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ABSTRACT

Nanotechnology is currently being widely used in a number of scientific fields. In particular, nanoparticles (NPs) are used
in both in-vitro and in-vivo studies on parasites and bacteria which can be used as anti-parasitic and anti-bacterial drugs.
Particles created in various forms and sizes, ranging roughly from 1 to 100 nanometers, are called nanoparticles (NPs).
Antimicrobial resistance (AMR), which posed a threat to the prevention and treatment of an increasing number of
infections caused by bacteria, parasites, viruses, and fungi that no longer respond to the standard treatments that have
been used to treat them, is one of the important risk factors of the twenty-first century. To effectively treat infectious
disorders, it is strategically advantageous to use nano size metals, metal oxides, (NPs), and nanocomposites. NPs which
have antibacterial action against a number of bacteria species including E. faecium, St. aureus, K. pneumoniae, A.
baumannii, P. aeruginosa, and Enterobacter species comprise of NPs containing Silver, Gold, Yttrium, Cadmium,
Aluminum, Selenium, Zinc, Copper, Titanium, Magnesium, Nickel, Cerium, or Iron. Utilizing nanoparticles made of metals
and their oxides is highly significant. Nanoparticles are also effective against the parasitic infection. There are commonly
used nanoparticles against parasites such as Zinc, Silver, Cu and Mg nanoparticles. Various substances, such as oxidized
metals, silver, chitosan, and gold nanoparticles, can inhibit the growth of various parasites, such as Giardia, Leishmania,
Plasmodium, and Toxoplasma, as well as helminthes, such as Echinococcus multilocularis, Trichinella spiralis, and Fasciola
hepatica. NPs can be used either alone or in conjunction with existing medications to treat parasites. NPs are
recommended as more potent medications with less adverse effects for the prevention and management of parasites.
Over the past ten years, significant progress has been made in the field of Nano medicine for the control of parasites.
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INTRODUCTION

Nanoparticles as Anti-inflammatory and Antibacterial

Antibiotics have proven essential in achieving substantial medical and surgical improvements in addition to saving
patients' lives (Gould and Bal, 2013). They have been successful in preventing or treating infections that may occur in
patients who have been undergoing chemotherapy, the ones with persistent illnesses like diabetes, kidney diseases, or
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arthritis, or the patients who have undergone complex surgeries (Rossolini et al., 2014). Antibiotics have also increased
longevity by modifying the course of bacterial infections (Piddock, 2012). The use of antibiotics has been beneficial
everywhere in the world. In developing countries with still poor sanitation, the use of antibiotics lowers. The number of
cases and fatalities resulting from food-borne and other diseases associated with poverty (Rossolini et al., 2014).

Antimicrobial resistance (AMR), which posed a threat to the prevention and treatment of an increasing number of
infections caused by bacteria, parasites, viruses, and fungi that no longer respond to the standard treatments that have
been used to treat them, is one of the important risk factors of the twenty-first century (Prestinaci et al., 2015).

The World Health Organization has long recognized the need for a robust and very well coordinated international
effort to avoid AMR (WHO). The WHO Global Strategy for Containment of Antimicrobial Resistance presented a framework
of measures in 2001 to prevent the establishment and spread of antimicrobial-resistant microorganisms. (Organization,
2001). In its 2012 report, The Evolving Threat of Antimicrobial Resistance - Options for Action, the World Health
Organization (WHO) made a number of recommendations for interventions, including strengthening health systems and
encouraging the development of new drugs and vaccines (Organization, 2012). The World Health Organization its report
on antimicrobial resistance in 2014, from both domestic and international sources (Organization, 2014). Antibiotics have
revolutionized the treatment and saved countless lives, but there has been a sharp increase of bacteria that are resistant to
them all around the world (Golkar et al., 2014). Infections produced by bacteria are now again a serious threat decades
after the first patients got antibiotic therapy (Spellberg and Gilbert, 2014). The problem of antibiotic resistance has been
linked to the unwanted use and exploitation of antibiotics, along with challenges within the biopharmaceutical industry.
These challenges include reduced financial incentives and burdensome regulatory requirements, which have hindered drug
discovery and development in this field (Viswanathan, 2014).

