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PREFACE 

 

s nanotechnology continues to revolutionize various fields, its applications in 

medicine and veterinary science are particularly transformative. Complementary and 

Alternative Medicine: Nanotechnology-II offers a comprehensive look into how 

nanotechnology is reshaping healthcare, with a focus on its roles in precise drug 

delivery, disease prevention, immune modulation, and sustainable veterinary 

practices. Through advanced techniques and formulations, this book explores the versatility of 

nanoparticles in areas where traditional treatments often face limitations. Central to this volume 

is the examination of nanoparticles in targeted drug delivery, which enables highly precise 

therapeutic interventions, particularly in conditions like cancer and inflammatory diseases. The 

book delves into how innovations in polymeric nanoparticles and biomimetic designs are 

advancing the safety and efficacy of drug delivery, especially in complex treatments for renal 

cancer, diabetes, and beyond. The work also investigates how nanotechnology supports both 

human and veterinary medicine by allowing treatments that reduce side effects while enhancing 

effectiveness. The book further explores how nanotechnology addresses the challenge of 

antimicrobial resistance and infectious disease control, both in animal and human health. 

Solutions such as silver nanoparticles for poultry health, novel approaches to treat mastitis, and 

advanced formulations to manage avian influenza underscore the promising role of 

nanotechnology in combating resistant pathogens. Additionally, green nanoparticle solutions 

demonstrate the eco-friendly potential of nanotechnology in sustainable veterinary practices, 

and nanoparticle-based immune enhancers show new possibilities for boosting immunity 

against infections. In agricultural applications, nanotechnology has opened new paths for 

managing livestock health and enhancing productivity. This volume includes discussions on 

nanoparticles as alternatives to traditional antimicrobials, nano-based dewormers for animal 

health, and nano-vaccines, such as those aimed at controlling diseases like lumpy skin disease. 

With applications spanning ectoparasite control in companion animals to nanoparticle 

biofertilizers for optimized animal performance, this book showcases the broad scope of 

nanotechnology in elevating animal health and productivity in a sustainable manner. 

Diagnostics and preventative measures also benefit from nanotechnology, and this book 

highlights the potential of innovations like nano-biosensors for detecting contaminants in food, 

hydrogel-based nanoparticles that aid in wound healing, and novel approaches for identifying 

agricultural toxins. By improving diagnostic accuracy and promoting food safety, these 

advancements represent the essential role of nanotechnology in enhancing public health 

protections. The book further details key aspects of nanoparticle synthesis, characterization, 

and pharmacokinetics, including how mathematical modeling informs drug delivery systems. 

By examining methods of nanoparticle creation and exploring the science behind bio-inspired 

approaches, this volume emphasizes the interdisciplinary nature required to maximize 

nanotechnology's full potential in healthcare applications. Complementary and Alternative 

Medicine: Nanotechnology-II is an essential resource for researchers, students, and 

professionals seeking to understand the wide-ranging implications of nanotechnology in 

modern medicine. This work underscores the cutting-edge capabilities of nanotechnology as it 

bridges traditional and contemporary treatment methods, offering a glimpse into a future where 

advanced, targeted therapies transform healthcare practices in both human and veterinary 

fields. 
 

Editor 
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ABSTRACT   

Conventional vaccines come with low immunogenicity, an increased potential for toxicity, and a need for multiple 

administration. To overcome these problems associated with conventional vaccines, researchers have sought to 

incorporate nanotechnology in the science of vaccine development. Nanoparticles have addressed major issues 

concerned with the traditional and subunit vaccines. The advancements have increased the vaccine efficacy and 

effectiveness. Types of nanoparticles include Solid-Lipid Nanoparticles, Polymeric Nanoparticles, Liposomes, Virus-Like 

Particles. Nanoparticles have emerged as a promising platform for enhancing the immune response, either through 

innate immune potentiation or through improved delivery of antigens or other immune stimulants. This can be 

accomplished through the use of virus-mimetic nanostructures, which are designed to mimic viral assembly and elicit a 

strong immune response in the body. Nanoparticles can encapsulate antigenic material, protecting it from degradation 

and improving its stability during storage and transportation. This is particularly important for vaccines that require 

refrigeration, as nanoparticles can extend their shelf life and reduce the need for cold chain storage. Furthermore, 

obstacles are being removed by advances in intracellular delivery, which makes it easier for immune cells to absorb 

antigens and mount a strong defence. Stability is still a crucial component, and research is being done to create vaccines 

that can be stored at ambient temperature without the need for the laborious cold chain. Personalized vaccines, a novel 

frontier, leverage nanoparticle technology to tailor immunization to individual immune profiles. This not only maximizes 

efficacy but also minimizes adverse reactions, offering a paradigm shift in vaccination strategies. Thus through 

innovation, collaboration, and ethical practice, they hold the potential to revolutionize immunization worldwide. 
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INTRODUCTION 
 

Conventional vaccines proved to be a great success in the field of disease prevention and alleviating human health. 

But these conventional vaccines are short of many good things and raise concerns. Conventional vaccines come with low 

immunogenicity, an increased potential for toxicity, and a need for multiple administration. To overcome these problems 

associated with conventional vaccines, researchers have sought to incorporate nanotechnology in the science of vaccine 

development (Kheirollahpour et al., 2020). Previously, under nanotechnology, nanoparticles have already been used to 

deliver drugs such as cytotoxic drugs or immune-suppressive drugs (in case of transplantation). Nanoparticles can ensure a 

target-specific and controlled delivery of medications. Nanoparticles not only provide a site-specific delivery of 

medications but also protect the drug from degradation (Diaz-Arévalo and Zeng, 2020). Nanoparticles come with some 

diverse compositions, these versatile compositions help researchers to develop novel and innovative strategies and 

platforms for vaccine development. Nanoparticles ensure high effectiveness of vaccines (Lung et al., 2020a). Owning to the 

unique structure of nanoparticles, they can be used as adjuvants in vaccines. Their structure help to accommodate various 
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loading antigens. It also prevents degradation and prolongs in-vivo antigen exposure. Size of nanoparticles help to induce 

specific immune response and action at a particular target site. Furthermore, the response or impact of nanoparticles to 

the immune system can be modulated, if their physical and chemical properties are properly controlled and modified as 

per the desired action (Mao et al., 2021). As mentioned earlier, nanoparticles are capable of inducing site specific 

responses and vaccines require a site specific response to overcome concerns related to their effectiveness. Therefore, 

nanoparticles are what we need to improve the safety and effectiveness of vaccines. Nanoparticles provide benefit in two 

ways; they act as delivery systems and also as adjuvants. Their use as adjuvants or carriers enhance stability of antigens, 

decrease the rate of degradation, improve immunogenicity and therapeutic effectiveness, and enhance membrane 

permeability (Bezbaruah et al., 2022a). As discussed, nanoparticles have potential to be used as immune-stimulating 

adjuvants in vaccines, therefore they are referred to as nano-adjuvants. They work by encapsulating or absorbing an 

antigen or DNA in the formulation, and thus increasing stability, immunogenicity, and cellular uptake (Garg and 

Dewangan, 2020).  

In this advancing world, new therapeutics are rapidly introduced by the researchers. Messenger RNA (mRNA) is also a 

novel therapeutic marking its importance in disease treatment and prevention. mRNA and DNA vaccines also present their 

therapeutic importance in the vaccination system taking it to new heights. They are cheap, quickly adaptable to changing 

pathogenic strains, and are cheap to manufacture. These nucleic acid therapeutics require stable and effective in-vivo 

delivery systems that protect against in-vivo degradation and enable cellular uptake and release. Therefore, instead of 

using viral vectors for nucleic acid delivery, non-viral vectors especially nanoparticles are rapidly used in the vaccine 

development. Nanoparticles provide effective targeted therapies with needed pharmacokinetics, bioavailability, efficacy, 

and bio-distribution. One such nanoparticle (Lipid nanoparticle-loaded mRNA vaccine) has been in clinics against COVID-

19 and validates the importance of the use of nanoparticles in the vaccines (Ho et al., 2021; Hou et al., 2021).  

 

Types of Nanoparticles used in Vaccines 

In immunization, nanoparticles have made their mark as shown in Fig. 1. Nanoparticles have addressed major issues 

concerned with the traditional and subunit vaccines as in Table 1. The advancements have increased the vaccine efficacy 

and effectiveness (Vasudevan et al., 2024).  

 

 
 

Fig. 1: Types of Nanoparticles. 

 

Enhanced Immune Response with Nanoparticles 

Nanoparticles have emerged as a promising platform for enhancing the immune response, either through innate 

immune potentiation or through improved delivery of antigens or other immune stimulants. This can be accomplished 

through the use of virus-mimetic nanostructures, which are designed to mimic viral assembly and elicit a strong immune 

response in the body (Bros et al., 2018). To increase immunogenicity, these nanostructures can be decorated with proteins 

or recombinant antigens. Nanoparticles' immunogenicity can also be affected by their size and surface charge; smaller 

particles and those with a positive surface charge are generally more immunogenic. Nanoparticles can be engineered to 

boost immune responses in the treatment of inflammatory and autoimmune disease (Gause et al., 2017). Nanoparticles 

have the potential to change the treatment paradigm for these diseases by interacting with various cellular and molecular 
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components of the immune system. Several strategies have been used to optimize vaccine immunogenicity and generate a 

strong B-cell response. Nanoparticles have been shown to improve the antigenicity of conjugated antigens, and this effect 

is dependent on particle size and surface charge. Particle size has been identified as a significant factor in determining 

whether antigens loaded into nanoparticles elicit type I or type II immune responses, thereby influencing the type of 

immune response (Glass et al., 2016). A leading hypothesis for why nanotechnology-driven compositions are effective in 

vaccine development is that non-soluble antigens release slowly, forming a depot at the injection site and providing 

protection in the destabilizing in vivo environment. The antigenicity of the nanoparticles themselves is less well 

understood. Two studies found that when C60 fullerene derivatives conjugated to a BSA were used for immunization, 

particle-specific antibodies were produced, implying that some water-soluble nanoparticles might act as haptens, i.e., they 

are not antigenic unless they bind to a protein carrier (Moni et al., 2023). 

 

Table 1: Types of Nano-Particles with Theirs Specifications 

Serial  

Number  

Type of 

Nanopar

ticle  

Explanation  Fabrication Technique  Characterization  References  

1 Solid-

Lipid 

Nanopar

ticles.  

 Lipid nanocarriers 

having a solid core. 

They are capable of 

holding both 

hydrophilic and 

hydrophobic drugs 

1. Ultrasonication 

2. Solvent emulsification 

evaporation 

3. Solvent emulsification 

diffusion 

4. Supercritical fluid extraction 

5. High pressure 

homogenization 

6. Hot homogenization 

7. Cold homogenization 

1. Particle size, charge analysis, 

polydispersity index (Photon 

Correlation Spectroscopy 

(PCS). Dynamic Light 

Scattering (DLS))  

2. Crystallinity (Differential 

Scanning Calorimetry)  

3. Size, surface topography, 

stability (Scanning Electron 

Microscopy (SEM))  

4. Zeta potential (Phase 

Analysis Light Scattering 

(PALS))  

(Duan et al., 

2020; 

Paliwal et 

al., 2020; 

Fan et al., 

2021; 

Khairnar et 

al., 2022) 

2.  Polymeri

c 

Nanopar

ticles  

They have substances 

entrapped or adsorbed 

into the polymeric core.  

1. Solvent Evaporation 

2. Emulsification/Diffusion 

3. Emulsification/Reverse 

salting-out 

4. Nanoprecipitation  

5. Supercritical fluid technology 

6. Membrane reactor method  

7. Sono-precipitation  

1. Particle size (laser Scattering 

(LS), Field Flow Fractionation 

(FFF), Electron Microscopy 

(EM))  

2. Size, polydispersity, zeta 

potential (Dynamic Light 

Scattering (DLS))  

 

(Zielińska et 

al., 2020; 

Gagliardi et 

al., 2021; 

Castro et al., 

2022; Sakhi 

et al., 2022) 

3.  Liposom

es  

Spherical-lipid vesicles 

composed of one or 

more lipid bilayer 

structures. They are the 

most widely considered 

nanocarriers for the 

targeted drug delivery.  

1. Thin film hydration method/ 

Bangham’s method  

2. Reverse-phase evaporation 

method 

3. Solvent injection method  

4. Detergent removal method 

5. Heating method  

6. Supercritical fluidic method 

7. Packed-bed assisted 

hydration method  

8. Curvature tuning method  

1. Size (Dynamic Light 

Scattering (DLS))  

2. Shape (Optical Microscopy 

(OM), Electron Microscopy 

(EM), Scanning Electron 

Microscopy (SEM))  

3. Polydispersity Index and zeta 

potential (Dynamic Light 

Scattering (DLS))  

(Has and 

Sunthar, 

2020; Miere 

et al., 2020; 

Walunj et 

al., 2020; 

Nsairat et 

al., 2022) 

4. Virus-

Like 

Particles  

Multimeric structures 

having one or more 

non-genetic material 

viral structural proteins. 

They are formed by the 

self-assembly of viral 

structural proteins 

either in vivo or in vitro.  

1. Use of yeasts to express virus-

like particles  

2. Cell-free protein synthesis  

1. Electron Microscopy (EM) 

2. Transmission Electron 

Microscopy (TEM)-negative 

staining  

3. Super-resolution Florescence 

Microscopy (SRFM)  

4. Nanoparticle Tracking 

Analysis (NTA) and Flow 

virometry  

(Dondapati 

et al., 2020; 

González-

Domínguez 

et al., 2020; 

Qian et al., 

2020; 

Srivastava 

et al., 2023) 

 

Immunological Mechanism of Nanoparticle Vaccines 

Nanoparticle vaccines are a diverse category of vaccines used to prevent or treat a variety of diseases. Vaccines are 
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administered intramuscularly, and nanoparticles are coated with interstitial fluid proteins (Tursi et al., 2023). The 

composition and mass of this corona are influenced by the nanoparticle's physiochemical properties, such as size and 

surface chemistry, which may result in enhanced or diminished cellular interactions and immune system recognition 

(Wilson et al., 2017). Proteolytic analyses of coronas formed on nanoparticles after administration by injection or serum 

incubation consistently identify opsonins such as fibrinogen, complement, and immunoglobulin proteins. Nanoparticles 

quickly become coated in soluble factors such as complement and immunoglobulins (Zhang et al., 2021). This marks 

nanoparticles for comprehension and uptake by local innate immune cells like neutrophils, monocytes, macrophages, and 

dendritic cells, which are a subset of antigen presenting cells (Kapczynski et al.). Pathogen recognition receptors (PRRs), 

such as Toll-like receptors (TLRs), found on the cell surface, inside of the endosome, or in the APC's cytoplasm, can 

enhance this uptake. These PRRs recognize molecular patterns linked to pathogens (PAMPs) on nanoparticles (Zhao et al., 

2023). The motions of particle trafficking to the lymph node (LN) are largely determined by nanoparticle size. Smaller 

particles can freely drain into the LN, whereas larger particles require cellular transport from APCs. In addition to improved 

LN drainage, nanoparticles are retained in the LN for longer than readily soluble antigens, providing more opportunities 

for interactions with immune cells (Zhao et al., 2018). A recurrent display of the most effectively spaced antigen on the 

nanoparticle surface promotes B cell receptor (BCR) crosslinking, which leads to B cell activation. T cell activation is also 

increased after nanoparticle vaccine administration. A portion of activated CD4+ T cells differentiate into T follicular helper 

(TFH) cells and migrate to the B cell follicle. In this case, TFH cells drive sustained germinal center reactions, resulting in the 

filtering of B cell clones with high antigen affinity into persistent memory B cells and/or plasma cells that produce 

antibodies (Diaz-Arévalo and Zeng, 2020). 

 

Nanoparticles for Targeted Vaccines Delivery 

Using nanotechnology to transform vaccine development, the field of nanovaccinology has grown quickly in the last 

few years. Because of their special qualities and abilities, nanoparticles have become important players in boosting 

immune responses. The capacity of nanoparticle-based vaccines to function as adjuvants that is to both act as antigens 

and increase the antigenicity of conjugated or adsorbed antigens is a key benefit. This dual function strengthens both the 

innate and adaptive immune responses, resulting in longer-lasting and more powerful immunity (Vu et al., 2021). When 

compared to traditional vaccination delivery methods, nanoparticles have a number of advantages. They make it possible 

for antigens to be delivered locally and specifically; they enhance the presentation and processing of antigens; they sustain 

and raise antigen concentrations at mucosal surfaces; they improve bioavailability; and they can either stimulate or 

suppress the immune response (Fan and Moon, 2015). In addition, nanoparticles have the ability to effectively target 

immune cells, cross physiological barriers, and regulate the kinetics of antigens, which makes them excellent choices for 

boosting vaccine efficacy. Antigen size plays a crucial role in the uptake by antigen-presenting cells (APCsLarger antigens 

have a greater ability to interact with APCs because of their varied surface characteristics, including charge, hydrophobicity, 

and receptor interaction potential. Examples of these include nano- or microparticles and whole-pathogen vaccines. Small 

protein antigens, on the other hand, are less effectively absorbed and presented by APCs, underscoring the significance of 

antigen size in the stimulation of the immune response (Trabbic et al., 2021). The antigens are exposed to the stomach's 

acidic environment and are broken down by enzymes in the gastrointestinal tract when immunized orally. The mucosa of 

the upper airways, saliva, and nasal secretions all experience an increase in antibody responses as a result of nasal 

immunization. 

 

Nanoparticles Encapsulated Vaccine Antigen 

Nanoparticles can encapsulate antigenic material, protecting it from degradation and improving its stability during 

storage and transportation. This is particularly important for vaccines that require refrigeration, as nanoparticles can extend 

their shelf life and reduce the need for cold chain storage (Fan and Moon, 2015). 

Nanoparticles can also improve antigen presentation to the immune system, leading to enhanced immune responses. 

This is achieved by protecting antigens from degradation, enabling prolonged release, and modulating immune responses 

by entering antigen-presenting cells through various pathways (Fan and Moon, 2015). Nanoparticles can also be designed 

to target specific cells or tissues, such as mucosal surfaces or lymph nodes, further enhancing their ability to stimulate an 

immune response. 

Different types of nanoparticles have been explored as effective delivery systems for vaccine antigens, including virus-

like particles, liposomes, ISCOMs, and polymeric nanoparticles. Virus-like particles, for example, are non-infectious particles 

that mimic the structure of viruses but lack the viral genome (Fan and Moon, 2015). They can be used to deliver antigens 

from various pathogens, such as H1N1 influenza virus, hepatitis B surface antigen, and HPV. Liposomes, on the other hand, 

are spherical vesicles made of lipid bilayers that can encapsulate hydrophilic antigens. They have been used to deliver 

antigens from various pathogens, such as Leishmania infantum, Streptococcus equi, and M. tuberculosis. 

ISCOMs are cage-like structures made of saponins, cholesterol, and phospholipids that can encapsulate antigens and 

adjuvants. They have been used to deliver antigens from various pathogens, such as influenza, HIV, and HCV (Zhao et al., 

2014). Polymeric nanoparticles, such as PLGA-encapsulated SIV vaccine, have also been explored for vaccine delivery. They 

can protect antigens from degradation, enable prolonged release, and shape the immune response. 
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Recent advancements in chemical and biological engineering have allowed precise regulation of nanoparticle 

characteristics, leading to enhanced antigen presentation and robust immune responses in nanovaccines (Zhang et al., 

2023). Self-healing encapsulation technology, for example, has been used to improve the stability and release kinetics of 

nanoparticle-based vaccines. Polymeric nanoparticles have been used to deliver DNA vaccines, and nanoparticles have 

been used to co-deliver multiple antigens or adjuvanting molecules. 

 

Regulatory Considerations for Nanoparticle Vaccines 

Nanoparticle vaccination regulations require careful assessment at different phases of research and implementation. 

Comprehensive preclinical studies are used to examine safety, and they look into the possible toxic effects, immunity, and 

distribution of particle materials (Banoun, 2023). Before moving on to clinical trials, these investigations give regulatory 

body’s vital information about the risk profile of vaccines made with nanoparticles. Nanoparticle vaccines undergo 

extensive efficacy assessments in clinical trials (Bezbaruah et al., 2022b). Research designs are carefully thought out in 

order to assess how well nanoparticle formulations defend against traditional vaccines and how well they elicit 

immunogenic responses. Trial protocols incorporate markers and surrogate endpoints to expedite vaccine development 

schedules and enable efficacy assessments (Knezevic et al., 2021; Ali et al., 2023; Lu et al., 2023). 

