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Abstract Praziquantel (PZQ) is the main treatment of
Schistosomiasis mansoni. However, resistance to it was
described. So, there is a necessity to develop novel drugs or
to enhance the present drugs. This work aimed to assess the
efficacy of PZQ alone and when loaded on liposomes in
treatment of S. mansoni infection by parasitological and
histopathological studies in experimental murine models.
112 male laboratories bred Swiss Albino mice were used in
this work. They were divided into four groups: Group 1:
control group; Group 2: infected then treated by PZQ
(500 mg/kg) at 7, 30 and 45 days post infection; Group 3:
infected then treated by liposome encapsulated PZQ
(lip.PZQ) (500 mg/kg) at 7, 30 and 45 days post infection;
Group 4: infected then treated by free liposomes at 7, 30
and 45 days post infection. The results showed that G3
caused the highest significant reduction of the total worm
count, eggs/gram liver tissue and intestine (97.2%, 99.3%,
99.5%) respectively. Followed by G2 (85.1%, 97.6%,
89.8%) respectively. Regarding the histopathological
studies, G3 showed the highest significant reduction in
number and diameter of hepatic granuloma (97.6% and
98.1%), followed by G2 (77.2% and 75%) when compared
to other groups. In conclusion, lip.PZQ is more effective
than free PZQ from all aspects especially when adminis-
tered 45 days PL
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Introduction

Schistosomiasis is one of the widely distributed parasitic
diseases which have serious health problems. Its preva-
lence is increasing in developing countries due to the poor
socioeconomic status, poor personal and environmental
hygiene and recurrent open water contact habits (WHO
2017). It is the 2nd most serious disease after malaria. So,
Schistosoma control persists a challenge in endemic areas
(Vos et al. 2012). It was estimated that 200 million people
are infected, 120 million of them are symptomatic, 20
million have severe disease and 600 million are at risk of
infection (Adenowo et al. 2015). Health impacts caused by
schistosomiasis included anaemia, difficulties in learning
and malnutrition (Gazzinelli et al. 2016).

Schistosomiasis was traditionally the most significant
public health problem in Egypt. Its treatment aims to
reverse the acute disease and prevent the complications
(WHO 2014). Praziquantel (PZQ) is the main drug used in
treatment of schistosomiasis and the first antihelmenthic
drug to meet WHO requirements, being well tolerated by
the affected population and effective in reduction of par-
asitic load (Thétiot-Laurent et al. 2013). However, PZQ has
failed in the last years, this was approved by detecting eggs
in post-treatment stool examinations. This failure is due to
its low bioavailability (Légaré and Ouellette 2017). Due to
its significance in combating against the disease, several
studies have focused on improving its solubility and
enhacement of its delivery systems (de Padua Oliveira
et al. 2016).
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Liposomes are minute vesicles composed of multiple
spheres of lipid bilayers and separated from each other.
Their size ranged from 80 to 100 nm (Mourdo et al. 2005).
Lipid-based delivery systems, such as liposomes, are found
to be important routes in the oral delivery of drugs because
they can incorporate hydrophobic and hydrophilic drugs
and they haven’t any toxicity (Bozzuto and Molinari 2015).
Several studies showed that the oral drug delivery by
liposomes helps it to reach to the target sites in the
organism, rapid solubility and bioavailability with reduc-
tion in its toxicity (Akbarzadeh et al. 2013). Since liposo-
mal composition is similar to the targeted cell membrane,
an enhanced lipid-lipid exchange occurs. This leads to
rapid release of lipophilic drugs from the liposomal lipid
layer into the targeted cell membrane (Pattni et al. 2015).

The current work aimed to assess the role of nanotech-
nology-based drug delivery systems in combating S. man-
soni infection through the use of phosphatidylcholine (PC)
liposomes containing PZQ to evaluate and compare the
efficacy of PZQ alone and when loaded in liposomes in
treatment the infection. This assessment is done by para-
sitological and histopathological studies in experimental
murine models.