Decades before humans began to manufacture antibiotics in large quantities to prevent and cure infections, many
bacterial species had already developed the capacity to resist them (Bhullar et al., 2012). Modifications in a bacterium's
genome can result in antibiotic resistance. In humans or animals treated with antibiotics, mutations easily happen and
become fixed. There are fewer instances of such a significant selection pressure on pathogens elsewhere (Larsson and
Flach, 2022). Furthermore, the process is unaffected by other species' genetic reserves. Therefore, external factors are
frequently less likely to significantly contribute to the mutation-based establishment of resistance for the vast majority of
illnesses. When considering the emergence of new resistance factors, it's important to acknowledge that water, soil, and
other environments characterized by highly diverse ecological niches offer an unparalleled source of genetic diversity. This
diversity surpasses that found within the microbiota of humans and domesticated animals (Schulz et al., 2017).

In England in 1961, the term "methicillin-resistant Staph. aureus" was initially adopted shortly after methicillin was
used in medicine (Jevons, 1961). Methicillin is no longer available for human consumption. Safer penicillins have taken its
place (Dzintars and Grayson, 2018). The terminology 'Methicillin-resistant S. aureus’ is still in use. MRSA healthcare-
associated MRSA (HA-MRSA) in many regions worldwide after its original recognition (Chambers and Deleo, 2009). When
MRSA was discovered in patients who had never had any prior medical contact (also known as community-associated
MRSA, or CA-MRSA), a significant shift in MRSA prevalence was evident (Faoagali et al, 1992). It has additionally been
attributed to contact with livestock since the twenty-first century (livestock-associated MRSA) (Lee et al., 2018).

The use of antibiotics in modern medicine to treat bacterial infections has revolutionized the field. Nevertheless,
throughout time, the indiscriminate, improper, and frequently abusive use of antibiotics has accelerated the establishment
of pathogenic bacteria AMR. These bacterial strains are resistant to common therapeutic approaches. Realizing that the
emergence of AMR has outrun the introduction of new antibiotics is disappointing (Chakraborty et al., 2022). The main
source of nanoscale confinement of materials combined with multivalent interactions and high surface-to-volume ratio is
the therapeutic impact of nanomaterials. To effectively treat infectious disorders, it is strategically advantageous to use
nano size metals, metal oxides, (NPs), and nanocomposites. (Chakraborty et al., 2022).

Pathogenic microorganisms' cell membranes can be penetrated by nanoparticles (NPs), which then create special
antimicrobial mechanisms by interfering with crucial biochemical processes. NPs have shown synergy when used with
the strongest antibiotics, and they may help to control the universal challenge of growing resistance to antibiotics
(Lee et al., 2019).

