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a b s t r a c t

Although benzimidazole anthelmintic flubendazole, methyl ester of [5-(4-fluorobenzoyl)-1H-
benzimidazol-2-yl]carbamic acid, is extensively used in veterinary and human medicine for the
treatment of gastrointestinal parasitic helmint infections, reliable data about its pharmacokinetics in
various species have not been reported. Our previous work [M. Nobilis, Th. Jira, M. Lísa, M. Holčapek, B.
Szotáková, J. Lamka, L.Skálová, J. Chromatogr. A 1149 (2007) 112–120] had described the stereospecificity
of carbonyl reduction during phase I metabolic experiments in vitro. For in vivo pharmacokinetic
studies, further improvement and optimization of bioanalytical HPLC method in terms of sensitivity
and selectivity was necessary. Hence, a modified chiral bioanalytical HPLC method involving both
UV photodiode-array and fluorescence detection for the determination of flubendazole, both enan-
tiomers of reduced flubendazole and hydrolyzed flubendazole in the extracts from plasma samples
was tested and validated. Albendazole was used as an internal standard. Sample preparation process
involved a pH-dependent extraction of the analytes from the blood plasma into tert-butylmethyl ether.
Chromatographic separations were performed on a Chiralcel OD-R 250 mm × 4.6 mm column with
mobile phase methanol-1 M NaClO4 (75:25, v/v) at the flow rate 0.5 ml min−1. In quantitation, selective
UV absorption maxima of 290 nm (for reduced flubendazole), 295 nm (for albendazole), 310 nm (for
flubendazole) and 330 nm (for hydrolyzed flubendazole) were used in the UV photodiode-array detection,
and �(exc.)/�(emis.) = 228 nm/310 nm (for reduced flubendazole) and �(exc.)/�(emis.) = 236 nm/346 nm
uorescence detection
tereospecificity of the carbonyl reduction
f flubendazole

(for albendazole) were set on the fluorescence detector. The fluorescence detection was approximately
10-times more sensitive than the UV detection. Each HPLC run lasted 27 min. The validated chiral
HPLC-PDA-FL method was employed in the pharmacokinetic studies of flubendazole in sheep. The stere-
ospecificity of the enzymatic carbonyl reduction of flubendazole was also observed in vivo. (+)-Reduced
flubendazole was found to be the principal metabolite in ovine blood plasma and only low concentrations
of hydrolyzed flubendazole, the parent flubendazole and (−)-reduced flubendazole were detected in this

biomatrix.
∗ Corresponding author at: Institute of Experimental Biopharmaceutics, Joint
esearch Center of PRO.MED.CS Praha a.s. and Academy of Sciences of the Czech
epublic, Heyrovského 1207, CZ-500 03 Hradec Králové, Czech Republic.

E-mail address: nobilis@uebf.cas.cz (M. Nobilis).
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. Introduction
A survey of flubendazole pharmacology, its physico-chemical
roperties and the possibilities of its determination in various
iomatrices has been presented in our previous paper [1]. In the
aper, a combination of both achiral and chiral HPLC methods

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:nobilis@uebf.cas.cz
dx.doi.org/10.1016/j.jchromb.2008.10.032
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cated, and 30 �l of ammonium hydroxide were added. The mixture
was extracted with 3 ml of tert-butylmethyl ether. After centrifu-
gation (2500 × g for 10 min), the glass tube was placed into a deep
0 M. Nobilis et al. / J. Chro

as employed for the bioanalyses of flubendazole and its phase
metabolites in the liver and intestinal microsomal and cytoso-

ic fractions prepared from pigs and pheasants. The use of an
chiral internal standard method provided information about
he concentrations of hydrolyzed flubendazole, total reduced
ubendazole (the total of both enantiomers) and flubendazole
ith albendazole as an internal standard. The chiral method also

nabled the separation of both enantiomers of reduced fluben-
azole and the evaluation of their enantiomeric excess (e.e.).
nfortunately, the coelution of flubendazole and albendazole
oncentration zones prevented the use of the chiral method in an
nternal standard mode, which is usually required in bioanalytical
PLC. The use of the chiral external standard method for the
nalyses of benzimidazole carbamates in simple biomatrices
as acceptable for the evaluation of in vitro experiments and, in

his way, flubendazole biotransformation studies in subcellular
ractions of homogenates from the parasitic worm Haemonchus
ontortus [2], mouflon, pheasant and pig tissues [1,3,4] were
erformed.

