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Abstract

Hydatidiosis is a zoonotic helminthic parasitic disease that is caused by Echinococcus granulosus that affects different hosts, and it is life-
threatening. It is disturbed throughout the world, mainly in rural regions. For decades, millions of individuals have been aware that hydatid
cysts are a prevalent medical condition. Individuals who have this illness may not exhibit any symptoms for years and only show up when
their hydatid cysts, which are liver cysts, burst. The potential for nanotechnology to improve chemotherapy against hydatid cysts could pave
the way for a revolution in medical care. This book chapter outlines how nanotechnology affects chemotherapeutics against hydatid disease.
Delivering therapeutic drugs more precisely and effectively, targeting hydatid cysts more effectively, and reducing interaction with
surrounding tissue are all made possible by nanotechnology. Nanotherapeutics do, however, present issues with resistance, toxicity, and
biodistribution. In conclusion, there are a lot of challenges associated with using nanotechnology for treating hydatid cysts, despite the
possibility of success. Additionally, nanobiosensors are used in diagnostic methods to aid in earlier and more precise patient diagnosis.
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Introduction

Hydatid disease, or uniocular cystic echinococcosis disease, is a zoonotic helminthic disease caused by the metacestod stage (hydatid cyst)
of Echinococcus granulosus, presents significant health challenges globally, particularly in endemic regions (Moro & Schantz, 2009), and is
mostly responsible for the increasing prevalence of echinococcosis worldwide (Budke et al., 2006). The classical treatment of hydatid cysts till
now depends on the surgical removal of the cyst and the use of drugs such as albendazole, but the use of drugs has side effects and drug
resistance (Lupia et al., 2021, Karshima et al., 2022). Echinococcus granulosus forms cysts with a vibrable size, ranching from a pinhead to
football size, and depressing the body organs and tissues (Alvi & Alsayegh, 2022). If left without treatment, it will lead to fatal problems in
humans and animals (Casulli et al., 2022). This parasite has a complex indirect life cycle and includes the carnivores as the final host and the
herbivores, including humans, as the intermediate host. The intermediate hosts are infected by the ingestion of eggs of this parasite that pass
with feces of the carnivores such as dogs and foxes (Zhang et al., 2003; Zhang et al., 2012). Several broad-spectrum antibacterial activities have
been used for the treatment of this parasite as an antiparasitic agent, including azithromycin, azithromycin with paromomycin, rifaximin,
nitazoxanide, and albendazole (Rossignol et al., 2006, Checkley et al., 2015). It works well for minor infections but is ineffective against
moderate and severe illnesses (Diptyanusa & Sari, 2021).

The dassical anthelmintic treatment of echinococcosis is albendazole and mebendazole, which inhibit the growth and proliferation of
hydatid cysts (Adetunji et al., 2021, Chai et al., 2021). The using of these two anthelmintics has several side effects such as gastritis, and enteritis
(Wang et al., 2020, Erfani et al., 2023). The treatment of echinococcosis is extended for months and up to years, therefore the prolonged using
of these anthelmintics, resulted in the emergence of resistance (Taghipour et al., 2021, Alvi et al., 2023). Many problems still exist even if
conventional chemotherapy is an effective treatment for hydatidosis (Wen et al., 2019). Working with large cysts or those located in complex
anatomical areas may require altering the procedure (Kern et al., 2017). Many medications struggle to reach the parasite cores because of the
challenges of breaking through cyst walls. Taking the patients' existing medical problems into account as well as any factors that might.

Early detection of hydatid cysts is essential for efficient treatment (Habibi et al., 2023). Unfortunately, because of its deceptive character
and current diagnostic limitations, it is still challenging to detect this illness swiftly and reliably. However, because hydatid cysts can frequently
be mistaken for other cystic lesions, imaging methods like ultrasound are helpful for offering first insights but are sometimes misconstrued
(Dietrich et al., 2020). Magnetic resonance imaging and computerized tomography scans can provide high-resolution imaging, but they are
costly and ineffective at differentiating between different types of cysts (Caraiani et al., 2020; Calame et al., 2022).

