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Cystic echinococcosis (CE) caused by the parasite Echinococcus granulosus is an important public health
problem worldwide. Flubendazole has shown poor in vivo efficacy against CE in humans and mice. However,
flubendazole causes marked in vitro damage on E. granulosus protoscoleces. The goals of the current work
were: a) to compare the plasma pharmacokinetic behaviour of flubendazole formulated as a hydroxipropyl-
β-cyclodextrin aqueous solution or as a carboxymethyl celullose suspension, both given by the oral route to
mice, b) to compare flubendazole clinical efficacy in secondary CE in mice after its administration as both
formulations, c) to evaluate the flubendazole-induced morphological changes in hydatid cysts recovered
from infected mice treated with both drug formulations. Flubendazole administration as a solution resulted
in significantly higher plasma maximum concentration (Cmax) and area under the concentration–time curve
(AUC) values compared to those obtained after the flubendazole-suspension treatment. This enhanced drug
availability correlated with an increased efficacy against secondary CE in mice observed for the flubendazole-
solution formulation, while the suspension formulation did not reach differences with the untreated control
group. Similar ultrastructural changes were observed in cysts recovered from flubendazole (both
formulations) treated mice after 3, 6 and 9 months of infection, although the damage extension was greater
after treatment with the flubendazole-solution formulation.

© 2009 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Echinococcus granulosus and Echinococcus multilocularis which
cause cystic echinococcosis (CE) and alveolar echinococcosis (AE),
respectively, are the most important members of the genus Echino-
coccus due to their public health importance and geographical
distribution [1,2]. CE or hydatidosis is in fact the most common
presentation and probably accounts for more than 95% of the
estimated global cases [3]. The disease affects humans as well as
domestic livestock [4]. The dog is a definitive host, where adult
tapeworms attached to the intestinal epithelium undergo sexual
reproduction, leading to the development of eggs [4]. People became
infected from ingestion of parasite eggs passed into the environment
with faeces from definitive hosts. The outcome of the infection is the
development of cysts, located in any organ/tissue [5], most frequently
in the liver (60–70%) and lungs (20–30%) [6].
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The induction of morbidity depends on the number, size, involved
organ, localization of the cysts and the pressure of the cysts on
surrounding tissues [7]. Furthermore, the possibility of cysts rupture
and protoscoleces dissemination can result in either anaphylactic
reaction or in a secondary CE caused by the spilled of large number of
protoscoleces, which have the potential to differentiate into new
hydatid cysts [7]. Currently, the disease treatment includes surgery
and/or chemotherapy. Albendazole (ABZ), a benzimidazole (BZD)
methylcarbamate compound, is the drug recommended in humans
[8]. Although beneficial effects have been obtained in some studies,
the response to treatment is frequently unpredictable [9]. The large
variability observed in the therapeutic success of BZD anthelmintics
on CE, may be explained by the host immunological status and/or the
features of the cysts, including their size and location [7]. Further-
more, the poor/erratic gastrointestinal absorption is a common
inconvenient for the systemic availability of orally administered BZD
in most species [10]. Consequently, enhanced systemic availability of
the parent drug/active metabolite obtained by increased drug
absorption or by a reduced dosing interval, correlates with an
improved antiparasitic effect, as it was demonstrated in several
clinical studies [11–13].
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Flubendazole (FLBZ), an alternative BZD methylcarbamate com-
pound, has been evaluated for CE treatment in bothmice [14] andman
[9,15]. FLBZ administered orally as a suspension or tablets failed to
affect E. granulosus cysts. However, FLBZ has shown to produce
marked in vitro damage on protoscoleces and cysts of E. granulosus.
Interestingly, protoscoleces incubated with FLBZ were damaged faster
than those cultured with ABZ or its active metabolite, ABZ-sulphoxide
(ABZSO) [16]. It is likely that poor FLBZ gastrointestinal absorption has
accounted for its low in vivo activity against CE. Therefore, the use of
pharmacotechnical strategies to overcome this limitation may
improve the in vivo efficacy of this drug.

