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ABSTRACT

Background: Hydatid cyst is one of the most common cysts detected in the liver. Surgery is the preferred
approach in treatment, but surgery may have serious complications as anaphylaxis, implantation of
scolices, and formation of secondary cysts. Medical treatment with surgery decreases probability of these
complications.

Objectives: To evaluate the efficacy of Nigella sativa oil (NSO), Albendazole (ABZ) and chitosan
nanoparticles (CS NPs) as drug carrier to increase the efficacy of ABZ and NSO.

Material and Methods: Mice were infected with E. granulosus scolices and classified according to drugs
schedule into five groups (G): G (3) was infected and treated with ABZ; G (4) was infected and treated with
NSO; G (5) was infected and treated with NSO and ABZ; G (6) was infected and treated with ABZ loaded
on CS NPs, G (7) was infected and treated with NSO loaded on CS NPs. Two control groups were assigned:
G (1) was non infected non treated and G (2) was infected non treated. Four months post infection, mice
were sacrificed and collected livers of each group were sectioned for histopathology.

Results: Histopathological studies revealed that groups treated with drugs loaded on CS NPs contained no
hydatid cysts with improvement in the degree of inflammation, necrosis, and congestion of hepatic tissue.
Conclusion: It was concluded that the best curative effect was observed in groups treated with drugs
loaded on CS NPs.
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INTRODUCTION
or its active principles that include thymoquinone,

Usually, cystic echinoncoccosis (CE) may progress carvacrol, p-cymene, and thymol®. It is worth
silently over years and even decades until it presents mentioning that NSO has been evaluated as scolicidal
with clinical manifestations that are mainly correlated agent instead of chemotherapy in conjunction with
to the site and size of cysts™. Surgical removal is the surgery™.
ideal method for the treatment of hydatid cysts™
while avoiding the spilling of hydatid fluid which It has been shown that the efficacy of the medical
is highly antigenic leading to acute anaphylaxis treatment in CE is based on the concentration of the
shockEl. In addition, use of protoscolicidal agents drug and the diffusion capacity of the cyst layers for an
is an important component of surgical treatment in adequate period of timel'®!!, Use of CS NPs produced
order to avoid recurrence and formation of multiple mild protection in treatment of giardiasis™?, increased
secondary echinococcosis!®. The medical treatment of the effect of ivermectin as anti-filarial drug*® and
CE is based on drugs of benzimidazole family, usually increased the effect of spiramycin in treatment of
ABZ[>, acute and chronic toxoplasmosis™.

It was reported that NSO (black seed or black In this study, we attempted to evaluate the
cumin), that belongs to the Ranunculacea family, histopathological effect of CS NPs as drug carrier for
is a herbal medicine with many pharmacological both NSO and ABZ, and their combination. The effect
properties”’l. Various pharmacological effects such of NSO either as mono therapy or combined with ABZ
as antioxidant, anti-inflammatory, anti-cancer, on the condition of hepatic hydatid cysts was also
antimicrobial have been reported for use of NSO investigated in experimentally infected mice.
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MATERIAL AND METHODS

The case-control study was conducted at Theodor
Bilharz Research Institute (TBRI), Giza, Egypt, and
Benha Faculty of Medicine during the period from
March 2017 to July 2017.

Herbal extract, CS and ABZ: Oil of N. sativa (Pharco
Pharmaceutical, Alexandria, Egypt) was obtained as
soft gelatin capsule (450 mg) and dissolved in 2 ml
distilled water™® to obtain a dose of 1.14 gm/kg®l,
While CS (93% deacetylation degree) was provided
from Sigma-Aldrich (USA), ABZ (Bendax) suspension
form (100 mg/5 ml) was obtained from Sigma Medical
Company, St. Louis, MO, USA, and was given in a dose of
200 mg/kg”.

Preparation of CS NPs: The synthesis procedures
were carried out according to the ionotropic gelation
techniquel*®l. Bendax loaded on CS NPs was given in
a dose of 200 mg/kg and NSO loaded on CS NPs was
given in a dose of 1.14 gm/kg.

