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Abstract

Ten different genotypes (G1-G10) of the Echinococcus genus have
been identified so far, based on genetic diversity. This genetic variation
among the parasite’s genotypes leads to differences in pathogenicity, drug
resistance, and adaptability to a wide range of hosts. The current study
aims to identify the genotypes of Echinococcus granulosus in sheep using
molecular diagnostic methods based on the mitochondrial Cytochrome C
Oxidase Subunit I (COXT1) gene. Additionally, the study investigates the
effects of polymeric nanoparticles loaded with albendazole and
mebendazole against the larval stages, including protoscoleces and
hydatid cysts, both in vitro and in vivo, respectively. A total of 14 liver
samples naturally infected with Echinococcus granulosus were collected
from Al-Saadoun slaughterhouse on the left side of Mosul City and from
butcher shops on the right side of the city over a period from November

2023 to January 2024.

All samples were underwent to polymerase chain reaction (PCR)
analysis based on mitochondrial Cox1 gene, followed by mitochondrial
DNA (mtDNA) sequencing. Subsequently, sequence alignment and
comparison were performed with sequences deposited in the NCBI-
GenBank database using the BLAST program. Six isolates were
registered in the GenBank database with the accession numbers
(PQO12658, PQ036747, PQ142649, PQ142652, PQ142689, PQ164279).

The molecular diagnostic results revealed that all samples in the
current study belongs to the G1 genotype (sheep strain). Genetic
alignment and the evolutionary relationship were studied based on
phylogenetic tree analysis of the current genetic sequences using the
MEGA-X software (version 10.2.6). The sequences of the current isolates

showed a highest degree of identity (99.43-100%) with local isolates
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(Sulaymaniyah isolate - JX878690) and Turkish isolate (MF544127),
followed by Italian isolate (DQO062857), then the Babylon isolate
(MN514885). However, the sequence identity of the current isolates with
the Iranian isolate (LC068914) was lower than those mentioned above,
which belong to the G1 genotype isolated from sheep. Additionally, there
was a genetic relationship between the current isolates and those

deposited in the NCBI-GenBank database.

The current study also included an evaluation of the efficacy of
albendazole and mebendazole-loaded polymeric nanoparticles against
protoscoleces in vitro and hydatid cysts in vivo. This was achieved by
evaluation the lethal concentration 50% (LC50) against protoscoleces in
vitro. The results showed that the lethal concentration 50% (LC50) for
albendazole-loaded nanoparticles (ABZ-NP) and mebendazole-loaded
nanoparticles (MBZ-NP) was 27.35 upg/mL and 141.1 pg/mL,
respectively, compared to albendazole (ABZ) and mebendazole (MBZ)
not loaded onto nanoparticles, which exhibited LC50 values of 105.5
ug/mL and 265.1 ng/mL, respectively. These results were obtained using
the RPMI-1640 culture medium with an exposure period of 72 hours at
37°C and 5% COs:. In contrast, unloaded polymeric nanoparticles did not
exhibit a significant anti-protoscoleces effect in vitro compared to the

positive control group.

The in vivo experiments demonstrated a significant reduction in the
number, diameter, and weight of hydatid cysts in infected mice that
treated with albendazole- and mebendazole-loaded nanoparticles
compared to those treated with unencapsulated albendazole and
mebendazole. Albendazole showed superior efficacy compared to
mebendazole in both loaded and unloaded forms. This effect was directly

proportional to the concentration of the drugs, whether loaded or



unloaded onto nanoparticles. Albendazole-loaded nanoparticles at a
concentration of 20 mg/kg and albendazole-unloaded nanoparticles at 100
mg/kg achieved the highest reduction rate in the number of hydatid cysts
73.03% and 78.09%, respectively, over a period of 7 weeks with 3
doses/week compared to the positive control group. The mice that treated
with 10 and 20 mg/kg of albendazole-loaded nanoparticles and 100
mg/kg of albendazole-unloaded nanoparticles exhibited high significant
reduction (P<0.001) of diameters and weights of hydatid cysts. The
results of the current study suggest that increasing the solubility of
albendazole and mebendazole by loading them onto polymeric
nanoparticles may enhance their effectiveness by improving their ability
to penetrate biological membranes, thus increasing the bioavailability of
these drugs in the bloodstream. This could lead to accumulation higher
amount of drug at the drug action sites, thereby enhancing their

therapeutic effect.
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