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Abstract

Three different and complementary chromatographic methods are described for quantitative determination of albendazole
(ABZ) and its two main metabolites: albendazole sulphoxide (SOABZ) and albendazole sulphone (SO,ABZ). ABZ, SOABZ
and SO,ABZ can be quantified by two RP-HPLC methods with an ODS2 column and two different mobile phases. One of
methanol—water (60:40) for ABZ and a second one of phosphoric acid in water—acetonitrile (80:20) for SOABZ and
SO,ABZ. SOABZ bears an asymmetric sulphur centre. Quantitative assay of (+) SOABZ and (—) SOABZ can be
performed by HPLC. A chiral AGP column and a mobile phase of sodium phosphate buffer (8 mM, pH 7.0) containing
different amounts of 2-propanol between 0 to 2% were used. Pharmacokinetic characteristics of ABZ following ora
administration of a liquid formulation of ABZ (12 mg/kg) in mice has been studied with these three complementary HPLC
methods and the results are reported. [0 1999 Elsevier Science BV. All rights reserved.
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1. Introduction

Albendazole (ABZ) is a benzimidazole anthelmin-
tic drug used in the treatment of helminthiases in
animals and man. Following oral administration the
sulphide (ABZ) is oxidized to sulphoxide (SOABZ),
which has an asymmetric sulphur centre. Another
metabolite of ABZ is the sulphone (SO,ABZ).
SOABZ is an active metabolite which is known as
Ricobendazole. SO,ABZ is an inactive metabalite.
Severa other metabolites have been reported previ-
oudy [1].

Anthelmintic activity of ABZ and SOABZ can be
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studied in the Trichinella spiralis model in mice [2].
By using this model the anthelmintic activity can be
determined either in the enteral and/or parenteral
stages of this parasite infection. We have recently
reported some data about the relationship between
anthelmintic activity and pharmacokinetic charac-
teristics [2,3]. Following oral administration ABZ is
present at very low concentration in plasma samples.
Meanwhile, its main and active metabolite, SOABZ,
is present at higher concentrations. For this reason
bioavailability of ABZ formulations is frequently
studied with regard to SOABZ concentrations. Re-
cently, we have reported a HPLC method to assay
SOABZ and SO,ABZ in plasma [4]. In order to
achieve a complete pharmacokinetic study of ABZ
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formulations not only do SOABZ and SO,ABZ have
to be quantified, but also ABZ and the two enantio-
mers (+) and (—) of SOABZ. Quantitative assay of
the two enantiomer forms of SOABZ has been
studied previously based on chiral-AGP [5] or (S)-N-
(3,5-dinitrobenzoyl)tyrosine [6] columns.

Although there are many analytica methods re-
ported for quantitative assay of ABZ and its main
metabolites, most of them require complex processes
of sample preparation, such as previous extraction
procedures for the samples with organic solvents,
followed by evaporation and redissolution [7,8].
Other methods require the use of high volumes of
solvents to elute the different components of sam-
ples. Thus, the final concentration of these com-
pounds are very low and subsequent evaporation and
redissolution steps are also needed [9].

In the present contribution three different and
complementary HPLC methods which are useful for
the quantitative assay of ABZ and its main metabo-
lites in plasma are described. These analytical meth-
ods do not require complex previous treatment of the
samples. Special attention has been paid to the
determination of quantitation limits for ABZ and its
main metabolites. Quantitation limits have been
calculated as the lowest concentration of ABZ or its
metabolites which gives rise to a signal capable of
being quantified by the integrator (signal-to-noise
ratio=5).

These methods have been used for the phar-
macokinetic study of ABZ after oral administration
in mice. Severa complete ABZ pharmacokinetic
studies have been reported for animals such as goats,
cattle, sheep, rats, dogs,... [10-13] but there are not
many reported data on pharmacokinetic studies of
ABZ in mice.

2. Experimental
2.1. Apparatus

Analytical chromatography was performed with a
modular liquid chromatograph equipped with a Gil-
son 305 isocratic pump, an automatic sampler (Gil-
son 231 XL) fitted to a 100-unl sampling loop
(Rheodyne), a variable wavelength detector (Gilson
116) and an integrator (Spectra-Physics SP-270).