A key factor in guaranteeing the reliability and Caliber of vaccines containing nanoparticles is the application of 

manufacturing standards. Strict regulations control production sites, tools, and procedures to reduce unpredictability and 

preserve product integrity (De Jong et al., 2022). To guarantee uniformity and stability from batch to batch, nanoparticle 

characterization—including dimensions, form, and surface characteristics—is crucial. For continuous evaluation of the 

overtime safety and efficacy of nanoparticle vaccinations in real-world environments, post-marketing surveillance is 

essential (Lung et al., 2020b). Utilizing surveillance systems makes it possible to promptly intervene and manage risks by 

identifying and assessing unfavorable occurrences that occur after vaccination. Regulatory bodies, medical professionals, 

and vaccine producers working together to guarantee ongoing surveillance and assessment of vaccination safety profiles 

as shown in Figure 2 (Liu et al., 2020; Lung et al., 2020b; Naik and Peden, 2020; Ali et al., 2023). 

 

 
 

Fig. 2: Regulatory Considerations of Nano Vaccines. 

 

Future Perspectives and Emerging Trends in Nanoparticle Vaccines 

Nanoparticle vaccines have great potential in the field of vaccine development. Precision medicine techniques, which 
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allow vaccinations to be customized to a person's immunological profile and genetic composition, are being made 

possible by developments in vaccine design (Parupudi et al., 2022). Multivalent nanoparticle vaccines represent a 

significant advancement in the fight against complicated illnesses since they may target numerous pathogens or strains at 

once. With nanoparticles designed to target certain organs or tissues, tailored delivery systems are transforming the way 

vaccines are administered, increasing effectiveness while reducing adverse effects (Prasanna et al., 2021). Furthermore, 

obstacles are being removed by advances in intracellular delivery, which makes it easier for immune cells to absorb 

antigens and mount a strong defence. Stability is still a crucial component, and research is being done to create vaccines 

that can be stored at ambient temperature without the need for the laborious cold chain (D’Amico et al., 2021; Pippa et al., 

2021).  

 

Ethical and Societal Implications of Nanoparticle Vaccine Technology 

A key component of moral behaviour in the field of nanoparticle vaccination research is informed permission. Because 

these technologies are complex, it is important to be extra careful to make sure clinical trial participants understand the 

advantages and disadvantages of new nanoparticle formulations (Chauhan et al., 2021). The need for fair access is even 

more urgent because vaccine nationalism is a major threat in today's world. Fairness and justice are major concerns that 

call for coordinated efforts to make sure that the benefits of scientific advancement are distributed fairly throughout 

communities and nations. With nanoparticle vaccinations, safety and risk evaluation present significant difficulties because 

of the possibility of unanticipated outcomes. The need to protect public health necessitates a close examination of the 

long-term impacts that nanomaterials have on people and ecosystems (Nath et al., 2021). Furthermore, the possibility of 

augmentation looms large, provoking moral discussions about the appropriate limits of scientific interference with human 

biology (Babatunde et al., 2019; Nath et al., 2021; Van de Voorde and Vlerick, 2021). 

The adoption trajectory of nanoparticle vaccines is significantly influenced by public perception. It is critical to address 

issues with safety, effectiveness, and confidence in scientific institutions in order to promote broader use of these 

revolutionary technologies. Moreover, the incorporation of vaccines containing nanoparticles into healthcare systems 

requires a reevaluation of infrastructure and resource allocation in order to account for their distinct features (Van de 

Voorde and Vlerick, 2021). As policymakers grapple with issues of accessibility and affordability in the midst of rising 

healthcare expenditures, economic factors play a significant role. As vaccination technology utilizing nanoparticles 

advances, environmental sustainability becomes an increasingly important problem (Nath et al., 2021). The creation and 

elimination of nanomaterials give rise to complex inquiries about their environmental impact and enduring effects on the 

environment.  

 

Future Directions in Nanoparticles Vaccine Research 

Nanoparticle vaccines offer a game-changing approach to immunization, boasting enhanced efficacy and versatility. 

With their tiny structures, spanning lipid-based to viral-like particles, they hold immense promise in tackling a broad 

spectrum of pathogens (Tay et al., 2021).Efforts in nanoparticle vaccine research are particularly crucial in the face of 

emerging infectious diseases. By targeting specific pathogens, these vaccines can swiftly adapt to evolving threats, 

bolstering our defenses (Hu et al., 2023).Critical to their success is overcoming production and distribution challenges. 

Innovations in formulation and manufacturing are underway, aiming to ensure stability, scalability, and cost-effectiveness, 

essential for global deployment (Liu et al., 2019; Schuemann et al., 2020). 

Personalized vaccines, a novel frontier, leverage nanoparticle technology to tailor immunization to individual immune 

profiles. This not only maximizes efficacy but also minimizes adverse reactions, offering a paradigm shift in vaccination 

strategies (Jain et al., 2021).Next-generation delivery systems, such as microneedle patches and inhalable nanoparticles, 

promise improved vaccine uptake and effectiveness, enhancing patient compliance. Nanoparticle-based adjuvants play a 

pivotal role in boosting vaccine efficacy by fine-tuning immune responses (Schuemann et al., 2020). Their targeted action 

ensures optimal vaccine outcomes. The fusion of nanotechnology and artificial intelligence accelerates vaccine 

development, streamlining processes from antigen prediction to immune response modelling (Liu et al., 2019).Yet, 

regulatory and ethical considerations must be carefully navigated. Establishing robust pathways and addressing ethical 

implications are vital for ensuring safety, efficacy, and public trust in nanoparticle vaccines. In conclusion, nanoparticle 

vaccines represent a transformative approach to global health challenges. Through innovation, collaboration, and ethical 

practice, they hold the potential to revolutionize immunization worldwide (Jain et al., 2021; Tay et al., 2021; Hu et al., 2023). 

 

Conclusion 

For a number of reasons, nanotechnology presents a huge possibility to enhance various diseases prevention and 

treatment. Firstly, complex antiviral and antibacterial designs can be realized by flexibly functionalizing nanomaterials with 

numerous compounds. Second, due to their diverse antiviral and antimicrobial properties, nanomaterials prevent infection 

in a number of ways. Third, because they share similar underlying processes, nanoparticles exhibit broad-spectrum effects. 

One effective measure to guard against microbial infection is vaccination. Compared to conventional vaccines, nano-based 

vaccines offer numerous clinical benefits, such as the capacity to deliver high antigen concentrations to B cells and elicit 

robust immune responses. The application of nanotechnology to vaccinations against bacteria and viruses, including 
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coronaviruses, HIV, and FMDV, is progressing, indicating that this method is promise for vaccine development, even 

though many nano-based vaccines are still in the pre-clinical phases. It is also necessary to conduct more research on the 

distribution, buildup, and removal of nanomaterials from the human body. 
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ABSTRACT   

Nasal drug delivery has emerged as an effective strategy for administering therapeutic drugs, with various benefits over 

traditional oral and parenteral methods. This chapter gives a detailed overview of nanoparticle formulation options for 

nasal drug delivery systems, with an emphasis on improving delivery and therapeutic effectiveness. The chapter provides 

a comprehensive discussion of nasal architecture and the physiological factors that influence nasal medication 

absorption, such as paracellular and transcellular transport. It then delves into nanoparticle selection and manufacturing 

techniques, focusing on polymer media, affinity chromatography, and sustainability metrics for particle selection, as well 

as nanoimprint lithography, milling, homogenization, and membrane contactor techniques for nanoparticle production. 

The chapter also looks at new developments in nanoparticle research, such as nose-to-brain medication administration, 

individualized dosage techniques, and the creation of novel delivery systems. Furthermore, the chapter discusses 

prospective developments in nasal drug administration, including liquid and powder formulations, emergency medicine 

delivery, and customized patient-specific formulations. Overall, this chapter provides a complete and current review of 

nanoparticle composition in nasal drug delivery systems, making it a useful resource for researchers, pharmaceutical 

scientists, and healthcare professionals wanting to harness this potential delivery method. 
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INTRODUCTION 
 

Nasal administration, commonly referred to as snorting, is a method of administering medications that involves 

inhaling them through the nose. It can be either topical or systemic administration, since the medications administered 

locally might have solely local or systemic effects, such as ibuprofen or Tylenol for headaches and severe toothaches. 

Systemically active pharmaceuticals accessible as nasal sprays include migraine meds, overdose and seizure rescue 

medications, nicotine replacement, and hormone therapy. 

Nasal mucosa may be a more effective route for medication absorption than the gastrointestinal system due to its 

greater permeability and neutral pH. Nasal mucus causes less dilution than stomach contents. Nasal therapy, commonly 

known as "NASAYA KARMA," is a recognized treatment in Ayurvedic Indian medicine (Chien and Chang, 1987; Jadhav et 

al., 2007; Krishnamoorthy and Mitra, 1998).  

Nasal delivery is a promising technique for the following reasons: it allows for lower doses, quicker attainment of 

therapeutic blood levels, quicker onset of pharmacological activity, and drug delivery directly to the brain via the olfactory 

nerve. The nose's large surface area for drug absorption is due to the numerous microvilli covering its epithelial surface. 

The subepithelial layer is highly vascularized. However, the nose's major function is olfaction, which warms and humidifies 

inspired air while filtering airborne particulates. 

Drugs absorbed from the nasal cavity must pass through the mucus layer, which is the initial stage of absorption. 

Small, uncharged medications can easily flow through this barrier, but larger, charged substances are more difficult to 

cross. Mucin, the main protein in mucus, binds to solutes and inhibits their diffusion. Environmental factors such as pH and 

temperature can cause structural changes in the mucus layer (Illum, 1987). Several absorption processes have been 

developed, however, only two are widely employed, including: 

mailto:Pharmacistj.arshad@yahoo.com
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First Mechanism 

The process includes slow and passive aquatic transfer, often known as the paracellular pathway. Intranasal absorption 

exhibits an inverse log association with the molecular weight of water-soluble molecules. Drugs with a molecular weight of 

above 1000 Daltons have low bioavailability (Aurora, 2002). 

 

Second Mechanism 

This method of transfer, also known as the transcellular process, uses a lipoidal pathway. It transports lipophilic 

medicines at varying rates according on their properties. Drugs can permeate cell membranes via carrier-mediated 

transport or tight junction opening (Aurora, 2002). 

The nasal cavity is lined by a thin mucosa that is highly vascularized (Proctor and Andersen, 1982). As a result, a 

medication molecule can be swiftly transported across a single epithelial cell layer and into the systemic bloodstream 

without first passing via the liver and the intestine. For smaller pharmacological molecules, the effect is usually achieved in 

5 minutes or less (Ghori et al., 2015). If a rapid effect is required or if the medication is significantly destroyed in the 

intestines or liver (Fransén, 2008) medicines that are poorly absorbed orally can also be administered this way. 

Large-molecule drugs can also be delivered directly to the brain via the intranasal route, which follows the olfactory 

and trigeminal nerves, allowing for widespread central distribution throughout the central nervous system with minimal 

exposure to blood (Jansson, 2004; Thorne et al., 2004; Thorne et al., 1995). This form of brain delivery was functionally 

shown in humans in 2006, employing insulin, a big peptide hormone that works as a nerve growth factor in the brain 

(Reger et al., 2006). 

 

Olfactory Transfer 

The adult human nasal cavity has around 20 mL capacity (Baig and Khan, 2014). The olfactory epithelium is located in 

the upper posterior region and spans roughly 10 cm2 of the human nasal cavity. The olfactory epithelium's nerve cells 

extend into the brain's olfactory bulb, establishing a direct connection between the brain and the outside world. 

However, if drugs can pass through the olfactory nerve cells, they may bypass the BBB and reach the bra in 

directly (Costantino et al., 2007). Drugs are believed to enter the brain through olfactory nerve cells or the 

cerebrospinal fluid, either slowly or quickly (Illum, 2004; Mathison et al., 1998). Olfactory transfer might theoretically 

be utilized to administer medications with a central nervous system impact, such as those used to treat Parkinson's 

or Alzheimer's disease. 

 

Nanoparticles in Drug Delivery  

According to the National Nanotechnology Initiative (Kromhout et al.), nanoparticles are tiny structures, usually 

between 1 and 100 nanometers in size.  

These super small particles, called nanocarriers (liposomes, dendrimers), have special properties that make it easier for 

cells to take them in. That's why they're used as delivery tools for bioactive compounds (Wilczewska et al., 2012). 

The purpose of nanoparticle encapsulating drugs is to enhance their targeted delivery to specific cells, minimize 

toxicity to non-target organs, and ultimately elevate the therapeutic index. This involves developing nanoparticles that are 

persistent and specific to their intended targets, thus optimizing the effectiveness of drug treatment while minimizing 

adverse effects on other organ systems (De Jong and Borm, 2008). 

 

Characteristics of Nanoparticles 

Nanoparticles have two major types characteristics 

 Physical characteristics 

 Chemical characteristics 

 

Physical Characteristics 

Nanoparticles have various physical characteristics like, optical, mechanical and electrical characteristics (Singh et al., 

2020). 

Additionally, properties like hydrophilicity, hydrophobicity, suspension and settling contribute to their application in 

everyday items (Khan and Hossain, 2022). 

 

Optical Characteristics 

The optical characteristics of nanoparticles are quite fascinating. These include properties like hue, light infiltration, 

reflection and UV sorption. These properties are size-dependent that are exclusive to nanoparticles not observed in  bulk 

materials. Nanoparticles have a intense UV-visible extinction peak, which adds to their unique optical characteristics (Peng 

et al., 2016). 

 

Mechanical Characteristics 

The mechanical characteristics of nanoparticles are as these encompass characteristics like elasticity, tensile strength, 

hardness, and flexibility (Guo et al., 2013). 
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Magnetic and Electrical Characteristics  

The magnetic and electrical characteristics of nanoparticles are characterized by their conductivity, semi-conductivity, 

and resistivity (Nongjai et al., 2012). 

 

Chemical Characteristics 

The chemical attributes of nanoparticles are crucial in deciding their applications. Nanoparticles are characterized by a 

pronounced UV-visible extinction band, which enhances their special optical features. The unique properties of 

nanoparticles, including antibacterial, disinfectant, and toxic characteristics enable their use in various biological and 

environmental applications (Khan et al., 2019).  

The chemical characteristics of nanomaterials are affected by their size, and these characteristics change as the size 

varies. Smaller nanomaterials have a higher number of atoms on their surface than those in bulk materials, which leads to 

increased reactivity. Here are a few key points about these chemical characteristics: 

 The abundance of surface atoms in nanomaterials significantly impacts their behavior. With up to half of the atoms 

located on the surface, nanomaterials exhibit enhanced properties like electrical transport compared to bulk materials. 

 The large number of surface atoms also results in higher average energy in nanomaterials. This leads to increased 

catalytic activity, making nanomaterials more chemically active per exposed surface atom. In contrast, in bulk materials 

there is decrease in catalytic activity. 

 Nanomaterial surfaces can attract impurities, and the collisions across nanoparticles and these impurities based on the 

nanomaterial's structure and the type of chemical bonding involved (Fubini et al., 2010). 

 

Advantages of Nanoparticles 

The advantages of nanoparticles over other drug delivery systems are: 

 One of the benefits of utilizing nanoparticles as a drug delivery system is the capability to control and sustain the release 

of the drug during transportation and at the targeted site. This controlled release helps to alter the distribution of the 

drug within the body organs and subsequently enhances the clearance of the drug (Singh et al., 2011). 

  Nanoparticles allow for the incorporation of the drug into the system without undergoing any chemical reactions (Lata 

et al., 2017).  

  The characteristics of controlled release and drug degradation can be easily adjusted and modified to meet 

specific requirement (Saad et al., 2012).  

 Efficient drug utilization is ensured, leading to an enhanced bioavailability of the drug at targeted sites (Brewer et al., 

2011). 

 Patient convenience and compliance are enhanced while simultaneously improving the therapeutic efficacy of the drug 

compared to conventional systems (Brewer et al., 2011). 

 Nano particles can be easily prepared (Shinde et al., 2012). 

 Chances of toxicity are less (Goldberg et al., 2011). 

 Doses of drug are smaller (Zhao et al., 2010). 

 Nanoparticles exhibit remarkable reactivity, characterized by distinctive physicochemical attributes, including a compact 

and manageable size, coupled with a substantial surface-to-mass ratio (Singh et al., 2011). 

 They are also recognized as suitable options for transporting vaccines, contraceptives, and specific antibiotics 

to targeted areas (De Oliveira et al., 2014). 

 

Nasal Drug Delivery Challenges 

Mucociliary Clearance 

The mucus layer covering the nasal epithelium is moved towards the nasopharynx by means of ciliary beating, which is 

how the nasal mucociliary clearing system works. Its main goal is to protect the respiratory system from potential injury 

from chemicals breathed. Through the coordinated activity of ciliated cells, the mucociliary clearance system of the nasal 

cavity effectively captures and transfers inhaled particles. These cells have many cilia, which are motile projections that are 

around 0.3 µm wide and 5 µm long. The mucus layer is propelled by the cilia, which beat at a frequency of around 1000 

beats per minute, or 12–15 Hz. The cilia are divided into three layers: an upper gel layer, a more watery periciliary liquid 

layer, and a surfactant layer positioned in between. Effective clearance of trapped particles is ensured by the structural 

contact between the cilia and nasal mucus, which transports particles to the throat at a pace of 8–10 mm/h (Marttin et al., 

1998). The physical properties of mucus and the healthy operation of cilia are prerequisites for effective mucociliary 

clearance. These factors can be impacted by drugs that alter ciliary beat frequency (CBF). Thus, using a photoelectronic 

approach, researchers examined the effect of preservatives on ciliary beat frequency (Gizurarson, 2015). Many approaches 

have been developed to overcome the challenges posed by mucociliary clearance in nasal medication administration. 

These include the creation of mucoadhesive drug delivery systems with the goal of prolonging the duration of medication 

residence in the nasal cavity. Additionally, the use of liposomes or nanoparticles protects medications against mucociliary 

clearance. Moreover, permeation enhancer integration improves medication absorption via the nasal epithelium. 

Furthermore, advancements in the design and administration of nasal medication delivery devices strive to enhance drug 

deposition and dispersion within the nasal cavity, hence maximizing therapeutic results (Batts et al., 1990). Researchers 
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have developed a number of techniques to get around the problems caused by mucociliary clearance in nasal medication 

administration. Developing mucoadhesive medication delivery devices that stick to the nasal mucosa is one useful strategy. 

These formulations stay on the nasal epithelium longer, increasing the amount of time medications stay in the nasal cavity 

and improving drug absorption (Illum, 2012). Apart from mucoadhesive systems, the use of liposomes or nanoparticles is 

another effective tactic. These nanocarriers have the ability to encapsulate medications, protecting them from the 

mucociliary system's quick clearance. Nanoparticles and liposomes increase medication stability and bioavailability and 

prevent drug breakdown and clearance, which increases therapeutic efficacy (Illum, 2012). Additionally, it has 

demonstrated a great deal of promise to overcome mucosal barriers in nasal medication formulations by including 

permeation enhancers. medicines are better transported into the systemic circulation when permeability enhancers help 

absorb medicines via the nasal epithelium. This strategy has been very successful in increasing the bioavailability of poorly 

soluble medications, resulting in improved therapeutic effects (Vllasaliu et al., 2014). The development of nasal medication 

delivery devices and their administration methods has also made a substantial contribution to the resolution of mucociliary 

clearance issues. For example, nasal sprays and nasal inserts have been created to maximize medication dispersion and 

deposition inside the nasal cavity. By guaranteeing accurate dosage and boosting patient compliance, these cutting-edge 

delivery methods seek to increase the efficacy of medication delivery (Merkus et al., 2006). 