There are serological methods for screening for particular antibodies against E. granulosus antigens, such as Western blotting and ELISA,
but these are also limited (Meftahi et al., 2021, Alvi et al., 2023). A Western blot continues to be more accurate than ELISA. Nevertheless, the
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probability of a false positive gets higher due to requiring specific resources and experience. It may be more challenging to figure out hydatid
cysts because of their similarity to other cystic tumors (Alshoabi et al., 2023). Additionally, the current screening method typically finds cysts
after they have significantly expanded, delaying early management that could improve results (Chouhan et al., 2019). In many cases, a definite
diagnosis requires aspiration and biopsy (Khalili et al., 2023). However, there are risks associated with these treatments, including the potential
for rupture and the development of cysts. When it comes to inert cysts or cysts that have calcified over time, serological testing is frequently
ineffective (Paramita & Wibawa, 2023). The absence of advanced imaging and diagnostic technology in low-tech settings makes cancer
identification more challenging (Borhani et al., 2021). More studies on hydatid cysts are needed, as are more precise and easily available
diagnostic techniques.

Recent decades have seen the fusion of technological advancements and research innovations to give rise to a new field of study called
nanotechnology, where system components are measured in billionths of meters and engineered and designed at the nanoscale, requiring
extremely precise measurements (Sadr et al., 2023). This field is able to cross traditional boundaries, giving scientists basic control over matter
(Sahu et al., 2021). The development of nanotechnology has great promise for the next several decades to transform medicine by providing a
plethora of new opportunities that may fundamentally alter therapeutic approaches (Prasad et al., 2021, Sindhwani & Chan, 2021).

1.2. Nanoparticles

Dealing with materials that are nanometers in size (ranged between 1-100 nanometers) (Cho et al., 2013, Hasan, 2015, Mishra, 2016), for
medical applications, nanomedicine is regarded as a relatively emerging area of science and technology. Drug delivery, imaging, diagnosis,
medical devices, vaccinations, and antimicrobial therapy are only a few of the medicinal and diagnostic uses of nanomedicine that are currently
available in contemporary medicine (Machado et al., 2015, Zhu et al., 2014). In light of the use of nanomedicine to treat microbial diseases,
numerous studies have documented the antimicrobial properties of both organic and inorganic nanoparticles, including chitosan, synthetic
cationic polymers, cationic peptides, and metal and metal oxide (Sengul & Asmatulu, 2020).

Inorganic nanoparticles are metal-based and metal oxide-based nanoparticles are two more subcategories for them. The preparation of
metal-based nanoparticles involves either constructive or destructive methods of turning the metals into nanoparticles. It is possible to produce
nanoparticles from any kind of metal (Salavati-Niasari et al., 2008). Aluminum, cadmium, cobalt, copper, gold, lead, silver, and zinc are
frequently used to create nanoparticles. Surface area-to-volume ratio, pore size, surface charge density, and high surface charge are some of
the unique properties of these nanoparticles (Geetha et al., 2016). By altering the matching metal-based nanoparticles, metal oxide nanoparticles
are created. Iron (Fe) nanoparticles oxidize to iron oxide at room temperature when oxygen is present. When their efficiency and reactivity
rise, metal oxide nanoparticles are created (Tai et al., 2007). Zinc oxide, silicon dioxide, titanium oxide, iron oxide, magnetite, aluminum oxide,
and cerium oxide. These tiny particles differ from the equivalent metals in a few special ways (Samy et al., 2022).

Organic nanoparticles are made of polymers such as liposomes, dendrimers, ferritin, and micelles. Drugs can be transported by these
specific nanoparticles since they are non-toxic, and stable. Heat, light, and radiation sensitivity are associated with the hollow centers of
liposomes and micelles, also known as nano-capsules (Tiwari et al., 2008, Gehrke et al., 2015). They are an effective drug delivery way
because of these qualities. Because of their effectiveness, these kinds of nanoparticles are frequently employed in the field of medicine.
Targeted drug delivery methods send nanoparticles to particular body parts. The material's composition, shape, size, flexibility, and surface
quality all affect the attributes of nanoparticles (Muthu et al., 2009). Lipids and a wide variety of synthetic polymers made up of different
substances make up nanoparticle composition. The most synthesized used polymers in the production of nanoparticles are dextran’s, a
polyanhydrides, and poly lactic-co-glycolic acid, and the nature polymer like elastin-like polypeptides. The production process, toxicity, and
compatibility with loaded pharmaceuticals all influence the utilization of these nanoparticles (Macewan & Chilkoti, 2012). Shape and
structure have an impact on nanoparticle efficiency as well. Spherical nanoparticles are less effective than rod-shaped nanoparticles at
reaching specific tissues (Cao et al., 2019).

