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Abstract The aim of the present study is to explore the
possibility to increase the efficacy of mebendazole (MBZ)
against secondary cysts of Echinococcus granulosus har-
bored in mice by augmenting the solubility and bioavail-
ability of the drug. Firstly, the saturated solubility of MBZ in
nine kinds of oil was determined by high performance liquid
chromatography (HPLC), and MBZ was found exhibiting
the highest, secondary, and lowest solubility in oleic acid
(OA), glycerol trioleate (GT), and soybean oil (SB), respec-
tively. Secondly, MBZ-OA suspension, MBZ-GT suspen-
sion, MBZ-SB suspension, and MBZ suspended in 1 %
tragacanth (MBZ-1 % tragacanth) were selected for further
studies on pharmacokinetics and experimental therapy in
mice. Four groups of mice were treated orally with one of
aforementioned four MBZ preparations at a single dose of
25 mg/kg, and concentrations of MBZ in plasma obtained
from each mouse at various intervals within 24 h postadmi-
nistration were determined by HPLC. The major pharmaco-
kinetic parameters calculated by MBZ plasma
concentration—time curve demonstrated that the peak con-
centration of the drug (Cp.x ) values obtained from three
MBZ-oil preparation groups was 1.6-2.8 times higher than
that of MBZ-1 % tragacanth group. The same was true that
the area under the drug concentration—time curve (AUC_,)
values of 19.8 (2.5)-28.2 (2.5) ug/ml x h revealed in the
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three MBZ-oil preparation groups was significantly higher
than that of 11.6 (2.0) pg/ml x h in MBZ-1 % tragacanth
group, and the bioavailability of the three MBZ-oil prepa-
ration groups was 71-143 % higher than that of MBZ-1 %
tragacanth group. In mice infected with secondary cysts of
E. granulosus for 8§ months treated orally with MBZ-1 %
tragacanth at a daily dose of 25 mg/kg for 14 consecutive
days, the mean cyst weight was lower than that of untreated
control, but the difference was not statistically significant
with cyst weight reduction of 48 %. When the infected mice
received three MBZ-oil preparations at the same oral dose
schedule as aforementioned, the mean cyst weights were
significantly lower than those in MBZ-1 % tragacanth group
or control group with cyst weight reductions of 71.2—
84.7 %. The results indicate that the solubility of MBZ in
oils may increase to various degrees according to the kinds
of oil used. Meanwhile, three MBZ-oil (OA, GT, and SB)
preparations administered orally to mice not only improve
the bioavailability of MBZ relative to that of MBZ sus-
pended in 1 % tragacanth, but their effects against hydatid
cysts also significantly enhance.

Introduction

Cystic echinococcosis (CE), caused by metacestode of Echi-
nococcus granulosus, is a serious zoonotic infection (Moro
and Schantz 2009) that is detrimental to both human health
and animal husbandry (Eckert et al. 2000; Eckert et al.
2001). The disease is endemic extensively in the world
and remains an important public health problem in many
regions of the world. In China, CE is prevalent mainly in
western provinces and autonomous regions including Xin-
jiang, Sichuan, Qinghai, Gansu, Ningxia, and Inner Mon-
golia. However, cases of CE have also been reported in
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provinces of Yunnan, Heilongjiang, Shaanxi, Jilin, Shanxi,
Hunan, and Hubei (Eckert et al. 2000; Wang et al. 2010;
Jiang 2002; Ma et al. 2008). It is estimated currently that 50
million individuals are at the risk of acquiring Echinococ-
cus, an infection with approximately 380,000 clinical cases
(Chai 2009).