On the other hand, chiral HPLC analyses of the extracts from
ore complicated biomatrices (blood plasma) should be encum-

ered by losses and errors introduced throughout the sample
reparation process. Hence, the use of a suitable internal standard

n the chiral HPLC method was desirable.
Consequently, this study is focused on resolving the principal

eficiencies and limitations of the previously described method [1]:
chieving chromatographic separation of flubendazole and alben-
azole (I.S.) and increasing the sensitivity and selectivity of the
hiral HPLC method using a tandem UV-photodiode-array and flu-
rescence detection. The modified and validated analytical method
hould be more suitable for pharmacokinetic and other in vivo stud-
es of flubendazole, where low concentrations of benzimidazole
arbamates could be expected.

. Experimental

.1. Chemicals, preparations, solutions, materials

Flubendazole, [5-(4-fluorobenzoyl)-1H-benzimidazole-2-yl]-
arbamic acid methyl ester, C16H12FN3O3, MW(molecular
eight) = 313.29 g/mol, CAS 31430-15-6; racemic mixture of

educed flubendazole {(±)-[5-(4-fluorophenyl)hydroxymethyl-
H-benzimidazole-2-yl]carbamic acid methyl ester, C16H14FN3O3,
W = 315.3 g/mol} and hydrolysed flubendazole {[(2-amino-

H-benzimidazole-5-yl)-4-fluorophenyl]methanone, decarba-
oylated flubendazole, C14H10FN3O, MW = 255.25 g/mol} were

urchased from Janssen Pharmaceutica, Belgium.
Albendazole, 5-(propylthio)-2-benzimidazolecarbamic acid

ethyl ester (C12H15N3O2S, MW = 265.34 g/mol, CAS No.54965-
1-8), was obtained from Sigma.

Acetonitrile (HPLC grade), tert-butyl methyl ether (analyti-
al grade; both from Merck, Darmstadt, Germany), ammonium
ydroxide (26% aqueous solution of NH3), methanol (both of
nalytical grade, Lachema, Brno, Czech Republic), sodium perchlo-
ate monohydrate (Lach-Ner s.r.o., Neratovice, Czech Republic),
,N-dimethyl formamide (DMF, 99.9+%, HPLC grade, Aldrich),
ltra-high quality (UHQ) water (prepared using Elgastat UHQ PS
pparatus, Elga Ltd., Bucks, England) were used in the sample
reparation and chromatography of benzimidazole derivatives
see Sections 2.3 and 2.4).
The stock solutions (10−3 M) of flubendazole (6.26 mg/20 ml),
ydrolysed flubendazole (5.11 mg/20 ml) and reduced flubendazole
racemic mixture of both enantiomers, 6.31 mg/20 ml) were dis-
olved in dimethyl formamide, albendazole (26.53 mg/100 ml) was
oluble in acetonitrile. Lower concentrations (10−4 M, etc.) were

f
T
T
s
t

r. B 876 (2008) 89–96

repared by diluting the stock solutions with the mobile phases
sed in the chiral separation.

FLUBENOL (50% flubendazole praemix ad us. vet., Janssen
harmaceutica, Belgium) and Avicel RC-591, FMC, Belgium (micro-
rystalic cellulose) were used for the preparation of aqueous
uspension administered to animals. Li-Heparin plastic tubes
Monovette, Sarstedt, Nümbrecht, Germany) were used for the
lood sample collection during a pilot pharmacokinetic study.

.2. A pilot pharmacokinetic study in sheep

To investigate the basic pharmacokinetic information concern-
ng the plasma concentration of flubendazole and its metabolites
n sheep and to specify the optimal sampling times for future
harmacokinetic studies, a pilot study on a single animal was
ndertaken.

A sexually non-matured ram (Ovis aries, Merinolandshaf breed)
f 96 days of age and body weight 24 kg was experimentally treated
ith Flubenol. Flubenol 50% prm. ad us. vet. (Janssen, Belgium) was

uspended in 1.5% aqueous microcrystalline cellulose, the concen-
ration of the drug in the suspension was 2 g/100 ml. Suspended
ubendazole was administered in a single dose of 30 mg/kg of body
eight in 36 ml volume, a loader for the enteral administration of

iquid pharmaceuticals was used. 10-ml blood samples were with-
rawn (blank plasma, 0.5, 1, 2, 4, 6, 8, 10, 12, 24, 36, 48, 60 and 72 h)
fter the administration of the flubendazole suspension from vena
ugularis into Li-Heparin plastic tubes (Monovette, Sarstedt). The
lood samples were centrifuged (2500 × g for 10 min), the plasma
as separated and stored (−70 ◦C) until the analysis. All experi-
ental procedures were performed under the supervision of the

thical Committee of the Charles University in Prague, Faculty of
harmacy in Hradec Králové and the rules described in “The Guide
or Care and Use of Laboratory Animals” (NIH Publication No. 85-
3, revised 1996, Bethesda, USA) were applied to sheep used in this
tudy.

