neurocysticercosis. The patient received
detailed information about the study and gave written con-
sent to participate in the study (no. 13130/94). Clinical and
laboratory examinations were then performed to confirm
normal hepatic, cardiac, and renal function. Therapy was
started with the administration of 7.5 mg/kg albendazole
(ZENTELt, Smith Kline & French, West Point, PA) at 12-

Fig. 1. Albendazole metabolism.
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hour intervals for 8 days. On the eighth day of treatment,
the patient received the last dose of the medication in the
morning after a 12-hour fast and serial blood samples were
then collected 0, 1, 2, 3, 4, 5, 6, 7, 8, and 12 hours after
administration of the drug. Blood volumes of approxi-
mately 5 ml were transferred to tubes containing EDTA-Na
and, after centrifugation for 10 minutes at 1,800g, the plas-
mas were separated and stored at −20°C until the time for
analysis.

The plasma concentrations of ABZSO enantiomers de-
clined monoexponentially and were fitted to a one-
compartment open model. The maximum plasma concen-
tration (Cmax) and the corresponding sampling time (tmax)
were derived from regression fitting to the data. The area
under the curve plasma concentration versus time
(AUC0–12) was calculated during the dose interval of 12
hours by the trapezoid method. Mean residence time
(MRT) was calculated during the dose interval of 12 hours
by the AUMC0–12/AUC0–12 ratio. The elimination half-life
(t1/2) was determined directly by the graphic method.15

RESULTS AND DISCUSSION

Chiral columns prepared with stationary phases ob-
tained by the incorporation of cellulose derivatives into
macroporous silica particles have proved to be quite effec-
tive in the resolution of chiral drug enantiomers. The Chi-
ralcel ODt column with 10-µm particles was recently used
by Bargmann-Leyder et al.16 for the partial resolution of
ABZSO enantiomers. More satisfactory results were ob-
tained in the present study by using for the first time the
Chiralcel OB-Ht column with 5-µm particles.

The use of a fluorescence detector, while it did not in-
crease the sensitivity when compared to the UV-Vis ab-
sorption detector, provided the necessary selectivity, mini-
mizing the detection of endogenous interferents. No pre-
vious study has reported the use of this detector for
ABZSO analysis in plasma.

To select a suitable internal standard, several drugs were
analyzed under the established conditions. Although phen-
acetin is not a structural analog of ABZSO, it was selected
because it was detected by the fluorescence detector and
could be extracted with reproducibility under the condi-
tions employed.

Figure 2 shows the chromatogram of a blank plasma free
from interferent peaks in the region of elution of the com-
pounds of interest, the chromatogram of a plasma sample
spiked with ABZSO, and the internal standard, and the
chromatogram of a plasma sample obtained from a patient
with neurocysticercosis and submitted to albendazole
treatment. The elution order was established considering
that the second enantiomer predominated in the sample
from this patient, which, according to previous studies,
corresponds to (+)ABZSO.11 In addition, the elution order
was confirmed by the analysis of individual enantiomers
(previously separated and collected from the Chiralcel
OBt column) according to the method described by Dela-
tour et al.,11 which employed the Chiral AGPt column.

Under the conditions employed, albendazole elutes with
a retention time of 3.9 minutes, without interfering with the
analysis. The other albendazole metabolite, albendazole

Fig. 2. Chromatograms referring to the analysis of ABZSO enantio-
mers in plasma. A-blank plasma; B-plasma spiked with 120 ng/ml of the
enantiomers (−)ABZSO (2) and (+)ABZSO (3) and phenacetin (1); C-
plasma obtained from a patient under albendazole treatment. Chromatog-
raphy conditions: Chiralccel OB-Ht column, 5 µm particles (4.6 × 150 mm);
hexane:ethanol (93:7, v/v) as mobile phase at the flow rate of 1.3 ml/min;
fluorescence detection (lexe = 280 nm and lem = 320 nm).

TABLE 1. Recovery, linearity, and quantitation limit of the
method for analysis of ABZSO enantiomers in plasmaa

Parameters (−) ABZSO (+) ABZSO

Recovery (%)
120 ng/ml 107.4 107.8
500 ng/ml 102.7 107.8

Linearity
Range (ng/ml) 50–5,000 50–5,000
Slope 0.7427 0.4222
Intercept −0.0014 −0.0002
Correlation coefficient 0.9992 0.9995

Quantitation limit
Concentration (ng/ml) 22.3 54.3
Within-day precision (CV,%) 2.0 5.6
Within-day accuracy (%) 10.3 7.9

aCV, coefficient of variation.
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sulfone (ABZSO2), eluted with a retention time of 55 min-
utes.