Parasites preparation: Cysts of E. granulosus were
obtained from sheep lung at EI-Warrak slaughterhouse
in Cairo, Egypt. Under sterile conditions, the cysts were
punctured to obtain the protoscoleces™. The acquired
fluid was centrifuged and the sediment containing
protoscoleces was washed with sterile phosphate buffer
saline (PBS) (pH7.2-7.4, Sigma Chemical Company, St.
Louis, MO, USA) and supplemented with 30 mg/mL
gentamicin (GIBCO-BRL Life Technology, NY, USA)®2%,

Viability assay: Protoscoleces viability was determined
by staining with 0.1% eosin. The protoscoleces viability
was estimated microscopically by adding 10 pl of eosin
stock solution to 10 pL of protoscoleces for 15 min. The
unstained protoscoleces with flame cells activity were
considered as viable while the stained protoscoleces
were considered dead.

Mice infection: Each mouse was infected by
intra peritoneal inoculation of nearly 1000 viable
protoscoleces suspended in 500 pl of sterile PBS21,

Experimental animals: Forty laboratory-bred male
Swiss albino pathogen-free adult mice, six to eight

weeks old weighing 25-30 gm were used throughout

Table 1. Study groups.

this study. They were inbred at Schistosome Biological
Supply Center, and were housed in the Experimental
Animal Unit, Theodor Bilharz Research Institute (TBRI),
Giza, Egypt. Mice were maintained under standard
laboratory care (25°C, with a relative humidity of 40-
60%, normal diet of commercial pellets and potable
water). Mice were classified into eight equal groups
(Table 1).

Mice were tube fed orally with the drugs starting
2 months post infection?®, and continued for another
2 months™. At the end of the study (4 months post-
infection), mice were sacrificed, and livers were
collected for histopathological studies.

Histopathological assessment of drugs efficacy:
Small sections of the livers with localized cysts
detected by the naked eye, were excised, fixed in 10%
buffered formalin, mounted in paraffin blocks, and cut
into 4-mm-thick sections. The sections were stained
with Hematoxylin and Eosin stains and then studied
histopathologically to evaluate structural alterations
of the hepatic parenchymal cells?¥. The degree of
architectural tissue changes and cellular infiltration
was used as histological parameters. Images were
captured from each slide with a digital camera (Casio)
on a light microscope. Necro-inflammatory activity
was scored according to the histological activity index
(HAI) described by Mekonnen et al.® as 0 = absence, 1
=mild, 2 = moderate, and 3 = severe.

Ethical consideration: All the animal experiments
were performed according to the rules of the Scientific
Research Ethical Committee, Faculty of Medicine Benha
University. Also, animal handling and all procedures
were done in agreement with the TBRI ethical
guidelines.

RESULTS

The pathological picture of examined livers of
different groups were in the form of inflammatory
changes with infiltration of inflammatory cells
(lymphocytes), necrotic changes, hydropic
degeneration, congestion, and dilatation of the
sinusoids. The severity of these finding varied from one
group to another (Table 2 and Figure 1).

Groups

Characteristics

Non infected non-treated.
Infected and non-treated.

ROV AWN =

Infected and treated with ABZ (200 mg/kg).
Infected and treated with NSO (1.14 gm/kg).

Infected and treated with NSO (1.14 gm/kg) and ABZ (200 mg/kg).

Infected and treated with ABZ loaded on CS NPs (200 mg/kg).
Infected and treated with NSO loaded on CS NPs (1.14 gm/kg).

Infected and treated with ABZ loaded on CS NPs (200 mg/kg) and NSO loaded on CS NPs (1.14 gm/kg).
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Table (2): Comparison between different tested groups according to pathological changes and presence or absence of cysts in the liver.