2.2. Chemicals

ABZ and SO,ABZ were a gift from Smith-Kline
Beecham Pharmaceuticals (London, UK). SOABZ
was a gift from Chemo Ibérica (Alcala de Henares,
Spain). HPLC grade acetonitrile and methanol were
obtained from Lab-Scan (Dublin, Ireland). All other
chemicals were analytical grade from Panreac (Bar-
celona, Spain).

2.3, Quantitative assay of ABZ

Analysis was performed on a Spherisorb ODS2
column (200X0.46 mm, 5 wm) from Teknokroma
(Barcelona, Spain). A mobile phase of methanol—
water (60:40) at a constant flow-rate of 1 ml/min
was employed. Samples were measured at 291 nm.
The linearity of the method was studied in the range
between 0.075—-10 w.g/ml. The results were analysed
by linear regression and the correlation coefficients
obtained were always at least 0.99. The quantitation
limit for ABZ, defined as the lowest concentration of
ABZ which gives rise to a signal capable of being
quantified by the integrator (signal-to-noise ratio=>5),
was found to be 0.07 wg/ml. The specificity of the
methods was checked with a blank mouse plasma
sample and no significant interference was observed.
Inter-day precision was 3.1% during three consecu-
tive days for a plasma sample of concentration 0.5
pg/ml expressed as relative standard deviation
(RSD).

24. Quantitative assay of SOABZ and SO,ABZ

A Kromasil ODS2 column (200X0.46 mm, 5 pum)
from Teknokroma (Barcelona, Spain) was used as
the stationary phase. A mobile phase containing 800
ml of a water solution with 188 pl of phosphoric
acid 85% and 200 ml of acetonitrile was used at a
constant flow-rate of 1 ml/min. Samples were mea-
sured at 290 nm. Validation data of this method can
be summarised as follows. Linearity of the method
was studied in the range between 0.05-10 pg/ml.
The results were analysed by linear regression and
the correlation coefficients obtained were always at
least 0.99 for SOABZ and 0.98 for SO,ABZ. The
quantitation limits for SOABZ and SO,ABZ were
0.031 and 0.037 wg/ml, respectively. The specificity
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of the methods was checked with a blank mouse
plasma sample and no interferences at the retention
times of SOABZ and SO,ABZ were observed. Inter-
day precisions were 3.6 and 4.3%, respectively,
during three consecutive days for plasma samples of
concentration 0.1 pwg/ml of SOABZ and 0.1 pg/ml
of SO,ABZ expressed as relative standard deviation
(RSD).

2.5. Quantitative assay of (+) SOABZ and (—)
SOABZ

A chira-AGP (1004 mm, 5 wm) column from
ChromTech (Stockholm, Sweden) was used. Samples
were measured at 290 nm. A mobile phase of sodium
phosphate buffer (8 mM, pH 7.0) containing differ-
ent amounts of 2-propanol between 0 to 2% was
used at a constant flow-rate of 0.9 ml/min. Validation
data depends on the 2-propanol concentration in the
mobile phase. Highest sensitivity was achieved when
2% 2-propanol was used in the mobile phase.
Validation data when 2% of 2-propanoal is used are as
follows. Linearity of the method was studied in the
range between 0.05-1.5 pg/ml of (=) and (+)
SOABZ. The results were analysed by linear regres-
sion and correlation coefficients obtained were al-
ways at least 0.99 for (—) SOABZ and 0.98 for (+)
SOABZ. Quantitation limits for (—) SOABZ and
(+) SOABZ were 0.04 and 0.05 p.g/ml, respective-
ly. Specificity of the methods was checked with a
blank mouse plasma sample and no interferences at
the retention times of (=) SOABZ and (+) SOABZ
were observed. Inter-day precisions were 5.3 and
7.2%, respectively, during three consecutive days for
a plasma concentration sample of 0.05 wg/ml of (—)
SOABZ and 0.05 pg/ml of (+) SOABZ expressed
as relative standard deviation (RSD).

