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Cystic echinococcosis (CE) is a neglected parasitic disease. Although several therapeutic approaches 
are available for CE, including PAIR (Puncture, Aspiration, Injection, Re-aspiration), surgery, 
chemotherapy with anthelmintic drugs, and waiting for inactive cysts, these methods face challenges, 
and treatment choices remain debated. Regarding chemotherapy, especially with albendazole 
(ABZ) as the first-line drug, efficacy is limited by poor solubility and low bioavailability. Recently, 
nanoparticle (NP)-based systems, or nanocarriers, have attracted much interest in drug delivery, with 
ABZ as the main focus. This review summarizes the latest progress in developing diverse nanocarrier 
systems, such as liposomes, polymeric NPs (PNPs), and metallic NPs, highlighting their potential 
for scolicidal activity and for improving therapeutic approaches for CE. In addition, diagnostic 
methods, including imaging techniques and serological tests, as well as emerging nanotechnology-
based approaches such as biosensors and nanosensors, are briefly discussed to provide a more 
comprehensive perspective on CE management. Subsequently, the prospects and challenges of drug-
loaded nanocarriers for the treatment of CE are briefly discussed to further encourage their use as a 
means to improve drug delivery performance in CE therapy. 
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Hydatidosis and cystic echinococcosis 
Hydatidosis is a neglected cyclozoonosis disease 

resulting from the larval stage (metacestode or hydatid cyst) 
of Echinococcus species cestodes. The most common species 
of the Echinococcus genus are Echinococcus granulosus and 
Echinococcus multilocularis, which are primarily responsible 
for cystic echinococcosis (CE) and alveolar echinococcosis 
(AE), respectively (1, 2). Humans are considered accidental 
hosts of hydatidosis, which can be contracted by eating 
contaminated water or food with parasite eggs or through 
contact with an infected animal. The parasite often emerges 
into a fluid-filled hydatid cyst in the lungs and liver (2). In 
the liver, the cyst of E. granulosus at the maturing stage is 
composed of three distinct layers: the outer pericyst, the 
parasite-derived laminated layer, and the inner germinal 
layer (3)(Figure 1).

Hydatidosis is a globally distributed zoonotic disease with 
a prevalence reaching up to 5% to 10% in endemic areas (4). 
Hydatidosis is endemic in regions such as the Mediterranean 
basin, parts of South America, North and East Africa, the 
Middle East, China, and the Indian subcontinent, where 
livestock rearing is common. On the contrary, New Zealand, 
Malta, and Australia have largely controlled the disease 

through effective public health interventions (5, 6). Both CE 
and AE represent a significant disease burden, which might 
be fatal in infected people with severe clinical syndromes 
(7). In patients with CE, the mortality rate after surgery has 

Figure 1. Schematic structure of a cystic echinococcosis cyst
Reprinted with permission from Calame et al., published under a CC BY 4.0 license
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been estimated to be 2.2% on average, and the recurrence 
rate after medical intervention is 5.6% (7). Beyond the costs 
associated with medical treatment, a significant financial 
loss has been reported in the livestock industry due to CE, 
including disposal of complete carcasses and offal, and 
decreases in fertility and the quality of meat and milk (8). 
Figure 2 shows the CE infection pathway.

Since an efficient vaccine has not yet been developed, 
treatment remains the only preventive option for hydatid 
cyst disease (9). Chemotherapy is the preferred treatment 
for small, inactive cysts, while surgery is considered the 
first-line approach for large cysts or those residing in 
complex anatomical sites (10). Despite the effectiveness 
of conventional therapy in treating hydatidosis, a range of 
challenges impair the patient’s quality of life. For efficient 
treatment, early detection of hydatid cysts is essential 
(9). Unfortunately, access to swift, reliable, and precise 
diagnostic techniques remains challenging for hydatidosis 
detection (9, 11). Therefore, recently, considerable attention 
has been directed toward the use of nanomaterial-based 
approaches to the detection and treatment of hydatid cysts 
(9, 12). 

The current review aimed to investigate the effectiveness 
of nanocarriers for the detection and treatment of hydatid 
cysts. This review begins by providing an overview of 
nanoparticle (NPs)-based detection of CE. It then discusses 
recent developments in nanocarriers designed for effective 
drug delivery to treat CE. Finally, the review addresses 
the disadvantages and challenges of using drug-loaded 
nanocarriers for effective treatment.

Hydatidosis diagnosis
Current status of diagnosis

The rapid and accurate diagnosis of parasitic infections 
is very important (13, 14). Therefore, detecting CE at an 
early stage is highly recommended. Imaging techniques 
and detection of serum antibodies or specific CE antigens 
in serum, urine, and saliva are the main methods of CE 
diagnosis (11). Ultrasonography (USG) is useful for 

the detection of abdominal and hepatic CE. Computed 
Tomography (CT) imaging is useful for detecting infectious 
cysts or cyst calcification, and Magnetic resonance imaging 
(MRI) is also valuable for diagnosing multiple cysts and 
cerebral hydatid cysts (15). 

Serological methods for CE diagnosis are enzyme-linked 
immunosorbent assay (ELISA), immunoblotting, indirect 
hemagglutination (IHA), and examination of hydatid cyst 
fluids (HCF)(11, 16). Hydatid cyst fluid-derived antigen 
5 (Ag 5), antigen B (Ag B), and their recombinant forms 
are broadly employed for CE immunodiagnosis (11). 
Hydatidosis diagnosis approaches are shown in Figure 3.

Nanoparticle-based biosensing platforms for hydatidosis 
detection

Biosensor-based detection is a quantitative analytical 
method that offers several advantages, including precise 
timing and high efficacy (17). NPs-based biosensors 
(nano-sensors) have significantly improved the analytical 
performance of biosensing, especially their sensitivity 
and specificity due to the exceptional physicochemical 
properties of NPs (18). The extensive surface-to-volume 
ratio of NPs allows efficient target binding, which can lead 
to the development of ultra-sensitive and multi-parametric 
biosensors (19).

Jahani et al. demonstrated that Ag B-labeled gold NPs 
(AuNPs) can be used for rapid antibody-based serodiagnosis 
of CE. The Dot-immunogold staining (Dot-IGS) technique 
showed that AgB targeted by AuNPs in dilutions of 1.1 
and 1.50 elicited the best immune response, suggesting a 
selective, cost-effective, and simple method that does not 
require specialized techniques for CE diagnosis (20). In a 
study to detect human CE using AgB from E. granulosus cyst 
fluid, western blotting showed a specific 8-12 kDa subunit 
band when using positive serum. The platform showed 95% 
and 100% sensitivity for IgG4 and IgG, respectively, in real 
serum samples. For human CE detection, IgG4 had more 
specificity than IgG, 100% versus 87.5% (21).

An optical-based spectrophotometer-free device using 

Figure 2. Cystic echinococcosis infection pathway
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porous silicon micropores detected 43 kDa CE antigens 
using a label-free, sensitive approach (22). In the same 
study, when anti-p38-labeled CdSe/ZnS quantum dots 
(QDs) linked to the Egp38 antigen were used after biological 
reaction in porous silicon (PSi), enhanced QD fluorescence 
enabled identification of the Egp38 antigen with a limit 
of detection (LOD) of 300 fg/ml (23). In 2022, Jafari et al. 
designed a nanobiosensor based on AuNPs with a high 
sensitivity that specifically diagnosed hydatid cyst with a 
LOD of 0.001 μg mL-1 (24). A NPs-based ELISA designed 
by the combination of AuNPs with anti-sheep conjugate 
(AuNPs/nano-ELISA) detected hydatidosis in sheep using 
AgB with a specificity and sensitivity of about 96% and 
100%, respectively (25).

Hydatidosis treatment
Treatment options for hydatidosis are determined by 

the cyst features and include medical therapy, surgery, and 
subcutaneous aspiration of PAIR (Puncture, Aspiration, 
Injection, Re-aspiration) for accessible cysts (5). In humans, 
surgery is the primary and preferred treatment method for 
accessible cysts and complete cyst removal. Nevertheless, 
surgery is not always indicated for cysts in high-risk organs 
or for multiple lesions in different organs. In addition, there 
is a risk of disease recurrence due to leakage of protoscolex-
rich cyst fluid, and anaphylactic shock may accompany it 
in certain instances (5, 26). Although PAIR/surgery co-
treatment is considered an effective treatment, the use 
of hypertonic saline as a scolicidal agent during surgery 
can cause adverse effects such as seizures, intracranial 
hemorrhage, necrosis, degeneration, and myelinolysis (7).

Drug therapy, especially benzimidazole, is another 
option, but sometimes takes a long time, and only small and 
superficial cysts may respond to antiparasitic drugs. Drug 
treatment may be followed by aspiration or surgery (5). 