 

Nasal Permeability 

The ability of a medication to pass through the nasal mucosa and into the bloodstream is known as nasal 

permeability. The nasal mucosa is a complex barrier that regulates molecular transport. It is made up of mucus layers, 

tight junctions, and epithelial cells. Numerous variables, including the integrity of the nasal epithelium, the presence of 

efflux transporters, and the physicochemical properties of medicines (such as molecular weight and lipophilicity), affect 

nasal permeability. All of these variables work together to determine how well drugs are absorbed through the nasal 

route (Merkus et al., 2006). The ability of a medication to pass through the nasal mucosa and into the bloodstream is 

known as nasal permeability. The nasal mucosa is a complex barrier that regulates molecular transport. It is made up of 

mucus layers, tight junctions, and epithelial cells. Numerous variables, including the integrity of the nasal epithelium, 

the presence of efflux transporters, and the physicochemical properties of medicines (such as molecular weight and 

lipophilicity), affect nasal permeability. All of these variables work together to determine how well drugs are absorbed 

through the nasal route (Illum, 2012). The limitations imposed by restricted nasal permeability provide challenges for 

nasal medication administration, necessitating creative approaches to enhance drug absorption. Surfactants and 

cyclodextrins are two examples of permeability enhancers that have become effective treatments because they 

temporarily damage the nasal epithelium, allowing medications to pass through more easily  (Costantino et al., 2007). 

Prodrug techniques include chemically modifying medications to increase their lipophilicity or to target specific 

transport systems, which improves nasal permeability (Dhuria et al., 2010). Various approaches have been developed to 

tackle the challenges associated with limited nasal permeability. One such these is the use of permeation enhancers, 

which allow drugs to be absorbed more easily by momentarily disrupting the nasal epithelium's integrity. Surfactants, 

bile salts, and cyclodextrins are a few examples of these enhancers that have been investigated for their effectiveness in 

nasal medication delivery (Lee et al., 2000). Another strategy is to use prodrug strategies, in which the initial medication 

is chemically altered to increase its lipophilicity or to target specific transport systems in the nasal mucosa. Prodrugs 

can increase a drug's permeability and avoid efflux transporters, which improves the absorption of the medication 

(Illum, 2012). Furthermore, the development of innovative medication delivery technologies, such as liposomes, 

micelles, and nanoparticles, offers a possible remedy for increasing nasal permeability. These cutting-edge delivery 

methods have the power to increase a drug's stability and solubility, which will increase its absorption. Moreover, they 

facilitate the prolonged release of medications, lengthening the duration of their retention in the nasal cavity (Salamat-

Miller et al., 2005).  

 

Nanoparticle Formulation 

Selection of Nanoparticle Materials 

The selection of nanoparticles according to their properties is crucial for creating accurate and complex nanodevices 

that can be used for quantum sensing, photon generation, and quantum information processing. Nanoparticles are 

selected based on their quantum mechanical properties, by polymer media, affinity chromatography, and sustainability 

matrices (Fujiwara et al., 2021) 

 

Polymer Method 

By utilizing polymers as a medium, researchers can manipulate nanoparticles' shape, size, and surface characteristics, 

enabling customized designs for particular applications. When nanoparticles are soluble in the polymer medium their size 

becomes critical if the nanoparticles are sufficiently small, they disperse freely within the polymer brush film. If 

nanoparticles are large these nanoparticles disperse to the bottom which varies inversely to their volume. For instance, if 

nanoparticles are insoluble in the polymer, a different behavior emerges. The brush stabilizes the dispersion of the 

nonwetting particle at the surface of the film. The brush then selects the final morphology of the nanoparticle aggregates 

(Kim and O’Shaughnessy, 2002). 
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Affinity Chromatography 

The solution lies in affinity chromatography. The nanoparticle sample is applied to a column containing a 

complementary binding substance. Under conditions favoring specific binding, the target nanoparticles attach to the 

ligand (binding substance). Unbound material is washed out of the column. Finally, the bound target nanoparticles are 

recovered by changing conditions to favor elution. One of the main challenges associated with this technology is forming 

a wide range of binding sites with varying affinities (Guerreiro et al., 2009). 

 

Quantum Mechanical Properties 

Nanoparticles like nanocrystals, nanoparticles of carbon and metals have great importance because of their quantum 

mechanical properties semiconductor quantum dots and diamond nanoparticles have distinct optoelectronic properties 

because of the quantum confinement and quantum resonances they exhibit. These properties affect the optical forces that 

act on the nanoparticles, including the gradient force, dissipative scattering force, and quantum resonant absorption force 

(Fujiwara et al., 2021). 

 

By Sustainability Metrics 

Metrics of unattainability play a crucial role in assessing various aspects such as the utilization of resources, 

consumption of energy, production of waste, and the possible impacts on health and the ecosystem (Naidu et al., 2008). 

 

Manufacturing Techniques 

A two-step process is followed by many methods for manufacturing nanoparticles. The first step involves the 

preparation of an emulsifying system and the second step is accomplished by the formation of the nanoparticles. In the 

second step, nanoparticles are formed by the polymerization of monomers or gelation/precipitation of the polymers. It's 

during this second step that the nanoparticles take shape (Vauthier and Bouchemal, 2009). Nanofabrication is the 

technique to manufacture nanoparticles. The nanoimprint lithography (NIL) is the well-developed of the alternative 

nanofabrication techniques. NIL is a cool fabrication technique that's malleable, low-cost, and compatible. It has some 

superiority over traditional nanofabrication methods, and there are different variations of NIL. One of these differences is 

called step and flash imprinting lithography (SFIL), where instead of applying pressure, a process is used called UV polymer 

curing process (Baron et al., 2007). The other methods for nanoparticle manufacturing are milling and homogenization. 

Wet milling is a important technique for producing nanoparticles in which the concentrated drug is dispersed along with 

the milling balls in an aqueous or non-aqueous medium. This process, also known as media milling, is more effective than 

dry milling. The procedure of wet milling method is shown in Fig. 1. 

 

 
 

Fig. 1: Wet milling method. 

 

The method for creating nanoparticles High-pressure homogenization. It includes subjecting the material to high 

pressure, which leads to reduction of particle size. This technique is particularly beneficial for achieving uniform particle 

sizes and enhancing bioavailability. Ultrasonic homogenization breaks down larger particles into smaller ones by ultrasonic 

waves. It’s effective for creating stable nanoparticle suspensions (Table 1). The ultrasonic energy disorder agglomerates 

and promotes uniform dispersion (LLER et al., 2006). Another technique is the membrane contactor technique. In this 

method, a polymer solution is spread onto a stretched membrane, and as the solvent evaporates, the polymer forms a thin 
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film on the membrane. The film then undergoes contraction, directing towards the formation of nanoparticles (Vauthier 

and Bouchemal, 2009). 

 

Table 1: Formulation used for nanoparticle preparations by the membrane contactor technique (Vauthier and Bouchemal, 2009) 

Methods Organic phase Aqueous phase Type of nanoparticles 

Nanoprecipitation Acetone (0.6 L) Water (1.2 L) Nanospheres 

PCL (15 g) Tween® 20 (2.04 g)  

Acetone (0.6 L) Water (1.2 L) Nano capsules 

PCL (2.4-3 g) Tween® 80 (2.8-4.8 g)  

Labrafac® hydro (9.6-12 

mL) 

  

Water pH>5.2 Water pH<2 Nanospheres 

Eudragit® L100 PVA  

Water pH<5.2 Water pH>11 Nanospheres 

Eudragit® E100 PVA  

Interfacial polycondensation 

combined with spontaneous 

emulsification 

Acetone (0.6 L) Water (1.2 L) Nano capsules 

Span® 80 (1.2 g) Tween® 20 (2.04 g)  

Oil: hexyl laurate (6 g) Hydrophilic monomer (19.65 g)  

Lipophilic monomer (3.3 g)   

 

Modification of Surface for Enhanced Delivery 

Modification of the nanoparticles’ surface is a critical strategy to enhance their performance in drug delivery systems. 

The physicochemical characteristics like surface composition and superficial charge of nanoparticles significantly affect 

their uptake efficiency and biocompatibility. By modifying the NP surface, we can improve their biocompatibility and 

cellular uptake. The polymer coating enhances the stability and reduces toxicity. The coating with polyethylene glycol 

(Stuen et al.) increases circulation time and reduces immune response (Natarajan and Selvaraj, 2014). Surface modification 

is a basic process for improving the transportation of nanoparticles and effectively inhibiting imprecise interactions with 

biological molecules, thus preventing early clearance. An example of this idea is using compatible-with-life materials to 

enclose tiny particles, creating a shield against the body's defense system. By changing the surface, nanoparticles can be 

accurately guided to specific cells or tissues by attaching ligands like antibodies or peptides to their surface. These ligands 

can bind to receptors on the target cells, thereby enhancing the efficiency of drug delivery while reducing adverse effects 

associated with systemic administration. This targeted approach aims to maximize efficacy and minimize unwanted 

impacts (Abdelkawi et al., 2023). 

 

Future Perspectives 

Emerging Trends in Nanoparticle Research 

The next years will see a range of new products in the market. An underexplored research topic is the administering 

medication via the nasal passage allows for direct delivery to the central nervous system by way of the olfactory or 

trigeminal nerves located in the nasal cavity, circumventing the blood-brain barrier. The number of drugs that reach the 

CNS via the nasal route is usually very low, with less than 1% of the dose applied in the nasal cavity. The primary obstacle 

in administering treatments from the nose to the brain is effectively reaching the olfactory area within the nasal passages, 

which is difficult to access, and improving the movement of peptides and proteins through the olfactory membrane. There 

is a need for a nasal apparatus that can precisely target the olfactory area and a delivery mechanism that includes both a 

nasal absorption enhancer and a bio-adhesive substance to boost the transport of drugs into the central nervous system. 

Recently, some studies have reported new methods to enhance the brain ‘bioavailability’ of drugs by using innovative 

delivery approaches and absorption enhancers (Illum, 2012). Intranasal drug delivery is a rapidly growing research area 

that can be combined with therapeutic drugs to treat different diseases of the respiratory system, nasal cavity, and brain. 

Literature research in this field preceded patent applications, which started around 1974. Nasal devices and mechanisms 

were important patent clusters. The active ingredient analysis revealed that the FDA approved more nasal drugs after 1982, 

mainly small-molecule drugs. However, there are still many challenges in basic research that need further attention. One 

major problem is the changeability in drug absorption among individuals due to the compounded and variable nasal 

cavity (Lalan et al., 2019). Further investigation is essential to understand the processes of absorption and clearance 

included in nasal medication delivery to the brain, especially for pharmaceuticals that follow the intranasal route to the 

brain. Another challenge is the limited drug-loading volume of nasal DDS due to the small surface area of the nasal cavity 

for absorption. Ingenious delivery methods, including nanoparticles, liposomes, and micro-emulsions, are presently in 

development to improve the solubility and permeability of drugs. Safety and bearability of nasal DDS are important 

considerations, given the sensitivity of the nasal cavity. Some materials related to DDS may interact with normal clearance 

or result in unwanted immunogenicity that requires careful evaluation for long-duration safety. The development of safe 

and well-accepted nasal DDS is important for clinical application. In clinical practice, it is important to address the 

problems associated with enhancing the production of drug delivery systems (DDS) while maintaining uniform standards. 
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Ultimately, the progress of intranasal devices that are both easy to use and dependable is important for the effective 

administration of drug delivery systems (DDS) and to ensure high levels of patient compliance (Xu et al., 2024). 

Nanomedicine will benefit from the future development and enhancement of functionalized polymeric nanoparticles, 

which can help cure serious diseases like cancer with fewer adverse effects. Ongoing research on functionalized 

nanoparticles will increase the methods of disease diagnosis, treatment, and prevention. Research should objective to 

devise a simple, efficient, and direct production and scaling-up technique for nanoparticles. Regulatory guidelines should 

be established to ensure the safety of nanoparticles for humans and the environment (Sur et al., 2019). Nanoparticles hold 

significant potential for advancing various biomedical fields, notably in diagnosing diseases, enabling early detection, and 

imaging at the cellular and deep tissue levels, facilitating drug delivery, and serving as versatile therapeutic agents. 

Molecular medicine is currently focused on creating new and innovative tools for early-stage disease diagnosis and point-

of-care diagnostics. The goal is to develop advanced techniques that can detect diseases at an early stage and provide 

faster and more convenient diagnostic options. Personalized medicine is achieving a lot of attention, and the integration of 

nanotechnology has the potential to bring about some amazing outcomes. In the coming years, multifunctional 

nanoparticles are expected to play a vital role in biomedical applications, such as disease diagnosis and drug delivery. This 

could even lead to changes in the traditional business model of pharmaceutical industries (Vallabani and Singh, 2018). 

 

Potential Innovations in Nasal Drug Delivery 

Nasal delivery is an area for innovation and advancement. Advancements in nanotechnology are unfolding within an 

environment characterized by swift technological advancements. For small and medium-sized enterprises , which are often 

the birthplace of early-stage innovations, it is challenging to stay abreast of the relentless stream of research and 

information that is pertinent to their process of innovation (Kraegeloh et al., 2018). Researchers are actively developing 

innovative liquid and powder nasal drug delivery systems. Formulations need to address drug solubility, permeation, 

stability, and mucoadhesive properties. Advancements in characterization methods are essential for nasal formulation 

development. Researchers explore techniques to assess drug behavior in vitro, ex vivo, and in vivo. Nasal drug delivery 

offers a direct route to the brain. Researchers investigate strategies for delivering therapeutics to treat neurological 

disorders (Garcia-Reyero et al., 2014). Nasal vaccines can stimulate mucosal immunity. Innovations aim to enhance vaccine 

effectiveness and patient compliance (Jabbal-Gill, 2010). Nasal delivery could be a game-changer for COVID-19 treatments. 

Researchers explore antiviral drugs and vaccines via this route. Rapid nasal delivery of emergency medications (e.g., for 

anaphylaxis) is gaining attention. Innovations focus on ease of use and precise dosing. Researchers investigate bypassing 

the blood-brain barrier and delivering drugs directly to the brain. This approach holds promise for treating neurological 

conditions. Nasal formulations for CNS disorders (e.g., migraine, Alzheimer’s) are being explored. Innovations aim to 

improve drug availability and patient adherence. Tailoring nasal drug delivery to individual patients is an exciting frontier. 

Innovations may include patient-specific formulations or dosing regimens (Illum, 2002). 

 

Conclusion 

Nasal delivery is considered a promising technique for its various advantages. It allows for lower doses, quicker 

attainment of therapeutic blood levels, quicker onset of pharmacological activity, and drug delivery directly to the brain via 

the olfactory nerve. Nanoparticles for nasal administration have better physical and chemical properties that enhances 

their bioavailability. This innovative delivery system can be utilized to enhance the effectiveness of drug delivery by 

ensuring precise dosing and improving patient compliance. Moreover, it is a targeted approach that can optimize efficacy 

and minimize unwanted impacts. The next years will see a range of new products in the market. Researchers are actively 

developing innovative liquid and powder nasal drug delivery systems. This technique will be a gateway to further 

innovations which may include patient-specific formulations or dosing regimens and the treatment will be patient-oriented 

instead of drug-oriented. In the coming years, multifunctional nanoparticles are expected to play a major role in 

biomedical applications, such as disease diagnosis and drug delivery. 
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ABSTRACT   

Mastitis is considered the costliest illness on dairy industry and also adversely influences animal welfare. As treatment and 

prevention of mastitis depend intensely on antibiotics, there are increasing attention in veterinary and human medicine 

regarding the emergence of antimicrobial resistance. Diverse strains of bacteria, fungus, and algae are capable of causing 

mastitis. Bacteria are the main cause of bovine mastitis causing destruction to the udder parenchyma. Antibiotics are the 

main strategy for treatment of mastitis. In any case, long-term utilize of antibiotics in mastitis treatment has caused the 

emergence of resistant pathogens. Researchers have looked for alternative therapeutic ways to antibiotics for mastitis 

treatment. Researcher’s efforts together with the innovative invention of nanotechnology are crowned with success in 

mastitis therapy and management. As a result, nanotechnology may become the principal sort of mastitis treatment in the 

near future. The current chapter will discuss the role nanoparticles in controlling mastitis in dairy cow herds. 
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INTRODUCTION 
 

Bovine mastitis (BM) is considered the most common and economically significant infectious illness that can affect 

dairy farms worldwide as it can raise treatment, labor, and culling expenses, which may lead to large financial losses (Kotb 

et al., 2021). Over 40% from the 1.489 million cows that are supposed to exist worldwide suffer from some form of BM 

(Zhylkaidar et al., 2021). 

The average annual cost of failure resulting from BM is projected to be $147$ per cow worldwide. Each cow 

experiences yearly losses of 11–18% due to culling and decreased milk output (Hogeveen et al., 2019). The United States 

losses billion-dollar annual costs as a result of declining milk supply and quality, which has a major impact on animal 

husbandry, growing veterinary care costs, and rising farm management expenditures (Hertl et al., 2014). Indeed, BM is 

significant ailment because of the disease’s greater impact worldwide and also output expense (Shaheen et al., 2015). 

Mastitis also affects the milk's quality, which has implications that extend outside of the dairy farm. Although BM was 

primarily a problem for dairy farmers and producers, worries about antibiotic residues, antimicrobial resistance, milk 

quality, and animal welfare have made it a problem for consumers and society as a whole (Hogeveen et al., 2011).  

Traditionally, BM has been defined as inflammation of the mammary glands, mostly due to bacterial infection. There 

are 137 distinct pathogenic bacteria in BM, the most common ones being Streptococcus species, Escherichia coli (E. coli), 

and Staphylococcus aureus (S. aureus) (Elbayoumy et al., 2024).  

The elevated incidence and increased treatment rate of such very costly and possibly deadly malady are alarming for 

both the dairy industry and policymakers. Preventive ways, immunization programs and treatment of diseased animals are 

all required for the control of bacterial diseases in BM. A number of treatment and prevention programs have been 

established, with varying fruitful rates (Sharma and Jeong, 2013).  

In spite of the reality that antibiotics are still the most commonly used treatment for BM, worries concerning the 

emergence of antibiotic-resistant bacteria are growing. This chapter will discuss an overview of diagnosis, control, 

antimicrobial drug delivery and remedy of BM using nanotechnology.  

 

History of Nanotechnology Application in Veterinary Field 

Nanotechnology alludes to dealing with the structure of materials, chemicals, or components at the nanoscale level, 

generating particles between1.0 nm and 100 nm (Ianiski et al., 2021).  

In 1959, Ricahard Feynman fist illustrated the idea of nanomaterials within the lecture Plenty of Room in the Bottom at 

Nobel Prize, suggesting that arranging the atoms the way we want would be possible (Feynman, 1960). Kroto et al. (1985) 

discovered the fullerenes while Iijima (1991) succeed in synthesis of carbon nanotubes, nanotechnology and nanoscience – 
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once considered as fiction – was viewed as a practical technology (Ferreira and Rangel, 2009). 

In 1991, a preparation technique that included molecular atomic control was proposed (Ferreira and Rangel, 2009). 

Subsequently, several areas of activity made contributions to nanotechnology. Chemistry, science, atomic material field, 

computer technology, fabric science, and mechanical and electrical building were some of them (Roco, 2011). A new field 

known as nanomedicine has emerged as a result of growing interest in the therapeutic uses of nanotechnology (Ianiski et 

al., 2021).  

According to Feugang et al. (2019), nanotechnology is expected to have a significant impact on the livestock business 

in particular in the twenty-first century. Commercially available veterinary medicine products nowadays include 

scientifically approved nanoparticle medicines (Underwood and Van Eps, 2012). That explains how nanotechnology 

practice is becoming more and more relevant to veterinary field. The study of nanoparticles holds great promise for the 

diagnosis, control, and treatment of BM. 

 

Infection Diagnosis and Antimicrobial Resistance Detection Assisted by Nanotechnology 

Detection of infection and antimicrobial resistance can be performed using nanotechnology. Conventional diagnostic 

techniques used for microbial illnesses need sample preparation and take a long period of time to readout, despite the 

fact that microorganisms exhibit high sensitivity and repeatability (Kaittanis et al., 2010). 

Newly nanoparticles with known magnetic, electrical, luminescent, and catalytic features can quickly, accurately, and 

affordably detect antimicrobial medications as well as quickly judge if they are resistant or susceptible to them (Rosi and 

Mirkin, 2005; Jain, 2007).  

Antibody-coated nanoparticles have been shown to be able to start the signals needed to count and do bioanalysis of 

extremely dangerous bacteria, including E. Coli O157:H7. This enables the very easy, rapid, and highly focused 

identification of a single bacteria in a lab environment in roughly 20 minutes (Look et al., 2010). 

Research showed that in microarray-based systems, nanoparticles with specific Raman spectroscopic signatures could 

be utilized to identify antibiotic-resistant bacterial strains, as MRSA (Methicillin Resistant Staph aureus), from non-resistant 

isolates using single-nucleotide polymorphisms (Li et al., 2009). 

