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ABSTRACT

Objective: To investigate the effect of pomegranate peel aqueous extract (PGE) on the
development of secondary experimental echinococcosis and on the viability of Echino-
coccus granulosus protoscoleces, and the immunomodulatory properties of PGE.
Methods: Swiss mice were inoculated intraperitoneally with viable protoscoleces. Then,
PGE was orally administered daily during cystic echinococcosis development. Cyst
development and hepatic damage were macroscopically and histologically analyzed. The
production of nitric oxide and TNF-a was assessed in plasma and the hepatic expression
of iNOS, TNF-a, NF-kB and CD68 was examined. Moreover, protoscoleces were
cultured and treated with different concentrations of PGE.
Results: It was observed that in vitro treatment of protoscoleces caused a significant
decrease in viability in a PGE-dose-dependent manner. In vivo, after treatment of cystic
echinococcosis infected mice with PGE, a significant decrease in nitric oxide levels
(P < 0.0001) and TNF-a levels (P < 0.001) was observed. This decline was strongly
related to the inhibition of cyst development (rate of hydatid cyst growth inhibi-
tion = 63.08%) and a decrease in CD68 expression in both the pericystic layer of hepatic
hydatid cysts and liver tissue (P < 0.0001). A significant diminution of iNOS, TNF-a and
NF-kB expression was also observed in liver tissue of treated mice (P < 0.0001).
Conclusions: Our results indicate an antihydatic scolicidal effect and immunomodula-
tory properties of PGE, suggesting its potential therapeutic role against Echinococcus
granulosus infection.
1. Introduction

Cystic echinococcosis (CE) is a chronic zoonosis affecting
humans as well as domestic animals, caused in humans by
infection with the larval stage of a parasitic cestode, Echino-
coccus granulosus (E. granulosus). CE is one of the most
important and widespread parasitic disease in the Mediterranean
basin, especially in North Africa (Maghreb) [1]. CE is
characterized by primary cyst development in the liver and
lungs and other viscera of the intermediate host. E. granulosus
infection is characterized by a prolonged coexistence of the
parasite and the host with no effective rejection reaction. The
variability and severity of the clinical expression of this
parasitosis are associated with the duration and intensity of
infection [2].

Our current experimental model of secondary echinococcosis
is based on the development of hydatid cysts in the mouse
peritoneal cavity after inoculation with viable protoscolices
(PSCs) [3,4]. During E. granulosus infection in mice,
protoscoleces differentiate into the metacestode 34 d post-
inoculation [4]. The initial stage of experimental
echinococcosis (a month) is characterized by a Th1 type
immune response with an increase in interferon (IFN)-g levels
and reduced levels of interleukin (IL)-4 and IL-10 [5]. The
second phase occurs once the hydatid cyst is fully formed and
is characterized by a more Th2-type response, with elevated
IL-4, IL-5 and IL-10 and a decrease in IFN-g and TNF-a [5,6]. In
humans, elevated levels of nitric oxide (NO) and IFN-g have
been observed in sera from some patients with E. granulosus
infections [7].

Currently, treatment modalities for CE include surgery and
chemotherapy. However, surgery remains the main therapeutic
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approach throughout the world [8]. Therefore, it is imperative to
develop alternative therapeutic approaches. Therapies using
medicinal plants have emerged as potential new strategies [9–12].

Punica granatum (P. granatum) L. (common name pome-
granate; subfamily Punicaceae) is a small tree originating from
Asia and now widely cultivated in the Mediterranean basin,
particularly in Algeria. Dried pomegranate peel is used to treat
disorders such as colitis, dysentery and ulcers [13]. Pomegranate
peel extract has anti-coccidial, anthelmintic and antibacterial
activities [14,15]. Moreover, the root and stem barks are reported
to have astringent and anthelmintic activity [13]. Several studies
have demonstrated the therapeutic antioxidant, antimicrobial and
anti-inflammatory effects of P. granatum fruit, peel, and juice.
These effects are mainly exerted by molecules like polyphenols
and tannins [16–18].

In this study, we investigate the antihydatic and immuno-
modulatory effects of P. granatum peel aqueous extract (PGE)
using a murine model of echinococcosis. In this context, we
evaluated the effect of PGE on the development of murine
echinococcosis and on the viability of PSCs in vitro. Further-
more, systemic levels of NO and TNF-a secretion were assessed
during the experimental CE. In addition, hepatic expression of
iNOS, NF-kB, TNF-a, and CD68 and histological changes were
analyzed in histopathological and immune-histopathological
studies.