In humans, the cysts of E. granulosus metacestode are
mainly located in the liver and lungs, accounting for at least
90 % of space-occupying lesions. However, the initial phase
of proliferation of the parasite is always asymptomatic for
many years or even permanently. Without effective treat-
ment, the development of cysts will eventually results in
organ malfunction and death (Spicher et al. 2008; Davis et
al. 1989; Davis et al. 1986; Eckert et al. 2001). Until the
initial 1980s, surgical operation had still been the only
option for the treatment of CE, but this situation had a great
change due to the discovery of mebendazole (MBZ) in mid-
1970s and albendazole (ABZ) in mid-1980s (Morris et al.
1983; Heath and Chevis 1974), and application of the two
benzimidazole derivatives in the treatment of hydatid dis-
ease. Particularly, in mid-1980s, WHO organized and coor-
dinated twice multicenter clinical trials to assess and
confirm the efficacy of MBZ and ABZ against echinococ-
cosis, followed by recommendation of the both drugs used
in treatment of human hydatid disease (Davis et al. 1986;
Davis et al. 1989). By the end of last century, a new
treatment approach, i.e., puncture, aspiration, injection and
re-aspiration (PAIR), has been developed and applied in-
creasingly or even replaced surgical intervention.

In order to have a better efficacy, the surgical treatment
and PAIR are usually combined with MBZ or ABZ chemo-
therapy, and in inoperable patients and recrudescent cases,
chemotherapy with MBZ and ABZ is the only option
(Eckert et al. 2001). Nevertheless, according to the reports
from the clinical trials organized by WHO and other subse-
quent clinical practices, the cure rates of MBZ and ABZ in
treatment of CE were about 30 % (Eckert et al. 1995; Horton
1997; Jiang 1996; Vutova et al. 1999; Jamshidi et al. 2008).
The therapeutic failures attributed to oral administration
with both drugs have been primarily linked to the poor drug
absorption rate resulting in low drug level in plasma and
hydatid cysts (Daniel-Mwambete et al. 2004). In addition,
the metabolism of MBZ in the liver to produce inactive
metabolites could be another possible reason contributing
to a reduction of the active drug level (Schantz et al. 1982).
It was reported that the absolute bioavailability of oral MBZ
at therapeutic level was less than 1.2 % (Braithwaite et al.
1982; Dawson et al. 1982; Dawson et al. 1985), suggesting
that improvement of efficacy of MBZ could be achieved by
increasing the bioavailability (Mueller et al. 1985; Dawson
et al. 1985). On the other hand, experimental therapy pro-
ceeded in mice indicates that the effect of MBZ against
metacestodes of E. granulosus is superior to ABZ,
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demonstrating that the parasite is more susceptible to
MBZ than ABZ (Xiao et al. 1994; Xiao et al. 1990;
Yang et al. 1992). Therefore, it is possible to enhance
the efficacy of MBZ against echinococcosis through the
development of new preparation with a higher bioavail-
ability. Although oral administration of MBZ suspended
in edible oil may increase its bioavailability and drug
concentration in plasma (Chiba et al. 1991; Dzhabarova
et al. 1989; Daniel-Mwuambete et al. 2003; Daniel-
Mwambete et al. 2004), no further studies about these
MBZ preparations were available. In the present study,
we have prepared three kinds of MBZ-oil preparations
and determined their solubilities and bioavailabilities,
particularly, focusing on the impact of efficacy of
MBZ in mice after the solubility and bioavailability of
the drug are improved by the oil suspensions.

Materials and methods
Chemicals

Mebendazole powder with the purity over 99.0 % was
purchased from Hanjiang Pharm. Co. (Hanzhong, China).
MBZ standard and ABZ served as internal standard were
purchased from Sigma-Aldrich Co. (St. Louis, USA). The
glycerol trioleate, oleic acid ester oil, ethyl oleate, methyl
oleate, oleic acid, soybean oil, sunflower oil, olive oil, and
peanut oil were provided by Qianwei Oil Technology Co.,
Ltd. (Shanghai, China). All other chemicals were of the
analytical pure grade.

Parasites, animals, and experimental infection

Liver hydatid cysts were obtained from newly slaugh-
tered sheep at abattoirs in Xining City, Qinghai Prov-
ince, China. Protoscolices of E. granulosus were
collected aseptically from the cysts and were kept in
cyst fluid at 4°C for no more than 3—4 days before use.
Prior to infection, the collected protoscolices were
rinsed 5-8 times with Hanks' balanced salt solution
containing penicillin (500 U/ml) and streptomycin
(500 U/ml). Kunming strain mice were purchased from
SLAC Laboratory Animal (Shanghai, China). Among
them, female mice, weighing 25-28 g, were used for
pharmacokinetic study; while female mice with body
weight of 18-22 g were used for experimental therapy.
Animals were kept at the animal facility of our institute
(Shanghai, China) and had free access to rodent food
and tap water throughout the study. After 1 week accli-
matization, the mice, applicable for chemotherapy, were
inoculated intraperitoneally with 2,000 protocolices.
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Solubility of MBZ in oils