It is well established that BZD dissolution is rate-limited by the
acidic pH of the stomach [10]. As a consequence, the amount of drug
absorbed above a minimum is constant and do not dependent on the
administered dose. For example, the area under the concentration–
time curves (AUC) was similar in dogs treated with a single
administration of fenbendazole at different doses over a range of 25
to 100 mg/kg [17]. The use of complexing agents such as cyclodextrins
(CD) is usually suggested [18] to increase the systemic bioavailability
of poorly soluble compounds. Hydroxypropyl-β-cyclodextrin
(HPBCD) increases ABZ water solubility [19]. Furthermore, an
enhanced plasma availability of ABZ metabolites was reported after
the administration of an ABZ-HPBCD formulation in sheep [20]. The
goals of the current work were: a) to compare the plasma
pharmacokinetic (PK) behaviour of FLBZ formulated as either an
aqueous HPBCD-solution (FLBZ-solution) or an aqueous carboxy-
methyl cellulose (CMC)-suspension (FLBZ-suspension), both given by
the oral route to mice; b) to compare FLBZ efficacy against secondary
CE in mice after its administration as both formulations; c) to evaluate
FLBZ-induced morphological changes in hydatid cysts recovered from
infected mice treated with both drug formulations.

2. Materials and methods

2.1. Chemicals

Pure reference standards of FLBZ, reduced-FLBZ (R-FLBZ) and
hydrolyzed-FLBZ (H-FLBZ) kindly provided by Janssen Animal Health
(Beerse, Belgium) and oxibendazole (OBZ, Schering Plough Kenil-
worth, NJ, USA) were used for the validation of the analytical
methodology. The solvents used for the chemical extraction and
chromatographic analysis were HPLC grade (Baker, Inc., Phillipsburg,
NJ, USA). Potassium phosphate (HPLC grade) and CMC were from
Anedra (Buenos Aires, Argentina). Cargill Inc. (Hammond, IN, USA)
kindly supplied us the HPBCD.

2.2. FLBZ formulations

The FLBZ-solution was prepared by dissolution of 50 mg of pure
FLBZ and 10 g of HPBCD in 100 mL of deionizedwater (pH 1.2). The pH
was adjusted using hydrochloric acid (25 mM). The formulation was
shaken during 48 h (40 °C) and then was filtrated through 0.45 µm
filter (Whatman, NJ, USA). The final FLBZ concentration (0.5 mg/mL)
was confirmed by HPLC (n=4). FLBZ-suspension (0.5 mg/mL) was
prepared by addition of pure FLBZ in deionized water with CMC (0.5 %
p/v, pH=6.0) under shaking during 6 h. FLBZ suspension was
vigorously shaken before its intragastric administration to mice. For
the clinical efficacy studies, FLBZ formulations were freshly prepared
every three days and maintained under refrigeration (3–5 °C).

2.3. Protoscoleces collection and culture

Protoscoleces of E. granulosus were aseptically collected from liver
hydatid cysts of infected cattle slaughtered in two abattoirs located in
the southeast of Buenos Aires province, Argentina. Vitality was
assessed bymuscular movements (evaluated under lightmicroscope),
motility of flame cells and by the methylene blue exclusion test [21].
The culture protocols were carried out as described previously [22],
using medium 199 (Gibco, Invitrogen, Buenos Aires, Argentina)
supplemented with 100 IU penicillin, 100 µg/mL streptomycin, 4 mg/
mL glucose and 20% (v/v) foetal calf serum.

2.4. Experimental animals

Male Balb/c mice (6 months old at the starting of the experiments)
were used in both, the PK and the clinical efficacy trials. The animals
were housed in temperature controlled (21±2 °C), light-cycled (12 h
light/dark cycle) room. Food and water were provided ad libitum.
Animal procedures and management protocols were approved by the
Ethics Committee according to the AnimalWelfare Policy (act 087/02)
of the Faculty of Veterinary Medicine, Universidad Nacional del Centro
de la Provincia de Buenos Aires (UNCPBA), Tandil, Argentina (http://
www.vet.unicen.edu.ar).