2. Materials and methods

2.1. E. granulosus protoscoleces

E. granulosus PSC was collected as described by Amri et al
[19]. Briefly, the hydatid fluid was removed by aseptic puncture
of fertile human pulmonary hydatid cysts. The fluid was
centrifuged at 3000 rpm for 10 min at 4 �C. The pellet
containing PSCs was washed several times in sterile PBS
supplemented with 30 mg/mL gentamicin. PSC viability was
assessed prior to inoculation and determined by body
movement observed under inverted microscopy and vital
staining with 0.1% eosin. All samples had viability >98% at
the time of experiment. Swiss mice were inoculated
intraperitoneally (ip.) with 2000 viable PSCs resuspended in
500 mL of sterile PBS [4].

2.2. Mice

Female Swiss Albino mice (four to six weeks old) were
purchased from the Pasteur Institute (Algiers, Algeria). These
mice were acclimated for a week before the start of experiments
and kept under normal conditions with a 12 h dark/light cycle
Figure 1. Experimental plan.
with ad libitum access to food and water. Mice ranging in weight
from 21 g to 23 g were divided into three groups (n = 9 mice per
group) as per Figure 1. This study was approved by the ethics
committee of the national agency of research development in
health. The control group (Ctrl) received no treatment. The CE
and PGE/CE groups received intraperitoneal injection with a
suspension of 2000 viable PSCs in 500 mL of sterile PBS. The
PGE/CE group was treated by daily intragastric administration
of 500 mL of PGE at a concentration of 0.65 g/kg for two
months, from two days following infection. The PBS group
received intraperitoneal injection with 500 mL of sterile PBS
instead of PSCs. The PGE group, which was not infected with
PSCs, received a daily intragastric administration of 500 mL of
PGE at a concentration of 0.65 g/kg for two months. All mice
were euthanized three months post-PSC inoculation.

2.3. Assessment of cyst development

All mice were euthanized three months post-PSC inoculation,
peritoneal cysts were isolated and their weight and diameter
measured. Then, the larval growth and the inhibition rate were
calculated as described by Moreno et al [20].

2.4. Preparation of PGE

Pomegranate was collected during November 2012 in eastern
Algeria (Beni Ourtilane). The peels were separated from fruits,
dried at room temperature for 12 d, and powdered using an
electric mill. The extract was prepared by aqueous maceration
and filtered through Whatman filter paper.

2.5. Plasma collection

Mice were anesthetized with chloroform, and blood was
collected via cardiac puncture. Blood was centrifuged to isolate
plasma, which was kept at −20 �C until use.

2.6. Nitrite measurement

The Griess reaction was used to determine nitrite levels in
plasma as an indicator of NO production, as described previ-
ously [7]. Briefly, 100 mL of each sample was mixed with 50 mL
of Griess reagent (5% sulfanilamide, 0.5%
napthylethylenediamine dihydrochloride, 20% HCl). Samples
were incubated at room temperature for 20 min and the
absorbance read at 543 nm by spectrophotometer. The nitrite
concentration was determined using a standard curve
constructed with sodium nitrite [NaNO2; (0–200) mmoL/mL].

2.7. Measurement of systemic TNF-a level

The systemic level of TNF-a was determined in the plasma
of mice using commercial enzyme-linked immunosorbent assay
kits, according to the manufacturer's instructions (Invitrogen,
Camarillo, USA).

2.8. Histopathological analysis

For histological examination, small sections of liver (ac-
cording to cyst localization) were excised, fixed in 10% buffered
formalin, mounted in paraffin blocks and cut into 2-mm-thick



Figure 2. Intraperitoneal localization of hydatid cysts in infected mice.
A: mice infected with hydatid cyst in peritoneal cavity; B: mice infected with hydatid cyst in liver; C: mice infected with polycyst in peritoneal cavity. (▵)
Cyst; (Li): liver; (Pc): polycyst.
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sections. The sections were stained with hematoxylin and eosin
to study histological changes, Masson's trichrome stain to
evaluate fibrosis, Perls' stain for iron, and metachromatic tolui-
dine blue stain for quantification of cell infiltration.

Histological criteria were based on the degree of architectural
tissue changes and cellular infiltration. Images were captured
from each slide with a digital camera (Casio) on a light micro-
scope (Motic) with 10×, 40× and 100× objectives. Morphometry
was performed using FIJI image processing software after cali-
bration with a graduated slide. The percentage of tissue fibrosis
and the number of inflammatory cells in the pericystic layer of
hepatic hydatid cysts were calculated using area measurement
and point selection, respectively. A total of 30 photomicrographs
were analyzed and quantified for each liver sample.