An excessive MBZ was added to 10 ml glycerol trioleate,
oleic acid, oleic acid ester oil, ethyl oleate, methyl oleate,
sunflower oil, olive oil, peanut oil, and soybean oil in glass
tubes. After vortex, the tubes were then kept at 25°C water
bath for 24 h. Then the saturated solution was centrifuged at
13,000 rpm for 10 min, followed by filtration (0.45 pum
membrane filter), dilution, and then assayed by high perfor-
mance liquid chromatography (HPLC) to estimate the satu-
rated solubility of MBZ in each kind of oil.

Plasma concentration of MBZ in mice treated with three
MBZ-oil preparations

Mebendazole, suspended in oleic acid (MBZ-OA), glycerol
trioleate (MBZ-GT), or soybean oil (MBZ-SB) at a concen-
tration of 2.5 g/l (w/v), were served as oil suspensions; while
MBZ, suspended in 1 % tragacanth (MBZ-1 % tragacanth)
at the same concentration, was served as control. Mebenda-
zole or albendazole suspended in 1 % tragacanth was usu-
ally applied in experimental treatment of mice infected with
hydatid cysts (Xiao et al. 1994, 2002). The volume of each
drug preparation administered to mice was 10 ml/kg.
Ninety-six mice were divided equally into four groups,
and three groups were administered orally with one of the
three MBZ-oil preparations at a single dose of 25 mg/kg.
The remaining one group of mice was treated orally with the
same dose of MBZ-1 % trangacanth. Subgroups of three
mice in each MBZ-oil preparation group were bled at 0.25,
0.5, 1, 2, 4, 8, 16, and 24 h postadministration. Plasma
sample of each mouse was then separated from heparin-
anticoagulated blood and stored at —20°C pending HPLC
analysis. For MBZ assay, 0.5 ml plasma with ABZ as
internal standard was extracted with Oasis HLB Cartridges
(Waters, USA) according to the instruction. The final col-
lection of methanol elution was dried and redissolved in
methanol. All samples were filtrated with 0.45-um mem-
brane filter before injection.

Quantitative analysis by HPLC

The system of instrument consisted of a 1525 Binary HPLC
Pumps, a 717 plus Autosampler, and a 2457 Dual A Absor-
bance Detector (Waters, USA). The assay of MBZ, dis-
solved in various kinds of oils aforementioned or present
in plasma-extracted samples of mice treated orally with
three MBZ-oil preparations, was performed in a 5-pum Cig
250%4.6 mm column (Beckman Coulter, USA) and a mo-
bile phase containing 350 ml of 0.05 M ammonium sulfate
and 650 ml of methanol at a flow rate of 1 ml/min. The
MBZ concentration was measured by its absorbance at a
wavelength of 289 nm.

Pharmacokinetic parameters

Using the noncompartmental model present in DAS 2.0
(Drug Analyze System, Shanghai University of T.C.M, Chi-
na), the pharmacokinetic parameters of AUC,_, (the area
under the drug concentration—time curve), Cp.x (the peak
concentration of the drug), MRT_,(mean residence time),
Tmax (time to the drug peak concentration), and T/, (half-
life) were estimated.

Effect against secondary cysts of E. granulosus

Ninety mice inoculated with E. granulosus proscolices for
8 months were divided into five groups of 16-21 mice. Four
groups were treated orally with MBZ-OA, MBZ-GT, MBZ-
OB, and MBZ-1 % tragacanth, respectively, at a daily dose
of 25 mg/kg for 14 consecutive days. The remaining one
group of 21 infected but untreated mice served as control.
The mice were sacrificed 2 weeks posttreatment. The cysts
in the peritoneal cavity were isolated and removed for
weighing. The efficacy was assessed by mean cyst weight
and mean cyst weight reduction calculated by the following
formula:

(Mean cyst weight of untreated control group — mean cyst weight

of treated group)/mean cyst weight of untreated control group x 100%.