2.5. Experimental design

2.5.1. Pharmacokinetic study
Eighty eight (88) healthy mice were allocated into two groups of

44 animals each and treated with either, the FLBZ solution or the
suspension. Both formulations were given orally at the same dose rate
(5 mg/kg), using an intragastric tube. Blood samples obtained from
sacrificed animals (n=4 per collection point) were collected in
heparinized plastic tubes at the following times post-treatment: 5, 15
and 30 min, 1, 2, 3, 4, 6, 8, 10, 12 and 16 h. Blood samples were
centrifuged at 2000×g for 15min and the recovered plasma was
stored at −20 °C until analysis by HPLC.

2.5.2. Secondary infection with E. granulosus metacestodes. Efficacy
study

Balb/c mice (n=30) were infected by intraperitoneal (i.p.)
inoculation of 1500 protoscoleces/animal, suspended in 0.5 mL of
medium 199. At three months post-infection, the animals were
allocated into the following experimental groups (10 animals/group):
(1) Unmedicated control group (animals receivedwater as a placebo);
(2) FLBZ-solution treated animals; (3) FLBZ-suspension treated mice.
In all cases the treatments were performed by intragastric inoculation
(0.3 mL/animal) every 12 h during 25 days. The FLBZ dose rate was
5 mg/kg. At the end of the treatment period, the animals were
sacrificed by cervical dislocation and their peritoneal cavity was
opened to remove the hydatid cysts. The weight of the cysts collected
from each animal was recorded. The same experimental design was
performed using infectedmice with six and nine months of secondary
infection with E. granulosus metacestodes.

2.5.3. Morphologic study
Cyst samples recovered from mice involved in the efficacy study

(three, six and nine months of infection) were prepared for scanning
(SEM) electron microscopy to evaluate the FLBZ-induced morpholo-
gical alterations. The samples were fixed with 3% glutaraldehyde in
sodium cacodylate buffer for 24 h at 4 °C. Then, several washes in
cacodylate buffer were performed. The specimenswere dehydrated by
sequential incubations in increasing concentrations of ethanol (50–
100%), and finally immersed in hexamethyl-disilazane for 5 min, 1 h
and then, overnight. They were then sputter-coated with gold (100 Å
thickness), and inspected on a JEOL JSM-6460 LV scanning electron
microscope operating at 15 kV.

2.5.4. Analysis of FLBZ and its metabolites
Chromatography was performed on a Shimadzu HPLC equipment

(Shimadzu Corporation, Kyoto, Japan), with two LC-10AS solvent
pumps, an automatic sample injector (SIL-10A) with a 50 μL loop, an
ultraviolet visible spectophotometric detector (UV) (SPD-10A)

http://www.vet.unicen.edu.ar
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Fig. 1. Plasma concentration profiles (mean±SD) of flubendazole (FLBZ) and its
reduced (R-FLBZ) and hydrolyzed (H-FLBZ) metabolites at different times after the oral
administration of FLBZ (5 mg/kg), prepared as a hydroxipropyl-β-cyclodextrin solution
to healthy mice.

Fig. 2. Comparative flubendazole (FLBZ) plasma concentrations obtained after its oral
administration as a hydroxipropyl-β-cyclodextrin-solution (FLBZ-solution), or a
carboxymethyl celullose-suspension (FLBZ-suspension) to healthy mice.
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reading at 292 nm, a column oven (Eppendorf TC-45, Eppendorf,
Madison, WI, USA) set at 30 °C, and a CBM-10A integrator. Data and
chromatograms were collected and analyzed using the Class LC10
software (SPD-10A, Shimadzu Corporation, Kyoto, Japan). The C18
reversed-phase column (5 µm, 250 mm×4.6 mm) was Kromasil
(Kromasil®, Sweden). Elution from the stationary phase was carried
out at a flow rate of 1 mL/min using acetonitrile (40%) and potassium
phosphate buffer (25 mM, pH 5.3, 40%), as a mobile phase.