Antimicrobial Resistance and Wound Healing

Antimicrobial-resistant microorganisms from an infected wound could affect the patient's overall well-being and raise
medical expenses (Filius and Gyssens, 2002). The process of cutaneous wound recovery is extremely intricate and
regulated. If the wound healing process does not go quickly and efficiently, an extended cutaneous wound may form (Han
and Ceilley, 2017). One of the main obstacles to wound healing is bioburden (Rhoads et al., 2012). Pathogens' colonization
of the wound site significantly increases the persistence of the wound (Rahim et al., 2017). Besides being susceptible to
basic skin infections, prior research has demonstrated that surgical site infections (SSlIs), wounds brought on by diabetes,
hypertension, venous disorders, and surgery are more prone to harbor harmful bacteria (Calina et al., 2017). Among these,
SSls account for 15% of the total nosocomial infections and are very challenging to treat as a result of their drug resistance
(Dulon et al,, 2011). S. aureus, E. faecalis, P. aeruginosa, and P. mirabilis have been identified as the most common bacteria
in persistent wounds based on a number of sources (Kirketerp-Mgller et al., 2008). Microbial infection is the most common
challenge to wound healing. A wound is considered infected if the bacteria exceeds a threshold of 10° per gram of wound
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tissue (Stojadinovic et al., 2008). The majority of pathogenic microorganisms that commonly colonize chronic wounds are
more prone to produce biofilms, which directly contribute to a slower recovery (Wu et al., 2019). S. aureus, P. aeruginosa,
and E. coli are bacteria that frequently populate wounds. Typically, these bacterial species have a negative impact on the
rate at which wounds heal (Serra et al., 2015). The emergence of antibiotic resistance has urged the careful application of
systemic antimicrobials, particularly in the treatment of local diseases such cutaneous wounds. Topical antimicrobials are
crucial for managing chronic wounds because they help stop bacterial biofilm formation and wound infection. Topical
antibiotics such polymyxin B and silver sulfadiazine are suggested for systemic antibiotic therapy for infected wounds; after
the wound is healed, antibiotic usage should be stopped. (Tang et al., 2022). The management of wounds is vital because
wound recovery is a difficult problem. Nanotechnology enables a wide range of contemporary regenerative medicine
approaches. Many biocompatible self-assembling nanoparticles (NPs) have recently been created (Thapa et al., 2020). NPs
enhance delayed wound healing and injury care. In addition to having low in vivo toxicity, metal nanoparticles (NPs) have
shown promising features (Mirzahosseinipour et al.,, 2020). Three potential explanations for their antimicrobial activity have
been established: (1) the alteration of microbial membrane perviousness due to NP accumulation will release proteins, LPs,
and biomolecules; (2) the release of reactive oxygen species via nanoparticles, inducing oxidative damage to cells; and (3)
NPs undergo metabolism by the microbes, resulting in a decline of intracellular NP concentration (Rowe et al., 2020).

Table 1: List of nanoparticles with different biomedical activities.

Sr. no Nanoparticles Effect References

1 ZnO-Nps Antibacterial (Asif et al., 2023)
Anti-inflammatory (Zahoor et al., 2023)
Antioxidant (Vera et al., 2023)

2 Cu-Nps Antibacterial (Ma et al.,, 2022)
Anti-inflammatory (Ma et al.,, 2022)
Antioxidant (Ssekatawa et al., 2022)

3 MgO-Nps Antibacterial (Rodriguez-Hernandez et al., 2023)
Anti-inflammatory (Behera et al., 2021)
Antioxidant (Shahid et al., 2022)

4 Ag-Nps Antibacterial (Palau et al., 2023)
Anti-inflammatory (Xu et al,, 2023)
Antioxidant (Zhang et al., 2022)

Nanoparticles as Antimicrobial Agents

NPs have antimicrobial capabilities that can go through typical resistance mechanisms, such enzyme inactivation,
reduced cell permeability, alteration of target sites/enzymes, and enhanced efflux by overexpression of efflux pumps
(Baptista et al., 2018). Additionally, Antibiotics and NPs have been used in combination to combat MDROs and have
synergistic effects against bacteria that result in the production of biofilms (Pelgrift and Friedman, 2013). Complex
antibacterial mechanisms are provided by the combinations of NPs and antibiotic compounds to combat antibiotic
resistance (Gupta et al,, 2017).

Therefore, NPs are thought of as next-generation antibiotics. NPs, primarily metallic, have demonstrated effectiveness
against bacteria in investigations conducted both in vitro and in vivo (Zazo et al., 2016).

NPs which have antibacterial action against a number of bacteria species including E. faecium, St. aureus, K.
pneumoniae, A. baumannii, P. aeruginosa, and Enterobacter species (Beyth et al.,, 2015) comprise of NPs containing Silver,
Gold, Yttrium, Cadmium, Aluminum, Selenium, Zinc, Copper, Titanium, Magnesium, Nickel, Cerium, or Iron (Hemeg, 2017).
Cell membrane structure can be adversely affected by nanoparticles, resulting in changes to permeability and surface
loading. Reactive oxygen species (ROS) generation is most likely the most prevalent way that nanoparticles affect bacteria
(Karwowska, 2017). The following figure provides a summary of the molecular pathways underlying the antibacterial action
of nanomaterials (Fig: 1).