2.6. Pharmacokinetic study

ABZ was solubilised in water by using a
hydroxypropyl-B-cyclodextrin solution. This solution
was oraly administered by a single dose of 12
mg/kg to Swiss CD-1 mice (weight 30+3 Q).
Following drug administration, groups of six mice
were sacrificed and blood samples were collected at
different times (0.25, 0.5, 0.75, 1.5, 3, 6 and 24 h).
Blood samples were heparinized and centrifuged

individually after the extraction. Plasma samples
were frozen until the HPLC analysis.

2.7. Sample preparation and quantitative assay

Two ml of methanol was added to aliquots of
plasma (400 pwl) to precipitate proteins. After vortex-
mixing for 5 min, samples were centrifuged at 3000
g for 10 min and filtered through a nylon 0.45-pm
filter (Teknokroma, Spain). In order to quantify ABZ
concentration, 100-wl aliquots of the filtered frac-
tions were injected into the HPLC system under the
conditions described for the ABZ assay. A second
assay under the analytical conditions described for
SOABZ and SO,ABZ quantification was done.
Liquid fractions were collected at the retention time
of SOABZ. Finally, these samples were assayed in
order to quantify proportions of the two enantiomers
of SOABZ.

3. Results and discussion

For a complete pharmacokinetic assay of ABZ and
its main metabolites, several analytical methods are
required. In a previous report we have used only one
analytical RP-HPLC method [2]. This method [2]
used the same analytical conditions that we have
described for the ABZ assay but with a mobile phase
containing 50% of methanol. With these conditions
we were able to quantify SOABZ, but we could not
detect ABZ at the low concentrations which are
present after ora administration. Now we have to
increase the sensitivity of the method by using a
higher proportion of methanol in the mobile phase
(60%). A mobile phase with a 60% of methanol
mixed with a phosphate buffer is also proposed by
USP 23 to quantify ABZ [14]. Fig. 1 shows the
results of the assay of a plasma sample containing
0.3 pg/ml of ABZ. The retention time for ABZ is
18.8 min. Unfortunately, this method can not quan-
tify the two main metabolites because under these
conditions they have the same retention time (ap-
proximately 4.5 min). For this reason a second
HPLC assay method is required to separate and
quantify the two main metabolites of ABZ. This new
method has been validated and reported recently [4].
Fig. 2 shows the assay of a mouse plasma sample
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Fig. 1. Chromatogram of a mouse plasma sample following oral
administration of ABZ. Retention time for ABZ is 18.8 min.

after oral administration of ABZ. Retention times for
SOABZ and SO,ABZ are 5.5 and 15.9 min. The
retention time with this method for ABZ is too long
(more than 40 min) which means that there are
practical problems in quantifying the low concen-
trations of ABZ which are present after oral adminis-
tration. In fact, in some articles about the phar-
macokinetics of ABZ, the anaytical methods were
not sensitive enough to assay ABZ, and bioavail-
ability of ABZ after ora administration was studied
based on its main metabolite SOABZ which is aso
active [2,15-16]. In order to assay ABZ, SOABZ
and SO,ABZ at least two different HPLC methods
are required.

Fig. 3 shows in a semilogarithmic scale the
pharmacokinetic profile of ABZ, SOABZ and
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Fig. 2. Chromatogram of a mouse plasma sample showing peaks
for SOABZ (5.5 min), SO,ABZ (15.9 min) and an unknown
substance (21.1 min).

SO,ABZ in mice following oral administration of
ABZ (12 mg/kg). As was previously reported in
other animal species [10-13,15,16] SOABZ is the
main metabolite in mouse plasma. Its concentration
is higher than ABZ, athough it was possible to
detect ABZ in this study. C,_, for ABZ and SOABZ
are obtained at 15 min. These t,,, are probably due
to the good bioavailability characteristics of the
liquid formulation of ABZ-cyclodextrin. Cyclodex-
trins are currently used as solubilisers and absorption
enhancers and a similar effect on the absorption of
mebendazole has been reported previously [17].
Metabolisation of ABZ to SOABZ is a fast process
which can be done in the gut prior to absorption or
following oral absorption by a first-pass hepatic
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Fig. 3. Semilogarithmic scale of SOABZ, SO,ABZ and ABZ
plasma concentrations versus time following oral administration of
ABZ in mice (mean values and standard deviations of six
animals).

process as was reported by Galtier et al. [15]. For
these two reasons, rapid absorption and fast
metabolisation rate, ABZ and SOABZ concentration
levels are maximum at the first experimental point
available (15 min). SO,ABZ concentrations follow-
ing oral administration are low. t.,, For SO,ABZ is
not clear under our experimental conditions. In other
anima studiest, ., for SO,ABZ has been reported to
be between 6 and 30 h [6,10-13,15].

