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Abstract

Praziquantel (PZQ) is effective against all known species of Schistosomes that infect humans. The failure of mass treatment
of schistosomiasis has been attributed to the fact that therapy is not sufficiently long-lasting. This effect may be due to the
low bioavailability of PZQ that has a low hydrosolubility and fast metabolism. Liposomes have been used to prolong drug
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levels, reduce the side effects, direct drugs to specific sites and increase bioavailability after administration. The ai
work was to study the effect of phosphatidylcholine (PC)-containing liposomes to vehiculate PZQ to improve the trea
schistosomiasis. The in vitro study was carried out usingSchistosomamansoniparasites recovered by perfusion from the hep
portal system of infected mice. Suspensions of liposomes with PZQ and free PZQ were administered p.o. in mice afte
of infection. The effect of both preparations in vitro onS. mansoniculture was similar. In the in vivo test, PZQ-liposomes cau
a decrease in amounts of eggs and parasites. Liposomes improve the antischistosomal activity of praziquantel. This c
as a starting point to investigate alternative administration routes or dosage forms and to examine the mechanism of
absorption of PRZ.
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1. Introduction

Schistosomiasis is a serious public health prob
in tropical countries. More than 600 million peop
are at risk and about 200 million actually infected
74 countries (Chitsulo et al., 2000). An alternative to
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treatment of this disease is chemotherapy especially
with praziquantel (PZQ), the effective drug against
all important adult schistosome species and their
immature forms (Harder, 2002; Xiaonong et al., 2002).
Failures in mass treatment have occurred and have
been attributed to the resistance of the parasite to PZQ
(Xiaonong et al., 2002). One point that should be con-
sidered is drug bioavailability. This may be attributed
to its fast metabolism and low hydrosolubility that can
decrease the dissolution rate.

The effect of first passage can be evidenced by the
low effectiveness in vivo against younger forms that
are in the circulation. After oral administration, PZQ
is extensively converted into inactive or considerably
less potent compound. The younger forms are exposed
to lower concentrations of unchanged PZQ in the sys-
tematic circulation than more mature forms located in
the liver (Xiao et al., 1985).

Some researches have focused on methods to opti-
mize the PZQ effect. The administration of PZQ con-
comitant with cimetidine or food increases the levels
of PZQ in the plasma, with an improvement in the
treatment outcome (Jung et al., 1997; Castro et al.,
2000; Castro et al., 2002). Other studies have described
the improvement of dissolution rate using the adjuvant
such as�-cyclodextrin and polyvinylpyrrolidone (El-
Arini and Leuenberg, 1998; Becket et al., 1999).

Another attempt of improving the effectiveness
of PZQ is the use of liposomes. The use of PZQ in
liposomes also decreased the infection ofMesoces-
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(Merck), tris(hydroxymethyl) aminomethane
(Aldrich), Hepes (Sigma Chemical), Pyrene (Sigma
Chemical), RPMI (Sigma Chemical), and fetal calf
serum.

2.2. Methods

2.2.1. Liposomal preparations
The drug was dissolved in chloroform solution

containing PC. The solvent was evaporated under
nitrogen flow and the dried film was kept un-
der vacuum for 40 min. The dried film was hy-
drated with 20 mM Tris–HCl buffer pH 7.5 and
kept in an ice bath for 45 min. The dispersion was
then sonicated (Sonicator—Ultrasonic Processor, Heat
Systems—model XL 2020).

In the solubility test, PC-containing liposomes with
several concentrations of PZQ were prepared. After
being stored at 25◦C overnight, the liposomal disper-
sions were centrifuged at 352 g for 10 min to separate
the precipitated drug. The precipitate was dissolved
in ethanol and was analyzed by spectrophotometer at
262 nm. The mean diameter of the liposomes was deter-
mined by dynamic light scattering spectrophotometer
(Brookhaven-Laser He–Ne 10 mW, 514 and 532).