Magnetic nanoparticles can be extremely effective and sensitive techniques for diagnosis of bacterial manifestations. 

With the use of super-magnetic iron oxide nanoprobes, Mycobacterium avium species, paratuberculosis (MAP) in milk and 

blood has been quantified quickly and extremely sensitive (Basu et al., 2004). 

Moreover, recent advances in nanotechnology have made it possible to create pharmacological and 

biopharmaceutical diagnostics for microbial infection that are both quick and accurate, eliminating the need to prepare 

samples in opaque media like milk or blood (Grossman et al., 2004; Tully et al., 2006). 

Every branch of medicine has undergone a revolution due to the emergence of new nanotechnology techniques, 

including diagnosis, vaccine development, and treatment. Recent diagnostic techniques for the precise and timely 

detection of mastitis have been made possible by the quick advancement of nanotechnology. Utilizing nano-biosensors, a 

special class of analytical methods for mastitis identification, is one of these primary diagnostic methods. A biosensor is a 

device that binds a physical nano-transducer with bioreceptors specific to the antigen or chemical that is under 

investigation (Driskell and Tripp 2009). 

These sensors look for specific biological substances using electric impulses. Based on the target molecule's 

characteristics, the type of transductor used, the signaling and recognition system, and the nanoparticle used, there are 

many different kinds of biosensors (Martins et al., 2019). 

 

Nanotechnology in Prevention and Treatment of Infectious Illnesses 

Several researches have been done on the use of nanoparticles as new medicines, colloidal vaccine carriers, and 

adjuvants. Particulate systems exhibit a distinct similarity in size of microbes. The immune system may easily identify the 

microbe and nanoparticles as they are nearly similar in size to bacteria and viruses (Peek et al., 2008). Varied special 

vaccine carrier characteristics as size, chemical structure, charge, and surface features can also be modified to improve 

phagocytosis with mononuclear phagocytic system (MPS), which promotes the immunological presentation of antigens 

and the activation of antigen-presenting cells (APs) (Singh et al., 2007; Rice-Ficht et al., 2010). 

Studies conducted in vivo investigated combinations of nanoemulsions containing proteins (as, recombinant Bacillus 

anthracis [B. anthracis] protective antigens) or entire viruses, such as the influenza virus, as possible vaccines (Myc et al., 

2003; Bielinska et al., 2007). This vaccine can be delivered by mucosal routes and does not require cold storage, making it 

especially appropriate for immunization in many underdeveloped nations. 

 

Effective Antimicrobial Medication Delivery using Nanoparticles 

Liposomes: They are vesicles that are nano- to micro-sized, aqueous-cored and made of a phospholipid bilayer. 

Following the FDA's 1995 approval of Doxil as the first liposomal medication, liposomes have been investigated as a 

potentially effective therapeutically acceptable drug, protein, and enzyme delivery system (Lian and Ho, 2001; Torchilin, 2005). 

Liposomes are widely used as antimicrobial drug delivery vehicles due to their lipid bilayer structure which resembles 

a cell membrane that readily fuses with the infectious microorganisms (Zhang et al., 2010). 

Moreover, without undergoing chemical changes, lipophilic and hydrophilic antimicrobial medications may be 
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encapsulated and kept within the phospholipid bilayer and the aqueous core, correspondingly. The application of 

liposomes as antimicrobial drug delivery tools should take into account a number of factors, including the physico-

chemical properties of lipids, the drugs to be loaded, the liposomes' particle size and polydispersity, surface charge (zeta-

potential), stability in storage (shelf-life), repeatability, and viability in large-scale production (Lasic, 1998). 

Increased in vivo stability was the outcome of conjugating liposomes with stealth compounds like polyethylene glycol, 

or PEG, on their surface. The platform can also be coupled with different targeted ligands, such as tiny compounds, 

aptamers, peptides, antibodies, and antibody fragments, for the purpose of targeted administration of antimicrobial 

medicines (Maruyama et al., 1990; Pinto-Alphandary et al., 2000). 

Benzyl penicillin-encapsulating cationic liposomes was found to totally prevent the growth of S. aureus strain in one 

study, when compared to free medicines, with shorter exposure periods and lower drug concentrations (Kim and Jones, 2004). 

Liposomal amikacin investigated changes in tissue distribution and notably prolonged half-life (tissue 63–465 h, blood 

24.5 h) (Gangadharam et al., 1991). Extended blood circulation and improved localization were demonstrated by liposomal 

gentamicin and ceftazidime at the infection site (Bakker-Woudenberg et al., 1995). Significantly more intracellular MRSA 

infection was eliminated when vancomycin and teicoplanin-encapsulated liposomes were used (Onyeji et al., 1994).  

Traditional antibiotics are not very efficient in treating cow mastitis, even though the bacteria are susceptible to 

them in vitro as the drugs are not well absorbed into the cells, especially by the phagocytes of the udder (Jain and 

Banerjee, 2008).  

Antibiotics and other antimicrobial medications could be delivered utilizing liposomes and nanoparticles that can both 

protect the drug from the physiological milieu of bovines and help in its cellular uptake. Antibiotics have been added to 

polymeric nanoparticles, liposomes, and drug-loaded delivery vehicles, all of which have been shown to improve antibiotic 

intracellular delivery (Alving, 1988; Gruet et al., 2001). 

Antibiotics from different families can be combined in nanoparticulate formulations (Müller, 1991). In order to prolong 

the release and prevent drug degradation. Because of all these qualities, using nanoparticles to treat bovine mastitis is a 

very suitable option. It has been demonstrated that solid lipid, metal, and polymeric nanoparticles are useful in the 

treatment and detection of bacterial infections causing mastitis in cows (Henry-Michelland et al., 1987; Spain et al., 2011; 

Mujawar et al., 2013).  

 

Examples of Nanomaterials used in Antimicrobial Dosage form 

There is increase in using nanoparticles in the veterinary, pharmaceutical, and medical fields due to their unique 

characteristics. The most developing scientific field in the world is nanotechnology. Nanomaterials have special properties 

both physically and chemically, and due to its large surface area compared to volume, they can be used to treat illnesses 

like mastitis in dairy cows (Algharib et al. 2020).  

A new study had assured that bacteria shouldn't acquire antimicrobial resistance against metal nanoparticles. Apart 

from treating microbes with nanoparticle materials, the nanoparticles can also be synthesized using bacterial cells or 

enzymes. Current research has explored the production of metallic nanoparticles, such as gold [Au] and silver [Ag], either 

extracellularly or intracellularly, utilizing enzymes or microbes to produce biosynthetic nanoparticles (Holmes et al., 1995; 

Saravanan and Nanda, 2010). 

 

 
 

Fig. 1: Antimicrobial mechanisms of nanoparticles. 
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As seen in (Fig. 1), the antibacterial nanoparticles can destruct bacterial via a variety of methods as described by 

(Maness et al., 1999 and Rabea et al., 2003).  

1) The generation of reactive oxygen species (ROS) via photocatalysis, which harms viral and cellular constituents. 

2) Compromising the cell wall and membrane of the bacteria. 

3) The transmission of energy is interrupted. 

4) Reduction of DNA synthesis and the activity of enzymes. 

 

Silver NPs 

Silver (Ag) nanoparticles have been shown to be the most efficient against viruses, bacteria, and many other 

eukaryotic microbes among the varied kinds of metallic and metal oxide nanoparticles (Sharma et al., 2009; 

Chamundeeswari et al., 2010). Silver (Ag) nanoparticles release silver ions that boost antibacterial action while 

simultaneously gaining access to cell division and, the respiratory chain which ultimately cause cellular death (Klasen, 

2000). The size of silver (Ag) nanoparticles has an inverse relationship with their antibacterial activity (Sondi and Salopek-

Sondi, 2004; Raimondi et al., 2005). When silver (Ag) nanoparticles and antibiotics including amoxicillin, penicillin G, 

vancomycin, and erythromycin are used together, the antibacterial actions against both Gram-negative and Gram-positive 

bacteria are enhanced and work in concert, such as E. coli and S. aureus (Shahverdi et al., 2007; Fayaz et al., 2010). 

Moreover, green synthesized Ag NPs gave highly significant results against isolates of Candida species. and Aspergillus 

species isolated from mastitic cow milk (Hasanin et al., 2022). 

 

Zinc Oxide (ZnO) NPs 

Certain metal oxide nanoparticles, like zinc oxide, can withstand harsh manufacturing conditions and exhibit specific 

bacterial toxicity while having minimal impact on animal and human cells. The antibacterial activity of zinc oxide 

nanoparticles, or ZnO NPs, against important food-borne pathogens such enterotoxigenic E. coli and E. coli O157:H7 is 

being investigated as a potential medication carrier, and because they are biocompatible and relatively harmless to 

humans (Roselli et al., 2003; Brayner et al., 2006). In compared with silver nanoparticles (Ag NPs), it is more favorable in a 

number of ways, including cheap manufacturing expenses, UV-blocking properties, and a white look that contributes to 

light reflection characteristics that are helpful in sunscreen usage (Dastjerdi and Montazer, 2010). Additionally, it's thought 

that ZnO nanoparticles damage the lipids and proteins in the bacterial cell membrane, causing intracellular contents to 

seep out and the final death of the bacteria (Sawai, 2003).  

 

Titanium Dioxide (TiO2) NPs 

Of all the metal, metal oxide, and sulfur dioxide nanoparticles, titanium dioxide nanoparticles have been researched 

the most for photocatalytic antibacterial activity (Gelover et al., 2006). Strong antibacterial action is displayed by TiO2 

nanoparticles when exposed to UV-A and near-UV beams. The required concentration needed to kill microbes is between 

100 and 1000 parts per million. The strength of antimicrobial effect is dependent on the size, intensity, and wavelength of 

the light source of the TiO2 nanomaterials. According to a novel study, E. coli > P. aeruginosa > S. aureus > E. faecium > C. 

albicans is the decreasing order in which TiO2 nanoparticles' antimicrobial activity is recorded. The antimicrobial activity 

depends mainly on the density and the complexity of the cell wall or membrane of the targeted microbe. Furthermore, it 

was observed that the photocatalytic antibacterial efficacy of TiO2 nanoparticles was mostly dependent on the thickness of 

the cellular membrane or sheath structure of the microbe, and decreased in the following order: virus > bacterial wall > 

bacterial spore (Kühn et al., 2003). The generation of ROS, like peroxide and free hydroxyl radicals, is primarily responsible 

for the photocatalytic antibacterial action of TiO2 (Choi et al., 2007).  

 

Gold (Au) NPs 

By irradiating with the appropriate wavelengths, a range of nanoparticles, including near infrared light-absorbing gold 

(Au) nanoparticles, nanoshells, nanorods, and nanocages, have been employed to treat bacterial illness (Sekhon and 

Kamboj, 2010). Strong electrostatic attractions to the negatively charged cell membrane bilayer are the primary mechanism 

by which gold nanoparticles (Au NPs) exhibit antimicrobial activity (Johnston et al., 2010). To find selective antimicrobial 

effects, gold nanoparticles (Au NPs) conjugated with antimicrobial agents and antibodies have been studied. For example, 

gold nanoparticles (Au NPs) combined with anti-protein A-antibodies that target the bacterial surface, have been found to 

selectively destruct S. aureus (Pissuwan et al., 2010). Bacteria were efficiently harmed by the process of strong laser-

induced hyperthermic actions that were followed by bubble arrangement around clustered gold nanoparticles (Au NPs). 

Strong antimicrobial agent effects by gold/drug nanocomposites, such as gold nanoparticles coated with antibiotics like 

streptomycin, neomycin, and gentamicin, have been reported in numerous studies against both Gram-positive and Gram-

negative bacteria, as well as antibiotic-resistant strains (Grace and Pandian, 2007).  

 

Chitosan 

Many different types of bacteria, fungi, and yeasts can be inhibited by chitosan through various processes that are not 

all fully understood (Guarnieri et al., 2022). The most straightforward mode of action includes electrostatic interactions 

between the negatively charged microbial cell membranes and the positively charged NH3+ sites of chitosan. Intracellular 
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material is released as a result of the contact changing the microbial cell's permeability (Tsai and Su, 1999). Chitosan's 

binding to microbial enzymes and nucleotides can cause disruptions in the cell structure of S. aureus and E. coli, as 

demonstrated by Chung and Chen (2008). Chitosan displays antibacterial action in its polycationic shape against both 

Gram-positive and Gram-negative bacteria, with its mode of action differing based on the special cell membrane structure. 

While the negatively charged peptidoglycan and teichoic acidsare found in the cell wall layer of Gram-positive bacteria, 

chitosan directly interacts with these negatively charged structures in Gram-negative bacteria. These anionic structures 

include lipopolysaccharides and proteins (Nikaido and Vaara, 1985). There is no accurate information regarding on which 

bacteria the chitosan is more effective against. Indeed, some researchers as Chung et al. (2004) and Devlieghere et al. 

(2004) reported a more potent bactericidal effect on Gram-negative bacteria, whilst other writers (No et al., 2002; 

Fernandez-Saiz et al., 2009) showed a more potent effect on Gram-positive bacteria. 

 

Nanoemulsion 

An interfacial coating of surfactant molecules stabilizes a thin oil dispersion in water, forming nanoemulsions. The 

concentration, content, and mechanical energy of surfactants can affect the mean droplet size, which can range from 0.1 to 

600 nm. By encapsulating the active compounds, nanoemulsions offer protection and stability to those compounds, as well 

as increasing the penetration power of the target compounds for more effective application (Machado et al., 2020). The 

antimicrobial activities of nanoemulsions have been highly studied in several studies, and the results show how effective 

they work to distribute and intensify the effect of antimicrobial drugs. For example, nanoemulsions including essential oils, 

as citral, have shown noteworthy antibacterial action. It has been found that the antimicrobial action of nanoemulsions are 

greatly affected by their configuration, underscoring the need of comprehending the physicochemical features of these 

systems (Gırgın and Nadaroglu, 2024). 

  

Conclusion 

The incidence of mastitis is incredibly increasing in farm animals as buffaloes and cows. To control mastitis, more 

strategic study in this area is needed. Veterinarians and mastitis researchers continue to face significant challenges due to 

bovine mastitis. When treating infectious disorders like mastitis, the emergence of antibiotic resistance caused by microbial 

variations poses a significant risk. Pharmaceutical corporations and academic researchers alike are addressing the global 

concern of antibiotic resistance development. The distinct physicochemical characteristics of diverse nanomaterials hold 

the potential to enhance the efficacy of current antimicrobial drugs and provide novel avenues for antibacterial agent 

development. It appears that using the characteristics of nanoparticles as antibiotic carriers appears to be one way to 

combat antimicrobial resistance. Numerous nanoparticles have been investigated as effective nanoantibiotics and 

antibiotic delivery systems that shield antimicrobial medications from resistance mechanisms. The importance 

nanoparticles in diagnosis, control, antimicrobial drug delivery and treatment of bovine mastitis was discussed in this 

chapter. Most significantly, using numerous independent and perhaps synergistic techniques on the same platform to 

boost antibacterial action is possible by nanoparticles and also can defeat antibiotic resistance. In an era where antibiotic 

resistance is growing, finding effective, safe, affordable, and tailored therapy for bovine mastitis necessitates 

interdisciplinary understanding and cutting-edge techniques from the fields of microbiology, immunology, biomaterials, 

polymers, and nanotechnology. 
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ABSTRACT   

Enhancing treatment techniques against cancer is highly promising due to the rapid advancement of nanotechnology in 

the invention of nanomedicine agents. The recently discovered method for injecting medications into cancer cells with 

the least amount of drug leakage into healthy cells is using Nanoparticles (NPs). A highly effective therapeutic strategy 

for treating cancer disorders is the coupling of NPs with ligands of tumor biomarkers unique to cancer. The ideal size 

and surface properties of NPs have been engineered to enhance their biodistribution and maintain their blood 

circulation. Nanotherapeutics make use of the distinct pathology of tumors, which includes increased permeability and 

retention effects, to precisely deliver active drugs to cancer cells. Apart from the passive targeting method, the efficacy 

of these pharmaceutical NPs is enhanced by active targeting tactics that employ ligands or antibodies that are directed 

against specific tumor sites. Different nanostructures have been studied as carriers in drug delivery systems, including 

polymer compounds, dendrimers, silicon or carbon compounds, magnetic NPs, and liposomes. This chapter addresses 

the use of NPs as delivery vehicles for anticancer medication compounds. Drug carrier systems and target specificity 

have been investigated for a range of NPs with varying structural and chemical compositions.  
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INTRODUCTION 
 

 Every year, about 10 million new instances of cancer are diagnosed, making it one of the most deadly diseases in the 

world (Stewart et al., 2003). However, in the last two years, death has decreased as a result of technological developments 

in diagnostic tools and therapies as well as an improved understanding of cancer. Surgical procedures, radiation therapy, 

and chemotherapy are being used to treat cancer. These therapies frequently result in the death of healthy cells and 

damage to the patient. The non-specific distribution of conventional chemotherapeutic agents in the body limits their 

ability to influence both cancerous and normal cells. This leads to suboptimal treatment outcomes because of excessive 

toxicities and a lack of targeted action within tumor cells (Ross et al., 2004). 

 In the world, cancer is the second-greatest cause of mortality and one of the major public health issues. By the 

conclusion of 2021, 1.9 million new cases are expected, as estimated by the American Cancer Society (Gavas et al., 2021). 

Many nanotherapeutic medications have been developed and are now extensively marketed as a result of breakthroughs 

in nanotechnology, and since 2010, numerous more have reached the clinical stage. Drug combinations and the repression 

of mechanisms that contribute to drug resistance are two areas where nanotherapeutic medicines have made advances in 

the domains of drug delivery methods and anti-cancer multidrug resistance (Palazzolo et al., 2018). The capacity to 

operate at the atomic, molecular, and supramolecular levels (on a scale of around 1-100 nm) is known as nanotechnology. 
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It allows us to develop and comprehend material structures, devices, and systems with essentially unique characteristics 

and capabilities due to their microscopic structure (Roco et al., 2000). Due to nanotechnology, we can now create materials 

with whole new and desirable properties. The benefits and scientific limits of using NPs as medication delivery methods are 

being thoroughly studied worldwide. The development of the use of NPs as efficient medication delivery methods has 

advanced remarkably throughout the past ten years. Currently being researched are a variety of nanoparticle forms that 

can be used as drug delivery systems, such as ceramic NPs, polymeric micelles, dendrimers, liposomes, and polymeric 

biodegradable NPs, including nanospheres and nanocapsules (Yih et al., 2006). This chapter will focus on the various types 

and characteristics of NPs, their application as vehicles for drug delivery to more effectively kill cancer cells and remove 

drug resistance, and how advancements in nanoparticle technology in the future will improve the efficacy of their therapy 

and utility in cancer treatments. 

 

Nanoparticles  

 According to scientific definitions, NPs are single-dimensional particles smaller than 100 nm with special qualities 

typically absent from larger amounts of the same substance (Boisseau et al., 2011). NPs can be categorized as 0D, 1D, 2D, 

or 3D, depending on their overall shape (Laurent et al., 2008). The relatively complicated fundamental composition of NPs 

is made up of the surface stratum and core which is basically the center of the nanoparticle and is often known as the 

nanoparticle itself (Tiwari et al., 2012). Due to their remarkable characteristics, such as their high surface-to-volume ratio, 

difference, sub-micron size, and improved targeting mechanism, these materials have become increasingly important in 

interdisciplinary sectors. Permeability and absorbance (EPR) impact is said to be enhanced by NPs' deep tissue penetration. 

Moreover, the surface characteristics effectively overcome epithelial fenestration, which affects solubility and half-life (Shin 

et al., 2016). 

 

Delivery of Nanoparticles with Selectivity 

 For anticancer medications to be successful in the treatment of cancer, they should ideally be able to pass through the 

body's barriers and reach the targeted tumor tissues with the least amount of volume loss or blood circulation activity. 

Second, medications should be able to attack cancer cells only while avoiding normal cells once they have reached their 

target. Because these two fundamental strategies immediately decrease dose-limiting toxicities and increase medication 

intracellular concentration, they are also linked to increases in patient lifespan and quality of life.  