Statistical analysis

The difference of pharmacokinetic parameters between one
of each three MBZ-oil preparations and MBZ-1 % traga-
canth was analyzed using LSD Duncan test. The statistical
differences in mean cyst weight between each treated group
and control group, or between each two treated groups, were
analyzed by nonparametric method (Mann—Whitney test) in
SPSS 17.0.

Results
Solubility of MBZ in various kinds of oil

As shown in Table 1, among the nine oil solutions of MBZ,
the highest solubility of MBZ was 329.4+£9.7 ug/ml
revealed in the compound dissolved in oleic acid, while
the next one of 54.1+£1.9 pug/ml was seen in the compound
dissolved in glycerol trioleate. The solubilities of the other
seven MBZ-oil solutions were similar at a range of
12-20 pg/ml, and the lowest solubility of 12.1+0.2 pg/ml
was seen in MBZ dissolve in soybean oil. In addition, the
solubility of MBZ in 1 % tragacanth (MBZ-1 % tragacanth)
was 5.5+0.7 pg/ml (Table 1). According to aforementioned
results, oleic acid, glycerol trioleate, and soybean oil, which
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Table 1 The saturated solubility of MBZ dissolved in nine oils and 1 % tragacanth at 25°C (n=3)

Oil Glycerol  Oleic Oleic acid oleyl Peanut Ethyl Methyl Olive Sunflower Soybean 1%
trioleate  acid alcohol ester oil oleate oleate oil seed oil oil tragacanth
MBZ solubility/ 54.1 (1.9) 329 (10) 15.0 (0.8) 22.7(04) 12.2(0.3) 12.5(2.1) 16.7(0.6) 18.9(0.9) 12.1(0.2) 5.5(0.7)

mean pg/ml (SD)

possess high, medium, and low solubility of MBZ, respec-
tively, were selected for further study, and 1 % tragacanth
served as control.

Pharmacokinetics measured in mice administered orally
with three MBZ-oil preparations and MBZ-1 % tragacanth

MBZ concentration in plasma of mice

MBZ absorption amount in plasma of mice treated orally
with MBZ-OA, MBZ-GT, MBZ-SB, or MBZ-1 % traga-
canth at a single dose of 25 mg/kg were showed in Figure 1.
After the mice were treated orally with MBZ-1 % tragacanth
at a single dose of 25 mg/kg, the highest MBZ concentration
of 1.3 pg/ml was seen in plasma 4 h posttreatment. There-
after, the MBZ levels in plasma declined significantly and
maintained in low levels for longer periods of time up to
24 h. On the other hand, highest MBZ concentrations of
3.0-4.8 pg/ml, which were significantly higher than that of
MBZ-1 % tragacanth, emerged in plasma of mice after oral
administration of MBZ-OA, MBZ-GT, and MBZ-SB at the
same single dose. Although the time reaching to the highest
plasma concentrations of MBZ after the mice received the
three MBZ-oil preparations was similar, or somewhat
delayed relative to MBZ-1 % tragacanth, decline of the drug
concentration in plasma was slow at 415 h posttreatment.
Meanwhile, the plasma concentration of MBZ in each time
point during this period was significantly higher than that of
MBZ-1 % tragacanth (P < 0.05). Particularly, higher MBZ
concentration of 0.8 pg/ml was seen in plasma in mice that
received the MBZ-OA upon 24 h.