2.2.2. In vitro study
The in vitro study was carried out usingSchistosoma

mansoniparasites (strain LE.) recovered by perfusion
from the hepatic portal system of infected mice (Balb-
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oides vogae tetrathyridiain mice (Hrcková and
elebny, 1997). Using the arteether, an antimala
gent as lipophilic as PZQ,Bayomi et al. (1998
howed an improvement of bioavailability by using
ral liposomal formulation when compared with
uspension formulation.

Taking into account the potential of liposomes
mprove the bioavailability of PZQ, the aim of th
ork was to prepare phosphatidylcholine (PC) li
omes containing PZQ and also to study the effe
his system in vitro and in vivo.

. Materials and methods

.1. Materials

Praziquantel (Henrifarma), phosphatidylcho
Epikuron-Luca Mayer), chloroform and etha
) after 14 days of inoculation. The parasites were
n RPMI medium (Sigma) with fetal calf serum, Hep
nd penicillin and incubated with liposomes with P
PZQ-L) or without it (PC-L) and PZQ in buffer sol
ion (PZQ-F) (Table 1). Various concentrations of the
amples were employed. The parasites were kept
ncubator at 37◦C under 95% air and 5% CO2. The
eneral aspect of the culture was monitored by op

nverted microscope at intervals (0, 2, 4, 20 and 40
he death of all parasites. The death of parasites w
ually observed by the absence of movement (Mourão,

able 1
oncentration of PZQ and PC used in the in vivo test

roup PZQ (mmol/L) PC (mmol/L

ZQ-F 8.6 –
ZQ-L 8.6 50
ontrol – –
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Table 2
Concentration of the PZQ and PC used in vitro study

Sample PZQ (�mol/L) PC (mmol/L)

PC-L – 0.05
– 0.25
– 0.5

PZQ-L 32 0.2
3.2 0.02
0.32 0.002
0.0032 2× 10−5

PZQ-F 32 –
3.2 –
0.32 –
0.0032 –

2001). After this procedure, the parasites were taken
out of the culture media and the general aspect of the
culture and the morphological alterations were ana-
lyzed by optical microscope with an image analyzer
(Jenamed 2 Cal Zeiss-Jena).

2.2.3. In vivo study
The in vivo study was accomplished using Balb-c

mice (n= 10) infected withS. mansonistrain LE. On
the 14th day of infection, the mice were administered
orally, using an appropriate syringe with 0.5 mL, PZQ
suspended in buffer solution (PZQ-F group), PZQ in
liposomes (PZQ-L group) or buffer Tris 20 mM pH
7.5 solution (control) (Table 2). On the 40th day of
incubation, the feces were collected and the number of
eggs per gram of the feces and the worms were counted
(Zuim, 2003).

The feces pool was used to carry out the analysis of
viable eggs. The mice were left for 1 h in a box with
railing in bottom and their feces were collected. The
sediments of the feces were rinsed and exposed to the
light to allow the eggs to open. The animals were sacri-
ficed and perfusion of the portal system was performed
and worms recovery counted.

3. Results

3.1. Effect of liposomes on PZQ solubility and
characterization of the liposomes

tra-
t g

Fig. 1. Incorporation of PZQ using PC-containing liposomes
(20 mmol/L).

this concentration of PC there is a limit of solubiliza-
tion of PZQ which was 3.7± 0.041 mmol/L.Fig. 2
shows that when 20 mM of PC was used, it was pos-
sible to incorporate, without precipitation, 4.2 mmol/L
of PZQ. When we used 40 mM of PC, it was possi-
ble, in the same condition, to incorporate 8.69 mmol/L.
So, the loading capacity of PZQ in PC-liposomes is
around 1:5 PZQ:PC (molar ratio). From these data, an
improvement of PZQ solubility correlated with lipid
concentration was observed. The average diameters of
PC-liposomes empty or with PZQ 3.2 mmol/L were
70.87 nm and 49.65 nm, respectively, indicating the
formation of small unillamelar vesicles.