Necroinflammatory activity was scored according to the
histological activity index (HAI) described by Mekonnen et al
[21]. Venous congestion was included in the HAI: 0, absence; 1,
weak; 2, moderate; 3, severe. The HAI was also assigned
according to the extent of fibrosis: 0, absence; 1, mild portal
fibrosis; 2, moderate fibrosis; 3, severe fibrosis; and 4,
cirrhosis. Steatosis was graded as follows: 0, absent; 1, 1%–

10% of hepatocytes affected; 2, 11%–30% of hepatocytes
affected; 3, 31%–60% of hepatocytes affected; and 4, >60%
of hepatocytes affected [22]. Hepatic iron deposits were
evaluated by Perls' stain and were scored according to Brissot
et al [22,23]. Histopathological diagnoses were performed in
double blinded fashion by anatomopathologists (Pr. Z-CA and
Mr. M-AL).

2.9. Immunohistochemical procedures

Immunohistochemical study of CD68, NF-kB, TNF-a and
iNOS expression was performed on formalin-fixed, paraffin-
embedded samples. Indirect immunoperoxidase staining was
performed as described in the manufacturer's instructions
(DAKO, Denmark A/S). Sections of 2-mm-thick tissue were
deparaffinized using xylene, and rehydrated through a graded
series of ethanol. The sections were then subjected to antigen
retrieval in EnVision™ FLEX target retrieval solution [low pH
(K8005) for iNOS, TNF-a and NF-kB detection and high pH
Table 1

Intraperitoneal inoculation of Swiss mice with E. granulosus protoscoleces f

P. granatum.

Experimental
group

Diameter of
cysts (mm)

Weight of
cysts (mg)

Percentag
mic

Ctrl group – –

CE group 1.59 ± 0.22 8.55 ± 1.24 100 (9
PGE/CE group 1.01 ± 0.21 3.16 ± 0.66** 100 (9

Compared with CE group, **P < 0.005.
(K8004) for CD68 detection] at 95 �C for 45 min. All subse-
quent steps were performed at room temperature in a humidified
chamber. Endogenous peroxide was blocked with EnVision™
FLEX peroxidase-blocking reagent (DM821) for 5 min.
Monoclonal mouse anti-CD68 (clone PG-M1, DAKO, Denmark
A/S) was used as primary antibody for studying the percentage
of macrophages infiltrating in pericyctic layer of hepatic hydatid
cyst. We also incubated liver sections with rabbit monoclonal
antibodies against mouse NF-kB/p65 subunit, TNF-a and iNOS
(Santa Cruz Biotechnology, Dallas, TX, USA; diluted 1:100,
1:100, and 1:500 respectively) overnight at 4 �C. The detection
of primary mouse antibodies was performed with EnVision™
FLEX. The chromagen solution 3, 30-diaminobenzidine was
added. The sections were counterstained with hematoxylin.
Slides were covered with Faramount Mounting Medium (S3025,
DAKO, Denmark A/S) and color development was observed
using a standard microscope (Motic). Pictures were taken using
a digital camera (Casio) at 40× resolution.

The percentage of cells positively stained for iNOS, TNF-a,
NF-kB and CD68 was scored semiquantitatively. The positive
cells were identified by brown staining (peroxidase). For NF-kB
expression, we quantified by determination of the intensity of the
brown staining. The quantification was carried out on 30 high-
power fields in each liver sample by two observers (ML, M-
AL). iNOS and TNF-a expression was evaluated on the basis of
a four-point scale: ʻ−ʼ: negative staining; ʻ+ʼ: low expression, less
than 10% positive cells; ʻ++ʼ: moderate expression, 10%–50%
positive cells; ʻ+++ʼ: diffuse expression, more than 50% positive
cells. The intensity of NF-kB/p65 immunostaining was evalu-
ated as weak, moderate or intense on a subjective basis.

2.10. Protoscoleces culture

After viability assessment of PSCs, they were cultured in 48-
well tissue culture plates at a density of 2500 PSCs/mL in RPMI
1640 medium supplemented with 2 mM glutamine and 10%
fetal calf serum, at 37 �C in humidified atmosphere of 5% CO2.
After 24 h of PSC culture, PGE or albendazole was added at 2,
4, 8 or 16 mg/mL, or 0.02 mg/mL, respectively. All experiments
were conducted in triplicate.
rom human pulmonary hydatid cysts and study of herbal treatment with

e of infected
e (%)

Hepatic localization
of cysts

Rate of hydatid cyst
growth inhibition (%)

– – –

/9 mice) 6/9 mice –

/9 mice) 6/9 mice 63.08



Figure 3. Oral administration of pomegranate peel aqueous extract reduced the systemic production of nitrite (A) and TNF-a (B) in vivo.
Compared with ctrl group, ****P < 0.0001, compared with CE group, △△△P < 0.001, △△△△P < 0.0001.
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After 6, 12, 24, 48, 72, 96 and 120 h of PSC culture, PSC
viability was assayed by microscopy/eosin exclusion. The
mortality rate was determined by counting a minimum of
100 PSCs (as the ratio of the number of dead PSCs/total number
of PSCs). Assessment was based on PSC vital staining, motility,
and morphological criteria, as described by Amri et al [19].