Materials and methods

Non-randomized control-study was started on November
2017 till August 2018 and was performed in the laborato-
ries of Medical Parasitology Department, Faculty of
Medicine, Zagazig University; Medical Research Institute,
Alexandria University; Faculty of Science, Alexandria
University; Faculty of Pharmacy, Alexandria University;
and Theodor Bilharz Research Institute (TBRI), Imbaba,
Giza, Egypt.

Experimental animals

One hundred and twelve Swiss albino mice of CDI strain
were used, about eight weeks old, (18-20 g) at the begin-
ning of the experiment. The animals were maintained in
well-ventilated plastic cages in an air-conditioned room at
22 °C.

Ethical aspects

All procedures related to animal experimentation in the
present study met the International Guiding Principles for
Biomedical Research Involving Animals as issued by the
International Organizations of Medical Sciences and
approved by ethics committee of the Faculty of Medicine,
Zagazig University.

Experimental infection

Cercariae of S. mansoni virulent strain were obtained from
infected B. alexandrina snails, which were reared and
maintained at Schistosoma Biological Supply Center
(SBSP), TBRI. Infection of mice was done subcutaneously
according to the method of Peters and Warren (1969) by a
dose of 60 & 10 cercariae/mouse. 0.2 ml of the cercaial
suspension was mixed, and then was withdrawn to be
injected subcutaneously into the loose skin of the back of
the mouse by an insulin syringe (Liang et al. 1987).

Drug preparation and administration

1. PZQ: PZQ powder (active ingradient) (Distocide®,
EIPICO, 10th of Ramadan, Egypt). PZQ was given by
oral route in a form of a suspension in 2% (v/v) cre-
mophore-El (Sigma-Aldrich Chemical Co, St. Louis,
MO). The drug was taken orally in a dose of 500 mg/
kg (1000 mg/kg total dose) (Gonnert and Andrews
1977).

2. Preparation of liposomes: Liposomes were synthesized
in Medical Bio-Physics Department, Medical Research
Institute, Alexandria University by “thin film hydra-
tion method” according the method of Cinto et al.
(2009).

3. Preparation of PZQ- loaded liposomes: Firstly, dis-
solving of the drug in the phosphatidylcholine (PC)-
chloroform solution, in a molar ratio PC/PZQ equal to
6:1. The usage of this ratio was due to the loading
capacity of PZQ, without precipitation; in PC lipo-
somes is 1: 5 PZQ/PC molar ratio (Mourao et al. 2005).
The morphology and dimensions of the liposomal PZQ
(Lip.PZQ) nanosuspension was detected via transmis-
sion electron microscopy (TEM; JEM-1400 Plus;
JEOL, Japan) of the liquid containing the dispersed
nanosuspension was placed on the copper grid for
TEM examination. This work was performed in
Electron Microscope Unit, Faculty of Science, Alexan-
dria University. Determination of Entrapment Effi-
ciency of liposomes using the equation:

Entrapment efficiency (EE)

= (amount of bound drug/total amount of drug) x 100

Grouping of animals

Mice were subdivided into nine treated groups (10 mice in
each group) and a control group of twenty-two mice. Group
1 (control group) was subdivided into Group (la) control
normal group: consisting of twelve mice and group (1b)
control infected: consisting of ten mice.Group 2 was sub-
divided into (2a); (2b) and (2c) subgroups which were
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infected then treated by PZQ (500 mg/kg) at 7, 30 and
45 days post infection respectively. Group 3 was subdi-
vided into (3a) and (3b) and (3c) subgroups which were
infected then treated by Lip.PZQ (500 mg/kg) at 7, 30 and
45 days post infection respectively. Group 4 was subdi-
vided into (4a) and (4b) and (4c) subgroups which were
infected then treated by free liposomes at 7, 30 and 45 days
post infection respectively.