 

Characteristics of Nanoparticles Surfaces and sizes 

 For NPs to effectively carry medication to the target cancer tissue, they must be able to sustain extended circulation 

without being eliminated from the bloodstream. Both conventionally coated and unmodified NPs are frequently absorbed 

in the blood through the system of reticuloendothelial cells, including the liver and spleen, based on their dimensions and 

surface features (Moghimi et al., 2001). The surface features of NPs play a crucial role in dictating their life cycle and fate in 

the bloodstream concerning being engulfed by macrophages. For NPs to avoid being captured by macrophages, their 

surface should ideally be hydrophilic (Moghimi et al., 2003). This may be done in two ways: either hydrophilic polymers, 

such as Peg, are coated on the surface of the NPs to prevent opsonization, or blocking copolymers with hydrophobic and 

hydrophilic domains can be used to produce the NPs (Harris et al., 2001). Nanomaterials employed in drug administration 

must be large sufficient to before medications from spilling into the blood vessels too quickly, but they should also be 

small enough to evade capture by stable macrophages found in the liver and spleen, as well as other retinal endothelial 

system organs. In contrast, gaps between endothelial cells that exist in the leaky vasculature of tumors can have a diameter 

of 100 to 600 nm. The sinusoidal structures in the spleen's wall or the Kupffer cells in the liver are 150 to 200 nm in size. 

NPs need not be larger than 100 nm for them to get beyond these two distinct circulatory systems and into cancerous 

tissues (Wisse et al., 1996). 

 

Types of Nanoparticles that are used in Drug Delivery Systems 

 In drug delivery systems, three types of NPs are frequently used: hybrid, organic, and inorganic NPs. Drug delivery 

methods with NPs submicron-sized particles (between 3 and 200 nm), systems that may be created utilizing a range of 

materials such as viruses (viral NPs), polymers (polymeric NPs), lipids (liposomes), and even organometallic compounds. 

 

Organic Nanoparticles Polymeric-based Drug Delivery Systems 

 Natural polymers, including albumin, chitosan, and heparin, have long been used to carry medications as well as 

oligonucleotides, DNA, and proteins. To treat metastatic breast cancer, paclitaxel nanoparticle formulations have recently 

been used in clinical settings. According to Gradishar et al. (2005), this formulation uses nanometer-sized albumin-bound 

paclitaxel or serum albumin as a carrier. Polygl-glutamic acid (PGA) is the first environmentally friendly polymer utilized for 

the synthesis of conjugate. This was followed by polyethylene glycol (PEG), polystyrene-maleic anhydride copolymer, and 

N-(2-hydroxypropyl)-methacrylamide copolymer (HPMA) (Li et al., 2002). 

 The method used to create a polymeric-based drug distributor determines whether the drug is covalently bucked to 

the polymer matrix or physically ensnared within it (Rawat et al., 2006). The resultant molecules might be amphiphilic 

core/shell polymeric micelles, capsule-shaped NPs of polymeric materials polymer-drug conjugates, or hyperbranched 
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macromolecules. Two types of polymers are employed as drug conjugates: natural polymers and synthetic polymers. 

According to a study, indomethacin-loaded nanocapsules significantly reduced tumor growth and increased survival in a 

rat model of xenograft glioma (Andronescu et al., 2017). 

 

Dendrimers 

 There is a clear hyperbranched structure to the round polymeric macromolecules called dendrimers. A very branching 

architecture is what makes dendrimers unique. Dendrimers synthesis is often initiated by a reaction between acrylic acid 

and an ammonia core. This process yields a "tri-amine" GO product when it reacts with ethylenediamine to form a "tri-

acid" molecule. According to Wang et al. (2008), this product undergoes another interaction with acrylic acid and 

generates the hexa-acid, which then generates "hexa amine", ET so off. Dendrimer's size ranges from 1 to 10 nm on 

average. However, according to Kim et al. (2017), it may be the size of up to 15 nm. The particular arrangement, which 

includes a set molecular weight, changeable branching, bioavailability, and charge, makes them useful for targeting nucleic 

acids. According to Lim et al. (2013), some frequently used dendrimers are Polyamidoamine (PAMAM), polyethyleneglycol, 

polypropylene imine (PPI), and triethanolamine, (TEA). To accomplish MDR management, a PAMAM dendrimer was first 

created. Many descriptions exist of PAMAM dendrimers assembled by DNA. The synthesized dendrimers considerably 

slowed the growth of epithelial carcinoma xenograft in mice treated with single-agent chemotherapy. 

 

mAb Nanoparticles  

 Monoclonal antibodies have a specific targeting characteristic that makes them useful in cancer therapy (Kukowska-

Latallo et al., 2005). These days, NPs and these mAbs are combined to form antibody-drug conjugates or ADCs. Compared 

to cytotoxic drugs or mAb alone, these have been demonstrated to be significantly more compelling and selective. In 

HER2+ mammary epithelial cell control, for instance, an antibody-drug NP with an outer layer modified by trastuzumab 

and a paclitaxel core showed better antitumor efficacy and less toxicity than either paclitaxel alone or as a single agent 

(Sievers et al., 2013). 

 

Drug Delivery Systems based on Lipids 

Liposomes 

 One of the earliest nanoparticle platforms used in medicine was liposomes, which were originally reported in 1965 

(Bangham et al., 1993). More than 11 forms are now approved for use in clinical trials, while several others are being 

developed in preclinical and clinical stages. Liposomes are close colloidal shapes made of spherical lipid two layers with an 

outer lipid bilayer encircling a central aqueous region (Torchilin et al., 2005). Better kinetics and biodistribution are 

frequently found in drugs with liposomal compositions. Currently, this lipid-based technology is being applied to many 

types of cancer medications using a diversity of preparation procedures. Between them, liposomal forms of anthracyclines 

doxorubicin and daunorubicin were licensed for the treatment of the spread widely breast cancer and the Kaposi's 

sarcoma associated with AIDS (Markman et al., 2006). 

 

Viral Nanoparticles 

 A wide range of viruses, including bacteriophages, canine parvovirus, the cowpea mosaic virus, and the cowpea 

chlorotic mottle virus, have been developed for usage in medical and nano utilization, including drug delivery and the 

process of tissue targeting. Using pharmacologic or genetic techniques, a wide range of targeted chemicals and peptides 

can be expressed on the viral surface in a physiologically significant fashion. Consequently, several ligands or antibodies, 

such as folic acid, transferrin, and single-chain immune globulin have been affixed to viruses to specifically target specific 

tumors in vivo (Hofheinz et al., 2005). 

 To optimize specificity, target cells should have higher levels of antigens or receptor surface markers compared to 

normal cells. To efficiently transport liposomes that to B-cell receptors using anti-CD19 monoclonal antibodies (mAb), for 

instance, the number of receptors should be around 104 and 105 copies per cell. It is less effective to target individuals 

with a lower density (Harris et al., 2001). 

 Receptor-mediated absorption is commonly needed for nano distributors to transport medicine in the cells and is 

caused by the way certain ligands react with their respective receptors (Alonso et al., 2004). An even more noteworthy 

therapeutic outcome was observed, for instance, if immunoliposomes target B-cell lymphoma, which is a kind of blood-

related cancer, were tagged with an absorbing anti-CD19 ligand rather than a non-internalizing anti-CD20 ligand (Torchilin 

et al., 2005). Nevertheless, targeting nanocarriers towards non-internalizing receptors can sometimes be advantageous in 

solid tumors because of the effect of bystanders, which enables carriers to attach to surrounding cells and deliver 

medication to kill cells lacking the target receptor (Hobbs et al., 1998). 

 

Inorganic Nanoparticles  

Carbon Nanoparticle 

 Carbon is the building block of carbon NPs. They have found widespread use in health applications because of their 

mechanical ad optical, and electrical biocompatible characteristics (Swaminathan et al., 2010). Drugs can be encapsulated 

by carbon NPs via π-π stacking because of their intrinsic hydrophobic character (Ou et al., 2016). One can further classify 
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carbon NPs (NPs) into graphene, fullerenes, carbon nanohorns, carbon nanotubes, and graphene. Their form, morphology, 

and characteristics differ, even though they are all carbon-based. 

 Carbon nanotubes are cylinders that were originally discovered in the late 1980s; they are also referred to as rolls of 

graphite. There are two types of CNTs: single-walled and multi-walled. They may communicate with immune system cells 

to generate an immunological reaction, which will halt the tumor's growth because they are carbon-based. They were 

previously used as the DNA vector transport devices and in heat therapy of ablation. To target colon cancer cells, for 

example, a fluorescent single-walled CNT containing a mAb enclosing doxorubicin is employed. These CNTs combine to 

produce a complex that the cancer cells efficiently absorb, releasing doxorubicin intracellular while keeping the CNTs in 

their cytoplasm (Tabata et al., 1997 )(Fig.1).  

 

Quantum Dots 

 Biological imaging uses quantum dots extensively because they are semiconductors at the nanoscale scale that have a 

large variety of absorption, limited emission bands, and quality photostability (Heister et al., 2009). The three groups into 

which they are divided based on carbon are graphite quantum dots or carbon quantum dots, among others. Biological 

imaging with quantum dots is not the only application being explored by researchers. Cancer treatment is another. 

Graphene quantum dot quantum dots are the most widely used variety of quantum dots because they are rapidly 

eliminated from the body and are naturally biocompatible. Jamieson et al. (2007) reported that doxorubicin and quantum 

dots aptamer combo is effective against prostate cancer cells. However, the biggest obstacle is the absence of an ideal 

process for producing quantum dots. 

 

Metallic Nanoparticles  

 Due to metallic NPs' exceptional optical, magnetic, and photothermal properties, they are being extensively 

investigated for "biological imaging" and focused DDS applications. Among the majority often utilized kinds of metallic 

NPs are those based on copper, iron, silver, and gold. According to (Bagalkot et al. 2007), NPs of gold (NPs) are utilized as 

internally extended drug carriers due to their easily controlled surface and size properties. 

 

Magnetic Nanoparticles 

 When using metallic or metallic oxide-based medication delivery systems or magnetic resonance imaging (MRI), NPs 

with magnetic properties (NPs) are frequently employed. It is usually bound with the organic ingredients as fatty acids or 

polymers and increases their biocompatibility and durability (Castaneda et al., 2011). Breast cancer can be detected and 

visualized with the help of supermagnetic NPs of iron oxide and LHRH (Basoglu et al., 2018). 

 

Nanoparticles of Calcium Phosphate 

 The substance known as "calcium phosphate NPs" is biodegradable, compatible with biology, and does not have any 

negative side effects. For this reason, they are employed as a delivery system for growth hormones, insulin, antibiotics, and 

birth control (Maurya et al., 2019). They are used in the transportation of oligonucleotides and plasmid DNA (Khosravi et 

al., 2010). Calcium phosphate NPs have been effectively used as delivery vectors for viral or non-viral cellular gene transfer 

veterinarians. The "liposomal nanolipoplex mixture" and magnesium or glycerol were shown to have reduced poisoning 

and better transfiguration characteristics (Mozafari et al., 2007). 

 

Silica Nanoparticles  

 Silica has been studied in biology very recently, despite being a key element found in numerous natural materials. 

Silica NPs, also known as NPs, are widely used for gene transfer because of their ability to enhance their exterior with 

amino-silicanes (Katragadda et al., 2021). 

 

Nanoparticle-mediated passive targeting 

Improved Retention and Permeability 

 NPs that meet those prerequisites for size and surface properties in order to avoid being captured by the 

reticuloendothelial system can circulate in the circulation for extended periods and have a higher probability of reaching 

the targeted tumor tissues. Macrophages, including NPs, can aggregate in tumor tissues with selectivity due to the distinct 

path physiologic features of tumor vasculature (Maeda et al., 2001). In order to give oxygen and nutrients to rapidly 

proliferating cancer cells, existing arteries must be rerouted or recruited (a process known as revascularization) close to the 

tumor mass (Carmeliet et al., 2000). Tumor arteries become highly disordered and dilated, and numerous apertures show 

greater gaps in the junction between the endothelial cells and limited lymphatic outflow due to the resulting imbalance in 

angiogenic regulators, including matrix metalloproteinases and growth factors. These characteristics are referred to as the 

improved permeability and retention effect, and they are a crucial mechanism that allows macromolecules including NPs 

with molecular weights greater than 50 kDa to concentrate in the tumor interstitium in a targeted manner. 

 

Microenvironment of Tumor 

 The distinct environment surrounding tumor cells, which differs from the surroundings of normal cells, also plays a 
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role in passive targeting. Cancer cells that proliferate quickly have a rapid metabolism, and they typically cannot sustain 

this pace due to insufficient oxygen and nutrition supplies. As a result, an acidic environment is created when tumor cells 

employ glycolysis to get additional energy (Pelicano et al., 2006). Certain enzymes that are expressed and released by 

cancer cells include matrix metalloproteinases, which are involved in the mobility and survival of these cells (Deryugina et 

al., 2006). 

 
Fig 1: Types of NPs (Retrieved from Biorender). 

 

Active Nanoparticle Targeting 

 There will inevitably be limitations to the selectivity of a drug administration strategy involving a two-conjugate or 

polymer medication combination it solely depends on the passive target techniques. One way to get around these 

restrictions is to add a targeted ligand or antibody to polymer-drug conjugates (Allen et al., 2002). An antibody and a 

medication were first tried to be directly conjugated. However, these early conjugates of antibodies and drugs have not 

demonstrated efficiency over a targeted delivery method for cancer treatment in clinical studies that have been carried out 

so far. This is due, in part, to the restricted quantity of molecules of drugs that may be incorporated into an antibody 

without compromising its ability to recognize immunological stimuli. Because a wide variety of liposomes and polymers 

have recently been discovered and introduced for use as drug delivery carriers, compared to previous antibody-drug 

conjugates, a bigger number of medications may be coupled with particular NPs without altering their targeting affinity. 

The ternary configuration of an antibody or ligand as the target moiety, an active chemotherapeutic drug as the carrier, 

and a polymer or lipid as the carrier is used by many recently identified targeted conjugates of drugs to take advantage of 

the wide range of transporters, targeting molecules, and medications available. Making ternary-structure NPs requires 

consideration of a few factors in order to produce more efficient delivery systems. 

 

Expression of an Antigen or a Receptor 

 Antigens and receptors on the cell surface should ideally possess a number of characteristics that make them 

especially well-suited as targets unique to tumors. First, only tumor cells should exhibit them; normal cells should not 

express them. Secondly, on all targeted tumor cells, they need to express uniformly. Finally, antigens and receptors on the 

cell surface shouldn't leak into the bloodstream (Allen et al., 2002). 

 

Targeted Conjugates Internalization 

 The ability of the intended conjugates to be internalized after adhering to the target cells is a crucial consideration 

when selecting the appropriate targeting ligand. Usually, internalization happens through endocytosis mediated by 

receptors. Using the foliate receptor as an example, an endosome is formed when the combination of the ligand and the 

receptor is encased in the invading plasma membrane after a foliate-targeted compound binds to the acid region on the 

cell surface. Target organelles get newly produced endosomes. When an endosome's pH level drops and enzymes are 

triggered, the drug exits the conjugation process. It reaches the cytoplasm if it possesses the necessary physical and 

chemical properties to cross the endosomal membrane. Depending on the substance, the target organelle will then trade 

the released medicines. As this is going on, the conjugate's released foliate receptor goes back to the cell surface and 

binds to fresh conjugates that target foliate to initiate a new round of transport (Leamon et al., 2004). 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

32 

REFERENCES 
 

Allen, T. M. (2002). Ligand-targeted therapeutics in anticancer therapy. Nature Reviews Cancer, 2(10), 750-763. 

Alonso, M. J. (2004). Nanomedicines for overcoming biological barriers. Biomedicine and Pharmacotherapy, 58(3), 168-172. 

American Cancer Society. (2007). Breast cancer facts and figures. American Cancer Society. 

Andronescu, E., and Grumezescu, A. M. (2017). Nanostructures for drug delivery. Elsevier. 

Bagalkot, V., Zhang, L., Levy-Nissenbaum, E., Jon, S., Kantoff, P. W., Langer, R., and Farokhzad, O. C. (2007). Quantum dot− 

aptamer conjugates for synchronous cancer imaging, therapy, and sensing of drug delivery based on bi-fluorescence 

resonance energy transfer. Nano Letters, 7(10), 3065-3070. 

Bangham, A. D. (1993). Liposomes: the Babraham connection. Chemistry and Physics of Lipids, 64(1-3), 275-285. 

Basoglu, H., Goncu, B., and Akbas, F. (2018). Magnetic nanoparticle-mediated gene therapy to induce Fas apoptosis 

pathway in breast cancer. Cancer Gene Therapy, 25(5), 141-147. 

Boisseau, P., and Loubaton, B. (2011). Nanomedicine, nanotechnology in medicine. Comptes Rendus Physique, 12(7), 620-

636. 

Carmeliet, P., and Jain, R. K. (2000). Angiogenesis in cancer and other diseases. Nature, 407(6801), 249-257. 

Castaneda, R. T., Khurana, A., Khan, R., and Daldrup-Link, H. E. (2011). Labeling stem cells with ferumoxytol, an FDA-

approved iron oxide nanoparticle. JoVE (Journal of Visualized Experiments), (57), e3482. 

Deryugina, E. I., and Quigley, J. P. (2006). Matrix metalloproteinases and tumor metastasis. Cancer and Metastasis 

Reviews, 25, 9-34. 

Gavas, S., Quazi, S., and Karpiński, T. M. (2021). NPs for cancer therapy: current progress and challenges. Nanoscale 

Research Letters, 16(1), 173. 

Gradishar, W. J., Tjulandin, S., Davidson, N., Shaw, H., Desai, N., Bhar, P., and O'Shaughnessy, J. (2005). Phase III trial of 

nanoparticle albumin-bound paclitaxel compared with polyethylated castor oil–based paclitaxel in women with breast 

cancer. Journal of Clinical Oncology, 23(31), 7794-7803. 

Harris, J. M., Martin, N. E., and Modi, M. (2001). Pegylation: a novel process for modifying pharmacokinetics. Clinical 

Pharmacokinetics, 40, 539-551. 

Harris, J. M., Martin, N. E., and Modi, M. (2001). Pegylation: a novel process for modifying pharmacokinetics. Clinical 

Pharmacokinetics, 40, 539-551. 

Heister, E., Neves, V., Tîlmaciu, C., Lipert, K., Beltrán, V. S., Coley, H. M., and McFadden, J. (2009). Triple functionalisation of 

single-walled carbon nanotubes with doxorubicin, a monoclonal antibody, and a fluorescent marker for targeted 

cancer therapy. Carbon, 47(9), 2152-2160. 

Hobbs, S. K., Monsky, W. L., Yuan, F., Roberts, W. G., Griffith, L., Torchilin, V. P., and Jain, R. K. (1998). Regulation of transport 

pathways in tumor vessels: role of tumor type and microenvironment. Proceedings of the National Academy of 

Sciences, 95(8), 4607-4612. 

Hofheinz, R. D., Gnad-Vogt, S. U., Beyer, U., and Hochhaus, A. (2005). Liposomal encapsulated anti-cancer drugs. Anti-

cancer Drugs, 16(7), 691-707. 

Jamieson, T., Bakhshi, R., Petrova, D., Pocock, R., Imani, M., and Seifalian, A. M. (2007). Biological applications of quantum 

dots. Biomaterials, 28(31), 4717-4732. 

Katragadda C, Choudhury P, Murthy P (2021) NPs as non-viral gene delivery vectors. [online] 

Ijper.org. http://www.ijper.org/article/259. Accessed 30 July 2021 

KHOSRAVI, D. K., Mozafari, M. R., Rashidi, L., and Mohammadi, M. (2010). Calcium based non-viral gene delivery: an 

overview of methodology and applications. 

Kim, K. Y. (2017). Nanotechnology platforms and physiological challenges for cancer therapeutics. Nanomedicine in Cancer, 

1-19. 

Kukowska-Latallo, J. F., Candido, K. A., Cao, Z., Nigavekar, S. S., Majoros, I. J., Thomas, T. P., and Baker Jr, J. R. (2005). 

Nanoparticle targeting of anticancer drug improves therapeutic response in animal model of human epithelial 

cancer. Cancer Research, 65(12), 5317-5324. 

Laurent, S., Forge, D., Port, M., Roch, A., Robic, C., Vander Elst, L., and Muller, R. N. (2008). Magnetic iron oxide NPs: 

synthesis, stabilization, vectorization, physicochemical characterizations, and biological applications. Chemical 

Reviews, 108(6), 2064-2110. 