2.11. Statistical analysis

All data are expressed as means ± SEM. Statistical analysis
was performed by one-way ANOVA to compare all groups. t-
tests were performed to analyze both time (CE induction) and
treatment effects. Two-way ANOVA was performed for the
study of protoscolicidal activity of PGE. The Kruskal–Wallis
test was used for iNOS, TNF-a, NF-kB and CD68 quantification
in liver sections. The Mann–Whitney U test was used for
fibrosis, infiltrating cells, and CD68 quantification in the peri-
cystic layer of hepatic hydatid cysts. Probability values of
P < 0.05 were considered to be statistically significant.

3. Results

3.1. Effect of PGE on clinical parameters of secondary
experimental echinococcosis

Three months post-infection, animals developed CE in the
liver and other intraperitoneal areas (Figure 2) with an
Figure 4. Representative photomicrographs (×10 and ×40) of Masson's trichr
PGE/CE group (C).
(H. C.): hydatid cyst; (P. C.): Pericyst; (L. L.): laminated layer; (Fi.): Fibrosis
infectivity of 100% in both the CE group and PGE/CE group
(Table 1). The diameter and the weight of developed cysts were
measured to evaluate the effect of PGE treatment at doses of
0.65 g of the extract per kg body weight (Table 1). The
diameter (P > 0.05) and the weight (P < 0.005) of hydatid cysts
were decreased in the PGE/CE group. PGE treatment inhibited
cyst growth by 63.08% in the PGE/CE group. Thus, PGE
treatment induced a significant reduction of the clinical symp-
toms during CE.

3.2. PGE treatment reduced systemic levels of NO

We investigated the effect of PGE on NO production in
secondary echinococcosis. NO measurement in plasma of mice
showed a significant increase in the CE group compared to the
Ctrl group [(19.17 ± 0.58) mM vs. (2.74 ± 0.42) mM,
P < 0.0001; Figure 3A]. Administration of PGE to mice with
CE caused a significant decrease in systemic NO level in com-
parison with the untreated-CE group (P < 0.0001; Figure 3A).

3.3. Decrease in TNF-a level in vivo

To analyze the effect of PGE on proinflammatory cytokine
TNF-a production in vivo during CE development, we measured
the level of TNF-a in plasma (Figure 3B). The systemic TNF-a
level was decreased in the CE group in comparison with the Ctrl
group (P > 0.05 Figure 3B). PGE treatment attenuated TNF-a
ome stained liver sections from the Control group (A), CE group (B), and

localized.



Figure 6. Improvement of the histological structure by administration of
PGE in mice infected with PSCs.
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expression compared with untreated infected mice (P < 0.001)
and control mice (P < 0.0001).

3.4. Liver architecture was improved in mice treated
with PGE

Hepatic echinococcosis comprises cystic forms, associated
with the establishment of a periparasitic granuloma in the liver
and an irreversible fibrosis in the pericyst [24]. The fibrotic area
was evaluated using Masson's trichrome stain (Figure 4).

Histological analysis of liver from the CE group showing
proliferation of kupffer cells, congestion of vein blood, infil-
tration of inflammation cells with portal area, degeneration of
hepatocytes with fatty vacuoles (Figure 5B), associated with
an intense inflammatory cell (lymphocytes, neutrophil and
macrophage) extending throughout the pericystic layer of
hydatid cysts (Figure 5D). This result was correlated with
what Baqer et al found [25]. This observation was
accompanied by fibrosis (Figure 4B) and in some cases
necrotic hepatocytes (Figure 5C). These observations contrast
with the Ctrl group, which exhibited normal hepatic tissue
(Figure 5A,B).