Pharmacokinetic parameters

According to the MBZ concentration—time curve obtained
by measurement of plasma from mice treated orally with
aforementioned three MBZ-oil preparations and MBZ-1 %
tragacanth at a single dose of 25 mg/kg, the major pharma-
cokinetic parameters of MRTy_.., T1/2, Tmax» Cmax, and
AUC,_,, were calculated and listed in Table 2. The results
showed that the values of T},, or Tp,.x in each group were
somewhat higher or lower, but differences between each of
the three MBZ-oil preparation groups and MBZ-1 % traga-
canth group, or each two of the three MBZ-oil preparation
groups, were not statistically significant (P > 0.05). It was
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found that in mice treated with MBZ-OA, the MRT,_,, was
longer than that of MBZ-1 % tragacanth, but the difference
between these two groups was not statistically significant. In
contrast, administration of MBZ-GT and MBZ-SB to mice
resulted in significantly shortened MRT,_,, compared to
MBZ-1 % tragacanth (P < 0.05, Table 2). As to Cpax, the
values obtained from three MBZ-oil preparation groups
were 3.324+0.56 pg/ml, 4.84+0.55 pg/ml, and 4.42+
1.96 pg/ml, respectively, and each of them was significantly
higher than that of 1.28+0.42 pg/ml in MBZ-1 % tragacanth
group (P <0.05 or <0.01, Table 2). Although the C,,,, value
of MBZ-GT group was higher than that of other two MBZ-
oil preparation groups, the differences of C,,, between each
two of three MBZ-oil preparation groups were not statisti-
cally significantly (P > 0.05, Table 2). Finally, the values of
AUC(_,, obtained from three MBZ-oil preparation groups
were 1.70-2.43 times higher than that of MBZ-1 % traga-
canth group, which also represented the relative bioavail-
ability of the three MBZ-oil preparations (Table 2), and the
differences of AUC,_,, between each of three MBZ-oil
preparation groups, and MBZ-1 % tragacanth group were
statistically significant (P<0.01, Table 2). Meanwhile, the
AUCy—, of 28.2+2.5 pug/ml x h in MBZ-OA group was
higher than that of 25.1+4.4 pg/ml x h in MBZ-SB group
and 19.8+2.5 pg/ml % h in MBZ-GT group, but the differ-
ences of AUC,_,, between each two of three MBZ-oil
preparation groups were not statistically significant.

—8— MBZ-1%tragacanth
=8 = MBZ-oleic acid
=9 = MBZ-glycerol trioleate

—e— MBZ-soybean oil

Concentration(pg/mL)

| |
0 5 10 15 20 25
Time after administration(h)

Fig. 1 Mebendazole absorption amount in plasma of mice treated
orally with MBZ-OA, MBZ-GT, MBZ-SB, or MBZ-1 % tragacanth
at a single dose of 25 mg/kg
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Table 2 Pharmacokinetic

parameters of mebendazole MBZ suspension

Pharmacokinetic parameters/mean value (SD)

suspended in oleic acid, glycerol

trioleate, soybean oil, or 1 % MRT Ty Tnax Crnax AUCy— R.elativ'e N
tragacanth and administered to () () (h) (ng/ml) (ng/ml x h)  bioavailability
mice at a single oral dose
of 25 mg/kg MBZ-1 % tragacanth 8.7 (1.7) 12.0(5.5) 1.3 (0.6) 1.3(0.42) 11.6 (2.0) -

MBZ-OA 992.1) 11.5(62) 1.7(1.6) 3.3(0.6) 28.2 (2.5) 2.4

MBZ-GT 4.7 (0.5) 42(1.0) 1.0 4.8 (0.6) 19.8 (2.5) 1.7

MBZ-SB 53(1.0)  49(1.7) 15(09) 4.4(2.0) 25.1 (4.4) 22

Effect against secondary cysts of E. granulosus

In four groups of mice infected with hydatid cysts and
treated orally with MBZ-OA, MBZ-GT, MBZ-SB, or
MBZ-1 % tragacanth at a daily dose of 25 mg/kg for
14 days, the mean cyst weights of the three MBZ-oil prep-
arations were significantly lower than that of control group
(P < 0.05 or 0.01) with mean cyst weight reductions of
71.5 %, 71.2 %, and 84.7 %, respectively, whereas the mean
cyst weight of MBZ-1 % tragacanth group was not statisti-
cally lower than that of control (P > 0.05) with cyst weight
reduction of 48.9 % (Table 3). Meanwhile, the differences of
mean cyst weights between each of the three MBZ-oil
preparation groups and MBZ-1 % tragacanth group were
also statistically significant (P < 0.05 or 0.01). Although the
mean cyst weight reduction of MBZ-SB group was higher
than that of the other two MBZ-oil preparation groups, no
difference was seen in mean cyst weight between MBZ-SB
group and one of the other two MBZ-oil preparation groups
(P> 0.05).