Drug administration regimens

The control group was divided into, one control normal
group (control negative) and infected control group (con-
trol positive). Groups 2a, 3a and 4a were treated by the
drug on the 7th day post infection to assess its effect on
schistosomula. Groups 2b, 3b and 4b were treated on the
30th day post infection to assess its effect on juvenile
stages. Groups 2c, 3c and 4c were treated on the 45th day
post infection to assess its effect upon mature adult stages.
One concentration of both PZQ and encapsulated PZQ
(lip.PZQ) was used (500 mg/kg). PZQ was given to thirty
mice in the treatment group; also, the same dose of
Lip.PZQ was given to another thirty mice; last thirty ani-
mals received free liposomes; lastly, 10 mice were given
Phosphate buffer (20 mM, pH 7.4) while the negative
control group consisting of twelve mice received nothing.

Eight weeks post infection mice were sacrificed for
different evaluations using rapid decapitation. According to
the method of Duvall and DeWitte (1967), Porto- mesen-
teric perfusion was performed.

Parasitological studies

The determination of worm burden was done by perfusion
of the Porto-mesenteric system. The number of eggs per
gram intestine and liver was calculated after weighting and
digestion of all pieces of intestine and liver of sacrificed
infected mice in 5% KOH solution (Cheever 1968).

Histopathological studies

After extraction, collection of parts of liver was done from
each mouse, followed by fixation at 10% buffered formalin
solution, and then prepared as paraffin wax blocks.

Counting of granuloma numbers and measurement
of granuloma diameters in liver sections stained
with hematoxylin and eosin (H&E)

Haematoxylin and eosin-stained liver sections of 4-pm-

thickness were examined and counting the number.
According to Ali and Manal (2006), and the diameter of
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hepatic bilharzial granulomas was measured (Romeih et al.
2008). The granulomas were photographed and counted by
Leica Image Manager 50/4.0 software.

Statistical analysis

Data analysis was performed using the software SPSS
(Statistical Package for the Social Sciences) version 20.

Results
Characterization of liposomes
TEM study of liposomes and PZQ-loaded liposomes

TEM micrographs showed that liposomes were formed as
discrete spherical vesicles with sizes below 200 nm. Plain
liposomes appeared as hollow spheres. However, PZQ-
loaded particles were larger in size than their correspond-
ing plain liposomes. This increase in size pointed to suc-
cessful drug encapsulation into the core of liposomes as
shown in Figs. 1 and 2.

The entrapment efficiency depends on physicochemical
properties of the drug, lipid composition, charge on the
lipid and amount of cholesterol used in the formulation.
The absorbance intensity of unloaded PZQ in the super-
natant was 0.251 at A, 262 nm. The concentration cor-
responding to this absorbance was 10.0 mg/ml as
calculated from the standard curve. The entrapment effi-
ciency of PZQ was expressed as a ratio between the con-
centration of PZQ in the liposomes and the concentration
of PZQ added to the system according to the following
equation:

EE = [(Dt — Du)/Dt] x 100
= [(218 — 10)/218] x 100 = 95%

Dt total drug amount, Du uncombined (free) drug.

All mice groups were sacrificed eight weeks post
infection for parasitological and histopathological evalua-
tions, the collected data were analyzed and presented in the
following tables and figures.

Parasitological parameters

Table 1 showed that treatment with Lip.PZQ had the
highest reduction in the mean total worm burden when
given 30 and 45 days PI compared to their corresponding
control infected, PZQ and free liposomes groups while the
reduction in the mean total worm count was non-significant
when given 7 days PI compared to infected control group
(Fig. 3).
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500.0nm.

Fig. 1 TEM micrographs of plain liposomes

PZQ given at 30 and 45 days PI showed significant
reduction in mean total worm count while at 7 days PI, it
had insignificant effect compared to infected control group.

On the contrary, there was non-significant reduction in
mean total worm count in groups treated with free lipo-
somes at 7, 30 and 45 days PI compared to infected control
group.

Table 2 showed that treatment with Lip.PZQ had the
highest reduction in the mean egg count/gram liver when
given 30 and 45 days PI compared to their corresponding
infected control, PZQ and free liposomes groups however
the reduction in mean egg count/gram liver at 7 days PI
was non-significant. PZQ given at 30 and 45 days PI had
significant reduction in mean egg count/gm liver while at
7 days PI, it had non-significant effect compared to
infected control group. Also, there was non-significant
reduction in mean egg count/gram liver in groups treated
with free liposomes at 7, 30 and 45 days PI compared to
infected control group.