Chemotherapy 
Benzimidazole (1H-benzimidazole/benzoglyoxaline/1,3-

benzothiazole) is a bicyclic compound consisting of a 
benzene ring fused to an imidazole ring bearing two 
nitrogen atoms (27). Benzimidazoles are highly potent 
compounds, exhibiting significant inhibitory activity along 
with a desirable selectivity. A wide range of pharmacological 
investigations have validated the antiparasitic activity of 

benzimidazoles (27, 28).
Currently, two benzimidazole derivatives, namely 

albendazole (ABZ) and mebendazole (MBZ), are used to 
treat CE disease. These medications cause morphological 
changes in the cysts, including reduced cyst volume, 
membrane detachment, and calcification (29). ABZ disrupts 
tubulin polymerization, leading to the destruction of 
cytoplasmic microtubules. It also causes destructive changes 
in the parasite’s intestinal wall cells, leading to decreased 
ATP production and energy depletion, ultimately resulting 
in the parasite’s death (30). These drugs are extremely 
hydrophobic (Class II BCS) and therefore require high 
doses and prolonged administration (31). Clinically, ABZ is 
recommended at 10 mg/kg/day, twice daily with a meal, and 
co-administration with gastric acid–reducing agents (29). 

Unfortunately, the use of benzimidazoles is often limited 
by numerous side effects, such as impaired liver function, 
severe leukopenia, hepatotoxicity, thrombocytopenia, 
alopecia, abdominal pain, diarrhea, nausea, dizziness, 
and headaches (5). ABZ efficacy is often hindered by 
poor intestinal absorption, mainly due to its low aqueous 
solubility, and the use of NPs is considered an effective 
approach to enhance drug solubility and dissolution (32). 

Nanocarrier-based hydatidosis treatment
The disadvantages of chemotherapy include poor 

bioavailability, high doses, repeated injection, the widespread 
development of resistance, a low therapeutic index, adverse 
side effects, and non-specific targeting. Furthermore, the 
non-selective distribution of drugs may induce severe 
systemic toxicity in normal organs (33). To transcend these 
constraints and deliver drugs to the targeted area in the 
body, advanced nano-based technology is used (33). 

The use of NPs can be an alternative option for traditional 
drug delivery due to their exceptional characteristics, which 
provide tremendous benefits for drug delivery, including 
increased effectiveness, higher efficiency, bioavailability, 
dosage response, improved transport through biological 
barriers to the intended site, lower toxicity, immunogenicity, 
long-term blood circulation, and fewer side effects, etc. (33, 
34). 

In the case of CE, various drug-loaded nanocarriers 
such as solid lipid NPs (SLNs), liposomes, nanocapsules, 
and micelles have been developed. Many issues, including 

Figure 3. Hydatidosis diagnosis approaches
PCR: Polymerase chain reaction; CT: Computed tomography; MRI: Magnetic resonance imaging
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poor solubility of anti-parasite drugs, low absorption, fast 
drug metabolism and elimination, irregular absorption 
and release of drugs, high dosages, and low effectiveness, 
have been solved with nanomaterials-based drug delivery 
systems (35).

Lipid-based nanostructure for drug delivery
Liposomal system 

Among the various delivery systems, liposomes are 
the most desirable system due to their biocompatibility 
and high safety (36, 37). Liposomes separate an aqueous 
medium via two phospholipid layers that encapsulate 
lipophilic and hydrophilic drugs, protecting the active 
compounds from degradation while prolonging systemic 
circulation, enhancing selectivity, and reducing drug-
associated side effects (36, 37). A study demonstrated 
the in vitro protoscolicidal efficacy of 2 mg/ml Huaier 
aqueous extract combined with 10 μg/mL ABZ liposome 
(L-ABZ). In E. granulosus-infected mice, oral treatment 
with both formula (three times per week for 4 months) 
showed enhanced efficacy (38). A non-randomized clinical 
trial indicated that both tablet-ABZ (T-ABZ) and L-ABZ 
effectively treat human CE. The total effective rates (TERs) 
for L-ABZ were markedly higher than those achieved with 
T-ABZ (39). It has also been demonstrated that single and 
repeated oral doses of 10 mg/kg L-ABZ could increase the 
concentration and the relative bioavailability of ABZ and 
its metabolites in sheep infected with E. granulosus (40). It 
has been shown that optimal doses of juglone (5-hydroxy-
1,4-naphthoquinone)-loaded nanoliposomes can elevate 
caspase-3 mRNA expression and exhibit significant 
scolicidal effects in vitro (Figure 4)(41).

The efficacy of the 14-3-3–MPLA–liposome vaccine in 
conferring high-level protective immunity against CE was 
confirmed, with 95.07% protection in immunized mice 
challenged with protoscoleces (PSCs). According to the 

ELISA assay, the vaccinated mice showed a considerable 
rise in IgG1, IgG2a, and interferon gamma (IFN-γ) levels 
(42). Xiong et al. created a phototheranostic system 
that actively targets CE for photothermal therapy and 
near-infrared fluorescence diagnosis using neutrophil-
membrane-coated indocyanine green liposomes (Neu-
lipo-ICG). Photothermal therapy mediated by Neu-lipo-
ICG dramatically decreased the lesion volume after 7 days, 
demonstrating that when exposed to near-infrared laser 
light, Neu-lipo-ICG successfully eradicated hydatids (43). A 
surfactant-based nanomicelles encapsulated with 0.5, 0.25, 
0.125 mg/ml curcumin (CUR) displayed significantly lower 
total cyst numbers and weight than the CUR, ABZ (150 mg/
kg), and negative control groups (44).

Solid lipid nanoparticles (SLNs) 
SLNs can effectively deliver hydrophobic drugs and 

protein and peptide therapeutics. They consist of waxes, 
triglycerides, glycerides, and solid lipids stabilized by 
surfactant agents (45). Stability, biocompatibility, prolonged 
drug release profile, minimal toxicity, and target specificity 
are just a few benefits of using SLNs (46). These unique size-
dependent properties make SLNs a suitable candidate for 
anti-CE drug delivery.

Jelowdar et al. confirmed that chemoprophylaxis 
treatment of hydatid cysts in mice using ABZ- and 
praziquantel (PZQ)-encapsulated SLNs resulted in 
a reduction of 83% and 85% in cyst weight and size, 
respectively, compared to ABZ and PZQ (77.3%, 79%), 
suggesting a greater efficiency of ABZ/SLNs and PZQ/SLNs 
compared to free ABZ and PZQ (47). In a study, ABZ- and 
ABZ sulfoxide (ABZSO)-encapsulated SLNs produced 
by microemulsion and high-pressure homogenization 
increased hydatid cyst membrane permeability, efficiency, 
and controlled release of ABZ and ABZSO for its treatment. 
The optimized formulation displayed particle sizes below 

Figure 4. Schematic illustration of a liposomal nanocarriers loaded with juglone as a potent agent against Echinococcus granulosus PSCs
Reprinted with permission from (41) published under a CC BY 4.0 license
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180 nm, polydispersity indices (PDIs) around 0.08, and 
entrapment efficiencies (EE%) of about 91% and 94% for 
ABZ/SLNs and ABZSO-SLNs, respectively (48). Rafiei et 
al. verified the efficacy of ABZ/SLNs and ABZSO/SLNs 
against fertile and infertile hydatid cysts of sheep liver by 
examining the ultrastructural changes of the cysts. The light 
microscope and transmission electron microscope (TEM) 
showed that ABZ/SLN and ABZSO/SLNs caused more 
structural changes in small fertile cysts (35).

The in vitro protoscolicidal effect of 250 and 500 µg/ml 
ABZ/SLNs on PSCs cultured in RPMI medium showed 
the highest lethality on day 5. Autopsy results revealed cyst 
growth in all mice. In the ABZ/SLNs group, no cysts were 
observed in only 2 mice, suggesting that ABZ/SLNs may be 
a preventive measure against the development of CE (49). In 
a study, nephrotoxicity induced by ABZ and ABZ/SLNs was 
evaluated in experimentally infected mice. A high-pressure 
homogenization and micro-emulsification technique was 
used to produce ABZ-loaded SLNs. A significant difference 
was observed in levels of blood urea nitrogen (BUN) and 
pathologic and nephropathic alterations between the 
control group with ABZ and ABZ/SLNs-received mice. 
ABZ/SLNs provided superior prophylactic protection 
against CE, without adverse effects or abnormalities in 
kidney histopathology or biochemistry, demonstrating 
ABZ/SLNs as potential carriers for the treatment of CE (50). 
In a study, during chemoprophylaxis, ABZ/SLN conjugated 
to albumin (ABZ/SLN-B) showed ultrastructural changes 
and a significant reduction in the number and weight of 
cysts, and wet weights of metacestodes in mice compared 
with free ABZ (51).