Zinc oxide Nanoparticles

Utilizing nanoparticles made of metals and their oxides is highly significant. Both zinc (Zn) and zinc oxide (ZnO), two
thoroughly studied metals, have an effect on living things. Zinc is an active element because it has strong reduction
properties. Zinc oxide is easily produced when it is oxidized. The human body needs zinc since it is one of the important
trace elements (Maret, 2011). Zinc is present in all human body tissues, although myocytes contain the most of it (85% of
the body's total zinc concentration) (Krél et al., 2017). It has been proven that zinc is required for the correct operation of a
considerable number of biomolecules and coenzyme. As a result, zinc finger structures offer a special framework that
enables protein domains to interact with DNA or other proteins (Klug and Rhodes, 1987). Zinc is necessary for the normal
operation of metalloproteins. Even while it is generally accepted that free zinc ions are not hazardous, there is growing
evidence to suggest that these ions may be harmful to cells. Usually, animal cell cultures are used to assess a test
chemical's in vitro toxicity. Nerve cells are thought to be the cells most susceptible to outside influences (Timashev et al,,
2016). Neuronal degradation is an evident side effect that is seen in individuals that have been exposed to zinc ions
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(Sindhu et al,, 2022). Zinc cations are attached to bioactive ligands (such as proteins) and zinc NPs are produced in order to
reduce the cytotoxic impact of zinc ions. Nanostructured ZnO can have a wide range of morphological characteristics.
There are numerous uses for ZnO in both engineering and medicine (Beek et al., 2004). ZnO is a biosafe substance with a
variety of uses, such as photo-oxidizing and photocatalysis effects on biological and chemical species (Khater et al., 2020).
Numerous studies have demonstrated that zinc oxide nanoparticles (ZnONPs) work against both gram positive and
negative bacteria with their antimicrobial properties. ZnONPs are also thought to be excellent candidates for transporting
pharmaceutically active compounds (Abebe et al, 2020). Cell migration, angiogenesis and re-epithelization can all be
induced by ZnO NPs. These qualities are all very important for wound healing (Khan et al.,, 2021). ZnO nanoparticles exerts
antibacterial effect by producing reactive oxygen species (ROS) like H202 or by producing Zinc ion (Zn?*) or by the direct
contact of nanoparticles with the bacterial cell membrane (Fig:1) (ljaz et al., 2020).

Nanoparticles Fig. 1: Mechanism of action
of antibacterial effect of
nanoparticles
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Sliver Nanoparticles

Silver is employed in medical applications more frequently than other metals including gold, copper, iron, titanium,
and zinc because of its inherent antibacterial properties. There is proof that plant-derived silver nanoparticles, which are
typically present in secondary metabolites, have an innate capacity to inhibit antibiotic-resistant bacteria and foodborne
pathogens (Jain and Mehata, 2017). (Morones et al., 2005) recommended that the changes made by the silver
nanoparticles to the bacteria's membrane shape may have contributed to the amount of AgNPs found on and inside the
bacteria. Phosphorus and Sulphur are components of the machinery found in bacterial cells. Acidic silver encourages the
collapse of the pathogen's respiratory and replication framework, resulting in cell death, by forming sulphydryl groups (S-
H), which are found in bacterial proteins and DNA in the cellular matrix. Proteomic analysis of silver-regulated membrane
proteins in P. aeruginosa exposed to silver nitrate and silver NPs revealed that the silver binding proteins for silver NPs and
Silver ions had a similar pattern, but in cells exposed to silver NPs, it was discovered that the bio-uptake of silver ions and
the formation of reactive oxygen species were both increased (Chinnasamy et al, 2021). Previous research have
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demonstrated that silver has pro-healing qualities that not only serve as an antibacterial agent but also hasten healing
process and recovery (Seo et al., 2017). Studies show that silver nanoparticles can speed up the wound healing process by
lowering inflammation and reducing the presence of scars (Liu et al., 2010). The mechanical function of the skin that has
been treated with silver nanoparticles is found to be similar to that of regular skin (Kwan et al., 2011).
CU Nanoparticles