500.0nm

100.0nm

Fig. 2 TEM micrographs of PZQ- loaded liposomes entrapment
efficiency (EE%)

Table 3 showed that treatment with Lip.PZQ had the
highest reduction in the mean egg count/gram intestine
when given 30 and 45 days PI compared to their corre-
sponding infected control, PZQ and free liposomes groups
however it had insignificant effect when given at 7 days PI
compared to infected control group. PZQ given at 30 and
45 days PI, had significant effect on reduction of mean egg
count/gram intestine while at 7 days PI, it had insignificant
effect in comparison to infected control group. Also, there
was insignificant reduction in mean egg count/gram intes-
tine in groups treated with free liposomes at 7, 30 and
45 days PI compared to infected control group.

Histopathological results
Table 4 showed that treated group with Lip.PZQ had the
highest reduction in the mean number of liver granuloma

when given 30 and 45 days PI compared to their corre-
sponding infected control, PZQ and free liposomes groups,
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Table 1 Effect of PZQ, Lip.PZQ and free liposomes on total worm count in S. mansoni infected mice treated at 7, 30 and 45 days PI

Control group PZQ
Mean + SD (R%)

Lip.PZQ
Mean + SD (R%)

Liposomes F P
Mean £ SD (R%)

7 days 14.1 £ 1.97 13.2 £ 1.32 (6.4%)

12.3 £ 1.49 (12.8%) 13.5 £ 1.9 (4.25%) 1.964 0.137
30 days 6.6 = 1.84 (53.2%) 3.5 £ 0.71 (75.2%) 12.3 + 1.16 (12.8%) 106.736 < 0.001%*
45 days 2.1 £ 0.74 (85.1%) 0.4 + 0.7 (97.2%) 12.9 + 1.97 (8.5%) Kw < 0.001%*
32.940
p < 0.001%#* < 0.001%#* 0.674

**Highly significant

Fig. 3 Liver sections (H&E X100) a control healthy. b S. mansoni
infected control with multiple bilharzial granulomas. ¢ S. mansoni
infected mice treated with PZQ 7 days PI showing multiple bilharzial
granulomas. d S. mansoni infected mice treated with PZQ 30 days PI
showing two large bilharzial granulomas with aggregates of inflam-
matory cells. e S. mansoni infected mice treated with PZQ 45 days PI
showing two small bilharzial granulomas. f S. mansoni infected mice
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treated with Lip.PZQ 7 days PI showing multiple bilharzial granu-
lomas with aggregates of inflammatory cells. g S. mansoni infected
mice treated with Lip.PZQ 30 days PI showing three bilharzial
granulomas with moderate aggregates of inflammatory cells. h S.
mansoni infected mice treated with Lip.PZQ 45 days PI showing one
bilharzial granuloma with few aggregates of inflammatory cells
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Table 2 Effect of PZQ, Lip.PZQ and free liposomes on egg count/gram liver in S. mansoni infected mice treated at 7, 30 and 45 days PI

Control group PZQ Lip.PZQ Liposomes F 4
Mean £ SD (R%) Mean £ SD (R%) Mean £ SD (R%)
7 days 6995.2 & 1309.65 6904.3 & 1324.9 (1.3%) 6796.2 + 1309.65 6961.3 & 1338.4 (0.5%) 0.047 0.986
(2.8%)
30 days 4746 £ 802.49 (32.2%) 2419 £ 479.71 (65.4%) 6750.4 &+ 1361.7 (3.5%) 53.53 <0.001%*%*
45 days 170.9 % 30.64 (97.6%) 47 £ 13.69 (99.3%) 5872.6 &+ 526.1 (16%) 271.89 <0.001**
p <0.001** <0.001%* 0.319

**Highly significant

Table 3 Effect of PZQ, Lip.PZQ and free liposomes on egg count/gram intestine in S. mansoni infected mice treated at 7, 30 and 45 days PI