Nanostructured lipid carriers (NLCs) 
Nanostructured lipid carriers (NLCs) consist of a blend 

of liquid and solid lipids in varying proportions that have 
exceptional physicochemical and biocompatible properties 
(52). They also possess an elevated drug-loading capability 
and regulated drug release standards, which make them safe 
and valuable drug delivery systems (52, 53). 

A study assessed the apoptotic and cytocidal effects of 
ivermectin (IVM)-loaded NLCs (IVM/NLCs) versus IVM, 
a potent nematocidal and anti-parasitic medication, using 
an in vitro assessment of caspase-3 mRNA expression. 
100% mortality was observed after administration of 400 
µg/ml (120 min) and 800 µg/ml (60 min) IVM-loaded 
NLCs, whereas the free IVM mortality rate was 800 µg/
ml at 150 min. IVM/NLCs, by enhancing caspase-3 
mRNA expression, induced a stronger apoptotic effect on 
the parasite (54). In a mouse model, the effectiveness of 
human mannose-binding  lectin-associated serine protease 
(hMASP-2)-based immunotherapy against hydatid cysts 
was investigated using hMASP-2 DNA nanolipoplexes 
(pcDNA3.1-hMASP-2) and ABZ. Following a six-week 
course of therapy, significant reductions in cyst weight and 
a remarkably enhanced number of CD8+T cells, CD4+T 
cells, and IFN-γ in serum were observed in both groups 
compared with the untreated group. DNA nano lipoplexes 
prevented germinal layer growth, leading to widespread 
destruction, and enhanced T-cell immunity, suggesting 
a successful therapy for echinococcosis (55). Table 1 
summarizes lipid nanocarriers reported for drug delivery in 
the treatment of CE.

Lipid-based drug delivery challenges for hydatidosis 
treatment

By reviewing the aforementioned studies, it is evident 
that liposomal-based formulations, despite their many 
advantages, have not attracted the attention of researchers 

Type Components Delivery agents Treatment model Treatment Time Dosage Effect Ref. 

Liposomes/ 
nanomicelles 

juglone (5-hydroxy-1, 4-
naphthoquinone) 

nanoliposmes 
Juglone PSCs 15, 30, 60, and 120 min 

50, 100, 200, 400, 
l 

A rise in the expression of 
caspase-3 mRNA and scolicidial 

effects 
(41) 

CUR/ABZ nanomicelles CUR, ABZ Mice 1 month 
CUR: 0.5, 0.25, 0.125 

mg/ml 
ABZ: 150 mg/kg 

Reduced cyst weight and 
number 

(44) 

SLNs 

ABZ and PZQ-
encapsulated SLNs 

ABZ 
PZQ 

Mice 3 months 
ABZ: 50 mg/kg 

PZQ: 600 mg/kg 
Reduced cyst weight and size (47) 

ABZSO/ SLNs 
ABZ ABZSO PSCs 

72 h l Enhanced drug efficiency (48) 

ABZ-SLNs 
ABZSO-SLNs 

72 h l Structural changes of cysts (35) 

ABZ/ABZ-SLNs 

ABZ Mice 

7 days 500, and 250 µg/ml 
Reduction the number of 

hydatid cysts 
(49) 

ABZ/ABZ-SLNs 4 weeks 200 mg/kg 

A more prominent 
chemoprophylactic 
CE and fewer side effects than 

ABZ alone 

(50) 

ABZ/SLN-albumin ABZ Mice 21 days 25 mg/kg 
- Structural changes 

- a significant reduction in the 
number and weight 

(51) 

NLC NLC-loaded IVM IVM PSCs 60, 120 and 150 min 400 and 800 µg/ml 
A rise in the expression of 

caspase-3 mRNA 
(54) 

Lipoplexes 
hMASP-2 DNA 

nanolipoplexes and ABZ 
ABZ Mice 6 weeks 100 mg/kg/day 

Suppressing the growth of cysts 
Enhanced T-cell immunity 

(55) 

   
  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

PSCs: Protoscoleces; CUR: Curcumin; ABZ: Albendazole; PZQ: praziquantel; SLNs: Solid lipid nanoparticles; ABZSO: ABZ sulfoxide; NLCs: Nanostructured lipid carriers; IVM: 
Ivermectin; hMASP: Human mannose binding lectin-associated serine protease   

Table 1. Lipid-based nanostructure drug delivery for the treatment of hydatid cyst
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for CE treatment. Several limitations of conventional 
liposomes, such as poor EE% of hydrophilic drugs, drug 
leakage through the unstable membrane, a short half-life, 
low penetration across the skin into deep tissues and blood 
circulation, and opsonization and immunogenicity, may 
be among the reasons (56, 57). Additionally, the efficacy 
of encapsulated medications depends on their release after 
liposomal disruption (58). Consequently, it is necessary to 
fine-tune the release rate of liposome-based drug carriers to 
mitigate premature release and achieve optimal therapeutic 
efficacy. Using SLNs in anti-CE drug delivery could provide 
significant benefits, such as biocompatibility and stability, 
target specificity, sustained drug release, and low systemic 
toxicity, similar to other SLN-based drug delivery systems 
(52, 59). Some of the primary drawbacks of SLNs are initial 
burst release, drug expulsion during storage conditions, 
and low drug loading (DL) capacity. These drawbacks of 
SLNs resulted in the development of the next generation of 

lipid carriers, named NLCs. NLCs are biocompatible, have 
high drug-encapsulating ability, and, with a regulated drug 
release pattern, display excellent solubility, permeability, 
and stability (53).

Polymeric nanoparticles for drug delivery
Polymer-based NPs 

Polymeric NPs (PNPs) consist of natural or synthetic 
polymers that are biocompatible, non-toxic, and 
biodegradable (52, 60). The natural polymers include 
alginate, gelatin, chitosan, and albumin, while the synthetic 
polymers include thermoplastic and thermoset polymers 
(60). Because of their unique characteristics, such as small 
size and ability to penetrate through capillaries, PNPs have 
been extensively utilized in biomaterial applications like 
imaging, biological sensors, and drug delivery systems (61). 
This section, along with Table 2, presents a comprehensive 
overview of PNPs used in CE treatment. 

Table 2. Polymeric and nanocrystals (NCs)-based drug delivery for the treatment of hydatid cyst

Type Components Delivery agents Treatment model Dosage Treatment Time Effect Ref. 

Polymeric 
nanoparticles 

FLBZ/ mPEG-PCL NPs FLBZ Mice  14 and 27 days 
- Significant reduction in the cyst 

number and weight 
(62) 

ABZ/MBZ/ PZQ 
nanocapsules 

ABZ/MBZ/ PZQ PSCs /Mice 0.25, 0.5, 1 mg/ml 10, 60, 120 min 
- A scolicidal activity 

- Reduce the size, weight, and 
number 

(63, 64) 

Phytase enzyme-targeted 
PLGA NPs/ABZSO/PZQ 

ABZSO/PZQ PSCs 
l 

l 
4 days 

- Increase the permeability of 
drugs via laminar layer 

(65) 

PAMAM nanoemulsion PAMAM PSCs 0.5-2 mg/ml 5, 10, 20, 30 min 
- Concentration- and time-
dependent anti-PSCs effect 

(66) 

DHA-STC-PLGA NPs DHA Mice 200 mg/kg 42 days 
- Decrease the serum levels of 

hepatic enzymes 
(67) 

ABZSO/CS-PLGA NPs ABZSO Mice 10 mg/kg 45 days 
- Decrease in the weight and 

volume of cysts 
(75) 

ABZ-linked NPs (ABZ/CS 
NPs) 

ABZ Rats 50 mg/kg 48 hours 
- Exhibits wide distribution and 

low bioavailability, and low 
toxicity 

(71) 

ABZ/CS NPs PZQ/CS NPs ABZ/PZQ Mice 1, 5, and  21 days 
- Decrease the size and number of 

cysts 
(72) 

CUR-loaded CS NPs CUR PSCs 
4, 2, 1, 0.25, and 0.05 

mg/ml 
5, 10, 20, 30 and 60 min 

- Enhanced mortality rate 
- Reduction the weight and size of 

PSCs 
(73) 

ABZ and NSO loaded CS 
NPs 

ABZ and NSO Mice 1.14 gm/kg 4 months 
- A significant increase in IL-5 and 

NO 
- A significant decrease in TNF-  

(74) 

CS NPs CS 
PSCs 

between 125 and 
1000  g/ml 

10, 60, 120, and 180 min - Highest scolicidal activity (76) 

Mice - - 
- Suggesting the CS NPs as a 

proper adjuvant 
(77) 

ZnNPs/CS-
camphor/ZnNPs-CS/C 

ZnNPs/ABZ PSCs/Mice 
ZnNPs: 10 and 

15 mg/ml 
ABZ: 100 mg/kg 

In vitro: 10-60 min 
In vivo: 28 days 

- Reduction in the size, number, 
and weight 

- Reduction in oxidative stress 
(78) 

