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Abbreviations

CE

AE
DALY
CT
PCR
IgG
ELISA

PAIR

BMZ
ABZ-SO
GFN

GNR

GQD

EPR Effect

ABZ-SLN

ABZ-LNC
PBS

DNA

PSCs

RNA
PLGA-PEG

Cystic echinococcosis

Alveolar echinococcosis
Disability-adjusted life year
Computed tomography

Polymerase chain reaction
Immunoglobulin G

Enzyme-linked immunosorbent
assay
Puncture, aspiration, injection, and
reaspiration

Benzimidazole

Albendazole sulfoxide

Graphene Nanomaterials

Graphene Nanoribbons

Graphene Quantum Dots
Permeability and
Retention Effect
Solid Lipid
Nanoparticles

Enhanced
Albendazole

Lipid nanocarriers

phosphate buffered saline
Deoxyribonucleic acid
Protoscoleces

Ribonucleic acid

Poly(lactic acid-co-glycolic acid)-
Poly(ethylene glycol)
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Abstract:

Introduction: Echinococcosis, or hydatid disease, is a zoonotic infection caused by a
group of cestodes (tapeworms) of the Taeniidea family that mainly affect dogs and foxes,
while humans, cattle, and sheep are the intermediate hosts. The disease is difficult to
manage, and one of the reasons is the relatively low efficacy and bioavailability of

albendazole, the drug of choice.

Methods: In this in-vitro study, isolated and cultured protoscoleces were divided into
four groups based on the regimen they would receive, consisting of control, graphene,
albendazole, and graphene containing albendazole. The level of Bax and Bcl-2 gene
expressions after the exposure and the percentage of survived protoscoleces were

evaluated and compared in each group.

Results: In the graphene group containing albendazole, compared to the control group,
the expression of the Bax gene (a marker for cell apoptosis) at concentrations of 10, 20,
and 50 pg/ml increased by 18, 50, and 121%, respectively. The expression of the Bel-2
gene (a marker for cell fertility) decreased by 18, 38, and 64%, respectively. Furthermore,
the percentage of protoscoleces surviving after exposure to concentrations of 1, 10, 20,
and 50 pg/ml reduced by about 24, 49, 93, and 99%, respectively. The graphene-loaded
albendazole was about 18% more effective in killing protoscoleces than albendazole
alone and 14 and 31% more effective in improving the expression of specified fertility

and apoptosis genes, respectively.

Discussion: Graphene, despite not having significant lethality on protoscoleces,
significantly increased the lethality of albendazole and therefore could potentially be an
excellent carrier for improving the therapeutic outcome of albendazole in hydatid disease.
In order to further investigate the possible effects and side effects of this nano complex,
it is recommended that in-vivo and human phase studies be undertaken. If significant
results are demonstrated, it would tremendously improve the management of hydatid

disease.

Keywords: Echinococcus, Echinococcosis, Albendazole, Graphene, Nanocarriers,

Protoscolex, Bax, Bcl-2
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