The basic pharmacokinetic parameters for flubendazole,
educed flubendazole and hydrolyzed flubendazole were deter-
ined: maximum plasma concentration (cmax), time point at
aximum plasma concentration (tmax), area under plasma con-

entration curve in the time interval 0–72 h (AUC(0–72 h)). The
limination rate constant (ke) was expressed as the negative value
f the slope k in the relationship ln(concentration) = k(time) + q,
hich was constructed from the last six concentration values

withdrawal after 12, 24, 36, 48, 60 and 72 h). Plasma con-
entration half-life (t(1/2)) was calculated using the equation
(1/2) = ln(2)/ke.

.3. Sample preparation: liquid–liquid extraction of ovine blood
lasma

30 �l of 10−4 M albendazole (I.S.) in acetonitrile was transferred
nto a glass tube equipped with a ground-glass stopper, the solvent
as evaporated to dryness. Plasma (1 ml, see Section 2.2) was added

nto the glass tube with albendazole, the sample was shortly soni-
reezer (−80 ◦C for 30 min) until the bottom water layer froze to ice.
hen the upper layer (ether) was decanted into another clean tube.
he solvent was evaporated to dryness. The dry extract was recon-
tituted in 600 �l of the mobile phase and 100 �l were injected into
he chromatograph.
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.4. Chiral HPLC with ultraviolet photodiode-array and
uorescence detector

The development and validation of the chiral HPLC method and
outine chromatographic analyses were performed on a Thermo
lectron (formerly Thermo Finnigan) chromatograph (San Jose,
A., USA). The chromatographic system was composed of an
CM1000 solvent degasser, P4000 quaternary gradient pump,
S3000 autosampler with a 100-�l sample loop, UV6000 LP photo-
iode array detector (UV-PDA) with Light Pipe Technology, FL3000
uorescence detector, SN4000 system controller and a data sta-
ion (Intel-Pentium 4CPU 1.6 GHz, RAM 256 MB, HDD 40GB) with
he ChromQuest 4 analytical software (Thermo Electron, Inc., San
ose, CA, USA) working under the Windows 2000 operating system
Microsoft Corporation).

A 250-4.6 mm chromatographic column packed with a Chiralcel
D-R (Daicel, Japan) and mobile phase consisting of methanol-1 M
queous NaClO4, pH 6.85 (75:25, v/v) were employed for chiral
hromatographic separations. The flow rate was 0.5 ml/min. Under
hese conditions, the mixture of hydrolysed flubendazole, both
nantiomers of reduced flubendazole, albendazole and flubenda-
ole was separated within 25 min.

UV detection was performed using a photodiode-array detector
n the scan mode (in the range 195–385 nm with a 1 nm distance);
ingle wavelength chromatograms at absorption maxima of 290 nm
for reduced flubendazole), 295 nm (for albendazole), 310 nm (for
ubendazole) and 330 nm (for hydrolyzed flubendazole) were used

or quantitative analysis. In addition, a more selective and sen-
itive fluorescence detection at �(exc.)/�(emis.) = 228 nm/310 nm
for reduced flubendazole) and �(exc.)/�(emis.) = 236 nm/346 nm
for albendazole as internal standard) was employed for the quan-
itative analysis of both enantiomers of reduced flubendazole.

.5. Calibration

Nine-level calibration series of hydrolyzed flubenda-
ole + reduced flubendazole (racemic mixture) + flubendazole/
lbendazole (I.S.) mixtures were prepared from 10−3 M solutions
f each analyte (see Section 2.1) and from the mobile phase used
n the HPLC analyses. The concentrations of flubendazole and its
hase I metabolites at individual calibration levels were 5, 10,
0, 100, 500, 1000, 2000, 3000 and 5000 pmol/ml. Albendazole
internal standard) was present in each calibration sample in the
oncentration 3000 pmol/ml. Six individual samples were pre-
ared at each calibration level. The same concentrations were used
o prepare a plasma calibration sequence; drug-free ovine plasma
amples were spiked with flubendazole, its two metabolites and
lbendazole (using appropriate concentrations in order to keep
he volumes at minimum). The calibration series were measured
sing a tandem UV photodiode-array and fluorescence detector
see Section 2.4). The sample preparation procedure used for the
lasma calibration samples was analogous as described in Section
.3.