ABZ and NTZ/ CS NPs ABZ/NTZ Mice 
ABZ: 50 mg/kg 

NTZ: 200 mg/kg 
14 days-4 week Anti-CE activity (79) 

Nanocrystals 
(NCs) 

ABZ/NCs ABZ Mice 25 mg/kg 0.08-24 h 
- Improvement of the 

pharmacokinetic properties of 
ABZ NCs 

(89) 

RBZ-loaded NCs RBZ Dog 10 mg/kg 24 h 
A notable rise in oral absorption of 

RBZ 
(90) 

ABZ/NCs ABZ PSCs 8 mg/ml 5-150 min 
Exhibited superior anthelmintic 

action 
(32) 

ABZ/PVP/NCs/ 
microneedles 

ABZ Porcine skin 15 mg/kg 0.5-72 h 
Improve the efficacy of ABZ in CE 

treatment 
(91) 

ABZ/NCs ABZ/ABZSO/ABZSO2 Rat 100 mg/Kg 0.5-96 h Enhance the oral bioavailability (92) 

ABZ/NCs ABZ Mice 25 mg/kg/day 30 days A higher cyst inhibition effect (93) 

ABZ/NCs ABZ PSCs  17 and 23 days A protoscolex inhibition (94) 

 
 
 
 
 
 
 
 

FLBZ: Flubendazole; mPEG: Methoxy polyethylene glycol; PCL: Polycaprolactone; ABZ: Albendazole; MBZ: Mebendazole; PZQ: praziquantel; PLGA: Poly lactic-co-glycolic acid; 
NPs: nanoparticles; ABZSO: ABZ sulfoxide PAMAM: Polyamidoamine; DHA: Dihydroartemisinin; STC: Sodium taurocholate; CS: Chitosan; CUR: Curcumin; NO: nitric oxide; 
NSO: Nigella sativa oil; IL-5: Interleukin 5; TNF-α: Tumor necrosis factor alpha; CE: Cystic echinococcosis; NCs: Nanocrystals; NTZ: Nitazoxanide; RBZ: Ricobendazole; PVP: 
Poly(vinylpyrrolidone); ZnNPs: Zinc NPs; PSCs: Protoscoleces; ABZSO2: ABZ sulfone
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In a study, the chemoprophylactic effect of flubendazole 
(FLBZ)-encapsulated methoxy polyethylene glycol-
polycaprolactone (mPEG-PCL) NPs and free FLBZ at 1, 
5, and 10 μg/ml concentrations was investigated in mice 
infected with E. granulosus cysts and PSCs for 14 and 27 
days. The FLBZ-loaded NPs were stable for 1 month with 
a DL% and EE% of about 3% and 89%, respectively. After 
7 days of exposure, mPEG-PCL NPs loaded with 10 µg/ml 
FLBZ induced 100% mortality of PSCs and elimination of 
microcysts, while 44.0% of PSCs survived after exposure to 
10 µg/ml free FLBZ. In CE-infected mice, FLBZ-loaded NPs 
reduced cyst number and cyst weight, with effectiveness 
rates of 94.64% and 70.21%, respectively (62). 

Soleymani et al. demonstrated that among polymeric 
nanocapsules loaded with 1, 0.5, and 0.25 mg/ml of ABZ, 
MBZ, and PZQ, as single or multiple, at 10, 60, and 120 min, 
the ABZ/MBZ co-loaded formulation exhibited the highest 
scolicidal activity at a concentration of 1 mg/ml after 120 
min. In addition, the combination formulations of ABZ, 
MBZ, and PZQ significantly reduced the size, weight, and 
number of hydatid cysts in the mice model (63, 64). Phytase 
enzyme-targeted poly lactic-co-glycolic acid  (PLGA) NPs 
loaded with 10 μg/ml ABZSO and 50 μg/mL PZQ caused 
a 100% lethality of hydatid cyst on day 4, versus a 50% 
death rate for the combination of the same amount of drug. 
These NPs increased the permeability of ABZSO and PZQ 
through the laminar layer of hydatid cysts isolated from 
sheep liver almost 2-fold (65). A concentration- and time-
dependent anti-PSCs effect of polyamidoamine (PAMAM) 
nanoemulsion (0.5-2 mg/ml) was observed at different 
exposure times (5, 10, 20, and 30 min). Camel-based PSCs 
displayed complete damage to tegument integrity, rostellar 
hooks, and disruption of suckers, with disorganization 
of hooks after treatment with the improved formulation 
(66). To enhance non-specific biodistribution and low 
bioavailability of Dihydroartemisinin (DHA) as a potent 
anti-CE, a DHA-loaded PLGA NPs modified with sodium 
taurocholate (STC) named as DHA-STC-PLGA NPs (DSP 
NPs) notably decreased liver, spleen, and vesicle weights 
compared to ABZ-treated mice. Moreover, the serum levels 
of hepatic enzymes, interleukin 6 (IL-6), tumor necrosis 
factor alpha (TNF-α), and interleukin 10 (IL-10) were 
significantly decreased in the DSP NPs group (67).

Chitosan-based NPs 
Chitosan (CS) is known as a valuable chitin derivative and 

an abundant biopolymer after cellulose. CS is made of chitin 
found in insect exoskeletons, the shells of marine species, 
including shrimp or crabs (68). CS is a linear polysaccharide 
made up of randomly dispersed D-glucosamine 
(deacetylated unit) and N-acetyl-D-glucosamine (acetylated 
unit). CS is a non-toxic, biocompatible, and biodegradable 
polymer for tissue engineering and targeted drugs/gene 
delivery (69, 70). 

Liu et al. prepared ABZ-conjugated CS NPs (ABZ-
CS-NPs) by an emulsion cross-linking volatile method 
using sodium tripolyphosphate as the cross-linking agent 
and Poloxamer 188 (P188) as a surfactant to improve the 
treatment of helminthic diseases. In this line, ABZ/CS NPs 
showed efficient EE%, extended drug release, and enhanced 
relative bioavailability values of ABZ to 146% and ABZ-SO 
to 222%, introducing a passive diffusion mechanism for ABZ 
to treat liver CE (71). In vitro evaluation of ABZ/CS NPs and 

CS/PZQ NPs on hydatid microcysts demonstrated superior 
efficacy compared to the free ABZ+PZQ suspension. In 
prophylaxis, ABZ/CS NPs and CS/PZQ NPs markedly 
reduced cyst size and count, but in the treatment setting, 
only cyst count decreased (72).

In a study, among various amounts (4, 2, 1, 0.25, and 
0.05 mg/ml) of CUR-loaded CS NPs, the amount of 4 mg/
ml of CUR/CS NPs had the best scolicidal activity with a 
mortality rate of 68%, and reduced the PSCs, suggesting 
the CUR/CS NPs as an anti-PSCs agent (73). Kishik and 
his colleagues used CS NPs to boost the effectiveness of 
Nigella sativa oil (NSO) in combination with ABZ for CE 
treatment. A significant increase in the average level of nitric 
oxide (NO) and the plasma levels of IL-5 and a remarkable 
decrease in the systemic level of TNF-α were determined 
in the CE-infected mice receiving ABZ/NSO-loaded CS 
NPs compared to the untreated control group (74). In a 
study, ABZ-SO-encapsulated CS-PGLA NPs synthesized 
via nanoprecipitation were evaluated in CE treatment in 
experimentally infected mice at a daily dose of 10 mg/kg. 
Despite no statistical difference in the therapeutic outcomes 
of ABZ-SO/CS-PLGA NPs and free ABZ-SO, CS-PGLA 
NPs encapsulated with ABZ-SO were able to increase the 
therapeutic efficiency of ABZ-SO in CE treatment (75).

The synthesized CS NPs at concentrations ranging from 
125-1000 μg/ml exhibited cytotoxic and scolicidal activity. 
CS NPs reached their highest scolicidal activity at 1000 μg/
mL after 180 min, confirming the potential of a lower 
dosage of CS NPs as a very effective and safe scolicidal agent 
(76). A bioinformatic-based multi-epitope canine-targeted 
anti E. granulosus vaccine candidate based on CS NPs as 
adjuvants and four E. granulosus antigens, namely, EgM9, 
EgA31, Eg_10196, and EgG1Y162, confirmed CS-NPs as 
a safe and potent adjuvant for an anti-E. granulosus multi-
epitope vaccine in dogs (77). In a study, zinc NPs (ZnNPs)-
encapsulated CS-camphor (ZnNPs-CS/C) at 10 and 15 mg/
mL achieved 100% mortality in PSCs and reduced the size, 
number, and weight of hydatid cysts in mice. ZnNPs/CS/C 
in combination with 100 mg/kg ABZ led to a significant 
enhancement of caspase-3, glutathione peroxidase (GPx), 
and superoxide dismutase (SOD) activity, and a reduction 
in oxidative stress, the expression of TNF-α, nuclear 
factor kappa B (NF-κB) p65, toll-like receptor 4 (TLR4), 
and interleukin-1beta (IL-1β) genes, demonstrating anti-
CE potential of ZnNPs/CS-C/ABZ (78). Recently, a study 
confirmed that CS NPs could boost the therapeutic efficacy 
of ABZ and Nitazoxanide (NTZ) in the treatment of CE, as 
well as the survival time of treated mice. ABZ/CS NPs (50 
mg/kg/4 weeks) showed higher anti-CE activity relative to 
NTZ/CS NPs (200 mg/ kg /14 days) (79).