In order to quantify the two enantiomers of
SOABZ, we have used the same method reported by
Lienne et a. [5] with a few modifications. Wave-
length of detection has been changed from 220 nm to
291 nm to facilitate baseline balance. 2-Propanol at
2% concentration is proposed as a component of the
mobile phase to quantify low concentrations of
enantiomers. Table 1 shows the characteristics of the
chromatographic methods depending on the percent-
age of 2-propanol in the mobile phase (0, 1 or 2%).
Fig. 4 shows chiral resolution of SOABZ of a mouse

Table 1
Influence of the addition of 2-propanol to the agueous mobile
phase on the resolution of SOABZ enantiomers

2-Propanol ky? a® RS Quantitation Ii-
(%,v/v) mit (pg/ml)
(+) )
0 131 24 22 041 0.21
1 4.6 20 2.0 0.13 0.10
2 25 16 11 0.05 0.04

#The retention factor k, (of the second enantiomer eluted) was
calculated as follows: k,=(tz,—t,)/t, Where t, was measured by
injection of methanol.

® Selectivity a=k,/k,.

°R, (Resolution factor)=2 (distance between the two enantio-
mer peak position/sum of the band widths of the two peaks at
their bases); R;=2(tr, —tg,)/ (W, +W,).

plasma sample after oral ABZ administration when
2% of 2-propanol is used in the mobile phase.
Table 1 shows how when 2-propanol is added,
retention factor (k'), selectivity («), resolution factor
(R,) and quantitation limits change. For high SOABZ
concentration, the best chromatographic conditions
are obtained when 2-propanol is not added, as was
previously described by Lienne et a. [5]. Unfor-
tunately, in the pharmacokinetic studies, very low

TIME (min)

Fig. 4. Chromatogram showing chiral resolution of SOABZ in a
mouse plasma sample following oral administration of ABZ.
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concentrations of SOABZ are collected for the
enantiomeric assay. For this reason 2-propanol at 2%
was selected as the mobile phase because at this
concentration quantitation limits are lower. The
experimental quantitation limit was found to be
between 0.04 and 0.41 pg/ml depending on the
enantiomer and percentage of 2-propanol in the
mobile phase.

Fig. 5 shows the enantiomeric proportions of (+)
and (—) SOABZ. These proportions are similar to
those reported by Delatour and coworkers in rats
[6,11] and are different to sheep, goats, dogs, cattle
and man [6,10-13]. Enantiomer (—) SOABZ is
dominant in rats and mice, while (+) SOABZ is
dominant in sheep, goats, dogs, cattle and man. In
addition, the plasma concentration ratio (+)/(—) is
not a constant and changes with time. The enantio-
meric ratio at time 0 is not accessible experimentally,
but by extrapolation of the curves it can be consid-
ered to be close to a racemate in mice. These are the
enantiomeric proportions in the liquid formulation.
The plasma concentration ratio (+)/(—) decreases
with time and at 24 h is approximately 25/75%.
Differences in enantiomer metabolisation can be due
to enantioselective enzymatic processes of SOABZ
[11].
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Fig. 5. Evolution versus time of the percentage of the enantiomers
of SOABZ in mouse plasma (mean values and standard deviations
of six animals).

It can be concluded from the present work that for
a complete ABZ pharmacokinetic study several
chromatographic methods can be used. We propose
the use of three HPL C methods instead of just one or
two as has been done in most of the papers already
published. First, ABZ should be quantified. Then,
SOABZ, the main and active metabolite of ABZ, and
SO,ABZ must also be quantified. Finaly, propor-
tions of enantiomers (+) and (—) of SOABZ can
also be determined. It can be emphasised that no
complex preparation steps are required with the three
HPLC analytical methods proposed in this work for
pharmacokinetic assay of ABZ and its main metabo-
lites.
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