.6. Validation of the analytical procedure

Statistical evaluation of the calibration analyses (see Sec-
ion 2.5.) by the least-squares method was performed by the
hromQuest 4.0 software. The linearity of the calibration curves
as tested and evaluated. Regression coefficients were calculated
y = kx + q, where x was the concentration ratio of flubendazole
r its metabolite (hydrolyzed flubendazole or enantiomers of
educed flubendazole) to albendazole (I.S.) and y was the cor-
esponding peak-area ratio of flubendazole or its metabolite
o albendazole (I.S.). Coefficient of the determination (r2) was

s
f
(
a

r. B 876 (2008) 89–96 91

xpressed. The accuracy was determined as a relative bias [accuracy
%) = 100(Cfound–Cadded)/Cadded] from the corresponding calibration
urve equation. The precision was calculated as the relative stan-
ard deviation [R.S.D. (%) = 100 S.D./mean] from six identically
repared plasma calibration samples measured over 1 day and eval-
ated at various concentration levels. The range of the applicability
f HPLC method was within the lower limit of quantification (LLOQ)
nd the upper limit of quantification (ULOQ). The lower limit of
uantification (LLOQ) was determined as the lowest concentration
n the standard calibration curve which was measured with a preci-
ion of 20% and accuracy of ±20% [5]. Upper limit of quantification
ULOQ) was equal to the highest used concentration in plasma cali-
ration. Limit of detection (LOD) and recovery for flubendazole and

ts individual metabolites were also calculated [5].

. Results and discussion

The combination of achiral and chiral HPLC method described
n our previous paper [1] afforded interesting qualitative and
uantitative data from the in vitro flubendazole biotransformation
xperiments. However, for the HPLC determination in more com-
licated biomatrices (blood plasma), the methods were not enough
ensitive and the chiral method could be used only in an external
tandard mode due to flubendazole–albendazole coelution. Hence,
ignificant modifications of the former chiral HPLC method were
eeded. Better conditions for sufficient chromatographic separa-
ion of all individual analytes shown in Fig. 1 were explored, and the
ossibility of sensitivity and selectivity enhancement using a tan-
em UV-photodiode array (see Fig. 2) and fluorescence detection
see Fig. 3) was tested.

.1. Chromatography

Chiralcel OD-R column used in our analyses contained a
eversed-phase chiral selector, cellulose tris(3,5-dimethylphenyl
arbamate) coated on 10 �m silica gel spheric particles. Various
ixtures of acetonitrile and 0.5–1 M aqueous sodium perchlorate

s the mobile phase were tested in our previous work for this type
f chiral column.

The first issue to be addressed was the coelution of albendazole
internal standard) and flubendazole under the chiral chromato-
raphic conditions mentioned in our previous paper [1]. The
orresponding spectrochromatogram in Fig. 4A demonstrates a
atisfactory separation of hydrolysed flubendazole (tR = 10 min)
nd both reduced flubendazole enantiomers (tR = 14 min for (−)-
nantiomer and tR = 17.2 min for (+)-enantiomer). On the other
and, the internal standard albendazole and the parent fluben-
azole were eluted in one concentration zone (tR = 26 min). When
ipolar aprotic acetonitrile in the mobile phase from the above-
entioned chiral method (see Fig. 4A) was replaced by the polar

rotic methanol, the coelution of flubendazole and albendazole
as obviated, and all benzimidazole analytes under study were

luted in well-separated concentration zones (see Fig. 4B). The
hromatographic conditions mentioned in Section 2.4 enabled the
etermination of flubendazole and its metabolites using an internal
tandard method (albendazole = I.S.) in a chiral chromatographic
un lasting 27 min.

.2. Fluorescence and multiwavelength UV detection
UV photodiode-array detector was found to be the most ver-
atile tool in benzimidazole HPLC analyses with a view to the
act that individual analytes had very characteristic UV spectra
see Fig. 2). The identification of flubendazole, its metabolites
nd albendazole (IS) could be based not only on the retention
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of 280 nm (compare black vs. grey chromatogram in Fig. 5A). In
addition, the fluorescence detection was much more selective in
comparison with the UV detection. A suitable choice of the excita-
tion and emission wavelength values was an important optical filter
for the selective detection and determination of the mentioned
Fig. 1. Chemical structures of the b

imes, but also on the UV spectra obtained from the spectrochro-
atograms (see Fig. 4). In order to suppress the possible spectral