Control group PZQ Lip.PZQ Liposomes F P
Mean £ SD (R%) Mean £ SD (R%) Mean £ SD (R%)
7 days 10,485.8 £ 2863  9793.7 &+ 1279.1 (6.6%) 9720.5 4 808.06 (7.3%) 10,461 4+ 712.39 (0.2%) 2.1 0.117
30 days 5968.7 = 1338.66 (43%) 3232.6 4 538.45 (69.2%) 10,461 & 632.13 (0.2%)  47.72  <0.001**
45 days 1068.8 & 709.56 (89.8%)  56.9 £ 13.56 (99.5%) 10,461 £ 712.39 (0.2%) 1449  <0.001**
p <0.001%*%* <0.001** 0.187

**Highly significant

Table 4 Effect of PZQ, Lip.PZQ and free liposomes on mean number of liver granuloma in S. mansoni infected mice treated at 7, 30 and

45 days PI
Control group PZQ Lip.PZQ Liposomes F )4
Mean £+ SD (R%) Mean £+ SD (R%) Mean £+ SD (R%)
7 days 123 £ 25 11.6 & 2.54 (5.7%) 10.7 £+ 2.4 (13%) 12.2 + 2.1 (0.8%) 1.523 0.225
30 days 4.8 £ 1.3 (61%) 3.3 £ 0.8 (73.2%) 12.2 £ 1.62 (0.8%) 79.35 <0.001%**
45 days 2.8 £ 0.9 (77.2%) 0.3 £ 0.5 (97.6%) 12.2 £ 1.57 (0.8%) 158.43 <0.001%**
P <0.001%*%* <0.001%** 0.571

**Highly significant

while the reduction in mean number of liver granuloma
was insignificant in the same group at 7 days PI compared
to infected control group. PZQ given at 30 and 45 days PI
had significant reduction in mean number of liver granu-
loma while at 7 days PI; it had insignificant effect com-
pared to infected control group. Also, there was
insignificant reduction in mean number of liver granuloma
in groups treated with free liposomes at 7, 30 and 45 days
PI compared to infected control group.

Table 5 showed that treatment with Lip.PZQ had the
highest reduction in the mean diameter of liver granuloma
when given 30 and 45 days PI compared to their corre-
sponding infected control, PZQ and free liposomes groups.
While, there was insignificant reduction in mean diameter
of liver granuloma when Lip.PZQ was given at 7 days PI
compared to infected control group. PZQ had significant
reduction in mean diameter of liver granuloma when given

at 30 and 45 days PI while it had insignificant effect when
given at 7 days PI compared to infected control group.
Also, there was insignificant reduction in mean diameter of
liver granuloma in groups treated with free liposomes 7, 30
and 45 days PI compared to infected control group.

Discussion

PZQ is the main drug for the treatment of schistosomiasis.
However, several studies are needed to understand the
mechanism of action and improve its bioavailability
(Domling and Khoury 2010).

Nano structured lipid systems including liposomes, solid
lipid nanoparticles and solid lipid nanocarriers have
focused on improving the biopharmaceutical properties of
poorly water soluble drugs (Kolenyak-Santos et al. 2014).
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Table 5 Effect of PZQ, Lip.PZQ and free liposomes on mean diameter of liver granuloma (um) in S. mansoni infected mice treated at 7, 30 and

45 days PI
Control group PZQ Lip.PZQ Liposomes F P
Mean £ SD (R%) Mean £ SD (R%) Mean £ SD (R%)
7 days 349.2 £+ 78.93 336.1 & 67.37 (3.8%) 315.3 4+ 78.93 (9.7%) 339.8 &+ 67.9 (2.7%) 0.407 0.749
30 days 139 £ 79.4 (60.2%) 982 £ 5 (71.9%) 337.4 £ 41.7 (3.4%) 50.58 <0.001**
45 days 87.5 £ 7.1 (75%) 6.7 £ 0.7 (98.1%) 337.3 £ 41.6 (3.4%) 147.6 <0.001%*%*
p <0.001** <0.001%** 0.798

**Highly significant

In vivo studies have reported the improvement of the
PZQ activity by the liposomes. The behavior of liposomes
in biological systems and their interaction with the drug
and the site of action must be understood to make lipo-
some-encapsulated drugs available in the future (Geary
2012).