Plasma samples (100 µL) were spiked with OBZ as internal
standard (20 µL from stock solution of 5 µg/mL). After 5 min, plasma
samples were mixed with 900 μL of water and the analytes were
extracted using disposable C18 cartridges (Strata®, Phenomenex, CA,
USA). The extraction procedures were as previously described [11].
Identification of FLBZ and its hydrolyzed (H-FLBZ) and reduced (R-
FLBZ) metabolites was undertaken by comparison with the retention
time of pure references standards. A complete validation of the
analytical procedures for extraction and quantification of FLBZ, H-FLBZ
and R-FLBZ in plasma was performed before starting the analysis of
experimental samples. Retention times for H-FLBZ, R-FLBZ and FLBZ
were 4.47, 5.79 and 9.69 min, respectively. The calibration curves for
each analyte constructed by least squares linear regression analysis,
showed good linearity with correlation coefficients ≥0.998. Mean
absolute recoveries percentages for concentrations ranging between
0.01 and 1 µg/mL (n=5) were 92.2 (H-FLBZ), 96.7 (R-FLBZ) and 91.1%
(FLBZ) with CV of 5.49, 3.39, and 8.96%, respectively. The limit of
quantification (0.01 µg/mL) was defined as the lowest measured
concentration with a CV b20% an accuracy of ±20% and an absolute
recovery ≥70%.

2.5.5. Kinetic analysis of the data
The concentration vs. time curves for FLBZ and/or its metabolites in

plasma for each individual animal were fitted with the PK SolutionsTM

computer program (Summit Research Service, OH, USA). The peak
concentration (Cmax) and time to peak concentration (Tmax) were read
from the plotted concentration–time curve for each analyte. The area
under the concentration–time curve (AUC) for FLBZ/metabolites was
calculated by the trapezoidal rule [23], and further extrapolated to
infinity by dividing the last experimental concentration by the
terminal slope (h−1).

2.5.6. Statistical analysis
PK parameters are presented as arithmetic mean±SD. Student's t-

test was used for the statistical comparison of the PK data obtained
from the two experimental groups. A value of Pb0.05 was considered
statistically significant. For the clinical efficacy study, cyst weights
(reported as arithmetic mean±SD) were compared by analysis of
variance (ANOVA) [24]. The Tuckey's range test was used to indicate
the order of significance when a significant F value was obtained. A
value of Pb0.05 was considered statistically significant. The statistical
analysis was performed using the Instat 3.0 Software (Graph Pad
Software, CA, USA).

3. Results

FLBZ and its hydrolyzed and reduced metabolites were recovered
from mice plasma after the oral administration of FLBZ formulated as
both a solution and a suspension. Fig. 1 shows the mean plasma
concentration profiles of FLBZ, H-FLBZ and R-FLBZ after the oral
administration of FLBZ-solution at 5 mg/kg to mice. FLBZ plasma
concentration profiles were higher than those measured for its
hydrolyzed or reduced metabolites. After its administration as a
solution, FLBZ reached the peak plasma concentration at 42±
21.4 min post-treatment. R-FLBZ was the main metabolite detected
in mice plasma after FLBZ treatment, reaching a Cmax of 0.45±
0.49 µg/mL at 30±14 min post-treatment (FLBZ-solution treatment).
The H-FLBZ was the analyte measured at the lowest concentration
(Cmax=0.12±0.04 µg/mL), being detectable only up to 4 h post-
treatment. After the oral administration of FLBZ formulated as a
suspension, the parent drug reach the Cmax at 52±15 min post-
treatment. The peak plasma concentration (0.02±0.01 µg/mL) for R-
FLBZ was obtained at 30±11.3 min post-treatment. Plasma concen-
trations of H-FLBZ under the limit of quantification were detected
after the FLBZ-suspension administration. The comparative mean
plasma concentration profiles of FLBZ after its oral administration as
solution or suspension is shown in Fig. 2. Table 1 summarizes the
plasma disposition kinetic data for FLBZ (mean±SD) after its oral
administration (both formulations) to mice. FLBZ administration as a
solution resulted in a significantly (Pb0.05) higher Cmax (1.12±
0.001 µg/mL) compared to that obtained after the FLBZ-suspension
treatment (0.04±0.015 µg/mL) (Fig. 2). The enhanced FLBZ plasma
profiles observed after FLBZ-solution treatment compared to that
observed after FLBZ-suspension administration results in significantly
(Pb0.05) greater AUC values (2.17±0.28 and 0.08±0.05 µg.h/mL,
respectively).