Tables 1 and 2 summarize the data obtained in the vali-
dation of the method. The calibration curves, obtained by
least-squares linear regression, were linear up to 5,000 ng/
ml for both enantiomers and the linear interval obtained
guarantees the application of the method to the quantita-
tion of concentrations higher than those reported for the
construction of the calibration curve. Table 1 also shows
full recovery of the enantiomers using the proposed pro-
cedure. Similar results for the recovery were observed by
the analysis of the individual enantiomers obtained after
separation in the Chiralcel OBt column. In addition, no
racemization of ABZSO was observed during sample
workup.

The reproducibility of the methods for drug analysis in
biological fluids requires coefficients of variation of less
than 10% both for within-day and between-day precision.17

However, some investigators18 have stated that higher co-
efficients of variation are also acceptable in methods for
pharmacokinetic studies in cases in which plasma concen-
trations are of the order of ng/ml. The proposed method is
based on the most rigid criteria of quality, as shown by the
coefficients of variation of less than 10% obtained in the
determination of precision and accuracy (Table 2).

In the present study, we used the quantitation limit as a
parameter for the measurement of the sensitivity of the
method, defined as the concentration whose accuracy and
precision are less than 10%.17

The quantification limit determined from extracted
spiked plasma was 20 ng/ml for (−)ABZSO and 50 ng/ml
for (+)ABZSO. The values obtained for (−)ABZSO at the
concentration of 20 ng/ml are reproducible (CV = 2.0%)
and when these samples were included in the construction
of the calibration curve, a linear relationship was obtained
between the plasma concentrations and the ratios of the
peak height of the enantiomer and of the internal standard
(r = 0.9984). (+)ABZSO cannot be quantified at concentra-
tions lower than those employed for the construction of the
calibration curve. However, this does not represent a dis-

advantage for the method since this enantiomer predomi-
nated in the samples analyzed.

The proposed method proved to be highly selective. Ap-
proximately 35 drugs were evaluated as possible interfer-
ents. The anticonvulsants phenobarbital, phenytoin, and
carbamazepine, frequently used in combination with al-
bendazole, did not interfere with the method. Among the
drugs studied, only paracetamol, metoprolol, and verapam-
il were likely to show interference.

Figure 3 shows the decay curves of the plasma concen-
tration vs. time obtained for the enantiomers (+)ABZSO
and (−)ABZSO for the patient investigated. Table 3 lists the
kinetic parameters estimated for both ABZSO enantio-
mers.

The literature data about the stereoselective kinetic dis-
position of ABZSO were based on a single dose adminis-
tered to healthy volunteers.11 In the present investigation,
ABZSO was evaluated after short-term treatment, during
the dose interval, i.e., 0–12 hours. Steady-state was reached
by the administration of multiple albendazole doses during
8 days of treatment. The preliminary results of this phar-
macokinetic investigation suggest significant differences
between enantiomers for the various parameters studied.

TABLE 3. Stereoselective kinetic disposition of ABZSO in
a patient with neurocysticercosis

(+) ABZSO (−)ABZSO

Cmax (ng z ml−1) 900.00 185.00
tmax (h) 2.30 0.70
t1/2 (h) 6.50 4.30
AUC0-12 (ng z h z ml−1) 7422.50 1,102.00
MRT (h) 4.95 4.07
AUC(+)/AUC(−) 6.74

TABLE 2. Analysis of the precision and accuracy of the
method for analysis of ABZSO enantiomers in plasmaa

Enantiomer

(−)ABZSO (+)ABZSO

Within-day precision
Concentration (ng/ml) 112 543 109 552
n 9 9 9 9
CV (%) 7.0 4.3 6.2 5.5

Between-day precision
Concentration (ng/ml) 124 473 124 474
n 5 5 5 5
CV (%) 5.9 6.9 9.9 9.0

Accuracy
Within-day (%) −7.1 7.9 −10.1 9.4
Between-day (%) 3.2 −5.7 3.2 −5.5

an, number of determinations; CV, coefficient of variation.

Fig. 3. Decay curves for the plasma concentrations of (+)ABZSO and
(−)ABZSO as a function of time of sample collection.
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CONCLUSION

The method described in the present study is simple and
rapid and requires sample volumes of only 500 µl. In the
validation step, the method proved to be highly reproduc-
ible and accurate, with coefficients of variation always be-
low 10%. The quantitation limit of 20 ng/ml for (−)ABZSO
and 50 ng/ml for (+)ABZSO permits the use of the method
in studies of kinetic disposition. Finally, the method is
quite selective, with no interference on the part of any of
the drugs that are frequently administered in combination
with albendazole for the treatment of neurocysticercosis.
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São Paulo: Clı́nica Neurológica HC/FMUSP, 1996:235–243.

3. Takayanagui, O.M., Santiago, R.C., Castro e Silva, A.A.M.C.,
Odashima, N.S., Takayanagui, A.M.M. Notificação compulsória da cis-
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