Traditional inorganic antibacterial substances include copper-containing compounds like CuSO4 and Cu(OH)2
(Hughes and Poole, 1989). Because there are more carboxylic groups than necessary in the lipoproteins at the bacterial
surface, when these groups dissociate, the bacterial surface becomes negatively charged, giving bacteria a general
negative charge at biological pH levels (Stoimenov et al., 2002). Due to their opposite charges, electrostatic forces are
thought to be the cause of the adherence and bioactivity between bacteria and the copper ions created by nanoparticles.
Peptidoglycans, which are negatively charged molecules, bind the Cu2+ ions that copper nanoparticles discharge into the
liquid growth medium. Gram-negative bacteria, such as E. coli, may let more Cu2+ ions to permeate the plasma membrane
as opposed to Gram-positive bacteria, although these latter are often believed to be comparatively sensitive to antibiotics
(Koch, 1990). The antibacterial action of copper nanoparticles has been linked to Cu2+ ions that are released from copper
nanoparticles and taken up by bacteria at high concentrations. Copper ions, which affect the cell membrane by altering
protein structure or altering enzyme function, are exposed to the bacterial cell surface (Dan et al., 2005). Due to its
angiogenesis, regeneration, and antibacterial capabilities, wound dressings containing copper oxide accelerate wound
healing. (Salvo and Sandoval, 2022). Copper (Cu), one of the bioactive NPs, has a complicated role in a variety of cells,
affects a number of cytokines' and growth factors' modes of action, and is fundamentally engaged in every stage of the
healing process. (Kornblatt et al., 2016).

Mg Nanoparticles

Increasing research has been done on a novel class of antimicrobial agents called metal oxide nanoparticles, such as
MgO, for its potential use in food, the environment, and medicine. (Dizaj et al, 2014). The impact of metal oxide
nanoparticles on bacteria involves a complex and incompletely understood process. Reactive oxygen species (ROS), which
lead to bacterial lipid peroxidation, are said to be responsible for the antibacterial activities of MgO nanoparticles (Scallan
et al,, 2011). MgO nanoparticles, however, also exhibited non-ROS driven bacterial toxicity, indicating that oxidative stress
may not be the main cause of cell death. (Leung et al, 2014). Due to its promising mechanical and biological qualities,
magnesium and magnesium alloys have received more and more attention as bioresorbable metals for orthopedic
applications in recent years. (Cipriano et al., 2017). Mg is biodegradable and biocompatible (Trumbo et al, 2002). Mg-
based implants do not demand further procedures for implant removal, in contrast to typical nondegradable metals. (Song
et al., 2019). For load-bearing implants, magnesium and magnesium alloys are preferable over ceramics due to their higher
elastic modulus, strength, and fracture toughness (Geetha et al., 2009). Escherichia coli and Staphylococcus aureus were
only two of the bacteria that magnesium oxide (MgO) nanoparticles shown antibacterial capabilities against in vitro
(Nguyen et al, 2018).

Nanoparticles as Anti-parasitic Drugs

Nanotechnology is currently being widely used in a number of scientific fields. In particular, nanoparticles (NPs)
are used in both in-vitro and in-vivo studies on parasites and used as anti-parasitic drugs (H. U. R. Bajwa et al., 2022).
Particles created in various forms and sizes, ranging roughly from 1 to 100 nanometers, are called nanoparticles
(NPs). The use of materials and systems at the atomic scale in nanotechnology is expected to create new avenues for
the control and destruction of germs. Nanotechnology is an emerging field. Millions of individuals are afflicted with
parasitic infections globally, particularly in developing nations, and there are numerous treatment options that are
restricted. Drug resistance has recently been shown by several parasites, which has raised the need for safer, more
effective treatments or for developing new medications to prevent parasitic infections. Chemotherapy is currently the
basis of control because there is no vaccination available to prevent many parasite diseases. Since current anti-
parasitic medications have some negative effects and their usefulness is still being investigated, NPs have drawn the
most attention as anti-parasitic drugs in the last few decades. Nevertheless, the application of derivatives of
nanoparticles as an anti-parasitic medication has received minimal attention. Antiparasitic effects of nanoparticles
are given id fallowing table (Table: 2).