Polymer-based drug delivery challenges for hydatidosis 
treatment

Rising stability, non-immunogenicity, and regulated/
sustained drug release are the main advantages of PNPs 
(80). The main challenge in preparing PNPs is finding the 
most efficient polymer, given their hydrophobicity and 
hydrophilicity. Other complexities of PNPs are polymer 
cytotoxicity, utilization of organic solvents in the preparation 
process, intercellular trafficking, polymer–cell membrane 
interaction, and the potential to induce autophagy, which 
can be clarified (80, 81). Hybrid PNPs combined with 
polymers with natural or synthetic origin may address the 
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main issues of PNPs (82). 
As abovementioned, CS NPs are commonly used PNPs 

for CE treatment. Two key factors affecting CS-based NPs’ 
performance are the molecular weight (MW) and the 
degree of acetylation (DA). MW and DA may influence the 
CS NPs characteristics, such as their solubility, viscosity, 
temperature transitions, chain length, crystallinity, and 
tensile strength (83, 84). The interaction of CS biomaterials 
and human blood is another significant issue that requires 
hemocompatibility. CS modification and its hybrids 
with various polymers/lipids/polysaccharides generate 
hemocompatible CS-based nanocarriers (68, 85).

Nanocrystals (NCs)-based drug delivery systems 
Nanocrystallization represents an efficient carrier‐

free delivery system for enhancing the solubility and 
bioavailability of poorly soluble drugs (86). This process 
results in the formation of stable nanocrystals (NCs) when 
polymers or surfactants are employed to stabilize them 
under physiological conditions. NCs, in turn, improve the 
bioavailability and therapeutic efficacy of low-solubility 
drugs (86, 87). NCs are essential for drug administration 
because they have the following advantages: (i) higher 
therapeutic drug concentration at the site of application; 
(ii) scalable manufacturing processes; (iii) solubilization 
without extreme pH or co-solvents; (iv) enhanced solubility, 
adhesion, and dissolution rate; and (v) high content of pure 
drug with minimal surfactants stabilization (88).

The low aqueous solubility of ABZ and Ricobendazole 
(RBZ) limits dissolution and absorption in the gastrointestinal 
tract, potentially reducing their effectiveness. This can be 
addressed by an NC-based formulation. Compared to the 
ABZ, the pharmacokinetic performance of ABZ-loaded 
NCs with a solids yield of 72.32% and a mean particle size 
of ~ 415 nm was remarkably improved in a mouse model 
(89). In the same work, RBZ-loaded NCs prepared by an 
optimized bead milling and spray drying process showed 
better pharmacokinetic properties in dogs in comparison 

with a micronized RBZ (mRBZ). RBZ-NCs had a particle 
size of about 181 nm and displayed a notable rise in oral 
absorption and a 1.9-fold higher AUC0-∞ in RBZ/NCs-
treated dogs versus mRBZ (90).

NCs of ABZ created using the antisolvent precipitation 
method and spray drying revealed a faster dissolution, 
crystallinity, lower melting point, and enthalpy, and 
superior anthelmintic action when compared to pure ABZ 
(32). In one study, dissolving microneedles (DMNs) were 
used to intradermally deliver ABZ-loaded NCs stabilized 
with Pluronic F127, producing NCs with a size of ~400 
nm with uniform particle distribution. Dermatokinetic 
studies across excised neonatal porcine skin with NCs/
poly(vinylpyrrolidone)/PVP-based DMNs revealed that 
over 25% of ABZ persisted within the dermal layer for up 
to 48 h post-administration. ABZ delivered via NCs-loaded 
DMNs exhibited significantly higher AUC and relative 
bioavailability (>100%) than either oral formula of ABZ 
suspension or ABZ/NCs, suggesting a better therapeutic 
effect of ABZ/NCs/DMNs against CE by bypassing hepatic 
first-pass metabolism (91). In another study, the prepared 
ABZ NCs, ABZSO NCs, and ABZ sulfone-loaded NCs 
(ABZSO2) enhanced oral bioavailability in rats about 1.40 
times higher than that of native ABZ (92).

A new ABZ/NCs provided by spray-drying ABZ with 
P188 improved the oral bioavailability, the drug dissolution 
performance, and pharmacokinetics of ABZ compared to 
the commercial oral ABZ (Albenda)(Figure5, Table 2). Oral 
delivery of ABZ/NCs showed a 3.7-fold cyst inhibition effect 
in rats, higher than that of ABZ, after 30 days, indicating 
ABZ/NCs as improved anti-AE drug therapy (93). Fateh 
and his colleagues also revealed that 1 μg/ml of ABZ/NCs 
and ABZ completely inhibited the PSCs’ survival for 17 and 
23 days, respectively (94). 

Metal-based nano drug delivery systems
Metal nanomaterials, like zinc oxide (ZnO), iron (Fe), silver 

(Ag), and gold (Au), can be suitable options for drug delivery.

Figure 5. Schematic diagram of nanocrystalline formulation of albendazole (ABZ)(ABZ/NCs) for the treatment of hydatid cyst
Reprinted with permission from Hu et al., Copyright © 2020 American Chemical Society
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Magnetic nanoparticles
Magnetic NPs (MNPs) or superparamagnetic iron oxide 

NPs (Fe3O4/SPIONs) can be used as delivery and imaging 
agents due to their ease of operation, attractive manipulation, 
and energy-transfer ability (95). However, it is necessary to 
modify the surface of MNPs to avoid the toxicity, instability, 
and aggregation of bare MNPs at physiological pH (70). 

MNPs are carriers for efficient ABZ delivery (Table 3). 
A multifunctional ultrasound core/shell-based mesoporous 
magnetic SLNs composed of SPION as the core and stearic 
acid as the shell displayed a uniform spherical shape with 
minimal surface aggregation. The in vitro release of ABZ 
reached 84% gradually within 36 h, highlighting a fast and 
highly efficient method for ABZ delivery (96). The magnetic 
microspheres are regarded as drug carriers when guided by 
an external magnetic field. In a study, the treatment of mice 
infected with E. multilocularis by magnetic microspheres 
loaded with PLGA-Fe-E2-a revealed a substantial decline 
in the parasite load, a significant rise in the level of IFN-γ, 
and morphological and ultrastructural disorders similar to 
protoscolicidal of ABZ (97).

Critical note: Magnetic NPs present many interesting 
characteristics, like attractive manipulation and easy 
functionalization that can be used in delivering drugs (95). 
However, surface modification of these NPs is essential, 
since uncoated Fe3O4 NPs are prone to aggregation, 
instability under physiological pH, and protein corona 
with the plasma proteins (70). Conjugation of SPION with 
anti-CE targeting antibodies and loaded with ABZ may 
offer a potential platform for the targeted ABZ delivery and 
effective AE and CE therapy. 

Gold nanoparticles (AuNPs)
Because of their unique optical properties, hydrophilicity, 

monodispersity, high surface-to-volume ratio, and low 
toxicity, AuNPs are emerging as a viable drug delivery 
method (98). The photothermal effect of AuNPs can increase 
the temperature of the cyst media and kill the surrounding 

PSCs (99). Table 3 provides the reported AuNPs-based drug 
delivery for the treatment of hydatid cyst.

Some studies confirmed that AuNPs are an efficient 
scolicidal agent, since an increase in PSCs mortality 
was obtained with increasing AuNPs dose or exposure 
time. Barabadi and colleagues demonstrated a significant 
scoliocidal activity of different concentrations of 0.05-0.3 
mg/mL of Penicillium aculeatum-based green-synthesized 
AuNPs against cystic hydatid and E. granulosus PSCs. The 
highest scolicidal effect of AuNPs was at 0.3 mg/ml and an 
exposure time of 120 min, with an average removal ratio of 
94% (100). In a similar study, significant scolicidal effects 
of AuNPs at 0.25, 0.5, and 1 mg/ml were observed at 5, 10, 
20, 30, and 60 min. The 1 mg/ml AuNPs concentration 
eliminated all PSCs within 60 min (101). Another study 
investigated the significant scolicidal effects of 1-5 mg/
ml AuNPs, with 76% killing for 4 mg/mL AuNPs for 60 
min (102). Çolak et al. assayed the photothermal-based 
scolicidal effects of 0.8 and 0.4 ml of AuNPs along with 
laser powers of 150, 50, and 30 mW for 30-120 min. In the 
high-dose AuNPs group at 150 mW laser power for 120 
min, 89.30% mortality of PSCs occurred, demonstrating the 
anti-CE potential of AuNPs/laser irradiation (99). AuNPs 
biosynthesized using the aqueous extract of the aerial parts 
of Salvia sclarea L. indicated the highest lethality (100%) of 
PSCs at the concentration of 320 µg/ml after 15 min (103).