nterferences of UV-absorbing eobiotics from the biomatrix with
he benzimidazole analytes, more selective local UV-maxima near
he visible part of the spectra were chosen for the quantifica-
ion of the benzimidazole carbamates. In accordance with the
V-spectra demonstrated in Fig. 2, the wavelengths of 290 nm for

educed flubendazole, 295 nm for albendazole, 310 nm for fluben-
azole and 330 nm for hydrolyzed flubendazole were used during
he UV photodiode-array determination of individual analytes. The
hape of the UV-spectra of individual benzimidazole carbamates is
H-dependent, because the protonizable imidazole and carbamate
itrogens are located in the chromophore moiety of the molecule.
hus, the UV spectra of the benzimidazoles acquired during the
chiral HPLC analysis in an acidic mobile phase (see Fig. 3 in paper
1]) are partially different from the UV spectra of the same benz-
midazoles shown in Fig. 2 of this paper (neutral mobile phase was
sed in this case).

All benzimidazole carbamates (see Fig. 1) were also tested
or possible fluorescence properties. 5-(4-Fluorobenzoyl)-1H-
enzimidazole derivatives (i.e. flubendazole and hydrolyzed
ubendazole) have no fluorescence spectra. On the other hand,
oth enantiomers of reduced flubendazole and albendazole
ere found to have analytically utilizable fluorescence spec-

ra (see Fig. 3). Optimal excitation and emission wavelengths
(exc.)/�(emis.) = 228 nm/310 nm for reduced flubendazole and
(exc.)/�(emis.) = 236 nm/346 nm for albendazole were set on the
uorescence detector, which was connected in tandem behind
he UV photodiode-array detector. The advantages of the fluo-
escence detection in comparison with the UV photodiode-array
etection are evident from Fig. 5. The analysis of the standard

ixture (hydrolyzed flubendazole, racemic reduced flubendazole,

lbendazole and flubendazole) using ultraviolet (280 nm, bottom
rey chromatogram) and fluorescence (upper black chromatogram)
etector is shown in Fig. 5A. Although the fluorescence detection
id not enable the determination of flubendazole and hydrolyzed

F
a
v
(
2
g

idazole carbamates under study.

ubendazole, the fluorescence peak areas of reduced flubendazole
nd albendazole were approximately tenfold larger than the cor-
esponding UV peak areas of these compounds at the wavelength
ig. 2. Ultraviolet spectra of the hydrolyzed flubendazole, reduced flubendazole,
lbendazole and flubendazole in the mobile phase methanol-1 M NaClO4 (75:25,
/v; pH 6.8). UV-absorption maxima: 214, 250, 330 nm for hydrolyzed flubendazole
upper black line); 218, 290 nm for reduced flubendazole (lower grey line); 219,
95 nm for albendazole (lower black line); 215, 250, 310 nm for flubendazole (upper
rey line).
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Fig. 3. Excitation (A) and emission spectra (B) of reduced flubendazole and
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Fig. 4. (A) Spectrochromatogram of the 10−5 M mixture of hydrolyzed FLU
(tR = 10 min), (−)-reduced FLU (tR = 14 min), (+)-reduced FLU (tR = 17.2 min) and unre-
solved concentration zone of albendazole + flubendazole (ALB + FLU, tR = 26 min)
using the mobile phase acetonitrile-1 M aqueous NaClO4, pH 6.8 (40:60, v/v). (B)
Spectrochromatogram of the 10−5 M mixture of hydrolyzed FLU (tR = 11 min), (−)-
reduced FLU (tR = 14 min), (+)-reduced FLU (tR = 16.5 min), albendazole (tR = 21 min,
internal standard) and flubendazole (FLU; tR = 23.5 min) using the mobile phase
methanol-1 M aqueous NaClO4, pH 6.8 (75:25, v/v). (C) Spectrochromatogram of
t
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regression equations with the coefficients of determination 0.998
lbendazole. Maxima in fluorescence spectra: �(excitation)/�(emission) = 220,
28, 280 nm/310 nm for reduced flubendazole; �(excitation)/�(emission) = 236,
96 nm/346 nm for albendazole.

enzimidazole carbamates (reduced flubendazole and albenda-
ole).

As shown in Fig. 4C (compare it with Fig. 4B), the photodiode-
rray UV detection of the extract from the blood plasma of a ram
reated with flubendazole identified the presence of endogenous
ompounds originating from the blood plasma at tR = 13–15 min.
hese compounds were coeluted or eluted very close to both enan-
iomers of the reduced flubendazole, and could be incorrectly
nterpreted and evaluated as the (−)- or (+)-reduced flubendazole
n a single wavelength chromatogram. In the more selective and
ensitive fluorescence detection (see Fig. 5B), the possibility of an
ncorrect identification and determination of both enantiomers of
he reduced flubendazole was suppressed.