Leamon, C. P., and Reddy, J. A. (2004). Folate-targeted chemotherapy. Advanced Drug Delivery Reviews, 56(8), 1127-1141. 

Li, C. (2002). Poly (L-glutamic acid)–anticancer drug conjugates. Advanced Drug Delivery Reviews, 54(5), 695-713. 

Lim, J., Kostiainen, M., Maly, J., Da Costa, V. C., Annunziata, O., Pavan, G. M., and Simanek, E. E. (2013). Synthesis of large 

dendrimers with the dimensions of small viruses. Journal of the American Chemical Society, 135(12), 4660-4663. 

Maeda, H. (2001). The enhanced permeability and retention (EPR) effect in tumor vascularture: The key role of tumor-

selective macromolecular drug targeting. Advan Enzyme Regul, 41, 1898-207. 

Markman, M. (2006). Pegylated liposomal doxorubicin in the treatment of cancers of the breast and ovary. Expert Opinion 

on Pharmacotherapy, 7(11), 1469-1474. 

Maurya, A., Singh, A. K., Mishra, G., Kumari, K., Rai, A., Sharma, B., and Awasthi, R. (2019). Strategic use of nanotechnology 

in drug targeting and its consequences on human health: A focused review. Interventional Medicine and Applied 

http://www.ijper.org/article/259


Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

33 

Science, 11(1), 38-54. 

Moghimi, S. M., and Szebeni, J. (2003). Stealth liposomes and long circulating NPs: critical issues in pharmacokinetics, 

opsonization and protein-binding properties. Progress in Lipid Research, 42(6), 463-478. 

Moghimi, S. M., Hunter, A. C., and Murray, J. C. (2001). Long-circulating and target-specific NPs: theory to 

practice. Pharmacological Reviews, 53(2), 283-318. 

Mozafari, M. R., Reed, C. J., and Rostron, C. (2007). Cytotoxicity evaluation of anionic nanoliposomes and nanolipoplexes 

prepared by the heating method without employing volatile solvents and detergents. Die Pharmazie-An International 

Journal of Pharmaceutical Sciences, 62(3), 205-209. 

Ou, L., Song, B., Liang, H., Liu, J., Feng, X., Deng, B., and Shao, L. (2016). Toxicity of graphene-family NPs: a general review of 

the origins and mechanisms. Particle and Fibre Toxicology, 13, 1-24. 

Palazzolo, S., Bayda, S., Hadla, M., Caligiuri, I., Corona, G., Toffoli, G., and Rizzolio, F. (2018). The clinical translation of 

organic nanomaterials for cancer therapy: a focus on polymeric NPs, micelles, liposomes and exosomes. Current 

Medicinal Chemistry, 25(34), 4224-4268. 

Pelicano, H., Martin, D. S., Xu, R. A., and Huang, P. (2006). Glycolysis inhibition for anticancer treatment. Oncogene, 25(34), 

4633-4646. 

Rawat, M., Singh, D., Saraf, S. A. S. S., and Saraf, S. (2006). Nanocarriers: promising vehicle for bioactive drugs. Biological 

and Pharmaceutical Bulletin, 29(9), 1790-1798. 

Roco, M. C., Williams, R. S., and Alivisatos, P. (Eds.). (2000). Nanotechnology research directions: IWGN workshop report: 

vision for nanotechnology in the next decade. Springer Science and Business Media. 

Ross, J. S., Schenkein, D. P., Pietrusko, R., Rolfe, M., Linette, G. P., Stec, J., and Hortobagyi, G. N. (2004). Targeted therapies 

for cancer 2004. American Journal of Clinical Pathology, 122(4), 598-609. 

Shin, W. K., Cho, J., Kannan, A. G., Lee, Y. S., and Kim, D. W. (2016). Cross-linked composite gel polymer electrolyte using 

mesoporous methacrylate-functionalized SiO2 NPs for lithium-ion polymer batteries. Scientific Reports, 6(1), 26332. 

Sievers, E. L., and Senter, P. D. (2013). Antibody-drug conjugates in cancer therapy. Annual Review of Medicine, 64, 15-29. 

Stewart, B. W., and Kleihues, P. (Eds.). (2003). World cancer report (Vol. 57). Lyon: IARC press. 

Swaminathan, S., Pastero, L., Serpe, L., Trotta, F., Vavia, P., Aquilano, D., and Cavalli, R. (2010). Cyclodextrin-based 

nanosponges encapsulating camptothecin: Physicochemical characterization, stability and cytotoxicity. European 

Journal of Pharmaceutics and Biopharmaceutics, 74(2), 193-201. 

Tabata, Y., Murakami, Y., and Ikada, Y. (1997). Photodynamic effect of polyethylene glycol–modified fullerene on 

tumor. Japanese Journal of Cancer Research, 88(11), 1108-1116. 

Tiwari, J. N., Tiwari, R. N., and Kim, K. S. (2012). Zero-dimensional, one-dimensional, two-dimensional and three-

dimensional nanostructured materials for advanced electrochemical energy devices. Progress in Materials 

Science, 57(4), 724-803. 

Torchilin, V. P. (2005). Recent advances with liposomes as pharmaceutical carriers. Nature reviews Drug Discovery, 4(2), 145-

160. 

Wang, X., Yang, L., Chen, Z., and Shin, D. M. (2008). Application of nanotechnology in cancer therapy and imaging. CA: a 

Cancer Journal for Clinicians, 58(2), 97-110. 

Wisse, E., Braet, F., Luo, D., De Zanger, R., Jans, D., Crabbe, E., and Vermoesen, A. N. (1996). Structure and function of 

sinusoidal lining cells in the liver. Toxicologic Pathology, 24(1), 100-111. 

Wu, J., Liu, Q., and Lee, R. J. (2006). A folate receptor-targeted liposomal formulation for paclitaxel. International Journal of 

Pharmaceutics, 316(1-2), 148-153. 

Yih, T. C., and Al‐Fandi, M. (2006). Engineered NPs as precise drug delivery systems. Journal of Cellular Biochemistry, 97(6), 

1184-1190. 



34 

Chapter 05 
 
 

Role of Nanoparticles in the Treatment of Renal Cancer 
 

Hassaan Bin Sajid1, Amisha Naz2, Laiba Naeem*3, Bint-e-Zahra3, Muhammad Zeeshan Haider5, Safoora Murad3, 

Hafiz Aamir Ali Kharl,4 Muhammad Usama Javed6 and Muhammad Ijaz Saleem8  
 
1CABB Department, University of Agriculture, Faisalabad, Pakistan 
2Department of Food Science and Technology, University of Agriculture, Faisalabad, Pakistan 
3Department of Chemistry, Faculty of Science, University of Agriculture, Faisalabad, Pakistan  
4Department of Pharmacy, University of Agriculture, Faisalabad, Pakistan 
5Department of Human Nutrition and Dietetics, NIFSAT, University of Agriculture, Faisalabad, Pakistan 
6Faculty of Veterinary Science, University of Agriculture, Faisalabad, Pakistan 
7Department of Parasitology, University of Agriculture, Faisalabad, Pakistan 
8Department of Clinical Medicine and Surgery, Faculty of Veterinary Science, University of Agriculture, Faisalabad, Pakistan 

*Corresponding author: laibanaeem401@gmail.com  

 

ABSTRACT   

The human urinary system consists of two kidneys which are amenable to filtering the blood and releasing metabolic 

waste in the form of urine through the renal glomerulus. The kidneys face major challenges due to the drug delivery 

system leading to treatment failure in multiple renal diseases. Since existing treatments for chronic kidney disease (CKD) 

are mostly unsuccessful, the condition has a significant impact on worldwide public health. Quick detection and 

appropriate therapy are important for the upcoming thwarting and emergence of CKD. Nanosystems having several 

physicochemical characteristics such as size, shape, density, surface, and charge with low cytotoxicity, compliant 

pharmacokinetics, cell internalization, and biodistribution, have shown positive results for renal therapy. Several forms of 

NPs have been utilized as drug carriers for renal treatment. Conversely, nanoparticles (NPs) having the size of 8nm 

cannot pass through the kidney. Still, all the nanostructures can be suitable and nontoxic if the nanoparticles’ diameter is 

over the asymptotic value of 6nm for kidney filtration. As a result, the development of NPs in medicine has offered fresh 

approaches to the possible detection and management of kidney cancer. 
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INTRODUCTION 
 

 Cancer is a general term for a group of diseases defined as unbridled division and disruption of cells (Chandraprasad 

et al., 2022). Many years of intensive work have been devoted to identifying potential cancer risk factors. The genesis of 

some malignancies has been strongly linked to particular environmental variables including pollution and radiation but 

detrimental lifestyles like chronic stress, insufficient sleep, poor hygiene, consuming alcohol and sugary drinks, and 

unhealthy fats critically influence the cancer susceptibility assessment (Marino et al., 2024). Although these outside 

variables have been identified as important contributors to cancer, it has been difficult to determine how many proto-

oncogene mutations, tumor suppressor gene expression patterns, and DNA repair genes are involved (Chen et al., 2020). 

Exclusively, 5-10% of instances of cancer are caused by genetic factors. Aging also contributes to many distinct cancer 

forms (Klein, 2021). 

 In the past few years, the number of renal suffers has greatly grown. Chronic kidney disease (CKD) and acute kidney 

injury (AKI) are the two main types of renal disorders (Liu et al., 2021). Moreover, it is considered that AKI and CKD are 

intimately related. In the modern world, the prevalence of renal pelvis and kidney cancer has increased dramatically 

(Cassell III et al., 2021). Renal cell carcinoma, also known as RCC, is a sneaky tumor that causes around 2% of cancer 

cases and deaths globally, and its incidence is expected to rise (Padala et al., 2020). The majority of RCCs are found in 

the kidney's cortex, which is made up of the collecting duct, tubular apparatus, and glomerulus. In terms of histology 

and behavior, malignancies of the renal pelvises are similar to urothelial (bladder) cancer. Hematuria, flank discomfort, 

and palpable masses are the "classic triad" of symptoms that just 10% of patients have at first. Additional typical 

symptoms include weight loss, leukocytosis, and fever. Moreover, around 20% of patients have a range of 
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paraneoplastic syndromes, such as hypertension brought on by an excess of renin, polycythemia from erythropoietin, 

Cushing's syndrome from adrenocorticotropic hormone (ACTH), and hypercalcemia from parathyroid-related hormone 

peptide (Satwikananda et al., 2023). Sometimes, because of tumor involvement and occlusion of the left-side renal vein, 

a diagnosis of left-sided varicocele raises the possibility of RCC. Surgical resection and ablation of the neoplasm or 

percutaneous biopsies with immunohistochemistry (IHC) staining are the two methods used to determine systemic 

therapy, depending on the patient's features and the severity of the illness (Vasiniotis Kamarinos et al., 2022). The 

immunohistochemical stain for programmed death ligand-1 (PDL1), an immunosuppressive marker, has gained 

significant predictive power because PD-1 inhibitors, such as pembrolizumab and nivolumab, have been used as the 

first-line treatment for PDL1-positive metastatic illness (Sekino et al., 2023). About 8.2% of patients had PDL1-positive 

disease, which is linked to more advanced illness and a worse chance of survival (Cabezón-Gutiérrez et al., 2021). 

Radiation and chemotherapy are extremely resistant to even PDL1-negative diseases. Various targeted treatments (such 

as sunitinib, a VEGF tyrosine kinase inhibitor) and immunotherapies (like aldesleukin (IL-2)) are commonly used in the 

treatment of metastatic illness. 

 Based on GLOBOCAN statistics from 2018, an estimated 403,000 individuals receive a diagnosis of kidney neoplasms a 

year, accounting for 2.2% of the total number of cancer diagnoses. From these, about 148,800 cases are ascertained in 

females and 254,500 in males, indicating an about 1.7 relative risk (RR) difference between men and women. Men and 

women have a cumulative worldwide risk of 0.69% and 0.35%, respectively, of acquiring the condition. As a result, the age-

standardized rate (ASR) for men and women is 6.0 and 3.1, with a global average of 4.4. Belarus is the state in the world 

with the predominant cases of about 16.8/100,000 but the effective incidence in several countries in central Africa is close 

to or equal to 0. In the developed world, RCC is the seventh utmost type of neoplasm. According to the surveillance, 

epidemiological research, and results, around 74,000 new cases of renal cancer were detected in the US in 2019, making up 

4.2% of all cancer diagnoses. The first reported rate of prevalence was 7.1/100,000 in 1975. Moreover, this led to a 

4.9/100,000 incidence rate in 2016. This consistent increase has made renal cancer one of the rapidly growing cancers 

(Padala et al., 2020). 

 The primary methods for treating cancer are chemotherapy, irradiation, and surgical excision (Debela et al., 2021). The 

use of these conventional methods relies on the cancer type and maturation level of the cancer. The core treatment 

method is chemotherapy used for restricted and metastatic types of cancer which can be applied alone or concocted with 

the rest of therapies. Although, there are some drawbacks to conventional chemotherapy (Pedziwiatr-Werbicka et al., 

2021). Foremost among them is limited aqueous solubility because most chemotherapeutics, whether synthetic or derived 

from plants, are hydrophobic and need solvents to manufacture the dose form, they can be quite hazardous. The second 

one is the nondiscrimination of anticancer drugs which can harm quickly reproducing normal cells and are non-selective 

for tumor cells. Another drawback is multidrug resistance or MDR which is mostly caused by elevated efflux pumps in the 

cell membrane, such as P-glycoprotein (Pgp), which are in charge of removing different anticancer medications from cells 

(Catalano et al., 2022). 

 In the last few years, strong tools for the diagnosis, imaging, and treatment of several illnesses and ailments have 

been revealed which are nanoparticles (NPs) and nanomedicines. The term "nanotechnology" refers to technology applied 

at the nanoscale. The ultrafine particles known as nanoscale/nanoparticles range in size from 1 nm to 1000 nm (Prerna and 

Ratan, 2021). When it comes to highly specialized medical intervention at the molecular level for illness detection, 

prevention, and therapy, nanomedicine is a significant field within nanotechnology. NPs have the potential to be utilized 

for molecular targeting and diagnostic imaging of many kidney disorders, such as AKI and CKD (Paluszkiewicz et al., 2021). 

Nanoparticles and Nanomedicines have specificity, diversity, and efficiency which could handle the difficulty of renal 

disease treatment. However, obstacles to their systemic administration and tailored distribution have hampered the 

implementation of nano-based therapies, despite their tremendous potential for treating renal disorders. These obstacles 

may arise during blood circulation, kidney entrance, or while traveling to specific kidney locations. Luckily, new research 

has indicated ways to enhance the movement of NPs from the bloodstream to the kidneys and their retention there, 

potentially resolving both issues. 

 Researchers conducted a groundbreaking study that demonstrated the ability of polymeric nanoparticles made of 

poly (methyl methacrylate) (PMMA) to enter renal tissue through systemic circulation. Renal-targeted drug delivery system 

(DDS) research began in the 1990s. In 1994, actinomycin D-loaded poly (isobutylcyanoacrylate) nanoparticles (NPs) 

localized in rat mesangial cells were used to describe the first targeted drug delivery method for glomerular mesangial 

cells. The exponential rise of nanomedicine as a whole has greatly accelerated subsequent research advancements in this 

area. Targeted nanoparticles (NPs) have emerged as a viable delivery system for tailored therapeutics in preclinical and 

clinical studies in laboratory settings, both in academia and industry (Oroojalian et al., 2020).  

 

Nanoparticles in Renal Cancer Diagnosis 

 Evaluation of early and particular indicators is thought to be essential for forecasting the early development and 

course of nephropathy. Consequently, CKD might be avoided and consequences like infection, hypertension, anemia, and 

heart failure could be decreased with the use of an efficient intervention therapy (Kalantar-Zadeh et al., 2021). 

Nonetheless, the conventional diagnostic ways are currently accessible but have some drawbacks such as disruption and 

insensitivity. That’s why, NPs may be crucial for the rapid detection of CKD with substantial sensitivity. CKD can be detected 
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in two ways which include nanoimaging and nano-biomakers. 

 

Nanoimaging 

 Kidney function is directly described by glomerular filtration rate (GFR). However, the contrast agent iohexol, which is 

used for this operation, might cause acute renal damage, making this form of detection uncomfortable. The CKD-

epidemiology collaborative (CKD-EPI) formula, often known as eGFR, is frequently used by doctors to estimate GFR. 

However, tubular cells could absorb and secrete a small amount of creatinine, which reduced their ability to detect CKD in 

its early and late stages (González-Nicolás et al., 2024). In contrast, different fluorescent NPs, such as Q-dots, gold, and 

silica NPs, have been identified to offer four unique advantages over existing techniques in the assessment of GFR (Bhatt et 

al., 2024). Firstly, they did not produce any toxicity or disrupt in vivo metabolism. Secondly, the wavelengths of absorption 

and emission were in the visible range, with the near-infrared area being more favorable. Thirdly, glomeruli can completely 

filter them but cannot be absorbed and secreted through the tubules. NPs were convenient to develop and also 

affordable. Fluorescent semiconductor nanocrystals, or Q-dots, are examples of commercially accessible nanomaterials 

that have been extensively used in the biological area. Moreover, a variety of disorders, including cancer, have been 

extensively studied using extremely sensitive and reasonably priced near-infrared fluorescence imaging. However, 

preclinical research on noninvasive fluorescence imaging for renal insufficiency and staging is currently ongoing. 

Glutathione-coated gold nanoparticles (GS-AuNPs), which are renal-clearable and produce near-infrared light, have been 

employed by several scientists as a contrast agent in renal-function fluorescence imaging. In rats exhibiting unilateral 

ureteral obstruction (UUO), they discovered that this nanotechnology was effective for reporting the phases of kidney 

impairment and for noninvasively monitoring kidney disease (Huang, 2020). Additionally, they were able to pinpoint the 

malfunction that was present in kidney phases that corresponded with renal impairment as determined by pathological 

evidence. It is verified nowadays that both blood urea and serum creatinine are insufficient to identify renal impairment 

but nanomedicine can act as a potential identifier for this act. At first, they used GS-AuNPs to demonstrate that they were 

harmless and had no effect on metabolism in vivo by fluorescent imaging renal clearance kinetics in healthy mice. 

However, there are no structural changes and also discovered a very low deposition in the supporting tissues shown by the 

kidneys of mice. The visible and IR ranges having wavelengths of (~800nm) were emitted from gold NPs coated with 

glutathione. GS-AuNPs could be effectively eliminated from the body through the kidneys because of their smaller 

diameter (Ma et al., 2020). Currently, there are a variety of renal-clearable NPs accessible, including carbon dots, palladium 

nanosheets, iron oxide NPs, copper nanoparticles (CuNPs), silica NPs (SiNPs), and AuNPs, making the use of NPs in 

noninvasive-kidney-imaging-feasible. Significantly, NP imaging assesses renal tenderness and fibrosis as well as correctly 

identifies the phases of kidney failure, suggesting that this technique may be utilized in the future to both identify renal 

function and invasively study pathology (Paluszkiewicz et al., 2021). 

 

Nano-Biomarkers 

 The risk factor for incident CKD and the advancement of CKD is albuminuria. The standard dipstick for urinalysis was 

only positive when the level of albumin in the urine was more than 30 mg/dL (Sumida et al., 2020). Urine albumin dipsticks 

or different specific antibody techniques can be used to test for microalbuminuria. However, these methods are 

inappropriate and insensitive. Raman spectrometers are readily accessible for purchase, and SERS offers several benefits 

including high sensitivity, easy sample preparation, quick analysis, and rapidity (Kołątaj et al., 2020). For instance, this 

method makes use of the analyte-absorbing silver NP surface, which might greatly increase the Raman signal. The minor 

value shows the authenticity of this procedure than any other conventional methods for tracking microalbuminuria. As 

previously reported, urine albumin may be detected relatively quickly and without the need for sample pre-processing. 

Currently, commercial tools that provide microalbuminuria point-of-care screening are accessible. The biological 

compatibility and conductivity of the newly developed disposable electrochemical immunosensor for point-of-care 

microalbuminuria testing were improved by the use of Au nanoparticles on the electrodes. Nowadays dielectrophoresis 

has been used to prepare new types of mixed Nps that are covalently attached to the antibodies. Another advantage of 

this technology is that you can take samples from anywhere even from the house of the patients and send data to the 

electronic machines for early CKD identification (Ma et al., 2020). 