Pathological changes in liver

Groups
Inflammation Necrosis Degeneration Congestion Hydatid cyst

1 0 0 0 0 Absent

2 3 3 3 2 Complete cyst wall with attached
scoleses to the germinative layer

3 2 2 2 1 Remnant of cyst

4 1 1 2 1 Partially separated cyst wall (Remnant of cyst)

5 1 1 2 1 Separated cyst wall

6 1 1 2 1 Absent

7 1 1 2 1 Absent

8 1 1 1 1 Absent

B

E@'im-' .
(©)

Fig. 1. Histopathological studies: Hepatic tissue showed (A) Hydatid cyst and germinative layer with scoleses (arrow) surrounded
by marked inflammatory reaction of lymphocytic cells in G3 (x100). (B) Mild inflammatory cells, lymphocytes, plasma cells and
moderate degeneration in G3 (x400). (C) Partial separation of hydatid cyst wall (arrow) and remnants of cyst in G3 (x100). (D)
Moderate inflammatory cells, moderate congestion and moderate degeneration in G4 ( (x100). (E) Remnants of hydatid cyst with
moderate inflammatory cells and moderate degeneration in G4 (x100). (F) Separated hydatid cyst wall with mild inflammatory cells
and moderate degeneration in G4 (x100). (G) Mild inflammation, congestion, and mild degeneration with absence of hydatid cyst in
G5 (x100). (H) Mild inflammatory cells, mild congestion, and moderate degeneration in G6 (x100). (I) Mild inflammatory cells, mild
congestion, and mild degeneration in G7 (x100).

DISCUSSION loaded the drugs on these particles to evaluate their
treatment efficacy.

Previous studies proved the strong scolicidal

effect of NSO extracts on the protoscoleces of hydatid Our histopathological study revealed inflammatory
cysts in vitro?®?7], It is known that CS NPs are natural changes in liver with infiltration of inflammatory cells,
materials with many physicochemical, antimicrobial, necrotic changes, hydropic degeneration, congestion,
and biological properties, that are not toxic for humans. and dilatation or widening of the sinusoids mainly in
The prospect of using CS NPs as carriers paved way for the infected non treated group and to some extent in
development of wide variety of delivery vehicles/. the treated groups. These results are similar to the
Additionally, CS NPs can cross biological barriers to histopathological picture of the liver of experimentally
protect macromolecules from degradation in biological infected mice™! and naturally infected sheep®. The
media. It can also deliver drugs or macromolecules by hydatid cyst stimulates a host inflammatory reaction
controlled release to a target site?®3%. In our study, we that ends in the formation of a fibrous capsulef%; and
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the areas in between cysts usually show congestion, liver
cell necrosis together with fibrosis and inflammatory
infiltration!®?, dilatation of the sinusoids and the central
veins®3, In the present work, the outcomes revealed
improvements in congestion, necrosis, degeneration,
and the inflammatory infiltrates in all the treated groups.
However, treatment with NSO, ABZ + NSO, ABZ loaded
on CS NPs and NSO loaded on CS NPs were slightly
better than ABZ alone. The best treatment results were
obtained with the combination of ABZ loaded on CS NPs
and NSO loaded on CS NPs. Moreover, liver cell necrosis
and inflammation were improved with NSO treatment
indicating the potential safety of NSO in vivo which
agrees with Hassan et al., and Ahmed®***!, who reported
the role of NSO in inhibition of hepatotoxicity.

In conclusion, NSO has marked curative effect on
CE in experimentally infected mice. Loading of NSO
and ABZ on CS NPs greatly improved their anti-hydatid
properties by increasing the drug delivery to the tissues.
NSO treatment in combination with ABZ improved the
ABZ effect and seemed to be more efficient and could
constitute a good candidate in the treatment of CE. These
results are corroborated by Kishik et al.*® who stated
that NSO has a promising effect on CE when used alone
or in combination with ABZ and its effect was improved
when loaded on CS NPs. Our study asserts the role of CS
NPs in increasing the efficacy of the drugs either due to
their role in the treatment or as drug carrier.

Further in vitro studies are recommended to evaluate
CS NPs efficacy utilizing electron microscopy for detailed
description of scolices morphological changes using
different CS NPs concentrations.
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