Critical note: AuNPs with significant changes in size, 
ultrastructural modifications of the shell and sucker, as 
well as the fragmentation of the parasite’s DNA, can act as 
scolicidal agents against CE PSCs and be effective in CE 
therapy (99, 102). Although AuNPs have gained promising 
benefits, they have some important disadvantages, such 
as the formation of a dynamic NPs-protein corona and 
hyperthermia as a side effect (98).

Zinc oxide nanoparticles (ZnO NPs)
ZnO NPs are a metal oxide, Food and Drug 

Administration (FDA)-approved food additive. ZnO NPs 

Type Components Delivery agents Treatment model Dosage Treatment Time Effect Ref. 

Magnetic 
nanoparticles 

ABZ-SLNs and magnetic 
SLNs 

ABZ PSCs - 36 hours 
A faster and high-efficiency 
synthesis method for ABZ 

delivery 
(96) 

Magnetic microspheres 
loaded with E2-a (PLGA-

Fe-E2-a) 

E2-a (PLGA-Fe-
E2-a) 

Mice 

- ABZ: 100 mg/kg/day 
- E2-a: 50 mg/kg/day 
- PLGA-Fe-E2-a: 50 

mg/kg/3 day 

6 weeks 
A significant rise in the level of 

IFN-  
Inhibiting metastases growth 

(97) 

Gold 
nanoparticles 
(AuNPs) 

Green synthesis of AuNPs using P. 
aculeatum extract 

PSCs 
0.3, 0.2, 0.1 and 0.05 

mg/ml 
10. 30. 60, and 120 min 

A potential scolicidal agent for 
CE 

(100) 

AuNPs 

AuNPs PSCs 

0.25, 0.5, and 1 mg/ml 5, 10, 20, 30, and 60 min Significant scolicidal effects (101) 

AuNPs 1-5 mg/ml 5, 10, 20, 30, and 60 min 

- Significant changes in size, 
structure and shape of the sucker 

- The fragmentation of the 
parasite's DNA 

(102) 

AuNPs/laser irradiation 0.8 and 0.4 ml 30, 60, and 120 min 
- An increase in protoscolicidal 

mortality 
(99) 

Green synthesis of 
AuNPs using S. sclarea 

extract 
320 µg/ml 15 min A highest lethality (103) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Magnetic and AuNPs-based drug delivery systems for the treatment of hydatid cyst

ABZ: Albendazole; SLNs: Solid lipid nanoparticles; PSCs: Protoscoleces; AuNPs: Gold NPs; CE: Cystic echinococcosis.
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are recognized as a valuable and versatile compound due to 
their chemical stability, broad-spectrum radiation, elevated 
electrochemical coupling, and superior photostability (104). 
ZnO NPs are safe and non-toxic in low concentrations and 
exhibit notable antimicrobial capabilities due to their nano 
size (104, 105). Some research has also reported the anti-CE 
effect of ZnO NPs (Table 4).

The in vitro evaluation of scolicidal effect of 50, 100, and 
150 mg/ml ZnO NPs on PSCs at 10, 30, and 60 min displayed 
that 50 mg/mL ZnO NPs led to 6.19% elimination at 10 
min, while 150 mg/ml killed all PSCs (106). Mahmmoud 

et al. investigated 100 µg/ml ZnO NPs and 1000 mg/ml of 
aqueous extracts of grape seeds, which have a deadly effect 
on PSCs isolated from sheep liver hydatid cyst (107). In a 
study, 200 μg/ml green synthesized ZnO NPs by Lavandula 
angustifolia extract showed the highest protoscolicidal 
effects in vitro at about 81.6%. Moreover, ABZ (100 μg/
ml)-loaded ZnO NPs completely killed the PSCs at 10 
min, suggesting ZnO NPs/ABZ as a strong protoscolicidal 
agent (108). The green synthesized ZnO NPs from Mentha 
longifolia L. leaf extract at a concentration of 400 ppm for 
150 min showed the highest protoscolicidal activity with 

 

Type Components Delivery agents Treatment model Dosage Treatment Time Effect Ref. 

Zinc oxide 
NPs (ZnO 
NPs) 

ZnO NPs ZnO NPs PSCs 50-150 mg/ml 10, 30, and 60 min A significant protoscolicidal activity (106) 

ZnO NPs and the 
aqueous extracts 

of grape seeds 

ZnO NPs/ grape 
seeds 

PSCs 
250, 500, and 1000 

mg/ml 
5, 10, 15, 30, and 60 min A higher mortal rate (107) 

Green synthesized ZnO NPs by L. 
angustifolia extract 

PSCs 
200, 100, and 50 

 
0-60 min A strong protoscolicidal effect (108) 

Biosynthesized ZnO NPs prepared 
with M. longifolia extract 

PSCs 
100, 200, and 

400 ppm 
150 min 

- A highest scavenging activity with 
a mortality rate of 100%. 

- An effective scolicidal potential 
(109) 

Salicylate-coated 
ZnO NPs 

Salicylate PSCs l 0-30 min 

- Activation of Caspase-3&7 
- Morphological changes including 

tegument surface wrinkles and 
apoptogenic changes 

(110) 

ZnO NPs and ZnO/Brt/CS 
nanocomposites extracted from T. 

ammi 
PSCs 200 mg/ml 30-60 min 100 % lethal (111) 

linalool-ZnO nanocomposite (Lin-
ZnNPs)/PVA 

PSCs/ Mice 
PSCs: 145-1060 µM 
Lin-ZNP: 0.11, 0.22, 

0.44 mol/kg 

In vitro: 5-60 min 
In vivo: 28 days 

A dose- and time-dependent death (112) 

Silver NPs 
(AgNPs) 

AgNPs 
amphotericin B, F. vulgare Mill, 

hypertonic saline, and essential oil 
PSCs 

AmB: 20-2.5 mg/ml, 
Ag-NPs: 0.5-4 

mg/ml, 
F. vulgare oil 

1-0.125 mg/ml 

5-60 min Strong scolicidal activity (113) 

Green synthesized AgNPs from 
aqueous extract of P. aculeatum 

PSCs 
0.15, 0.1, 0.05, and 

0.025 mg/ml 
10-120 min - High scolicidal effects (114) 

 
green synthesis of AgNPs using Z. 

spina-christi leaves 

PSCs 
0.05, 0.1, 0.2, 0.3 and 

0.4 mg/ml 
10-210 min 

Suggested a biocompatible agent for 
CE treatment 

(115) 

Mice 
300 mg, 200 mg, 100 

mg, and 50 mg/kg 
14 days 

Proposed an anti-echinococcal cyst 
therapy 

(116) 

AgNPs free or 
mixed with ABZ 

AgNPs/ABZ Mice 400 mg/ 10 ml 2 months Decrease of cyst size and weight (117) 

AgNPs loaded 
with ABZ/MBZ 

ABZ/MBZ Mice 3.75 mg/ml 12 weeks 
A significant reduction in body 

weight, liver, spleen, and the 
number of cysts 

(118) 

AgNPs 
encapsulated with 

ABZ 
core-shell ABZ PSCs 

50, 125, 250, and 500 
 

10-60 min A strong protoscolicidal effect (119) 

Green-synthesized AgNPs using A. 
spinosus extract 

PSCs/ Mice 
25-  

25, 50, 100 mg/kg 
In vitro: 5-60 min 
In vivo: 4 weeks 

- Disrupted the membrane integrity 
- Enhanced the expression of 

caspase-3/9 and antioxidant genes 
(120) 

Green-synthesized AgNPs using 
the extract of D. mucronata seeds 

and S. sclarea 
PSCs 80-320  g/ml 15 min 100% lethality of CE (121, 122) 

AgNPs, Ag/Bhm NC using R. 
officinalis extract 

PSCs 1.6 mg/ml 60 min Higher mortality rate (123) 

 
 
 
 
 
 
 

Table 4. ZnO NPs and AgNPs-based drug delivery systems for the treatment of hydatid cyst

ZnO NPs: Zinc oxide nanoparticles; ZnO: Zinc oxide; PSCs: Protoscoleces; Brt: Barite; CS: Chitosan; CE: Cystic echinococcosis; Lin: Linalool; ZnNPs: Zinc NPs; PVA: Polyvinyl 
alcohol; AgNPs: Silver NPs; ABZ: Albendazole; MBZ: Mebendazole; Bhm NC: Boehmite nanocomposite; NC: Nanocomposites 
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a mortality rate of 100% (Figure 6a)(109). In a study, the 
synthesized salicylate-coated ZnO NPs (SA/ZnO NPs) at a 
2000 μg/ml concentration exhibited 100% PSC mortality at 
20 min, compared with free SA and ZnO NPs (Figure 6b). 
Activation of Caspase-3 & 7 enzymes at 2000 μg/ml was 
16.4% for SA/ZnO NPs, 31.4% for ZnO NPs, and 35.7% for 
free SA (110).