The administration of PGE to mice with CE caused an
improvement in the histological structure in liver sections rela-
tive to untreated CE mice. It was accompanied by less fibrosis
(Figure 4C compared with B). Nonetheless, cellular infiltration
was still observed and a homogeneous mass formed around the
cyst (Figure 5E). The pericystic layer of hepatic hydatid cysts in
the CE group is characterized by a more extensive fibrotic re-
action than that in the pericyst of the PGE/CE group (Figure 4B
compared with C). The fibrotic reaction was quantified with a
significant difference between the pericyst of the CE group and
Figure 5. Representative photomicrographs (×10 and ×40) of H&E stained liv
A: Control group; B: Liver section damaged in CE group; C: Necrosis in CE grou
F: Liver sections ameliorated in PGE/CE group. (H.C.): hydatid cyst; (P.C.): Pe
inflammation cells with portal area; (;): proliferation of kupffer cell; (7): con
of the PGE/CE group (43.75% ± 0.92% vs. 70.73% ± 1.12%,
P < 0.0001).

The oral administration of PGE to Swiss mice did not cause
any toxic or secondary effects. No toxic effects were observed in
the PGE/CE group, which was confirmed via histopathological
analysis of mouse liver (Figure 5F). A decrease in the histology
damage score (HAI) was shown in the PGE/CE group compared
with the CE group (Figure 6).

Toluidine blue staining was applied for identification of
cells infiltrate (macrophages and plasma cells) in pericystic
layer of hydatid cyst. An intense immune response against
hydatid cyst development was involved in pericystic layer
of CE group by severe cells infiltrate (macrophages,
lymphocytes and polynuclear cells) with a significant differ-
ence compared with PGE/CE group [(36.38 ± 1.32) cells
er tissue from Control group, CE group, and PGE/CE group.
p; D: Uniloculaire cyst in CE group; E: Uniloculaire cyst in PGE/CE group;
ricyst; (N): necrotic hepatocytes; (▵): inflammatory cells. (➮): infiltration of
gestion of vein blood; (l): degeneration of hepatocytes with fatty vacuoles.
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infiltrating/mm2 vs. (47.05 ± 1.70) cells infiltrating/mm2,
P < 0.0001; Figure 7B].

Histopathological analysis of hepatic hydatid cysts from
the PGE/CE group demonstrated a moderate immune response
to the infection, characterized by a fibrotic reaction
and inflammatory cells. Interestingly, this observation corre-
lated with a significant decrease in the growth of cysts in the
liver.

3.5. Down regulation of iNOS, TNF-a and NF-kB
expression in liver sections of the PGE/CE group

The expression of iNOS, TNF-a and NF-kB was shown in
hepatocytes and Kupffer cells (Figure 8). The expression was
significantly increased in the CE group compared with the un-
treated Ctrl group (P < 0.0001; Table 2). This increase in
expression in liver sections was significantly attenuated by PGE
treatment (P < 0.0001; Table 2). In liver biopsies of the PGE/CE
group and Ctrl group, there was, strikingly, no significant dif-
ference in NF-kB expression.

3.6. Decrease of CD68 expression in liver sections of the
PGE/CE group

Interest a positive reaction was observed for CD68 in
infected mice (Figure 9 and Table 2). A significant decrease in
cells that express CD68 (Kupffer cells) in the liver sections of
mice treated with PGE was clearly demonstrated in comparison
with the CE group (CD68: 1.56% ± 0.06% vs. 4.60% ± 0.21%,
P < 0.0001). A similar result was also observed in the pericystic
layer of hepatic hydatid cysts of the PGE/CE group in com-
parison with the CE group for CD68 macrophage infiltrating
cells (0.30% ± 0.02% vs. 0.96% ± 0.08%, P < 0.0001). The
fibrotic tissue revealed the presence of macrophages (CD68
positive), although other inflammatory cells were also present in
both infected and treated mice.

Brown-staining indicates specific CD68 detection in all he-
patic sections. Pericystic sections of infected mice show the
Figure 7. Representative photomicrographs (×40, ×100) of toluidine blue staine
(B), and PGE/CE group (C).
(H): hepatocytes; (Ku): Kupffer cells; (V): hepatic vein; (<) inflammatory ce
germinal layer.
CD68 expression was enhanced in comparison with the non-
cystic liver sections (Figure 9 and Table 2).

3.7. In vitro scolicidal activity of PGE

In this study, the anthelmintic effect of PGE was demon-
strated in vitro in culture of protoscoleces from human pulmo-
nary hydatid cysts. The viability of PSCs was assessed by the
0.1% aqueous eosin red stain method (Figure 10). The mortality
of PSCs after exposure to different concentrations of PGE for
various time periods is reported in Table 3. PSCs were treated
with 2, 4, 8 or 16 mg/mL PGE or 0.02 mg/mL albendazole after
24 h of culture. Albendazole has been shown to have potent
scolicidal effects against protoscoleces of hydatid cysts [26].
Thus, protoscoleces were treated with 0.02 mg/mL of
albendazole as positive control. The mortality of PSCs was
determined at 6, 12, 24, 48, 72, 96 and 120 h post-treatment.
Drug was added 24 h after culture of viable protoscoleces at a
density of 2500 PSCs/mL.