The incorporation of PZQ in small unilamellar lipo-
somes composed of PC can allow the drug administration
in an aqueous media without decreasing the effect of the
drug on S. mansoni, since liposomes is acting on the
lipophilic profile of the drug. The incorporation of PZQ in
liposomes showed similar effect on S. mansoni cultures
(Della Pepa et al. 2017).

The aim of this work wasto evaluate the role of nan-
otechnology-based drug delivery systems in combating S.
mansoni infection through the use of PC liposomes con-
taining PZQ to assess and compare the efficacy of PZQ
alone and when loaded in liposomes in treatment the
infection by parasitological and histopathological studies in
experimental murine models. This work was based on the
evaluation of their effects on the schistosomula, jeuvenile
worms, adult worms, egg deposition and formation of
hepatic granulomas.

The results of the present study have proved that
encapsulation of PZQ into liposomes increases its solu-
bility in aqueous systems, improves its bioavailability and
may be targeting it to specific sites in the parasite.
Increased efficacy of the drugs after their encapsulation
with liposomes was reported by Alving (1986).

Regarding method of preparation of liposomes, the “thin
film hydration method” was used in this study. This was in
accordance with Aloisio et al. (2017) who used the same
method for preparation while Frezza et al. (2013) used the
“sonication method”.

Regarding entrapment efficiency (EE), in this study the
EE was (95%). This was similar to Aditya et al. (2010) who
reported (97%) E.E when artemether was loaded within
lipid nanoparticles. Higher EE was recorded by Venka-
teswarlu and Manjunath (2004) using stearylamine coated
lipid nanoparticles. On the contrast, Varona et al. (2011)
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reported PZQ E.E of (66%), Hrckova and Velebny (1997)
also reported that the EE of PZQ in liposomes ranged from
65 to 79%.

Regarding components used in preparation of lipo-
somes, PC and cholesterol were prefered in this work, due
to their easily production. This type of liposome is docu-
mented by the U.S. Food and Drug Administration (FDA)
and other regulatory agencies to be “Generally Regarded
as Safe” (GRAS) (Parnham and Wetzig 1993), for this
reason, it is used in food products in a wide manner (Par-
dun 1988). No toxicity was detected in oral or intravenous
administration of PC upon using it in treatment of liver
diseases or reduction of plasma cholesterol (Kuntz 1989).
Frezza et al. 2013 reported that the intravenous route
administration of Lip. PZQ in rats was less toxic than free
PZQ.

In this study, PC and cholesterol were used in a PC/c-
holesterol molar ratio of 3:1. However; other studies
reported using PC/cholesterol ratio of 7:6 (Ammar et al.
1994).

Also, in this work, the usage of PZQ/PC molar ratio of
1:6 during loading PZQ into liposomes was in accordance
with Frezza et al. (2013) who used the same PZQ/PC molar
ratio 1:6 and Mourdo et al. (2005) who used a molar ratio
of 1:5. On the other hand, Hrckova and Velebny (1997)
used a PZQ/PC molar ratio of 1:2.

The oral route was used because it is the most conve-
nient, safest, and the most common method of adminstra-
tion (Porter et al. 2008). de Souza et al. (2014) reported that
the encapsulation of PZQ into SLN could lead to an
improvement of oral administration with minimal cyto-
toxicity events.

Mice are considered a good representative experimental
model of the host susceptibility to schistosomiasis (An-
drade and Cheever 1993).For this reason, mice were used
as experimental animals in this study.