Hydatid cysts developed in all the infected animals involved in the
efficacy studies. Table 2 summarizes the cyst weights (mean±SD)



Table 1
Pharmacokinetic parameters (mean±SD) for flubendazole (FLBZ) after the oral
administration (5 mg/kg) of FLBZ-solution and FLBZ-suspension to healthy mice.

Pharmacokinetic
parameters

FLBZ formulations

FLBZ-solution FLBZ-suspension

Cmax (μg/mL) 1.12±0.001 0.04±0.02⁎

AUCtotal (μg . h/mL) 2.17±0.28 0.08±0.05⁎

Tmax (h) 0.70±0.36 0.88±0.25

Cmax, peak plasma concentration; AUCtotal, area under the concentration vs. time curve
extrapolated to infinity; Tmax, time to peak plasma concentration.
⁎ Significantly different in comparison with the FLBZ-solution treated group

(Pb0.05).

Fig. 3. Representative images of the scanning electron microscopy of hydatid cysts
recovered from either Unmedicated control mice, FLBZ-solution or FLBZ-suspension
treated mice. a) Scanning electron microscopy of cysts from unmedicated animals (gl:
germinal layer; ×650). b) Scanning electron microscopy of cysts recovered from mice
treated with the FLBZ-solution (5 mg/kg) after three months of infection. Alterations in
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recorded after treatments on the different experimental groups
(Unmedicated control, FLBZ-solution and FLBZ-suspension treated
groups) involved in the efficacy study at the different time post-
infection (three, six and nine months). FLBZ treatment as a solution
resulted in a reduction on the cysts weight compared to those
obtained for unmedicated mice. This reduction resulted statistical
significant (Pb0.05) on cyst developed for three and ninemonths (see
Table 2). Nevertheless, the treatment with the FLBZ suspension
showed no significant differences in cyst weights at the three different
times post-infection assessed in comparison with the cysts weight
recorded for Unmedicated control group (Table 2).

Fig. 3 shows the ultrastructural appearance of the germinal and
laminated layers after SEM analysis of cyst recovered from infected
Unmedicated, FLBZ-solution and FLBZ-suspension treated mice (three
months after infection). All cysts removed from Unmedicated control
mice appeared turgid, showing no observable collapse of the germinal
layer, in which no alteration in ultrastructure by SEM was observed.
On the other hand, the ultrastructural study of cysts developed inmice
treated with the FLBZ-solution or FLBZ-suspension revealed altera-
tions in the germinal layer. The same ultrastructural changes were
observed by SEM in cyst recovered from mice treated with the FLBZ-
solution at 6 and 9 months post infection, as well as in cyst recovered
from FLBZ-suspension treated mice (3, 6 and 9 months of infection).
However, the damage extension appears to be broader after the FLBZ-
solution compared to the suspension treatment.

4. Discussion

After the oral administration of FLBZ to mice (as both a solution
and suspension), FLBZ parent drug was the main analyte found in
plasma. R-FLBZ was the main metabolite recovered and low
concentrations of H-FLBZ were measured. This drug/metabolites
pattern was similar to that reported in sheep [25]. A fast FLBZ
depletion from the bloodstream was observed after FLBZ administra-
tion (Fig. 1).

Drug particles must dissolve in the enteric fluids to facilitate
absorption of the BZD molecule through the gastrointestinal (GI)
mucosa. The dissolution rate of an enterally delivered compound
influences the rate and extent of its absorption (systemic bioavail-
ability), its maximal plasma concentration, its subsequent distribution
to target tissues/parasites and its overall disposition kinetics. In the
Table 2
Mean (±SD) weights (g) of the hydatid cysts recovered at three, six and nine months
post-infection from artificially infected mice from the Unmedicated control and from
the flubendazole (FLBZ)-solution and FLBZ-suspension treated groups (5 mg/kg, every
12 h over 25 days).