At a concentration of 200 mg/ml ZnO NPs and ZnO/
barite/CS nanocomposites (ZnO/Brt/CS NC) produced 
using aqueous extract of the Trachyspermum ammi plant, 
a 100 % lethal rate was observed in 60 min and in 30 min, 
respectively (111). The linalool-ZnO nanocomposite (Lin-
ZNP) synthesized using an ethanolic solution of polyvinyl 
alcohol (PVA), significantly killed the PSCs in a dose- and 
time-dependent manner. Treatment with Lin-ZNP led to a 
notable depletion in the number, diameter, and weight of 
the hydatid cysts and a significant increase in the expression 
of antioxidant genes (112).

The abovementioned ZnO NPs-based approaches 
exhibiting concentration-dependent enhancement of 
protoscolicidal effects are not suggested as a strong 
scolicidal agent (106). ZnNPs in combination with ABZ 
have been shown to exert a strong protoscolicidal effect 
when administered intraperitoneally for the treatment of 
cystic hydatid. However, for use in the clinical environment, 
more studies are needed to evaluate its effectiveness and 
safety (108).

Silver NPs (AgNPs)
In some studies, the scolicidal effects of green-synthesized 

AgNPs have been assessed for inactivating PSCs during 
hydatid cyst surgery to prevent recurrence and improve 
blood compatibility (Table 4). 

The scolicidal effects of varying concentrations of Ag-
NPs, amphotericin B (AmB), and Foeniculum. Vulgare 
essential oil and hypertonic saline were investigated on PSCs 
extracted from sheep and goat livers for 5-60 min. Maximum 
mortality was observed at 20 mg/ml AmB (82.3%), 4 mg/
mL Ag-NPs (71.6%), 1 mg/ml F. vulgare oil (100%), and 
20% hypertonic saline (100%). The strong scolicidal activity 
of the essential oil of F. vulgare in combination with AgNPs 
could be proposed as a novel scolicidal medication for CE 

therapy (113). In a study, the highest PSCs mortality rate, 
about 83% and 90% were obtained from 0.1 and 0.15 mg/
ml green synthesized AgNPs from the aqueous extract of P. 
aculeatum after 120 min, while 0.025 mg/ml AgNPs in 10 
min showed the lowest scolicidal activity (~40%)(114). 

In a study, the strong effectiveness of varying dosages 
of green biosynthesized AgNPs from Ziziphus spina-christi 
in inducing morphological changes in E. granulosus PSCs 
during hydatid cyst surgery was confirmed (Figure 7)(115). 

Figure 6. a) Green synthesized ZnO NPs from Mentha longifolia L. leaf 
extract for the assessment of protoscolicidal scavenging activity, reprinted 
with permission from Shnawa et al., published under a CC BY 4.0 license. 
b) The process of salicylate-coated ZnO NPs and their protoscolicidal 
activity
ZnO NPs: Zinc oxide nanoparticles. SA: Salicylic acid

Figure 7. Green-synthesized AgNPs using Zizyphus spina-christi leaves for the assessment of protoscolicidal effect during hydatid cyst surgery
Reprinted with permission from Jalil et al., published under a CC BY 4.0 license
gNPs: Silver nanoparticles; AgNO3: Silver nitrate

Corr
ect

ed
 Proo

f



Iran J Basic Med Sci, 2026, Vol. 29, 

Zebardast et al. Nanomaterial-based treatment of hydatid cyst

12

The anti-CE activity of these AgNPs at 50-300 mg/kg was 
demonstrated in BALB/c mice without adverse effects, 
symptoms, or mortality. However, mice receiving AgNPs 
exhibited minor histological changes in the kidneys, liver, 
and intestines (116). Based on these studies, AgNPs can 
be considered as scolicidal agents with more efficacy and 
minimal side effects during the surgery of cystic hydatid. 

The anti-hydatidosis effects of AgNPs in combination 
with ABZ have been another approach. In this line, Nassef 
et al. reported the highest efficacy rate (63.9%) along with 
ultrastructural changes in cysts and a significant decrease in 
cyst size, cyst weight, and IFN-γ levels in CE-infected mice 
after treatment with ABZ-loaded AgNPs (117). In the same 
study, a significant reduction in body weight, liver, spleen, 
and the number of cysts in male albino mice experimentally 
infected with cystic hydatid was obtained after exposure to 
ABZ/AgNPs and MBZ/AgNPs (118). The results of a study 
revealed a pronounced mortality rate of PSCs in accordance 
with increasing the concentration and duration of exposure 
to Ag-copper NPs and AgNPs-loaded with ABZ (119).

Baghdadi et al. reported a dose- and time-dependent 
scolicidal effect of the green-synthesized AgNPs using 
the precipitation method with Astragalus spinosus extract. 
AgNPs disrupted the membrane integrity, reduced the size, 
number, and weight of hydatid cysts,  and enhanced the 
expression of caspase-3/9 and antioxidant genes. Moreover, 
a notable decrease in the level of IL-4 and IL-10 was detected 
following AgNP treatment (120). The green-synthesized 
AgNPs using the extract of Daphne mucronata seeds and 
Salvia sclarea flower extract led to 100% lethality of CE 
in 15 min at the concentration of 80 µg/ml and 320 μg/
mL, respectively (121, 122). AgNPs, phytosynthesized Ag 
boehmite nanocomposite (Ag/Bhm NC) using Rosmarinus 
officinalis extract, exhibited 65.34 % and 51.60 % mortality 
rate at 1.6 mg/ml and 60 min, respectively (123).

Selenium, copper, TiO2, NiO, and CeO2 nanoparticles
Selenium NPs (SeNPs)

Strong scolicidal effects of SeNPs have been reported 
in some studies. It has been shown that SeNPs affect the 
survival of E. granulosus PSCs by increasing the exposure 
time. Mahmoudvand et al. reported the scolicidal effect 
of Bacillus spp. originated green biosynthesized SeNPs 
at concentrations of 500 and 250 μg/ml after 10 and 20 
min, respectively (124). In comparison between AgNPs 
and SeNPs at the same concentration (50-500 μg/ml), 
the protoscolicidal effect of SeNPs on cystic hydatid 
PSCs isolated from infected sheep (liver and lungs) was 
remarkably more than AgNPs at exposure times of 10, 20, 
30, and 60 min (125). In albino Mus musculus mice treated 
with 150 μg/ml SeNPs, the survival decreasing rate was 90%, 
while no cysts were formed in mice treated with 200 μg/ml 
SeNPs, 3 and 4 months after infection (126).

Copper NPs (CuNPs)
Ezzatkhah et al. investigated the antiparasitic effects of 

250, 500, and 750 mg/ml green CuNPs synthesized from C. 
spinosa extract alone and combined with 200 mg/ml ABZ 
on hydatid cyst PSCs (5-60 min) in vitro and in vivo. The 
750 mg/ml CuNPs showed the highest scolicidal activity, 
killing 73.3% of PSCs after 60 min, whereas 100% was 
achieved with CuNPs/ABZ after 10 min (10). In a study, 
upon administration of 80 mg/kg green-synthesized CuNPs 

using Lupinus arcticus extract for 28 days on hydatid cyst-
infected mice, a remarkable decrease in hydatid cysts’ 
size, weight, and number, oxidative stress markers, and 
inflammatory cytokines was observed (127). The evaluation 
of the scolicidal and apoptotic effects of Cu oxide (CuO) 
and gamma alumina (γ-Al2O3) with or without CS, using 
Rosmarinus officinalis extract on PSCs, revealed the highest 
scolicidal effect (33.26 %) by 1.6 mg/mL CuO at 60 min, 
followed by phytosynthesized CuO/γ-Al2O3 NC (23.41 %) 
by inducing apoptosis (128).

Titanium oxide (TiO2) and zirconium oxide (ZrO2) NPs
A study found that using Echinometra mathaei gonad 

extracts with TiO2 NPs killed 84% of PSCs after 60 min of 
incubation at a concentration of 15 μg/ml. Moreover, the 
reduction in cyst volume, size, and number was observed 
in mice infected with E. granulosus PSCs (129). Two similar 
studies evaluated the efficacy of 250, 500, 1000, 2000, and 
4000 µg/ml TiO2 NPs and ZrO2 NPs in treating hydatid cyst 
PSCs for different times of 15, 30, and 60 min (130, 131).