Table 2: Antiparasitic effect of different nanoparticles

Sr.no Nanoparticles Effect References

1 ZnO-Nps Anti-Parasitic against Protozoon (Giardiasis) (Anah et al., 2022)
Leishmaniosis (Norouzi, 2017)
Toxoplasmosis

2 Au-Nps Leishmaniosis
Echinococcus multilocularis (Raj et al., 2022)

Trichinella spiralis
3 Antimony sulfide Leishmaniosis
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Giardiasis (Mohtasebi et al., 2019)
4 Ag-Nps Cryptosporidiosis

Toxoplasmosis (Zhang et al., 2023)

Flukes

Different Types of Nanoparticles against Different Parasitic Diseases

As Research has shown that various substances, such as oxidized metals, silver, chitosan, and gold nanoparticles, can
inhibit the growth of various parasites, such as Giardia, Leishmania, Plasmodium, and Toxoplasma, as well as helminthes,
such as Echinococcus multilocularis, Trichinella spiralis, and Fasciola hepatica. NPs can be used either alone or in
conjunction with existing medications to treat parasites. As a result, NPs are recommended as more potent medications
with less adverse effects for the prevention and management of parasites (Norouzi, 2017). Generally nanoparticles works in
different ways, that include damaging the parasite membrane, DNA (Deoxyribonucleic acid) disruption, protein synthesis
inhibition and free-radical formation (Fig: 3) (H. U. Bajwa et al., 2022).

Nanoparticles as anti-parasitic Fig. 3: Antiparasitic effect of
nanoparticles
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Helminths, ectoparasites, and protozoa are the three primary types of parasites found across the world. These days,
anti-helminthic, anti-ectoparasitic, and chemotherapeutic antiprotozoal drugs are utilized to treat these parasites;
however, the side effects of these drugs have caused drug resistance over time. In this regard, it is demonstrated that
the use of nanoparticles has significantly improved the diagnosis, treatment, and management of parasite diseases.
Over the past ten years, significant progress has been made in the field of Nano medicine for the control of parasites.
When using gold and silver nanoparticles to treat various parasitic infections, promising results have been seen.
Numerous traditional and molecular technologies are used to produce these incredibly powerful nanoparticles. They
tear down the parasite membrane, interfere with the synthesis of proteins, damage DNA (deoxyribonucleic acid), and
produce free radicals, among other things. These compounds are also effective against parasites that live inside cells.
Other nanoparticles, such as those composed of iron, nickel, zinc, and platinum, have also shown promise in the
management and treatment of parasitic illnesses. It is anticipated that research in this field will progress the creation of
modern drugs (H. U. R. Bajwa et al., 2022).

The primary motivation for these studies is their potential for use in the treatment of various parasitic diseases.
Utilizing microorganisms as distinct biofactories, a novel biotechnology approach has made it easier to produce targeted
nanoparticles. Biofactories and Biosynthetic methods have been used to create applications such as magnetite iron oxide
NPs, silver (Ag), gold (Au), selenium (Se), cadmium-sulfide and sulfoxide, due to their specific properties, rapid synthesis,
and regulated toxicity, biogenic synthesized nanoparticles are considered environmentally friendly (Kandeel et al.,, 2022).