The scolicidal activity of PGE was observed from 6 h post-
treatment at the lowest concentration (2 mg/mL). In fact, the
mortality of PSCs at this time point and at the lowest PGE
concentration was higher than on albendazole treatment
(9.10% ± 0.36% vs. 8.07% ± 0.56%).

PSC treatment with PGE induced a significantly higher
mortality that increased with dose and treatment period, reaching
100% when PGE was given at 16 mg/mL for only 2 d. The
efficacy at the lowest dose from 48 h post-treatment was better
than that of albendazole administered alone (22.54% ± 0.61%
vs. 14.39% ± 0.91%; Figure 10). However, after a longer period
(5 d), untreated PSCs showed mortality (20.36% ± 0.63%). Our
results indicate that the scolicidal activity of PGE is both dose-
and time-dependent.

4. Discussion

The liver is the major site of hydatid disease. The goals of
hepatic hydatid cyst treatment are a complete elimination of
d liver sections with Lison's method from the Control group (A), CE group

lls; (M): macrophages; (PC): plasma cells; (L. L): Laminated layer; (G. L):



Figure 8. Representative images (×40) of immunohistochemical analysis for iNOS, TNF-a and NF-kB expression in liver with hepatic hydatid cysts.
(A, B) Liver sections of Ctrl group with low expression of iNOS and TNF-a, scored as ‘+’. (C) Intensity of NF-kB in liver sections of Ctrl group was
evaluated as weak. (D, E) Liver sections of the CE group showed moderate expression of iNOS, graded as ‘++’, and diffuse expression of TNF-a, scored as
‘+++’. (F) Intensity of NF-kB in liver tissue of the CE group was evaluated as intense. (G, H) Liver sections of PGE/CE group with low expression of iNOS
and TNF-a, both graded as ‘+’. (I) Liver sections of the PGE/CE group with weak intensity of NF-kB. (▵): hepatocytes with positive staining; (<): Kupffer
cells with positive staining; (V): hepatic vein.
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metacestodes and prevention of recurrence, minimizing mortal-
ity and morbidity risk. In order to achieve these aims, it is
essential to choose the most appropriate treatment to the clinical
aspect of cysts [27]. Currently, the basic approaches for treatment
of hydatid cyst are surgery and chemotherapy [8,27]. However,
operative leakage may lead to dissemination of viable
protoscolices to adjacent tissues and thus to develop secondary
infection [28]. Furthermore, antiparasitic drugs treatments such
as benzimidazole analogs are potentially toxic in many
subjects [29]. In this regard, our investigations based on the
use of a medicinal plant (P. granatum) were conducted to
evaluate both an alternative natural drug with no toxic effects
and its protective abilities.

Studies of pomegranate constituents on animals at concen-
trations and levels commonly used in folk and traditional med-
icines note no toxic effects. P. granatum peel extract is a rich
source of phytochemicals that can produce toxic effects at higher
consumption rates or from long-term administration [30]. Patel
et al [31] reported that the oral lethal dose 50 of PGE in
Wistar rats and Swiss albino mice was >5 g/kg body weight.
In our study, the oral lethal dose 50 of PGE in Swiss mice
(n = 10) was (6.53 ± 0.12) g/kg. Repeated oral administration
to Swiss mice during two months of treatment once a day at
doses of 0.65 g/kg body weight produced no toxic effects in
terms of food intake, weight gain, behavioral parameters, or
histopathological results.

Intragastric administration of PGE in Swiss mice showed a
significant inhibitory effect on hydatid cyst development.
Actually, our data showed a decrease in hydatid cyst weight and
diameter in PGE/CE group. Those observations correlate with a
less fibrotic reaction in the pericystic layer of hepatic hydatid
cysts. Histological study of liver confirmed irreversible fibrosis
on CE infection. In fact, the percentage of fibrosis was signifi-
cantly lower in the PGE/CE group than in the CE group.
The antioxidant activity and hepatoprotective effect of
pomegranate peel and vinegar was evaluated in Wistar rats by
Ashoush et al [32] and Bouazza et al [33] using various
biochemical parameters and histopathological studies. Other
studies have shown a hepatoprotective capacity of
pomegranate peel extract against t-BOOH and CCI4, cytotoxic
agents studied as liver toxicants [34,35]. These effects might be
correlated with a radical scavenging effect [35]. Based on the
results of our histopathological study and on NO measurement
in plasma, PGE exhibited a potential antioxidant effect. The
literature indicates that the antioxidant effect of pomegranate
may be related to its phenolic content, which is higher in
peels and flowers than in leaves and seeds [36].