Time post-infection
(months)

Unmedicated
control group

FLBZ-solution FLBZ-suspension

3 0.27±0.11a 0.06±0.02b 0.40±0.20a

6 1.16±1.14a 0.18±0.14a 1.20±1.04a

9 11.0±6.17a 1.07±1.04b 8.50±4.30a

Different letters indicate statistically significant differences (Pb0.05) between
experimental groups at the same time post-infection.

the germinal layer (gl) and only debris of cells can be observed (×600). c) Scanning
electron microscopy of cysts recovered from mice treated with the FLBZ-suspension
formulation at 3 months post-infection. Alteration of the germinal layer (gl) can be
appreciated, where only a few cells exhibit an intact morphology (×600).
present experimental work, the use of a FLBZ HPBCD-based formulation
induces drastic changes in FLBZ/metabolites plasma availability. HPBCD
increased FLBZ water solubility, which accounted for its enhanced
absorption and bioavailability in mice, resulting in a significantly higher
(N450%) plasma Cmax compared to that obtained after the FLBZ-
suspension treatment (Pb0.05). Since the higher the concentrations
achieved at the tissue/fluid of parasite location, the greater the amount of
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drug reaching the target parasite [26], the increased FLBZ bioavailability
induced by HPBCD would impact on the amount of drug reaching the
hydatid cysts and its overall antiparasitic effect.

Hydatid cysts developed in all the infected animals involved in the
clinical efficacy studies. However, a large variation in cysts weights was
observed, which agrees with previously reported results involving E.
granulosus [11,27,28] and E. multilocularis [13,29,30] infection in
laboratory animals. A drastic increase on cyst weight was observed
along the three post-infection times in the Unmedicated control mice.
Cyst weight increased about 300% between three and six months and
800% between six and nine months post-infection (Table 2), where the
large metacestode mass infiltrated the whole abdominal cavity. A clear
reduction on cystweightwas observed after the administration of FLBZ-
solution in mice with cysts developed during three, six or nine months,
compared to those collected from the Unmedicated control mice
(Table 2). After administration of the FLBZ-solution, the mean cyst
weight was reduced by 78, 84 and 90% (three, six or nine months post
infection, respectively) in comparison to those recorded for unmedi-
cated mice. However, these differences reached statistical significance
only in three and ninemonths infectedmice. In the six months-infected
mice, the large individual variations (particularly observed within the
Unmedicated control group) did not permit to obtain statistically
significant differences, although there was a clear tendency in favour of
the FLBZ-solution treatment. The limited GI absorption and consequent
low systemic availability obtained following the FLBZ-suspension
administration did not induce a significant cyst weight reduction
compared to the unmedicatedmice at any time post-infection (Table 2).

No ultrastructural changes (SEM analysis) were observed in the
germinal membrane of cyst recovered from unmedicated mice with
infection of three, six or nine months long. In contrast, the germinal layer
of cysts recovered from FLBZ-solution and FLBZ-suspension treated mice
was markedly altered (Fig. 3). Debris of cells could be observed (FLBZ-
solution treatment) or only few cells with an intact morphology (FLBZ-
suspension treatment). The ultrastructural changes observed in the
germinal membrane of cysts recovered from FLBZ treated animals after
both treatments (FLBZ-solution or suspension) were identical. However,
the damage extension appears to be broader after the FLBZ-solution
compared to the suspension, which may correlate with the observed
advantageous drug concentration profiles in the bloodstream and
consequently, with enhanced drug availability at the site of cyst location.

In conclusion, the improved kinetic behaviour of FLBZ adminis-
tered as a solution resulted in a higher drug exposure of the hydatid
cysts, which enhanced FLBZ clinical efficacy on CE developed in mice.
FLBZ may be a suitable drug for treating CE and the use of
pharmacotechnically-based strategies would be helpful to improve
clinical efficacy of BZD anthelmintics to treat the hydatid disease.