Nano-medicine against Parasitic Disease

The Nano-medicine effectively treats parasites and removed these barriers to the advancement of animal husbandry
and health; but, due to their short half-lives and insolubility, which lowers their bioavailability, these medications need to
be given often. The advantages of anti-parasitic drugs are increased when these obstacles are removed by using nano-
medicines (Sun et al, 2019). Nano-medicine uses nanoparticles to control, monitor, detect, halt, and treat infectious
parasitic diseases (Gutiérrez et al., 2016). Under UV light, ZnO NPs show photocatalytic activity. Their anti-parasitic efficacy
can be increased by taking use of this characteristic. ZnO NPs produce reactive oxygen species (ROS) when illuminated,
which cytotoxically affects parasites and increases their potential for therapeutic use.

Depending on the medication's characteristics and the stage of the illness, it may be administered intravenously,
topically, orally, or by other methods. When these drugs enter the body, their delusion and disruption occur. Depending
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on the medication's characteristics and the stage of the illness, it may be given intravenously, topically, orally, intra-
gastrically, or by other methods. Research has shown that nano-medicine effectively treats parasites. All three types of
nanoparticles—organic, inorganic, and polymer-based—show potential for both in-vivo and in-vitro applications.
Numerous different types of nanoparticles are available to treat parasite illnesses.
Antimony sulfide nanoparticles effect both in-vitro and in-vivo against Leishmaniosis

Biological antimony sulfide NPs have been successfully synthesized in S. marcescens and have demonstrated
antibacterial efficacy against Escherichia coli and Staphylococcus aureus. Furthermore, studies have demonstrated that
antimony sulfide nanoparticles have cytotoxic and parasiticidal effects on protozoan parasites such as L. infantum. Even
though the chemical synthesis of antimony sulfide NPs has been reported in literature. In recent years, there has been a lot
of interest in the use of inorganic nanoparticles in various industrial and therapeutic items. Inorganic nanoparticles (NPs)
have become increasingly prevalent in a wide range of commercial and medicinal products. Examples include
microelectronic devices, lubricants, catalysts, and antimicrobials. To the best of the author's knowledge, no studies on L.
major have been published that examine the effects of biogenic antimony sulfide nanoparticles both in-vitro and in-vivo
(Mohtasebi et al., 2019). An increasing amount of study is being conducted on nanoparticles for anti-parasitic drugs can be
made from a variety of nanoparticle types and applications. The following is a list of potential applications for
nanoparticles as anti-parasitic drugs uses for anti-parasitic nanoparticles in pharmaceutical formulations. The drugs on this
list minimize the application of nanoparticles as agents that fight parasites. It is possible to create nanoparticles that
specifically target parasites with the least amount of harm to healthy cells. Therapy efficacy is increased and side effects are
reduced by this targeted delivery. Medicines in nanoparticle form may be more bioavailable, allowing them to enter the
infected area more effectively. This is particularly beneficial for parasite infections that are difficult to treat due to
inadequate medication distribution.

Sustained Release
Medicines can be liberated from nanoparticles in a way that maintains therapeutic concentrations steadily over time.
When treating chronic parasite infections, this is beneficial counselling.

Protection of Substance Molecules from Breakdown
Drug molecules can be protected from the body's breakdown by nanoparticles, which extends their half-life and
ensures their efficacy until they reach their intended target.

Combination Counselling

Combination therapy can target multiple stages of the parasite's life cycle or target drug-resistant parasites since a
variety of drugs or therapeutic ingredients can be incorporated into nanoparticles. Attacks by parasites can be fatal for
both people and animals. Since parasite infections don't often have obvious signs, they can be more fatal than bacterial
infections because they're harder to identify and cure. On the other hand, parasite infections could not show any obvious
signs, which makes them difficult to diagnose and treat. This is due to the fact that bacterial illnesses usually exhibit unique
symptoms. Trypanosomiasis, malaria, and leishmaniosis are among the infectious parasite diseases that have significant
fatality rates in developing countries (Wang et al., 2017). Human malaria is caused by four different species of Plasmodium,
with Plasmodium falciparum having the highest global fatality rate (Barnes and White, 2005). Twelve million people were
afflicted with leishmaniosis, of which 1-2 million had cutaneous cases and 0.5 million visceral cases. Their infections have
become global health concerns due to resistant parasite strains. The anti-parasitic drugs have to be administered
constantly due to their short half-life and insolubility, which lowers their bioavailability. However, they are essential for the
advancement of animal husbandry and the safety of animal health.