Many studies have investigated the antioxidant and anti-
inflammatory effects of pomegranate peel in vivo and in vitro.
Hou et al [37] showed the inhibition of NO production by
proanthocyanidins and anthocyanidins, compounds of
pomegranate peel and juice. Ellagitannins (punicalin and
punicalagin) extracted from pomegranate peel have antioxidant
activities and downregulate UV-B mediated activation of NF-
kB [38]. In addition, Rosillo et al [39] demonstrated that ellagic
acid-enriched pomegranate extract attenuates chronic colonic
inflammation in rats by both reduction of pro-inflammatory
TNF-a production and inhibition of pro-inflammatory cyclo-
oxygenase-2 and iNOS protein expression in colon tissue from
TNBS-induced colitis rats.

In our study, the immunochemical marker CD68 was used
for assessment of the inflammatory reaction in the pericystic
layer of hepatic hydatid cysts and the non-cystic liver sections
(macrophage infiltrate and kupffer cells detection, respectively).
CD68 expression in the CE group was higher in the pericystic
layer of hepatic hydatid cysts compared with liver tissue sec-
tions. In the PGE/CE group, we showed a significant decrease of
CD68 expression in the liver sections and in the pericystic layer



Table 2

Percentages of iNOS, TNF-a, NF-kB, and CD68 expression in hepatic

sections of Ctrl group, CE group, and PGE/CE group.

Antibody expression Ctrl group CE group PGE/CE group

iNOS in liver sections 2.70 ± 0.72 37.50 ± 2.62# 7.28 ± 0.46*

TNF-a in liver sections 3.11 ± 0.16 43.68 ± 2.53# 7.37 ± 1.24*

NF-kB in liver sections 3.67 ± 0.23 11.57 ± 1.16# 3.75 ± 0.47*

CD68 in liver 0.23 ± 0.01 4.60 ± 0.21# 1.56 ± 0.06*

CD68 in pericyst
sections

– 0.96 ± 0.08 0.30 ± 0.02‡

#P < 0.0001 vs. Ctrl group, *P < 0.0001 vs. liver sections of the CE
group, ‡P < 0.0001 vs. pericyst of the CE group.
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of hepatic hydatid cysts. Using CD68 detection, we identified
the involvement of macrophages against CE. We observed with
interest that PGE administration reduced both the levels of
CD68 Kupffer cells and CD68 macrophages in liver tissues and
Figure 9. Immunohistochemical analysis of liver biopsies associated with cys
(A) Liver sections of the Ctrl group showed no positive reaction for CD68. (B) L
cells for CD68 expression. (C) Treatment with PGE reduced the intensity of CD
layer of hepatic hydatid cysts in the CE group a positive reaction was found for
staining in fibrotic tissue was observed in comparison with untreated infected mi
Kupffer cells with CD68 positive staining.

Figure 10. Morphological aspects of cultured PSCs in the presence of PGE o
(A) Viable and dead protoscoleces after 48 h of exposure to 0.02 mg/mL albend
PGE. (C) Dead protoscoleces after 48 h of exposure to 16 mg/mL PGE with abs
PSC): invaginated protoscoleces; (E. PSC): evaginated protoscoleces; (H): ho
tegument; (Res): Residues of dead protoscoleces.
in pericytic areas. The anti-inflammatory and hepatoprotective
effects of pomegranate was also demonstrated by a localized
attenuation of NF-kB, iNOS, TNF-a expression and systemic
decrease in NO and TNFa levels in PGE/CE group. Concomi-
tantly, PGE treatment caused an important decrease of HAI
score and inflammatory cells infiltration.

Many studies reported that NO produced by the monocyte/
macrophage system has toxic activities against E. granulosus
infection [7,40]. These toxic effects induced by NO on hepatic
hydatid cysts were previously investigated by Ait Aissa et al
[40]. In our current study, we focused our attention on the
effect of PGE treatment on NO production and TNF-a
secretion knowing that this cytokine is a hallmark of
inflammatory response and is involved in the expression of
inducible NO synthase. In fact, massive NO production is a
result of iNOS induction in response to lipopolysaccharides
and pro-inflammatory cytokines, including TNF-a [41]. Many
tic localization in representative images (×40) for marker CD68.
iver sections of the CE group showed an intense positive reaction in Kupffer
68 expression compared with untreated infected mice. (D) In the pericystic
marker CD68 macrophages. (E) In the PGE/CE group a decrease of brown
ce. (P. C) pericystic layer of hepatic hydatid cyst; (H. C.) hydatid cyst. (Ku)

r albendazole (×40).
azole. (B) Viable and dead protoscoleces after 48 h of exposure to 2 mg/mL
orbed dye. (D. PSC): dead protoscoleces; (V. PSC): viable protoscoleces; (I.
oks; (SU): suckers; (R. PSC): retracted protoscoleces; (;): Alteration of



Table 3

Effect of P. granatum on protoscolex viability.