 A revolutionary multianalyte point-of-care device based on nanotechnology may be used to test hemoglobin, serum 

albumin, urine creatinine, and glycosylated red blood cells in addition to microalbuminuria. It may also be expanded to 

monitor additional protein indicators such as glycated albumin and serum creatine. This gadget helps identify diabetic 

kidney disease early on by comparing test findings with laboratory data; in the future, it may be utilized in distant 

underdeveloped countries. Cystatin C (CysC), kidney injury molecule-1 (KIM-1), and N-acetyl- β-D-glucosaminidase (NAG) 

are promising biomarkers against CKD (Jana et al., 2022). Research on the use of NPs to enhance an immunosensor's 

response in the identification of these biomarkers is becoming more and more extensive. A sandwich-style assay was used 

to produce an inexpensive amperometric immunosensor to identify CysC in human serum. Researchers applied Au NPs 

layer-by-layer to check the CysC response and achieved excellent results. A new Ru (II) complex molecule having self-

enhanced electrochemiluminescence (ECL) capabilities, called [Ru(dcbpy)2dppz]2+-DPEA, was also recommended. When 

this molecule was introduced into the DNA duplex, it became brilliantly luminous (Ma et al., 2020). They discovered NAG, a 

unique biomarker of diabetic nephropathy, by using DNA nanotechnology in combination with an ECL self-enhanced 
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molecule to provide an effective signal amplification approach. Similarly, KIM-1 level biomarkers are being used along with 

ECL biosensors for early renal damage. Then, Pt NPs are pertinent to enhance the efficiency of electron transfer (Yu et al., 

2022). So overall, nanotechnology is a very effective and sensitive instrument that has the potential to determine the early 

and accurate CKD diagnosis.  

 

Nanoparticles in Renal Cancer Therapy 

 Quick advancements in nanotechnology for the creation of nanomedicine agents have enormous potential to enhance 

cancer treatment strategies. Products in the nanomedicine space provide the chance to develop complex targeting 

techniques and multifunctionality. New cancer treatments have been developed and improved using a broad variety of 

nanoparticles based on lipids, synthetic polymers, and organic, inorganic, or glycan substances (Aghebati‐Maleki et al., 

2020). They have been examined for the treatment of renal cancer, such as; Drug delivery systems, nano surgery, and gene 

nanotherapy.  

 

Nanoparticles for Drug Delivery in Renal Cancer 

 NPs have been extensively studied for the transport of many kinds of medications because of their effective and safe 

specific drug delivery characteristic. NPs increased the medications' targetability, bioavailability, and pharmacokinetic 

qualities (Lee et al., 2023). Recently, it was demonstrated that thapsigargin NPs might effectively cure CKD by activating 

FoxO1 and Nrf2. Through the activation of Nrf2 and FoxO1, thapsigargin NPs prevented oxidative stress-induced cell death 

in human kidney tubular epithelial cells in vitro. Conversely, siRNA-mediated suppression of Nrf2 and FoxO1 increased the 

cytotoxicity caused by oxidative stress. It has been observed that thapsigargin NPs improved renal damage in an adenine 

diet-induced CKD rat model in vivo, suggesting that it is a viable treatment to stop or slow the course of CKD (Ma et al., 

2020).  

 Natural polyphenol resveratrol has anti-inflammatory properties that help with several renal disorders. However, the 

poor pharmacological properties of the compound reduce its applications. Consequently, a unique technique was 

employed to get over these restrictions, and NPs loaded with resveratrol were created. For example, the KIM-1 antibody 

that is present in the epithelial cells of the kidney KIM-1 antibody was overloaded with coupled with NPs and improved 

targetability. Resveratrol-loaded nanoparticles (NPs) were used to treat HK-2. This led to decreased toxicity, prolonged and 

regulated drug release, and inhibition of the inflammasome NLRP3, and IL-1β, two key players in kidney inflammation 

(Zhao et al., 2021). Adenine-induced CKD mice had elevated BUN and creatinine levels. The treated patients have low 

creatinine levels and they recovered earlier as compared to the patients that are treated with simple drugs. Creatinine 

levels were lowered and tubulointerstitial damage was lessened in the CKD animals after being treated with resveratrol-

loaded NPs or KIM-1-resveratrol-loaded NPs (Singh et al., 2022).  

 Numerous natural herbs have slowed the course of CKD and fibrosis, but their benefits were insufficient when used 

alone. A compound known as salvianolic acid B is derived from the conventional herb, and it is used to recover the 

epithelium of the human renal proximal tubular cell and suppress the cancer-producing cells (Liang et al., 2024). Studies 

have demonstrated that salvianolic acid B-phospholipid group encapsulation into nanoparticles (NPs) enhanced its oral 

bioavailability and intestinal absorption. That’s why, CKD can be treated potentially by using nanotechnology in TCM 

herbal medicines. The initial treatment was ferrous sulfate (FeSO4) for deficiency of iron. Moreover, the ferrous sulfate 

(FeSO4) use had some limitations like poor bioavailability, low absorption rate, and adverse effects. Nonetheless, liposomal 

NPs are also applicable to the drug delivery process. Liposomal NPs improved the absorption of iron and resolved certain 

noncompliance issues. CKD was often associated with hyperphosphatemia. The phosphate binders have some 

disadvantages, including a significant risk of hypercalcemia, a high price tag, a low to moderate level of effectiveness, and 

unfavorable gastrointestinal side effects. To overcome these drawbacks, Fe (III) deposition methods and phosphate binders 

reliant on iron-ethylenediamine with nonporous silica (Fe-EDA-SAMMS) were selected for substrates. The Fe-EDA-SAMMS 

material had a greater capacity to bind phosphate, a faster rate of phosphate binding, a wider pH operating window, and 

was far less impacted by the other anions than other typical phosphate binders. Several nanodrugs, including sevelamer 

carbonate, have previously received approval from the US FDA (Food and Drug Administration) for use in 

hyperphosphatemia (Ma et al., 2020). 

 

Nano Surgery  

 Femtosecond laser systems, nanotweezers, nanoneedles, and nano-knives are the nanodevices that are applicable to 

reduce the disruption of adjacent tissues at the stage of unitary cells (Paluszkiewicz et al., 2021). Nanoneedles can offer the 

appropriate and safe local dispatch of active materials through a transdermal way. The efficiency of anticancer treatment 

can be increased by directly delivering drugs into the cytoplasm of cells through the use of diamond nanoneedle arrays. 

Nano tweezers can control the both adjusting and operating of nanostructures. Silicon nano tweezers were used in 

medicine, for instance, to manipulate DNA molecules and make them easier to characterize. The nano-knives, which made 

a 20 nm incision, were a revolutionary tool in neurosurgery that made it possible to isolate and sever a single axon during 

peripheral nerve surgery. With its ability to irreversibly electroporate solid tumors, the nano-knife seems to be a 

breakthrough weapon in oncology.  

 The surgery processes mainly orthopedic and nano surgery are designed by the participation of NMs (Sedra et al., 
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2021). Because of their superior biocompatibility, titanium-based NMs are utilized in the manufacture of implants, which 

can lessen postoperative discomfort and hasten the healing of wounds. NMs have been used in dentistry as well. 

Antibacterial silver, chitosan, copper oxide, or zinc oxide nanoparticles are great substrates for composite adhesives. 

Consequently, titanium oxide nanotubes make up the implant's surface (Liu et al., 2020). 

 

Gene Nanotherapy 

 Gene therapy is another area of medicine that is quickly expanding because of nanotechnology; research in this field 

focuses on changing gene expression. The transfer of small interfering RNA (siRNA) to cells using nanocarriers such as lipid 

NPs is one method utilized to alter gene expression. Here, translation is prevented by siRNA's degradation of the target 

mRNA, which results in gene silence (Huang and Xiao, 2022). One such lipid-based nucleic acid-lipid nanoparticle that 

targets the growth factor for vascular endothelial cells is ALN-VSP (Alnylam). Using RNA interference, patients with 

advanced solid tumors have their production of KSP and VEGF downregulated when NPs are coupled with siRNAs that 

target these two proteins. Treatment for malignant conditions including brain tumors and neurodegenerative disorders 

can be greatly improved by targeted molecular therapy, which alters the expression of certain genes. Mutating the gene 

for P-glycoprotein, a protein that exports drugs out of cells and helps to remove numerous foreign substances, is another 

advantage of molecular targeted therapy that may help to solve the multi-drug resistance issue (Emran et al., 2022). The 

cytotoxicity of chemotherapeutic drugs towards cancer cell lines can be improved by developing a nanosystem for the 

simultaneous administration of siRNA (lowering the level of expression of P-glycoprotein genes) and an anti-cancer agent 

utilizing mesoporous silica NPs (Paris and Vallet-Regí, 2020). 

 

Conclusion 

 A promising method for early CKD diagnosis and tracking the disease's course to ensure that treatment and 

preventative measures are implemented right away is nanotechnology. Nanosystems are better than other therapeutic and 

diagnostic methods because it provide invaluable insights by identifying and selecting specific disease areas. Some 

biomarkers, including hemoglobin, serum albumin, urine creatinine, glycosylated hemoglobin, CysC, NAG, and KIM-1, have 

been supplied using this technique. Additionally, effective signals have been enhanced using SERS, among other methods. 

Moreover, NP imaging can detect the kidney malfunctioning phases and also determine the fibrosis and inflammation of 

the kidney which could relegate the intrusive renal therapies eventually. 
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ABSTRACT   

The physicochemical features of nanoparticles offer a novel method to combat bacterial infections and antibiotic 

resistance using nanotechnology. These particles, which have a size range of 1 to 100 nanometers, have improved 

surface areas, changed optical, chemical, and magnetic characteristics, and quantum effects. These features enable 

precision targeting and minimal toxicity in customized medicine. Silver, gold, copper, zinc oxide, and other metal and 

metal oxide nanoparticles have demonstrated exceptional antibacterial activity against a variety of diseases. Particularly 

noteworthy for their extraordinary properties are zinc oxide nanoparticles, which are used in healthcare, cosmetics, 

medicine, and agriculture. Customized nanoparticle patterns may be achieved by a variety of synthesis techniques, such 

as chemical reduction and green synthesis. The processes behind the antibacterial effect include rupture of cell 

membranes, formation of reactive oxygen species, and modification of enzyme activity, which are all affected by the size, 

shape, charge, and environment of nanoparticles. Additionally, membrane proteins that are affected by nanoparticles 

can denature proteins and cause cell death. The study's overall findings highlighted the advantages of nanoparticles 

antibacterial activity having more alone against some bacteria but in combination with traditional antibiotics were 

somehow reduced against bacteria. Some studies suggest that improving nanoparticle formulations could be an 

effective way to combat bacterial infections and address the growing issue of antibiotic-resistant bacteria. To sum up, 

nanoparticles are a viable tool for improving illness management and battling antibiotic resistance. 
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INTRODUCTION 
 

 A prevalent illness that commonly affects entire herds of cattle is bovine mastitis. Resistant bacteria with the ability to 

form biofilms are frequently the reason. Because of the remarkable qualities of nanoparticles, the quickly developing 

scientific field known as nano-biotechnology may be able to treat this sickness. The purpose of the study was to look at 

how treatment with copper and silver nanoparticles, either separately or in combination, inhibited the biofilms produced 

by mastitis pathogens (Pedersen et al., 2021). 

 New alternative treatments for cow mastitis may employ nanoparticles. We identified the nanoparticles' 

physicochemical characteristics, minimal inhibitory concentration, and interactions with the cell membrane, besides 

measuring the degree of biofilm reduction. According to the findings, out of all the nanomaterials examined, the silver–

copper complex was the most active (biofilm was decreased by almost 100% at a concentration of 200ppm for each tested 

microorganism species). But individual silver nanoparticles were equally effective (biofilm was reduced by about 100% at 

https://doi.org/10.47278/book.CAM/2024.268
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200ppm, but the level of decrease was less at 50 and 100ppm than for the complex) (Joshi et al., 2020). 

 A wide range of bacterial pathogen-caused illnesses, along with the emergence of multidrug resistance in their genes, 

necessitate the development of novel therapeutic compounds or new vectors for efficient drug administration and 

improved disease management. Nanoparticles have become a distinctive class of drugs in the last decade and are being 

utilized in a wide array of industrial domains, comprising medicines, cosmetics, healthcare, and agriculture (Mascarenhas-

Melo et al., 2023).  

 Nanotechnology is an emerging field with the potential to completely transform various scientific disciplines. Because 

of their size and form, nanomaterial has a wide diversity of uses and are an important topic in both basic and applied 

sciences (Nasrollahzadeh et al., 2019).  

 Particles with a size series of 1 to 100 nanometers in at least one aspect are called nanoparticles. Materials like as 

metals, metal oxides, polymers, and carbon-based materials such as graphene can be castoff to create them. Because of 

their small size, these particles have special characteristics not seen in bulk materials, such as improved surface area, 

quantum effects, and changed chemical, optical, and magnetic assets (Rizwan et al., 2021). 

 Current investigation using metal nanoparticles like as silver, gold, copper, and iron as well as metal oxide 

nanoparticles such as ZnO, CuO, Ti₂O, and FeO nanoparticles remains to use nanoparticles as an antibacterial agent 

(Naseem et al., 2021). 

 Nanoparticles have a vast external area to bulk relation, which allows ligands to drag to the surface of the nanoparticle 

in large numbers and consequently interact with receptors on the surface of bacteria. Nanoparticles have strong 

antimicrobial action. The current effort focuses on the distinct mechanisms that numerous nanoparticles used to regulate 

bacteria, as well as their differential bond to the surfaces of Gram positive and Gram negative bacteria (Elbourne et al., 

2019). 

 

Kinds of Nanoparticles 

 Metal nanoparticles, which are prepared for metals such as iron, gold, silver, or platinum, have a wide range of usages 

in fields like electronics, environmental remediation, medicine, and catalysis.  

 Alkaline oxide nanoparticles, such iron oxide (Fe₂O₃), zinc oxide (ZnO), and titanium dioxide (TiO₂), are utilized as 

pigments, sunscreens, sensors, and catalysts.  

 Carbon nanoparticles—which include graphene, fullerenes, and carbon nanotubes (CNTs)—are used in a number of 

industries, including composites, electronics, energy storage, and medicinal research. 

 Polymeric nanoparticles, which come from either natural or synthetic polymers, are used in cosmetics, imaging agents, 

and medicine delivery.  

 Semiconductor nanoparticles, known as quantum dots, which have size-dependent optical and electrical 

characteristics, are essential parts of solar cells, displays, and biomedical imaging. 

 Lipid-based nanoparticles, which are composed of lipids or compounds that resemble lipids, are essential components 

of gene therapy and medication delivery systems (Soltys et al., 2021). 

 Various techniques are utilized in the creation of nanoparticles, each designed to provide particles with specific 

possessions, including size, shape, and composition. Here are a few typical techniques: 

 To create nanoparticles, chemical reduction involves reducing metal ions in a solution; for example, to make gold 

nanoparticles, reduce gold ions with agents such as citrate or sodium borohydride. The Sol-Gel Process, which is regularly 

used for metal oxide nanoparticles such as titania or silica, uses the hydrolysis and condensation of metal alkaline oxides or 

chlorides in a solution to make a colloidal suspension of nanoparticles.  

 In a limited micro emulsion system, micro emulsion permits for the founding of nanoparticles inside micelles, 

providing control over the size and disparity of the particles. By consuming a triggering agent to remove metal salts from a 

solution, precipitation makes nanoparticles. The size and form of the final product may be controlled by varying reaction 

parameters, such as pH, temperature, and concentration (Sharma et al., 2018). 

 

Synthesis of Nanoparticles by Biologically 

 Green synthesis is an environmentally benign method of making nanoparticles with special features by reducing metal 

ions and creating nanoparticles from natural sources, such as plant extracts or microorganisms. Without the usage of 

chemical reduction agents, laser ablation creates nanoparticles via ablation of a target material in a liquid environment 

using a high-energy laser. By electrochemically reducing metal ions onto an electrode surface, electrochemical deposition 

generates nanoparticles with attractive control over their size and structure. By regulatory the size and form of 

nanoparticles during synthesis, templates such as porous materials or biological molecules are castoff in template-assisted 

synthesis to give further control over the possessions of the final product. These methods show numerous ways to the 

synthesis of nanoparticles, each with distinctive benefits and chances for modified nanoparticle design as shown in Fig. 1 

(Roostaei et al., 2023). 

 This is only one of the numerous methods by which nanoparticles can be created. Scientists continually develop new 

techniques to modify nanoparticles for specific applications in medicine, electronics, biomedical imaging, and catalysis. The 

choice of production process is dependent upon several aspects, including cost-effectiveness, scalability, and preferred 

nanoparticle assets. Each approach has merits and demerits (Zahin et al., 2020). 
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Categorization of Nanoparticles  

  Various categorization techniques, comprising dynamic light scattering (DLS), energy-dispersive X-ray analysis (EDAX), 

atomic force microscopy (AFM), Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), 

transmission electron microscopy (TEM), UV–visible spectroscopy (UV–Vis), and X-ray diffraction spectroscopy (XRD), may 

be engaged to closely observe the figure, dimension, surface characteristics, and additional biological possessions. There 

are numerous imaging technologies existing for use in the medical industry nowadays. The most popular ones are 

ultrasonic (USI), optical, and magnetic resonance imaging (MRI). Magnetic and luminescent/fluorescent nanoparticles have 

made major contributions to the development of bio imaging techniques among these imaging instruments. Magnetic 

NPs are usually utilized for MRI, although fluorescent NPs, such AuNPs, are commonly employed for OI. Apart from 

inorganic nanoparticles like iron oxides and aurum, viral particles have also been shown to be useful for imaging. This 

section will cover the uses of these NPs for MRI and OI, as well as provide some examples of inorganic and organic NPs 

employed in these fields (Patil et al., 2022).  

 

  
 

Fig.1: Biological synthesis of zinc oxide nanoparticles. 

 

  
 

Fig. 2: Green synthesis of zinc nanoparticle and their characterization.  
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Kinetics of Nanoparticles 

 Some of the nanoparticle's physicochemical characteristics are changed by its form. The form of the nanoparticle 

determines how it interacts with the bacterial membrane. Its effective surface area and active facets are altered by the 

transition from a spherical to a rod-shaped to a triangular form. Compared to rod- or spherically shaped nanoparticles, 

triangle-shaped nanoparticles exhibit superior bacterial cell membrane contact and, thus, greater toxicity. The discharge of 

a Zn+2 ion from zincoxide nanopartical is also influenced by its shape. Shape has an impact on Zn+2 ion release and 

nanoparticle dissolubility in the water medium by influencing total surface area. When compared to rod-shaped ions, three 

dimension-shaped zinc-oxide nanoparticle releases Zn+2 ion additional efficiently (Agarwal et al., 2018).  

 

Mechanism of Nanoparticles 

 The advancement of nanotechnology presents novel opportunities for managing microorganisms resistant to drugs as 

well as associated illnesses and infections. The wide range of organic phytochemicals surrounding green-synthesized 

nanoparticles helps them interact with various microbial surface receptors, such as proteins, lipids, phospholipids, and 

lipoteichoic acid. The bacterial complication of the nanoparticle stops the development and production of biofilms (Dua et 

al., 2023). 

 The current study also shows how many physiological characteristics of nanoparticles, such as their size, shape, surface 

charge, and concentration, affect their ability to prevent bacterial growth. It has also been shown how various working 

circumstances, such as temperature and pH, affect the antibacterial activity of nanoparticles (Pareek et al., 2018). 

 NPS have demonstrated effectiveness in substituting particular direct sick genes implicated in cancer, specific viral 

infections, and other genetic illnesses. They are also employed as gene delivery devices. Sadly, the immunological 

reactions that cationic nanoparticles can elicit restrict their application. Moreover, NPs have been applied to cellular 

imaging to identify alterations in cells both in vivo and in vitro. NPS can be more effectively targeted by conjugating them 

with moieties like antibodies and other ligands. Despite their potential proficiency as medicine or gene transporters, there 

are less NPs in medical usage than one would assume centered on the vast premedical investigations. This is mostly 

because of possible toxicity caused by poorly understood mechanisms, which is particularly true when NPS are taken on a 

long-term basis. Like any other substance or medication, the delivery technique and exposure to nanoparticles (NPS) 

dictate their toxicity. NPS can penetrate the body through the skin, be injected, swallowed, or breathed. The organ-specific 

toxicity of NPS upon exposure is determined by the injection method and systemic dispersion. Unintentional exposures 

include inhaling particulate particles from the environment or industry sites (Dionisi and Silva, 2016). 