Zinc Oxide Nanoparticle as Anti-parasitic Drug

It has been demonstrated that ZnO NPs naturally contain anti-parasitic qualities. When they interact with parasites,
they may damage their membranes, obstruct their metabolic activities, and finally cause them to perish. They are potential
candidates to fight different parasite illnesses because of their direct activity (do Carmo Neto et al., 2022). Nanomaterials
can be used to treat a wide range of illnesses that affect both human and animal health. Primarily, these materials are
employed to tackle the problem of pathogenic organisms becoming resistant to conventional drugs. One thoroughly
investigated example of a potential component for biomedical applications is zinc oxide (ZnO) nanoparticles (NPs). Its anti-
parasitic effect is intimately associated with its capacity to generate or induce ROS that affect the pathogen's homeostasis.
Prior exposure to helminths and protozoa, which are detrimental to both human health and animal productivity, resulted in
this type of nanoparticle. Zinc oxide nanoparticles are effective to treat the protozoal diseases (Anah et al., 2022).

Gold Nanoparticle as Anti-parasitic Drugs

It has been demonstrated that AUNPs have anti-parasitic activity against a variety of parasites, such as helminths and
protozoa. They have the potential to cause oxidative stress, damage cellular structures, and interfere with parasite
metabolism, all of which can result in parasite mortality. Antibodies or ligands that specifically target receptors or antigens
on the surface of parasites can be used to functionalize AuNPs. By improving AuNP accumulation at the infection site, this
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focused delivery maximizes its effectiveness while reducing off-target impacts on host cells.

It has been demonstrated recently that CHY quickly neutralizes Leishmania by targeting the parasite's MAP kinase 3
enzyme. However, the use of CHY is restricted due to problems with quick excretion, limited absorption, and low
bioavailability. In this work, a new CHY-gold nanoformulation with enhanced efficacy against the parasites was created and
tested. Gold nanoparticles were reduced and conjugated using CHY's reducing power. In mammalian macrophages,
conjugated CHY and gold nanoparticles—which are already well-known for their anti-leishmanial qualities—showed a
reduced parasite load (Raj et al., 2022).

Silver Nanoparticle as Anti-parasitic Drugs

The potential of nanoparticles of silver (AgNPs) as anti-parasitic medicines attracts attention owing to their particular
features and methods of action. AGNPs have been effective against a variety of parasites, such as helminths, ectoparasites,
and protozoa. They have the ability to interfere with several phases of the parasite life cycle, such as metabolism, growth,
and replication. AgNPs have the ability to interact with parasite cell membranes, causing permeabilization and structural
damage. This damage weakens the integrity of the membrane, which allows cell contents to seep out and ultimately results
in cell death.

AgNPs, or silver nanoparticles, are extremely small silver particles that range in size from one to one hundred
nanometers. They have distinct chemical and physical characteristics, in contrast to bulk silver. AgNPs have been
demonstrated in numerous studies to have positive biological effects on a range of disorders, including antioxidant,
antibacterial, anti-inflammatory, and antiparasitic ones. AgNPs are a promising contender for antibacterial drugs because
to their tremendous ability to eradicate germs that are resistant to several drugs. This is one of their most well-known uses
in the field of antibacterial applications. In comparison to conventional antiparasitic medications, AgNPs produced from
plant extracts have demonstrated exceptional antiparasitic activities, including a reduced half-life and improved capacity to
impede parasite multiplication. The types, traits, and mode of action of AgNPs in anti-parasitism, with a particular
emphasis on their impact on leishmaniasis, flukes, cryptosporidiosis, toxoplasmosis, Haemonchus, Blastocystis hominis, and
Strongylides. The purpose is to offer a resource for the use of AgNPs in the management and prevention of parasitic
infections (Zhang et al., 2023).
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