3.2. Effect of liposomes and PZQ on culture of S.
mansoni

The liposomal dispersion containing PZQ (PZQ-L)
was used without separation. The parameters analyzed
to verify the effect of the preparations in culture ofS.

F ipo-
s

PC-liposomes 20 mmol/L with various concen
ions of PZQ were prepared.Fig. 1 shows that usin
ig. 2. Effect of PC concentration on PZQ incorporation in l
omes.
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Fig. 3. Time of death for 100% of the parasites incubated with buffer
Tris/pH 7.5 (control group) ( ), PZQ-L ( ) and PZQ-F ( ).

mansoniwere the general aspect of the culture observ-
ing the separation of couples and the motor activity
of parasites. When compared with the control, higher
concentration of liposomes without drug presented ef-
fect in culture ofS. mansoni.Therefore, this was more
significant in a lipid concentration. The concentration
0.5 mmol/L of the lipid caused the death of the para-
sites within 35 h. In the samples with concentrations
lower than 0.25 mM, the aspect of the culture was al-
most similar to control. The PZQ-containing liposomal
dispersions presented an effect similar to the one ob-
served with the free drug (Fig. 3).

After incubation the parasites were analyzed un-
der an optical microscope.Fig. 4 shows a parasite
incubated with control solution (Tris buffer 20 mM
pH 7.5). The presence of the female is observed in
the ginecophoric channel indicating the couple’s non-
separation. There were no noticeable alterations in the
external structure of the parasite. In the case of incuba-
tion with free PZQ (Fig. 5), a contraction of the parasite

F ase
o

Fig. 5. Parasite incubated with PZQ-F (3.2 mM); increase of 500×.

and tegumental alterations was observed. Similar mod-
ifications were also observed when the parasites were
incubated with liposomes of PC (Fig. 6) and liposomes
of PC containing PZQ (Fig. 7).

Fig. 6. Parasite incubated with liposomes of PC-L (0.5 mM); in-
crease of 800×.

F 0

ig. 4. Parasite incubated with control (Tris pH 7.5 20 mM); incre
f 320×.
 ig. 7. Parasite incubated with PZQ-L (3.2 mM); increase of 80×.
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Table 3
Effect of a single oral dose of PZQ-liposomes or PZQ-suspension in mice infected withS. mansoni

Group No. of mice analyzed/no.
of mice treated

No. of viable eggs/g of feces Egg reduction (%) No. of worms/mice Worm reduction (%)

Control 6/10 103.23 – 39.83 –
PZQ-L 6/10 50 51.56 22.5 43.51
PZQ-F 9/10 85.56 17.18 40.44 0

3.3. Effect in vivo

Table 3shows the effect of the single oral dose of
PZQ in liposomes (PZQ-L) or PZQ-free (PZQ-F) in
mice infectedS. mansoni. PZQ-L was more effective
than PZQ-free, since it was able to deliver a higher
concentration of PZQ to reduce the amount of parasite
eggs and to kill the worms. The intensive reduction
can be calculated from the equation [(C–χ/C) × 100],
whereC andχ are the number of the viable eggs per
gram feces or worms recovery per mice of the control
group and treated group, respectively.

4. Discussion

PZQ is the main drug for the treatment of schistoso-
miasis. However, new studies are still necessary to un-
derstand the mechanism of action, as well as to develop
pharmaceutical forms to improve its bioavailability.

The incorporation of PZQ in small unilamellar li-
posomes composed of PC can allow the drug admin-
istration in an aqueous media without decreasing the
effect ofS. mansoniof the drug, since it is related with
the lipophilic profile of the drug due to the interaction
between the drug and the parasite membrane. The in-
corporation of PZQ in liposomes showed similar effect
of the effect onS. mansonicultures.

High concentration of the lipid in liposomes without
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and to examine the mechanism of intestinal absorption
of PRZ.
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