Drug dose Mortality of protoscoleces (%)

6 h 12 h 24 h 48 h 72 h 96 h 120 h

Untreated control 3.44 ± 0.17 5.59 ± 0.48 9.51 ± 0.69 12.38 ± 0.92 16.51 ± 0.23 20.36 ± 0.63 26.70 ± 0.90
PGE (2 mg/mL) 9.10 ± 0.36*‡ 12.64 ± 0.46*‡ 14.52 ± 0.59*‡ 22.54 ± 0.61*‡ 28.17 ± 2.04*‡ 54.53 ± 1.83*‡ 100.0 ± 0.00*‡

PGE (4 mg/mL)
23.64 ± 1.56

14.27 ± 0.37*‡# 16.12 ± 1.21*‡# 20.68 ± 1.84*‡# 40.34 ± 3.92*‡# 61.66 ± 3.44*‡# 100.0 ± 0.00*‡# 100.0 ± 0.00*‡

PGE (8 mg/mL) 23.64 ± 1.56*‡# 58.52 ± 2.84*‡# 71.02 ± 0.39*‡# 96.35 ± 1.01*‡# 100.0 ± 0.00*‡# 100.0 ± 0.00*‡# 100.0 ± 0.00*‡#

PGE (16 mg/mL)*‡ 47.40 ± 3.84*‡# 85.50 ± 0.28*‡# 93.89 ± 0.80*‡# 100.0 ± 0.00*‡# 100.0 ± 0.00*‡# 100.0 ± 0.00*‡# 100.0 ± 0.00*‡#

Albendazole
(0.02 mg/mL)

8.07 ± 0.56* 9.79 ± 0.50* 12.68 ± 1.03* 14.39 ± 0.91* 22.25 ± 1.54* 33.77 ± 0.99* 49.41 ± 0.63*

*P < 0.0001 vs. untreated control, ‡P < 0.0001 vs. Albendazole, #P < 0.0001 vs. PGE (2 mg/mL).
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authors have reported the effect of TNF-a on iNOS expression
through NF-kB activation [42]. In our work, we report the
presence of inducible NO synthase in liver biopsies of the CE
and PGE/CE groups by an immunohistochemical method
using monoclonal antibodies against mouse iNOS. The
cytoplasmic expression of iNOS was related to the presence
of NF-kB and TNF-a in hepatocytes of hepatic hydatid cysts
and also in Kupffer cells. Remarkably, we noticed a
significant decrease of iNOS, NF-kB and TNF-a expression
after treatment with PGE. The anti-inflammatory properties of
PGE are marked by a systemic decrease in NO level and TNF-a
level in the PGE/CE group in comparison with the CE group.
These results are associated with the reduction of CE
development.

Moreover, the scolicidal effect of PGE in various concen-
trations and over different time periods was reported here. In our
study, the viability of PSCs was affected following the addition
of ascending concentrations of PGE (2, 4, 8, 16 mg/mL). The
death rate of protoscoleces reached 100% at the lowest con-
centration after 120 h. It is notable that increasing exposure time
resulted in greater protoscolicidal activity. It has been suggested
that the dose-dependent protoscolicidal effects of medicinal
plant extracts such as Nigella Sativa are due to their ability to
inhibit DNA synthesis by inhibiting histone deacetylase enzyme
interacting with the chromosomes or in breaking down biolog-
ical activities of protoscoleces through interference with meta-
bolism [43]. The extracts may have target sites such as inhibitors
of protein or DNA synthesis [12]. Moreover, most of the
antimicrobial activity in medicinal plants appears to be derived
from phenolic compounds [10]. The exact mechanism of the
antiparasitic effect of PGE is not clear and further studies
must be conducted to identify the bioactive compounds of
pomegranate and to elucidate their mechanisms against cystic
echinococcosis. Thus, according to these data, we can
conclude that the PGE could be considered as a safe and
potent scolicidal agent.

In conclusion, our data support the hypothesis that PGE
treatment has both anthelminthic and immunomodulatory effects
against the development of experimental echinococcosis. PGE
administration effectively promoted an antihydatic effect and
improved anti-inflammatory and protective responses. Our re-
sults suggest that PGE affords therapeutic advantages and may
be a good candidate in the treatment of human hydatidosis.
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