1.2.1. Application of Nanoparticles as a Treatment for Hydatid Disease

Much research has investigated the potential role of nanoparticles in treating cystic echinococcosis to inhibit the infective stage of E.
granulosus (Norouzi et al., 2020). There are several nanoparticles are used as anti-cystic echinococcosis such as zinc oxide, copper, and silver
(Shnawa, 2018).

The use of nanoparticles has many potential applications including targeted delivery of therapeutic agents which can improve the
effectiveness of therapies against cystic echinococcosis. They are very tiny which helps them cross blood-brain barriers, and carry drugs
specifically to infected organs and tissues, minimizing side effects. Such targeted therapy significantly enhances the efficacy of the treatment;
it also reinforces the potential of these nanoparticles in the battle against this disease (Arshad et al., 2021, Malik et al., 2023). Research remains
focused on innovative designs for nanoparticles aimed at enhancing drug release (Zhou et al., 2023, Wang et al., 2022). However, as this occurs,
rules and regulations are evolving to safeguard patients while still permitting new ideas and inventions. These advancements could lead to
improved treatment options for cystic echinococcosis and various infectious diseases. Although continued collaboration among researchers,
clinicians and regulatory bodies is essential, achieving optimal therapeutic outcomes will require concerted effort (Casulli et al., 2022). It is
essential to invest in nanoparticle research to bring out their characteristics. It is proposed that prospective studies must scrutinize both the
long-term influences and specific duties in different patient groups in distinct healthcare sections.

Nanomedicine enhances the therapeutic efficacy by reducing side effects. Additionally, modifications can enhance drug delivery and
retention within the cysts. Effective targeting is crucial for improving treatment outcomes and reducing the likelihood of drug resistance (Huang
et al., 2022). Furthermore, tailored surface properties can facilitate better cellular uptake and release kinetics. These advancements promise to
significantly improve the management of hydatid cyst infections and enhance overall patients’ safety (Donahue et al., 2019).

To distribute praziquantel through nano-based delivery systems, the medication is encapsulated in a variety of nanomaterials, including
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copper, zing, silver, gold, and zinc oxide, all of which are made of a combination of metals (Krél et al., 2023, Boudier & Le Faou, 2023).
Nanoparticles act as transporters and have the ability to enhance the outcomes of medication. Napooni et al. (2019) suggested that the Au
nanoparticle can inhibit the protoscolies. The using of gold nanoparticles with praziquantel and albendazole for treating hydatid disease reduces
the side effects that are produced by the chemical drugs and these two drugs will work better with nanoparticles. Jelowdar et al. (2017) recorded
that chemoprophylaxis works better than praziquantel and albendazole in the treatment of cystic echinococcosis.

The silver nanoparticle (Ag) originated from the fungus named Penicillium aculeatum and has protoscolicidal properties and is safe and
effective in the treating of echinococcosis, because it is nontoxic and has fewer side effects than albendazole (Rahimi et al., 2015, Nassef et al., 2019).

Lashkarizadeh et al. (2015) reported the protoscolicidal properties of Ag nanoparticles, essential oil of Foeniculum, amphotericin B, and
hypertonic saline.

There are several advantages of using nanoparticles for treating of cystic echinococcosis such as due to their effective solubility, directed
drug delivery, and they controlled the drug release (Kesharwani et al, 2014, El-Say & El-Sawy, 2017, Pandian et al, 2021). The use of
nanoencapsulated albendazoles and mebendazoles is a potential benzimidazole anthelmintic technique (Shukla et al, 2021). Numerous
nanostructured carriers, such as lipid nanoparticles, polymeric nanoparticles, and liposomes, have been used to encapsulate these medications
(Shukla et al., 2021).