.3. Validation results

The developed chiral LLE-HPLC-PDA-FL method was validated
ccording to the recommendation of CDER and CVM Guidance (see

ection 2.6 and reference [5]). The validation experiments were
ased on a 9-level plasma calibration series measured using both
V photodiode-array and fluorescence detection. The validation

esults are summarized in Tables 1A and 1B.

(

w
c

he extract from the blood plasma of a ram treated with flubendazole (single oral
ose 30 mg/kg). The blood sample was withdrawn 10 h after the administration (the
ame chromatographic conditions as in (B).

The intra-day variability (mean ± S.D., precision and accuracy)
or hydrolyzed flubendazole, both enantiomers of reduced fluben-
azole and flubendazole calculated using an internal standard
ethod (albendazole was used as I.S.) is presented in Table 1.
When the calibration data from the UV photodiode-array detec-

or were processed, acceptable precision and accuracy results
ere found in the range of 10–2000 pmol ml−1 for the hydrolyzed
ubendazole (� = 330 nm) and flubendazole (� = 310 nm), as shown

n Table 1A. Plasma calibration results measured by the UV
hotodiode-array detector were well described by linear regression
quations (see Table 2, UV detection).

On the other hand, the quantification of the reduced
ubendazole enantiomers at lower concentration levels (under
5 pmol ml−1) was subjected to a systematic error, which was
robably caused by the presence of the interfering compounds
oextracted from the plasma (see tR = 13–15 min in Fig. 4C).

The calibration data from the fluorescence detector provided
alid values of precision (<15%) and accuracy (<±15%) within the
ange 5–1000 pmol ml−1 for both enantiomers of the reduced
ubendazole (�(exc.)/�(emis.) = 228 nm/310 nm). The fluorescence
etection of the reduced flubendazole is more selective and sen-
itive then the UV photodiode-array detection. The fluorescence
etection of the reduced flubendazole has non-linear response and
he best fit of the calibration data was achieved using quadratic
see FL-detection in Table 2).
The tandem UV photodiode-array and fluorescence detection

as found to be a suitable detection tool for flubendazole pharma-
okinetic studies.
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Table 1A
Intra-day precision and accuracy of hydrolyzed flubendazole, (−)-reduced flubendazole, (+)-reduced flubendazole and flubendazole determination in plasma calibration
samples (six various concentration levels with six individually prepared samples at each calibration level; UV detection; linear fit).

UV detection linear fit (y = Bx + C) Added (pmol ml−1) Found (mean ± S.D.) (pmol ml−1) Precision (R.S.D.) (%) Accuracy (%)

Hydrolyzed flubendazole 10 12.04 ± 1.70 14.10 20.36
50 53.65 ± 6.01 11.21 7.29

100 102.13 ± 7.97 7.80 2.13
500 547.25 ± 20.42 3.73 9.45

1000 965.54 ± 24.39 2.53 −3.45
2000 1957.51 ± 126.39 6.46 −2.12

(−)-Reduced flubendazole 5 9.37 ± 4.26 45.45 87.35
25 20.27 ± 5.14 25.37 −18.93
50 42.54 ± 4.72 11.10 −14.93

250 251.57 ± 11.28 4.48 0.63
500 498.11 ± 19.06 3.83 −0.38

1000 1001.09 ± 54.17 5.41 0.11

(+)-Reduced flubendazole 5 6.48 ± 4.82 74.49 29.55
25 24.03 ± 12.11 50.42 −3.89
50 44.61 ± 3.78 8.46 −10.79

250 260.75 ± 8.80 3.38 4.30
500 489.49 ± 17.12 3.50 −2.10

1000 1002.77 ± 58.24 5.81 0.28

Flubendazole 10 11.69 ± 1.82 15.55 16.93
50 50.77 ± 7.59 14.95 1.55

100 92.93 ± 7.08 7.62 −7.07
500 525.27 ± 24.47 4.66 5.05

1000 974.33 ± 33.22 3.41 −2.57
2000 2006.80 ± 61.36 3.06 0.34

Table 1B
Intra-day precision and accuracy of (−)-reduced flubendazole and (+)-reduced flubendazole determination in plasma calibration samples (six various concentration levels
with six individually prepared samples at each calibration level; fluorescence detection; quadratic fit).