Acknowledgements

We gratefully acknowledge the financial support of the Consejo
Nacional de Investigaciones Científicas y Técnicas (CONICET) and
Agencia Nacional de Promoción Científica y Técnica (ANPCyT), both
from Argentina. The authors acknowledge Dr. Kathleen Vlaminck, Dr
Leo Van Leemput (Janssen Animal Health, Beerse, Belgium) and Dr.
Gustavo Viana (Janssen, Buenos Aires, Argentina) for providing FLBZ
and metabolites used in the present experimental work. The HPCD
was kindly supply by Cargill Inc. (Hammond, IN, USA).

References

[1] Jenkins DJ, Romig T, Thompson RCA. Emergence/re-emergence of Echinococcus
spp.—a global update. Int J Parasitol 2005;35:1205–19.
[2] McManus DP, Zhang W, Li J, Bartley PB. Echinococcosis. Lancet 2003;362:1295–304.
[3] Budke C, Desplazes MP, Torgerson PR. Global socioeconomic impact of cystic

echinococcosis. Emerg Infect Dis 2006;12:296–303.
[4] Eckert J, Schantz PM, Gasser RB, Torgerson PR, Bessonov AS, Movsessian SO, et al.

Geographic distribution and prevalence. In: Eckert J, Gemmell MA, Meslin FX,
Pawlowski ZS, editors.WHO/OIEmanual on echinococcosis inhumansand animals: a
public health problem of global concern. WHO/WOAH, Paris; 2001, pp. 100–142.

[5] Pawlowski ZS, Eckert J, Vuitton DA, Ammann RW, Kemp P, Craig PS, et al.
Echinococcosis in humans: clinical aspects, diagnosis and treatment. In: Eckert J,
Gemmell MA, Meslin FX, Pawlowski ZS, editors. WHO/OIE manual on echino-
coccosis in humans and animals: a public health problem of global concern. Paris:
Office International des Epizooties; 2001. p. 20–66.

[6] Menezes da Silva A. Hydatid cyst of the liver-criteria for the selection of
appropriate treatment. Acta Trop 2003;85:237–42.

[7] El-On J. Benzimidazole treatment of cystic echinococcosis. Acta Trop 2003;85:243–52.
[8] World Health Organization Informal Working Group of Echinococcosis. Puncture,

aspiration, injection, re-aspiration. An option for the treatment of cystic
echinococcosis. Geneva, Switzerland: World Health Organization; 2001. p. 1–40.

[9] Davis A, Pawlowski ZS, Dixon H. Multicenter trials of benzimidazole-carbamates in
human echinococcosis. Bull World Health Organ 1986;64:333–88.

[10] Lanusse CE, Prichard RK. Clinical pharmacokinetics and metabolism of benzimi-
dazole anthelmintics in ruminants. Drug Metab Rev 1993;25:235–79.

[11] Ceballos L, Elissondo C, Moreno L, Dopchiz M, Sánchez Bruni S, Denegri G, et al.
Albendazole treatment in cystic echinococcosis: pharmacokinetics and clinical
efficacy of two different aqueous formulations. Parasitol Res 2008;103:355–62.

[12] García J, Bolás F, Torrado JJ. Bioavailability and efficacy characteristics of two
different oral liquid formulations of albendazole. Int J Pharm 2003;250:351–8.

[13] Stettler M, Rossignol JF, Fink R, Walker M, Gottstein B, Merli M, et al. Secondary and
primary murine alveolar echinococcosis: combined albendazole/nitazoxanide che-
motherapy exhibits profound anti-parasitic activity. Int J Parasitol 2004;34:615–24.

[14] ElissondoM, Ceballos L, DopchizM, AndresiukMV, Alvarez L, Sánchez Bruni S, et al.
In vitro and in vivo effects offlubendazole on Echinococcus granulosusmetacestodes.
Parasitol Res 2007;100:1003–9.

[15] Recco P, Hornus E, Frejevus J, Micheau P, Bessieres MH, Roques C, et al. Hydatidose
pleurale disseminee et hydatidoses hepatiques. Traitment post-operatoire par
flubendazole a proposde 3 cas. Bull Soc Fr Parasitol 1984;3:115–8.