In this study, the parasitological effects of PZQ,
Lip.PZQ and free liposomes were evaluated by assessing
the worm burden and tissue egg load (liver and intestine).
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Regarding worm burden, treatment with Lip.PZQ had
the highest significant percentage of reduction in the total
worm count when given 30 and 45 days PI (75.2% and
97.2%) respectively followed by PZQ treated group 30 and
45 days PI (53.2% and 85.1%) respectively. On the con-
trary, both of Lip.PZQ and PZQ had non-significant effect
when given 7 days PI (12.8% and 6.4%) respectively
compared to infected control group.While free liposomes
resulted in non-significant reduction in the total worm
count (4.25%, 12.8% and 8.5%) at 7, 30 and 45 days PI
respectively when compared to their corresponding infec-
ted control group (Table 1).

This was explained by the fact that low water soluble
drugs e.g.PZQ became more soluble when were carried on
liposomes and when they were administered orally, lipo-
some increases drug activity and bioavailability (Mourdo
et al. 2005). Also, the affinity of S. mansoni to phospho-
lipids contributed to easy absorption of encapsulated drug
by the worm (Frezza et al. 2013). Moreover, de Souza et al.
(2014) in their in vitro study reported that worms exposed
to PZQ-SLN revealed aspects similar to those incubated
with empty SLN, suggesting a synergic effect of SLN and
the drug.

These results agreed with Al-Noshokatty et al. (2018)
who recorded that the usage of solid lipid nanoparticles
loaded with PZQ in the treatment of infected rats with
S. mansoni at 35 days PI resulting in significant reduction
in the worm burden more than usage of PZQ alone at the
same time.

Our results were higher than that reported by Frezza
et al. (2013) who reported that Lip.PZQ resulted in (68.8%)
reduction of total worm count when taken 45 days PI in
S. mansoni infected mice and Frezza et al. (2015) who
reported (41.2%) and (48%) reduction in total worm count
when Lip.PZQ was given alone and combined with
hyperbaric oxygen (HBO) at 45 days PI respectively
compared to control infected group. El-Refai et al. (2018)
reported reduction in total worm count of (68.3%) in
S. mansoni infected group treated with PZQ at 45 days PL
Our results were in accordance with de Moraes (2012)who
reported that PZQ has no effect on 7 days old schistoso-
mula on a study evaluated the schistosomicidal activity and
tegumental alterations induced by PZQ and piplartine on
schistosomula.

Xiao et al. (1985) reported that jeuvenile worms (3 to
5 week-old) are considered to be less affected by PZQ than
mature adult worms as they are exposed to lower concen-
trations of unchanged PZQ in the systemic circulation than
the mature worms located in the liver.

Regarding tissue egg load in liver and intestine, it was
found that treatment with Lip.PZQ at 30 and 45 days PI
resulted in the highest percentage of reduction in egg
count/gram liver (65.4% and 99.3%) and egg count/gram

intestine (69.2% and 99.5%) followed by treatment with
PZQ at 30 and 45 days PI in tissue egg load of liver (32.2%
and 97.6%) and intestine (43% and 89.8%) respectively.
Treatment with Lip.PZQ at 7 days PI resulted in reduction
in liver egg count of (2.8%) and intestinal egg count of
(7.3%) respectively while treatment with PZQ at 7 days PI
resulted in a reduction in tissue egg load in liver and
intestine of (1.3%) and (6.6%) respectively which was non-
significant compared to infected control group. Free lipo-
somes resulted in non-significant reduction in percentages
of liver and intestinal egg count (0.5% and 0.2%), (3.5%
and 0.2%) and (16% and 0.2%) at 7, 30 and 45 days PI
respectively when compared to their corresponding infec-
ted control group (Tables 2, 3).

Our results was nearly similar to Frezza et al. (2013)
who reported a reduction of intestinal egg count/gm at 30
and 45 days PI of (78%) and (79%) in groups treated with
Lip.PZQ respectively, while Frezza et al. (2015) recorded
higher percentages of reduction in intestinal egg count in
groups treated with PZQ + HBO at 45 days PI (92.2%).