Fluorescence detection quadratic fit (y = Ax2 + Bx + C) Added (pmol ml−1) Found (mean ± S.D.) (pmol ml−1) Precision (R.S.D.) (%) Accuracy (%)

(−)-Reduced flubendazole 5 4.82 ± 0.34 7.06 −3.52
25 25.18 ± 1.31 5.20 0.74
50 48.59 ± 3.35 6.89 −2.81

250 253.26 ± 10.38 4.10 1.30
500 497.66 ± 21.72 4.36 −0.47

1000 1000.77 ± 45.54 4.55 0.08

(+)-Reduced flubendazole 5 4.26 ± 0.27 6.23 −14.77
25 24.59 ± 1.71 6.96 −1.63
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.4. Pharmacokinetic studies of flubendazole in sheep

In our previous study [1], the in vitro biotransformation studies
n the subcellular fractions of hepatic and intestinal homogenates

rovided an important information about the location and
oenzyme requirement of flubendazole-metabolizing enzymes.
ADPH-dependent carbonyl reducing enzymes located in the liver
ytosolic fractions were found to be mainly involved in fluben-

z
f

u

able 2
nternal standard calibration curve parameters for hydrolyzed flubendazole, (−)-reduced
uorescence detection. Based on 6-level ovine plasma calibration with six individually sp

Regression equation

V-detection
Hydrolyzed flubendazole y = 0.883x − 0.001
(−)-Reduced flubendazole y = 2.4674x + 0.0237
(+)-Reduced flubendazole y = 2.4272x + 0.0327
Flubendazole y = 1.2387x + 0.0033

L-detection
(−)-Reduced flubendazole y = −2.0932x2 + 4.7086x + 0.0028
(+)-Reduced flubendazole y = −1.8844x2 + 4.6308x + 0.0075
48.73 ± 3.53 7.25 −2.54
256.52 ± 11.86 4.63 2.61
495.23 ± 24.75 5.00 −0.95

1001.42 ± 54.29 5.42 0.14

azole biotransformation. The flubendazole carbonyl reduction
as stereospecific: (+)-reduced flubendazole was preferentially

ormed (with 93–97% enantiomeric excess of this enantiomer). The
ydrolyzed flubendazole, second phase I metabolite of flubenda-

ole, was formed in small amounts only in the hepatic cytosolic
ractions [1].

In this study, flubendazole biotransformation was tested in vivo
sing chiral HPLC with a tandem UV photodiode-array and fluores-

flubendazole, (+)-reduced flubendazole and flubendazole using UV detection and
iked drug-free plasma samples at each calibration level (see Tables 1A and 1B).

r2 Range (pmol ml−1) Recovery (%)

0.998 10.5–2000 83.4
0.9963 23–1000 87.5
0.9957 43.4–1000 86.7
0.9982 9.95–2000 82.9

0.998 3.85–1000 87.5
0.9979 3.42–1000 86.7
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Table 3
Pharmacokinetic parameters for flubendazole and its two phase I metabolites (to the pharmacokinetics in Fig. 6).

Compound → Hydrolyzed flubendazole (+)-Reduced flubendazole Flubendazole

C(max) (pmol ml−1) 56 327 40
t 10 10
A 6287 830
k 0.0407 0.0127
t 17 55

c
w
t
1
g
a

p
p

F
fl
(
d
m
t

(max) (h) 10
UC(0–72 h) (pmol h ml−1) 1267
e (h−1) 0.0302
(1/2) (h) 23

ence detection. The pilot pharmacokinetic study of flubendazole
as performed in a ram (see Section 2.2.) after the enteral adminis-

ration of 30 mg dose of flubendazole (in the form of a suspense) per
kg of body weight. As flubendazole is poorly absorbed from the
astro-intestinal tract, low concentrations of this parent compound

nd its phase I metabolites in the blood stream were expected [1].

Ovine plasma samples, collected during the experiment, were
rocessed and the concentrations of flubendazole and its princi-
al metabolites were determined. The time course of the plasma

ig. 5. (A) Chromatograms of the extract from a drug-free plasma spiked with
ubendazole and its phase I metabolites (1 nmol/ml of each) and albendazole
3 nmol/ml, IS). Upper black chromatogram was acquired using fluorescence
etection, the lower grey chromatogram using UV detection (at 280 nm). (B) Chro-
atogram (fluorescence detection) of the ovine plasma extract after 10 h following

he administration of flubendazole (30 mg/kg).
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ig. 6. Pharmacokinetics of flubendazole and its phase I metabolites in a young ram
fter a single oral administration of flubendazole (30 mg/kg, see Section 2.2).

oncentrations of flubendazole and its individual phase I metabo-
ites is displayed in Fig. 6 and the corresponding pharmacokinetic
arameters were summarized in Table 3. The results showed
hat the parent flubendazole was initially absorbed from the
orestomach and consecutively absorbed from the rest of the
igestive tract. In ruminants, physiological long-term passage
f the digestive content through the stomach and small intes-
ine allows the absorption of a drug over a long period of time
fter administration. The absorbed flubendazole was consequently
ransported via blood to the liver where the main biotransformation
ccurred.