[16] Elissondo M, Dopchiz M, Ceballos L, Alvarez L, Sanchez Bruni S, Lanusse CE, et al. In
vitro effects of flubendazole on Echinococcus granulosus protoscoleces. Parasitol
Res 2006;98:317–23.

[17] McKellar Q, Galbraith E, Baxter P. Oral absorption and bioavailability of fenbendazole
in the dog and the effects of concurrent ingestion of food. J Vet Pharmacol Ther
1993;13:223–7.

[18] Martins PS, Ochoa R, Pimenta AMC, Ferreira LAM, Melo AL, Da Silva JBB, et al. Mode
of action of β-cyclodextrin as an absorption enhancer of the water-soluble drug
meglumine antimoniate. Int J Pharm 2006;325:39–47.

[19] Castillo JA, Palomo-Canales J, García JJ, Lastres JL, Torrado JJ. Preparation and
characterization of albendazole beta-cyclodextrin complexes. Drug Dev Ind Pharm
1999;25:1241–8.

[20] Evrard B, Chiap P, DeTullio F, Ghalmid F, Piela G, VanHeesa T, et al. Oral bioavailability
in sheep of albendazole from a suspension and from a solution containing
hydroxypropyl-β-cyclodextrin. J Control Release 2002;85:45–50.

[21] Casado N, Rodríguez-Caabeiro F, Hernández S. In vitro survival of Echinococcus
granulosus protoescoleces in several media, at 4 °C and 37 °C. Z Parasitenkd
1986;72:273–8.

[22] Elissondo M, Dopchiz M, Brasesco M, Denegri G. Echinococcus granulosus: first
report of microcysts formation from protoscoleces of cattle origin using the in vitro
vesicular culture technique. Parasite 2004;11:415–8.

[23] Gibaldi M, Perrier D. Pharmacokinetics. Revised and expanded. 2nd ed. New York,
NY, USA: Marcel Dekker; 1982. p. 45–109.

[24] Motulsky H. Introduction to advanced statistical tests. In: Intuitive biostatistics.
Oxford University editor. USA 1995; p. 245–268.

[25] Moreno L, Alvarez L, Mottier L, Virkel G, Sanchéz Bruni S, Lanusse CE. Integrated
pharmacological assessment of flubendazole potential for use in sheep: disposi-
tion kinetics, liver metabolism and parasite diffusion ability. J Vet Pharmacol Ther
2004;27:299–308.

[26] Alvarez L, Mottier M, Lanusse CE. Drug transfer into target helminth parasites.
Trends Parasitol 2007;23:97–104.

[27] Casado N, Urrea París MA, Moreno MJ, Rodriguez Caabeiro F. Combined
praziquantel and albendazole chemoprophylaxis in experimental hidatidosis.
Parasitol Res 2001;87:787–9.

[28] García Llamazares J, Alvarez de Felipe AI, Redondo Cardena PA, Prieto Fernandez JG.
Fertility and viability study of ovine hydatid cysts. Rev Esp Salud Pública
1997;71:445–9.

[29] Spicher M, Naguleswaran A, Ortega-Mora LM. In vitro and in vivo effects of 2-
methoxyestradiol, either alone or combined with albendazole, against Echino-
coccus metacestodes. Exp Parasitol 2008;119:467–74.

[30] Vamparijs O. Chemotherapy of experimental Echinococcus multilocularis in jirds.
Parasitol Res 1990;76:238–40.


	Flubendazole in cystic echinococcosis therapy: Pharmaco-parasitological evaluation in mice
	Introduction
	Materials and methods
	Chemicals
	FLBZ formulations
	Protoscoleces collection and culture
	Experimental animals
	Experimental design
	Pharmacokinetic study
	Secondary infection with E. granulosus metacestodes. Efficacy study
	Morphologic study
	Analysis of FLBZ and its metabolites
	Kinetic analysis of the data
	Statistical analysis


	Results
	Discussion
	Acknowledgements
	References