Dkhil et al. (2015) reported that AuNPs caused a highly
significant reduction in egg density in the liver tissues of
S. mansoni infected mice, with the highest reduction
(69.8%) being recorded for a 1 mg dose of AuNPs. El-Feky
et al. (2015) also reported that PZQ loaded in clay
nanoformulations caused significant reduction in total tis-
sue egg count of S. mansoni infected mice.

This reduction in oviposition may be explained by
greater absorption of Lip.PZQ by the worm vitelline glands
and ovaries which affects fecundity of female worms. Also,
liposomal drug delivery system targets PZQ to liver where
parasites reside in the hepatic sinusoids. Liposomes make a
gradual and controlled release of PZQ which prevents the
development of the parasite and thus reducing liver egg
load (Katz and Coelho 2008).

Our results were similar to that recorded by El-Refai
et al. (2018) who reported a reduction of (85.3%)in
intestinal tissue egg load among group treated with PZQ
45 days PI while at 14 days PI, the reduction was
only(10.3%) in S. mansoni infected mice. Also Sobhy et al.
(2018) reported that in PZQ treated group 30 and 45 days
PI, the liver egg percent reduction was (28.9%) and
(82.2%) respectively. Also, Beshay et al. (2018) reported
that treatment with PZQ 42 days PI had higher reduction
percentages of tissue egg load in liver and intestine
(90.5%) and (95.6%) respectively. So, PZQ acts on vitel-
line cells and ovaries at the same time with its action upon
the tegument and muscular structure of the worm (Shaw
and Erasmus 1988).

Histopathological changes in the liver of all the study
groups were assessed to evaluate the therapeutic effect of
PZQ, Lip.PZQ and free liposomes. Histopathological
examination of the liver in the group treated with Lip.PZQ
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45 days PI showed the highest percentages of reduction in
granuloma number and diameter (97.6% and 98.1%)
respectively with almost normal hepatic architecture and
extremely few histopathological changes followed by PZQ
45 days PI in which the percentages of reduction in gran-
uloma number and diameter were(77.2% and 75%)
respectively. While Lip.PZQ treated group at 30 days PI
showed percentages of reduction in hepatic granuloma
number and diameter (73.2% and 71.9%) respectively
which was higher than the percentages of reduction in
hepatic granuloma number and diameter in PZQ treated
group 30 days PI (61% and 60.2%) respectively. Treatment
with Lip.PZQ and PZQ at 7 days PI showed non-significant
reduction in liver granuloma number and diameter (13%
and 9.7%) and (5.7% and 3.8%) respectively. Non-signif-
icant reduction were also found in the percentages of
hepatic granuloma number (0.8%, 0.8% and 0.8%) and
diameter (2.7%, 3.4% and 3.4%) in free liposomes treated
groups at 7, 30 and 45 days PI (Tables 4, 5).

Liver granulomatous reaction around Schistosoma eggs
is a main feature of S. mansoni infection (Andrade and
Cheever 1993).Treatment with successful schistosomicidal
drugs eradicates the worms and stops their egg deposition.
At the same time, these drugs may modulate the host
immune reaction to eggs (Warren et al. 1967).

Our results were higher than those obtained by Sobhy
et al. (2018) who approved that there was significant
reduction in mean number and diameter of liver granulom
as seen in PZQ treated mice at 42 days PI (61.7% and 44%)
compared to infected control group; Beshay et al. (2018)
who recorded that the percentage of reduction in hepatic
granuloma diameter in PZQ treated group at 42 days PI
was (59.7%) and El-Refai et al. (2018) who found a per-
centage of reduction in hepatic granuloma number and
diameter among group treated with PZQ at 45 days PI of
(52.3% and 54.1%).

Frezza et al. (2013) reported that the highest percentage
of reduction in the hepatic granuloma number was
observed in Lip.PZQ treated group at 30 days PI with a
reduction of (98.4%) while at 45 days PI the reduction was
(83.1%). It was concluded that Lip.PZQ is more effective
than free PZQ regarding the schistosomicidal potential,
reduction of worm load and hepatic granuloma formation.
This may be attributed to increasing of bioavailability of
liposomal encapsulated drugs in the host. And better
absorption by the tegument of S. mansoni.
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