As shown in Fig. 6, the (+)-enantiomer of the reduced fluben-
azole was found to be the principal phase I metabolite circulating

n the ovine blood after the enteral administration of flubendazole.
his enantiomer represents almost 75% of the total molar amount of
enzimidazole carbamates (i.e. flubendazole + its phase I metabo-

ites) found in the ovine blood plasma in the time interval 0–72 h
fter flubendazole administration. The enantiomeric excess (cal-
ulated as AUC(0–72 h) for (−)-reduced flubendazole/AUC(0–72 h) for
+)-reduced flubendazole = 2.5%/97.5%) shows a high stereospeci-
city of ovine carbonyl reductases. The pharmacokinetic curve for
he (+)-reduced flubendazole is in accord with a very fast and
ctive flubendazole reduction. On the other hand, very low con-
entrations of the parent drug (flubendazole) and the hydrolyzed
ubendazole were found, and only traces of the (−)-reduced
ubendazole were detected in the ovine blood plasma. These find-

ngs indicate high activities of the carbonyl reducing enzymes and
inor importance of hydrolases in flubendazole biotransforma-

ion in sheep. The principal phase I metabolite, the (+)-reduced
ubendazole probably undergoes conjugation, but no information
bout the structure of flubendazole conjugates in the sheep is
nown.

The question of flubendazole application in ruminants (espe-
ially in sheep) was recently dealt with by Moreno et al. [6].
owever, in their study, the pharmacokinetics of flubendazole and
ts metabolites in sheep after an intravenous and intraruminal
dministrations of flubendazole (the same dosage 5 mg/kg) were
valuated using an achiral chromatographic method, and the stere-
specificity in the formation of (+)-reduced flubendazole could not
e evaluated.
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. Conclusions

Disposition studies of the anthelmintic flubendazole in ani-
als required the development and validation of a selective

nd sensitive chiral HPLC method. The previously described ana-
ytical approach used for in vitro studies [1] was not suitable
or a chiral HPLC determination of low plasmatic concentra-
ions of flubendazole and its metabolites. In the newly developed
hiral HPLC method, all analytes under study (i.e. hydrolyzed
ubendazole, (−)-reduced flubendazole, (+)-reduced flubendazole,
lbendazole and flubendazole) were separated and determined
sing an internal standard method (with albendazole as an IS)

n a chromatographic run lasting 27 min. All benzimidazole car-
amates reported in this work were determinable by the UV
hotodiode array detector at individually selected wavelengths for
ach compound. In addition, the principal flubendazole metabo-
ite, reduced flubendazole, and albendazole (internal standard)
xhibited excitation and emission maxima and possessed fluo-
escence properties of analytical importance. The fluorescence
esponse of the reduced flubendazole (�exc./�emis. = 228/310 nm)
nd albendazole (�exc./�emis. = 236/346 nm) was found to be ten
imes more intense than the ultraviolet response of these com-
ounds at 280 nm, and also the selectivity of the fluorescence
etection was better than that of the universal UV detection.

The applicability of the described chiral HPLC method armed

y a tandem UV photodiode-array and fluorescence detection was
ested on a pilot pharmacokinetics of flubendazole in sheep after
he enteral administration of a dose of 30 mg/kg. The main phar-

acokinetic parameters (cmax, tmax, AUC0–72 h, ke and t(1/2)) were
easured and evaluated. The (+)-reduced flubendazole was found

[

[
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o be the prevailing flubendazole metabolite circulating in the
vine blood (73.6% of the total amount of flubendazole and its
hase I metabolites determined in the plasma samples), the resid-
al amounts are distributed among the hydrolyzed flubendazole
14.8%), parent flubendazole (9.7%) and (−)-reduced flubendazole
1.8%). The value of the enantiomeric excess (97.5% for the (+)-
nantiomer of reduced flubendazole) shows a high stereospecificity
f the ovine carbonyl reductases.
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kilful technical assistance in the sample preparation. This work
as supported by the research projects MSM 0021620822 of the
inistry of Education, Youth and Sports of the Czech Republic and

y Grant Agency of Czech Republic (524/06/1345).

eferences
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