Discussion

As we know, MBZ was developed primarily to target parasite
in the gastrointestinal tract. For this reason, low bioavailability
outside the intestine was considered important for the treatment
of the drug. However, in order to effectively treat hydatid cysts
in the tissue of animal and humans, this feature is inappropriate
since the solubility and permeability of the drug are associated
directly to the drug absorption in gastrointestinal tract

(Dressman and Reppas 2000), which may impact on the bio-
availability of the drug. MBZ is a substance difficult to dissolve
in water and various solvents, and only 1/10 of the drug
administered orally to the patients could be absorbed with a
very low bioavailability (Keystone and Murdoch 1979). Mean-
while, the low bioavailability is considered to link to the low
cure rate in treatment of hydatid disease with MBZ (Dawson et
al. 1985; Ceballos et al. 2008). Under this background, we have
tried to determine the solubility of MBZ in various kinds of oils
in order to develop new MBZ preparation with higher
bioavailability

Our results showed that the solubilities of MBZ increased
to various degrees in nine kinds of oil, and three of them,
i.e., oleic acid, glycerol trioleate, and soybean oil showing
high, medium, or low solubility of MBZ, have been selected
to prepare the drug-oil preparations for further study.
Indeed, the bioavailabilities of the three MBZ-oil prepara-
tions possessed similar improvement, and they were signif-
icantly higher than that of MBZ-1 % tragacanth. Although
the solubility of MBZ in OA was five and 26 times higher
than that in GT and SB, respectively, the increase in bio-
availabilties of the three MBZ-oil preparations was not
proportional to the degrees of MBZ solubility in the three
kinds of oil. Generally, T}« is a parameter relevant to the
rate of drug absorption; but in our experiment, the i«
values of the three MBZ-oil preparations were somewhat
lower or higher, accompanied by no significant differences
in T, values between each two of the three MBZ-oil
preparations. Meanwhile, their C,,,, and AUC,_,, values
were also similar. The results suggest that increase in solu-
bility of MBZ in the solvent is helpful to enhance the

Table 3 Effect of mebendazole

suspended in oleic acid, glycerol Suspensions Dose Ng. of Megn cyst Reductign of

trioleate, soybean oil, or 1 % (mg/kg per day x 14 days) mice weight mg (SD) cyst weight (%)

tragacanth on mice infected

with E. granulosus cysts Control - 21 12.9 (15.9) -

for 8 months MBZ-1 % tragacanth 25 17 6.6 (9.5)* 48.9
MBZ-OA 25 16 3.7 (4.8)** 71.5
MBZ-GT 25 18 3.7 (5.6)%* 71.2

*P > 0.05; **P<0.05 (vs. MBZ-SB 25 18 2.0 (2.8)** 84.7

control, Mann—Whitney test)
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bioavalability of MBZ, but the absorption rate and amount
of the drug absorbed may also be restricted by other factors,
especially the absorption mechanism from the host (Bekhti
et al. 1986). Similar results have been seen in the study on
the intestinal absorption of albendazole oil surfactant sus-
pension or its cyclodextrin solutions in humans (Rigter et al.
2004; Daniel-Mwambete et al. 2004).

The results from experimental therapy showed that the
three MBZ-oil preparations possessed similarily potential
effect against hydatid cysts in mice, and this probably asso-
ciated in maintaining the higher MBZ levels in plasma for
about 15 h postadministration, which was similar to the
manifestation of mice following administration of soybean
oil-emulsified albendazole (Xiao et al. 2002). It deserved to
be noted that among the three groups treated with the three
MBZ-oil preparations, the highest cyst weight reduction
accompanied by many collapsed cysts was seen in MBZ-
SB group. Since soybean oil is a mixture of several fats in a
form of esters vitamin E and vitamin K (Jaselskis et al.
1982; Clemente and Cahoon 2009), whether these compo-
nents display some auxiliary role in combination with MBZ
during the treatment remained to be further elucidated.
Overall, the findings revealed in the present study clearly
point out that increase in solubility of MBZ to an appropri-
ate level in oil to develop the new preparation for treatment
of hydatid disease is necessary, but it is not suitable to
pursue the high solubility of MBZ in the solvent.
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