Nickel oxide (NiO) and Cerium oxide (CeO2) NPs
In a study, a strong dose-dependent scolicidal activity 

was obtained by NiO NPs derived from Ziziphus spina-
christi L leaves extract due to its simplicity, compatibility 
with the environment, availability, and non-toxicity during 
production (Figure 8). The NiO NPs also had strong 
antioxidant capacity and low hemolytic effect on red blood 
cells (132).

Aryamand and colleagues assessed the effectiveness 
of CeO2 NPs, Holothuria leucospilota extract, ABZ, and a 
mixture of the tree as scolicidal agents against cystic hydatid 
PSCs in vitro and in vivo over 10-60 min. After 60 min, 
H. leucospilota extract (20 mg/mL) and a CeO2 NPs/H. 
leucospilota mixture (15 mg/ml) effectively killed PSCs by 
increasing caspase 3 activity and diminishing cyst count, 
size, and volume (133).

A summary of Selenium, copper, TiO2, NiO, and CeO2 
NPs for CE treatment has been provided in Table 5. 

The main issues of nano drug delivery challenges for 
hydatid cyst

Nanotechnology may enhance treatment approaches and 
diagnosis techniques by offering more accurate NPs-based 
solutions. Nanobiosensors may aid in earlier and more 
precise diagnosis of hydatidosis. Moreover, hydatid cysts 
may be successfully treated with nanoformulations, but 
there are some challenges (9).

This review has addressed recent developments in 
nanocarriers designed for successful drug delivery to CE. 
In this context, various NPs, including lipid-based NPs, 
PNPs, NCs, and metal-based NPs, have been developed. 
This review showed that the metallic NPs and CS-based 
NPs were the most commonly used NPs for CE treatment. 
Moreover, NCs are another nanoformulation reported for 
this purpose. 

However, there are some main challenges, toxic 
effects, and other unexpected drawbacks associated with 
nanotherapeutics. It is important to note that the nanocarrier-
based delivery is highly dependent on the physicochemical 
properties of NPs, especially size, surface charge, surface 
modification, drug encapsulating capacity, and colloidal 
stabilization (134). During the design of NPs, it is important 
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to carefully manage the size and size distribution of 
nanocarriers, as size affects pharmacokinetics (PK), safety, 
and biodistribution (52, 134). A sub-200 nm size is ideal 
for drug delivery and can address some challenges of large-
sized NPs, such as bioavailability and in vivo instability (52). 

The charge and functional groups on the NPs’ surface 
are other factors that play an important role in their uptake, 
stability, opsonization, and interactions with plasma 

proteins (59). By proper formulation of NPs, the dissolution 
rates and, therefore, bioavailability will increase. Biological 
barriers in the gastrointestinal tract (GIT) limit the oral 
absorption of hydrophobic drugs (135). Despite advances 
in NP-based formulations that enhance oral efficacy, the 
intracellular trafficking of NPs remains poorly understood, 
and oral bioavailability remains unresolved. Functionalizing 
NPs’ surfaces with peptides, antibodies, and aptamers can 

Figure 8. Preparation of NiO NPs derived from Ziziphus spina-christi L leaf extract to assay scolicidal activity
Reprinted with permission from Shnawa et al. published under a CC BY 4.0 license
FE-SEM: Field emission scanning electron microscopy; EDX: Energy-dispersive X-ray analysis; XRD: X-ray Diffraction; NiO NPs: Nickel oxide nanoparticles

 

Type 
Components/ 

Delivery agents 
Treatment model Dosage Treatment Time Effect Ref. 

Selenium NPs 
(SeNPs) 

Green biosynthesized SeNPs by 
Bacillus spp. MSh-1 

PSCs 50-500 µg/ml 10-60 min 
Strong scolicidal effects for use in CE 

surgery 
(124) 

AgNPs/ SeNPs PSCs 
500, 250, 125, and 50 

 
10-60 min A protoscolicidal effect (125) 

SeNPs Mice  5 months Reduction the number of cysts (126) 

Copper NPs 
(CuNPs) 

Green CuNPs synthesized from 
C. spinosa extract alone and 

combined with ABZ 
PSCs 

CuNPs: 250, 500, 
and 750 mg/ml 

ABZ: 200 mg/ml 
5-60 min 

A strong scolicidal effects, especially 
in combination with ABZ 

The activation of apoptosis 
(10) 

Green-synthesized CuNPs 
using L. arcticus extract 

Mice 80 mg/kg 28 days 
A remarkable decrease in size, 

weight, number, oxidative stress 
markers, and inflammatory cytokines 

(127) 

-Al2O3/with or without 
CS, using R. officinalis extract 

PSCs 1.6 mg/ml CuO 60 min A highest scolicidal effect (128) 

Titanium oxide NPs 
(TiO2 NPs) 

sea urchin E. mathaei and TiO2 
NPs 

Mice  3 months 
Reduction in the volume, size, and 

number of cysts 
(129) 

TiO2 NPs 
PSCs 

250, 500, 1000, 2000, 
and 4000 µg/ml 

15-60 min 
Destroying PSCs (131) 

Zirconium Oxide 
(ZrO2) NPs 

ZrO2 NPs Highest fatality rate (130) 

nickel oxide NPs 
(NiO NPs) 

NiO NPs derived from Z. spina-
christi L leaf extract 

PSCs 6.25-100 l 10-120 min 
A potent reducing and capping agent 
Strong antioxidant activity and low 
toxicity of NiO-NPs on red blood 

(132) 

Cerium oxide NPs 
(CeO2 NPs) 

H. leucospilota extract and CeO2 
NPs 

Mice 15 and 20 mg/ml 4 weeks 
Significant reduction in the number, 

size, and volume of cysts 
(133) 

 

Table 5. Selenium, copper, TiO2, NiO, CeO2 nanoparticles drug delivery systems for the treatment of hydatid cyst

SeNPs: Selenium NPs; PSCs: Protoscoleces; CE: Cystic echinococcosis; CuNPs: Copper NPs; ABZ: Albendazole; CuO: Cu oxide; γ-Al2O3: Gamma alumina; CS: Chitosan; TiO2: 
Titanium oxide; NPs: nanoparticles; ZrO2: Zirconium oxide; NiO: Nickel oxide; CeO2: Cerium oxide 
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enhance their biocompatibility and the delivery of drugs to 
targeted cells or tissues (70). 

The NPs-protein interactions within whole blood 
and their safety and human toxicity are also the main 
challenges (52, 59). The biodegradation and dissolution of 
inorganic NPs (especially metal-based NPs) can affect their 
subsequent immunological response; it is important to 
carefully evaluate their biological fate and immune reaction 
before using them as carriers in drug delivery and other 
biomedical applications (136). Adjustments to components 
and parameters during NPs synthesis can achieve an 
acceptable level of NPs’ toxicity and safety (52).

Conclusion and Future Perspectives
Cystic hydatidosis or CE is a chronic parasitic infection 

with significant mortality that is still considered a neglected 
disease. The complete surgical removal of CE lesions 
followed by the oral administration of ABZ, a first-line 
anti-CE drug, is a commonly recommended treatment. 
However, as complete excision is often unachievable in 
most cases, long-term chemotherapy with ABZ remains the 
primary strategy. Due to ABZ’s poor solubility and limited 
oral bioavailability, full remission is achieved in only a small 
proportion of patients. 

The efficacy of chemotherapeutic treatment for hydatid 
disease depends on the drug’s ability to penetrate the cyst 
and target both the germinal layer and the PSCs, while 
maintaining an appropriate drug concentration within the 
cyst over the treatment duration. To improve this issue, 
some novel NPs-based carriers have been developed.

Among NPs-based carriers, it was shown that metal NPs 
exhibit strong scolicidal effects, especially in combination 
with ABZ, via apoptosis induction. Despite these numerous 
advantages, to the best of our knowledge, no NPs-based 
formulations for CE treatment have been commercialized 
yet, and several challenges remain on the path to clinical 
translation. Although several studies have reported the 
protoscolicidal effect of the NPs in vitro, it is essential to 
address some challenges in translating these preclinical 
findings to clinical applications. A deep understanding of 
the effective parameters influencing the performance of 
nanoformulations, standardization of treatment protocols, 
evaluation of the efficacy of novel therapeutic agents, and 
the development of tools and models that better reflect 
clinical conditions may pave the way for successful clinical 
application. In future investigations, attention should be 
directed toward the precise release of therapeutic agents 
from nanocarriers at the site of action. Key aspects include 
enhancing delivery and uptake performance using targeting 
units (e.g., aptamers or peptides) and adjusting nanocarrier 
composition and parameters to achieve desirable, 
predictable release kinetics. 
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