Nanoparticles have antiparasitic properties, like the triggering of apoptosis (Khashan et al., 2020, Ezzatkhah et al., 2021). Albendazole
sulfoxide and albendazole sulfoxide-loaded poly (lactic-co-glycolic acid)-PEG was assessed against protoscoleces in an in vitro investigation by
Naseri et al. (2016). According to Soltani et al. (2017), Solid lipid nanoparticles loaded with albendazole and albendazole sulfoxide had excellent
physicochemical and controlled release characteristics. This suggests that the particles can function as extremely effective drug-delivery
vehicles. These results imply that the treatment of cystic echinococcosis may benefit from the use of such materials.

1.2.2. Toxicity of Nanoparticles

Parasites are the most pathogenic microorganisms for humans and animals than other microorganisms because they cause chronic illness
(Prajitha et al., 2019, Srivastava et al., 2021). Parasites have a complex life cycle and, therefore have the ability to live within the host and in
the environment for many years (Gagne et al., 2022). Different parasite morphological stages result in different sensitivity to the same
medication (Gupta & Xie, 2018). The continuous use of antiprotoscolixed which leads to resistance, and this issue is resolved by using
nanoparticles which enhance the drug delivery (Rehman et al., 2021, Yin et al., 2022). Resistance to nanotherapeutics also occurred as
antimicrobial resistance (Prajitha et al., 2019). There is proof that the environment that is produced by interactions between biological systems
and nanoparticles aids in the development of resistance mechanisms within these systems (Wang et al., 2017). The nanoparticles can change
the sensitivity of medication, which can aid in developing resistance to antibiotics (Chenthamara et al., 2019).

2. Discussion

The treatment of hydatid cysts with classical drugs is difficult and has several side effects (Manterola et al., 2023), first due to the location
of cysts and it is difficult for drugs to reach it site or a low concentration of drug can be reached which results into a poor treatment outcome
(Aminu et al., 2020), and second due to the cyst surrounded by a protective thick wall (Majumder et al., 2019). Therefore, nanotechnology and
nanomedicine have the ability to enhance the delivery of drugs (Geramizadeh, 2017). Nanoparticles can be used with medication and
encapsulated them increase their stability, solubility, and bioavailability cysts (Devadasu et al., 2013, Momcilovi€ et al., 2019).

The early diagnosis and identification of cystic echinococcosis play an important role in the treatment of the disease. The most common
diagnostic methods used for the diagnosis of hydatid cysts are ultrasound, and computed tomography, with aids of serological testing
(AlGabbani, 2023). However, these methods may give a false negative result (Aljanabi et al., 2021). However, there is no sensitivity to using
serological tests in the early diagnosis (Deng et al., 2019). Recently, the combination of nanotechnology with chemotherapy in the treatment of
hydatid cysts has been successful (Cheraghipour et al., 2023). This is why nanotechnology developed (Ullio Gamboa et al., 2019). Also, resolved
the problem of the solubility of the drugs by nanocarriers, and boosted the stability of the drugs (Muraleedharan & Chhabra, 2018). The main
idea of the development of nanotechnology was that medication can reach the locations of cysts without any side effects, also, the drugs can be
reached within the cysts effectively through nanocarriers by circulatory ways (Xu et al., 2022). This way is safer and more targeted (Nikam et
al., 2022). The main problem of the classical treatment of echinococcosis was the development of resistance and is resolved by using
nanocarriers (Senel & Yiiksel, 2020). The use of nanocarriers can postpone the process of the emergence of resistance.

Nanotechnology is a good technique for treating hydatid cysts, but still has some side effects such as their hazardous nature (Olawoyin,
2018). Several studies are required to determine the using nanoparticles and their effects on the human's health (Abdussalam-Mohammed,
2019). It is also important to monitor the hydatid cysts and resistance to nanotherapeutics. To avoid these researches are needed to do by using
of different drugs from different classes should be combined with nanocarriers.

Conclusion

As known cystic hydatid disease is a zoonotic helminthic disease and it needs an early diagnosis and treatment. Classical medications have
been developed drug resistance and this issue was resolved by introducing nanotechnology and nanomedicines. Nanotechnology and
nanoparticles are recent developments used in the diagnosis and treatment of parasitic diseases. In the case of hydatid disease, the nanoparticles
have efficient protoscolicidal properties and are used as antiprotoscolixes effects. More studies are necessary to comprehend the mechanisms
of action of nanoparticles in order to create safe diagnostic and therapeutic alternatives.
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