 Nanoparticles have become highly effective antibacterial agents in the last ten years, providing tailored medication 

with low toxicity and precise targeting. They have demonstrated potential in the fight against bacteria resistant to 

antibiotics by obstructing their food supply or rupturing their cell membranes. Nanoparticles' high surface-area-to-volume 

ratio allows them to host a wide variety of ligands, which improves the targeting of harmful microorganisms. Silver, gold, 

copper, iron, zinc oxide, titanium oxide, and copper oxide are just a few of the alkali and alkaline oxide nanoparticle that 

have shown antibacterial qualities. Particularly zinc oxide nanoparticles have attracted a lot of interest because of their 

special optical, electrical, and therapeutic properties. Because of their quick electron transport kinetics and high degree of 

biocompatibility, ZnO nanoparticles are a good fit for biological membrane applications (Jiang et al., 2018). 

 Using plant components, bacteria, fungi, algae, and organic materials to create nanoparticles is known as "green 

synthesis" (Fig. 2). Plant metabolites function as both a reducing and stabilizing agent, hence no additional stabilizing 

agent is required. Phytochemicals are easily manipulated at the laboratory scale and may help to create specialized 

medicinal uses for nanoparticles. Because they have multiple pharmacologically energetic biological molecules coated on 

their exterior, which enables numerous ligand-based conjugation of the nanoparticles with receptors microbial 

membranes, nanoparticles synthesized through the green route, for example, typically display enhanced antimicrobial 

action than nanoparticles derived physically or chemically (Fadaka et al., 2021).  

 These biomolecules, which are mostly flavones, organic acids, amides, polysaccharides, ketone, aldehyde, and 

quinones, are recognized to have important therapeutic effects against a variety of human pathogens. A recent 

investigation against microbial pathogenic spp. E. coli, S. aureus, B. subtillis, and K. pneumonia showed that the biologically 

produced silver nanoparticle (AgNP) produced a greater zone of inhibition than the chemically generated one. Tri-sodium 

and lemon-synthesized silver nanoparticles showed comparable outcomes, with lemon manufactured silver nanoparticles 

exhibiting superior antimicrobial activity contrary to both G+ and G- microbes (Gurunathan, 2019).  

 Influence of zinc oxide nanoparticles size, numerous microorganisms may be controlled by zinc oxide nanoparticles. 

The antibacterial properties of zinc oxide nanoparticles diminish as their size increases. The presence of soluble Zn+2 ions 

or the pH shift brought on by ZnO NP dissolving in water are thought to be the causes of ZnO NP's antibacterial action. 

Because a nanoparticle's solubility and size are inversely correlated, there must be an effective Zn+2 ion present to limit 

bacterial growth as shown in Fig. 3 (Ali et al., 2018). 

 

Pharmacodynamics of Nanoparticles 

 A number of mechanisms are employed by nanoparticles to function as antibacterial agents. Loss of cell membrane 

integrity brought on by phospholipid bilayer breakdown is regarded as one of the most significant mechanisms. The use of 

nanoparticles as Reactive oxygen species (ROS)-induced oxidative stress is yet another significant mechanism. By 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

44 

preventing or changing the cycles of DNA replication, protein synthesis, nutrients metabolism, and respiration, this reactive 

oxygen species molecule contributes to additional cell demised (Sies and Jones, 2020). 

 Bacterial membranes are easily penetrated by smaller nanoparticles, which result in membrane leakage and cell death. 

It is believed that the chief contrivance of microbial reticence is the penetration of nanoparticles into bacterial cells, which 

is significantly influenced by the size of the particles. Since aggregation causes the particles to become larger as a whole, it 

may potentially affect the antibacterial activity of the nanoparticles. Aggregation also limits the dispersion capacity of 

nanoparticles in aqueous media, impairing their overall anti-microbial activity as well as their potential to interact with 

bacterial cells (Ogunsona et al., 2020). 

 

 
 

 

Fig. 3: Impact of shape and size of ZnO-NP.  

 

 The external charge Because of their stronger electrostatic attraction to negatively charged cell membrane surfaces, 

positively charged nanoparticles exhibit greater toxicity towards microorganisms. Influence of the operational environment 

(culture media pH and temperature) ZnO NP's antibacterial activity is supported by a high temperature and an acidic pH 

(4–5). The assertion is supported by the findings. An acidic pH promotes more nanoparticle dissolution in the medium. The 

nominal Zn+2 ion concentration in media and, consequently, the antimicrobial activity is increased by the increased 

solubility of nanoparticles. Similar outcomes were recorded in another experiment. In which the medium's Zn+2 ion content 

was raised by lowering the pH from 9 to 7 (Stanić and Tanasković, 2020). 

 Raising the temperature causes ZnO NP to become more soluble. Another way that temperature contributes to the 

growth of ZnO NP's antibacterial activity is through the increased production of reactive oxygen species (ROS) by bacterial 

cells when exposed to high temperatures. ZnO NP's have superior antibacterial feat than soluble zinc compounds like zinc 

chloride because of their vigorous directing perspective, capacity to produce ROS in the cell membrane and subsequently 

disrupt cell membrane integrity, and ability to further aid in protein, lipid, and DNA denaturation. As a result, Zinc 

chloride's antibacterial activity is mostly related to its capacity to oxidize thiol groups on glycolytic enzymes, hence 

suppressing the glycolytic process due to the Zn+2 ion's unique attraction for the S group (Godoy-Gallardo et al., 2021).  

 It is known that certain nanoparticles have efflux pump-inhibiting properties. Bacterial cell membranes include efflux 

pumps, which are involved in expelling waste products and hazardous substances from the cell. These pumps are also 

known to carry antibiotics out of the cell, extending the life of the cell. When excess Zn+2 ions inside the cell reach 

dangerous amounts, Zn+2 efflux trailer protein (cation diffusion facilitator and P-type ATPase) exports them out of the cell. 

Because the bacterial cell could not recover with nutritional replacement. And another report that ZnONP had a 

bactericidal rather than bacteriostatic impact on C. jejuni bacterial culture (Ogunsona et al., 2020).  

 

ZnO-NPs Adjoining and its Movement Inside the Microbial Cell 

 The outer layer of the peptidoglycan, triple layer that makes up the cell walls of gram-positive bacteria contains 

porins. Ion channels called porins are found in the outer layer of peptidoglycan and help passive passage of nanoparticles 

throughout the cell. Porin has other functions that include recognition, cell-to-cell communication, and nutrition 

absorption by the cell. Shows the various strategies used by gram + and gram - bacteria for the attachment and internal 

transport of ZnO nanoparticles. Depending on their size and shape, ZnO NP can also be swallowed via membrane diffusion 

through membrane-based holes, nonspecific uptake, or endocytosis (David, 2021).  

 Zinc oxide nanoparticles have a tendency to liquefy in water solutions and release Zn+2 ions when a surface's free 
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energy changes. The electrostatic desirability of Zn+2 ions to negatively charged membranes is also deliberated to be a 

typical mechanism of nanoparticles addition to the cell surface. The concentration of Zn+2 rises in the microbial cytoplasm 

due to the native breakdown of linked zinc oxide nanoparticles, which results in membrane outflow and the loss of the 

proton motive force (Du et al., 2021).  

 Gram-negative bacteria are more vulnerable to the harmful effects of nanoparticles than gram-positive bacteria 

because the former have a thinner peptidoglycan layer and are less resistant to the interaction of nanoparticles with their 

cell membranes. Therefore, the first contact between nanoparticles and bacteria is significantly influenced by the thickness, 

content, and structure of the cell wall (Tavares et al., 2020).  

 Membrane permeability is reduced and cell death results from interactions between nanoparticles and membrane 

proteins that inactivate them. The morphology, size, and shape of the nanoparticle all influence its propensity to surround 

itself with a protein corona. They connect with a thiol group on this protein corona, which unfolds proteins and has the 

ability to denature them, ultimately resulting in cell death. Protein surface thiol or sulfhydryl (-SH) groups are reacted with 

by nanoparticles to generate a persistent S-metagroup, which inactivates the protein. Protein hydrogen ion loss reduces 

membrane permeability and results in cell death. Zn+2 release from the ZnO compound into the media containing bacteria 

and inhibition of enzymes is necessary for the basic metabolic processes that sustain life (Siddiqi et al., 2018).  

 

Conclusion 

 Nanotechnology presents a revolutionary avenue for addressing bacterial infections and antibiotic resistance, with 

nanoparticles emerging as potent antibacterial agents due to their unique physicochemical properties. These 

nanoparticles, usually extending from 1 to 100 nanometers in size, display distinct characteristics such as greater surface 

area, quantum effects, and improved optical, chemical, and magnetic properties, allowing accurate targeting and negligible 

toxicity in personalized medicine. Alkali and alkaline oxide nanoparticles, containing silver, gold, copper, iron, zinc oxide, 

titanium oxide, and copper oxide, have confirmed significant antibacterial efficacy against a broad spectrum of pathogens. 

Amid these, zinc oxide nanoparticles (ZnO NPs) have gathered particular consideration for their excellent optical, electrical, 

and medicinal points, making them suitable for numerous applications in medicine, cosmetics, healthcare, and agriculture. 

The creation of nanoparticles hires various methods, such as chemical reduction, sol-gel process, micro emulsion, and 

precipitation, as well as ecologically friendly methods like green synthesis and laser ablation, each donation unique 

advantages for custom-made nanoparticle design. The antimicrobial action of nanoparticles are accredited to several 

mechanisms, including disruption of cell membrane integrity, generation of reactive oxygen species (ROS)-induced 

oxidative stress, inhibition of efflux pumps, and modulation of enzymatic action. The size, shape, surface charge, and 

operational echo of nanoparticles comedy crucial roles in defining their antimicrobial efficacy, with smaller nanoparticles 

exhibiting higher toxicity and positively charged nanoparticles representing improved electrostatic attraction to bacterial 

cell membranes. Additionally, nanoparticles intermingle with membrane proteins and induce protein corona formation, 

prominent to protein denaturation and following cell death. Inclusively, nanoparticles hold huge prospective as effective 

antimicrobial agents, proposing new avenues for opposing antibiotic-resistant pathogens and enlightening disease 

management. 
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ABSTRACT   

Avian influenza virus infection is a crucial challenge being faced by the poultry farmers in this day and age. The high rate 

of mortality and morbidity caused by this disease has resulted in a huge downturn in the economic situation of the 

poultry industry. Especially, recently there has been a rise in incidence of avian influenza virus strain that is highly 

pathogenic. Invasion of this strain leads to a higher mortality rate than the low pathogenic strain of AIV. Similarly, cases 

to zoonotic AIV infection from birds to humans have been also seen in recent years. This situation makes this virus a 

formidable foe for not only poultry birds but also human populations. This mandates proper research and analysis of 

viruses through new technological solutions like nanotechnology to formulate effective vaccines and better diagnostic 

tools. Once properly developed these tools can be used to control the spread of AIV hence preventing the economic 

and health losses it may cause. 
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INTRODUCTION 
 

 A key role is attributed to poultry products in the production of food items and reduction in poverty status in case there 

is a shortage of other types of food products that are nutrient-rich (Hedman et al., 2020; Desta, 2021). Various crucial factors 

will determine the poultry industry's upcoming growth rate. The list of factors is comprised of but not limited to the 

immunity of poultry birds, health status and production capacity of birds being reared (Hafez and Attia, 2020). Diseases of 

poultry keep emerging continuously at a global level and are the main topic of concern for the stakeholders of the poultry 

industry (De Boeck et al., 2015). The most common and widespread diseases of poultry, all over the world, include Infectious 

bronchitis (IB), avian influenza (AI), Newcastle disease (ND), and Gumboro disease (Nkukwana, 2018; Yadav et al., 2019).  

 The disease of Avian influenza virus (AIV) is caused by a very notable virus of poultry birds belonging to the 

Orthomyxoviridae family. The infection of AIV leads to huge economic losses for the poultry farmers at global scale (Dhama et 

al., 2005; Parvin et al., 2018). The structure of AIV is made up of a segmented negative eight piece, single-stranded RNA 

encoding bases for around 11 proteins (Chen and Deng, 2009). Additionally, the Avian Influenza Virus is divided into 

subgroups depending upon the proteins found on the surface of the viral agent. These proteins include hemagglutinin (HA) 

and neuraminidase (NA) which assist the attachment and release of viral agent to the target surface, in the same order 

(Ducatez et al., 2008; Yang et al., 2016). The rearrangement of hemagglutinin and neuraminidase with various subgroups may 

result in severely rampant pandemics such as H1N1, H2N2, and H3N2 in humans (Blagodatski et al., 2021). AIV is classified 

depending upon the severity of clinical signs it may cause in its victim. This classification includes highly pathogenic avian 

influenza virus (HPAIV) and low pathogenic avian influenza virus (LPAIV) (Luo et al., 2021; Soda et al., 2021). 

 Vaccination failure in during production phase of poultry birds is quite common due to the co-circulation of the 
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existence of various strains of AIV. These subtypes include H5, H7, and H9 (Mansour et al., 2017). Hence it is essential to 

strive for the advancement of a polyvalent vaccine that can be used for inducing immunity against various serotypes 

simultaneously. When taken into account such factors indicate that there is a high risk for emergence of novel infectious 

diseases and serotypes for the human and livestock populations (Mohamed et al., 2019). Such an example from the past is 

the inclination of poultry production systems towards intense rearing systems for battling the losses caused by the rise of 

highly pathogenic H7N9 AIV. The increase in poultry stocking density and rise in populations has led to an increase in the 

transmission rate of the disease between humans and birds (Astill et al., 2018). Furthermore, the increase in the rate of 

evolution and immense pressure on the immunity of birds are limiting factors against the effectiveness of vaccination 

(Gilbert et al., 2017). Additionally, the utilization of antimicrobial agents as feed additives has increased the problem of 

drug residues and consequently antibiotic resistance. This is the main reason that led to the ban of antibiotic utilization at 

the sub-therapeutic level in all European countries since January 2006 (Manyi-Loh et al., 2018).  

 

Nanotech 

 Classification of Avian influenza viruses (AIV) is partitioned into two classes one is the low pathogenic viruses and the 

other is of highly pathogenic viruses. The low pathogenic avian influenza also known as LPAI is a less virulent strain of 

viruses that produces mild clinical signs after infection and has low chances of affecting the reproductive system and 

affecting egg production capacity (Gonzales et al., 2012), other hand HPAI or high pathogenic avian influenza virus 

infection lead to cause massive outbreaks of influenza with high death rate in birds (Tiensin et al., 2005). However, the 

actual pathogenicity of low pathogenic capability Avian Influenza virus is determined by various internal and external 

factors of the hosting individual (Franҫa and Brown, 2014). In regions where both types of this virus are prevalent among 

poultry birds, the use of inactivated whole unit and vectored viral vaccines is preferred to minimize the risk and occurrence 

of Avian Influenza Virus (Swayne, 2012; Suarez and Pantin-Jackwood, 2017). The parenteral administration of these 

vaccines induces the immunity at systemic level and provides partial to full protection against the progression of disease. 

Still, these vaccines provide no assurance of preventing viral invasion and release of viral agent from already diseased birds 

(Costa et al., 2011; Kapczynski et al., 2016). This marks the requirement for researchers to look into immunogenicity and 

efficacy improvement methods for existing vaccines against AIV. Such a goal can be obtained through the selection of 

adjuvants having greater capabilities regarding the stimulation of innate and adaptive immunity (Gutjahr et al., 2016; 

Pizzolla et al., 2017). This adjuvant can be used effectively through the exploration of efficient vaccination routes 

(Hasegawa et al., 2007) and by adopting optimized methods of vaccine delivery (Vyas and Gupta, 2007; Jain et al., 2011; 

Singh et al., 2016). 

 Linked directly with profound sciences of physics, chemistry. biology, materials and medicine, nanotechnology is a 

fairly recent and under-development field of applied sciences. It includes several types of cutting-edge technological tools 

and applications that utilize the properties of nanomaterials form the physicochemical aspect to regulate their surface 

area, size, and shape to produce various types of nanomaterials with of different properties. Nanoparticles have been 

vastly utilized for development of nanoparticle-based drug carriers with a targeting nature, test kits for rapid pathogen 

detection or bio-molecular sensing systems and antiviral agents that with mechanism of action relying on their 

interference with viral infectious agents, especially during their attachment to cell surface and entry in the host cell 

(Miranda et al., 2010; Cao et al., 2011; Falanga et al., 2011).  

 

Influenza 

 The last twenty years have proven to be a nightmare for avian health as the rise of highly pathogenic type A avian 

influenza virus (AIV) strains was witnessed. The emergence of this strain led to have development of disease with severe 

and incurred heavy losses causing an economic crash in the poultry industry. The victims of this strain included chickens 

and turkeys, but humans were also affected as a number of avian-human transmissions cases were observed. The highly 

pathogenic AIV strains were found to be the main reason behind high morbidity and mortality rates in poultry post-

infection. This led to breakouts and epidemics with significant economic downturns. For instance, in early 2006, an 

infection with highly pathogenic H5N1 AIV at a poultry farm in Egypt resulted in high mortality of birds. Afterwards, this 

breakout the first human case of AIV was detected. Since that, the WHO has recorded more than a hundred cases of AIV 

infection in humans from birds and several deaths have also occurred due to this infection in Egypt (Cattoli et al., 2011).  

 The diversity in genotype and phenotype diversity of influenza viruses along with their divergence capabilities pose a 

significant threat to the technological development of diagnosis and therapeutic tools and techniques. AIVs are classified 

for diagnosis based on their subtypes according to their haemagglutinin (HA, H1-H16) decided upon their antigenic 

properties and through testing of surface glycoproteins neuraminidase (N1-N9). The only strains that are avian and have 

been reported as an etiologic agent in humans include H5, H7 and H9. The H5N1 is the very well-identified and highly 

pathogenic avian influenza virus strain (Leong et al., 2008). Currently the recent reporting subtype of AIV, H7N9 has gained 

attention from the researchers. On the basis of evidence obtained through genetic research most of the strains belonging 

to the influenza virus are found linked to the aquatic birds. The wild birds usually show little or no disease in case of 

infection with AIV hence they are assumed to serve as ‘reservoirs’ for these viruses. The appearance of genetic mutations 

or re-shuffling of these viral genes has led to high pathogenicity in these strains making them extremely virulent and 

adaptable to new species of hosts, such as birds (chicken), livestock (pigs) and human populations. Poultry birds and 
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livestock pigs have been reported to play their role as ‘mixing vessels’ for various subtypes of avian influenza virus. This 

mixing facilitates shuffling genetic material among the highly pathogenic subtypes of avian influenza. This shuffling 

ultimately led to the development of strains that caused severe disease outbreaks among human populations (Bengis et 

al., 2004; Sakoda et al., 2012; Jones et al., 2013; Beaudoin et al., 2014). Alterations in the situation of hosting individual, 

environmental conditions, or transmission agent can lead to rise in occurrence of virus invasion rate. Several viral maladies 

that emerged in the last few tens of years have recently become entangled among the population of humans all across the 

globe. Many important instances of these viral attacks include Chikungunya virus, Hantavirus, monkey-pox virus, Hendra 

virus, Zika virus, Nipah virus and SARS coronavirus, and the challenge of avian influenza virus pandemic from bird or pig 

sources. Climate change and the effects of activities of humans on the ecosystem are the main factors contributing to the 

dispersal of pathogens. Especially the presence of high genetic biodiversity among wild birds along with the lower genetic 

biodiversity level of the domestic birds leads to the encouragement of the quick spread of infections in densely populated 

farms and live poultry markets (Loth et al., 2010; Jones et al., 2013; Wang et al., 2014; Wu et al., 2014).  

 

Diagnosis 

 Viral agents of Avian Influenza have been mostly distinguished through detection and assessment of particular 

proteins and nucleic acids and by the use of analysis techniques like polymerase chain reaction (PCR) (Esposito et al., 2010; 

Heger et al., 2014), enzyme-linked lectin assay (ELLA) and enzyme-linked immunosorbent assay (ELISA) (Westgeest et al., 

2015). Although effective, these methods require a set of specific expensive tools and equipment under special controlled 

laboratory conditions only to be performed by expert personnel (Sun et al., 2001; Park et al., 2010; Esfandyarpour et al., 

2013; Qasim et al., 2014). Generally, influenza virus infection was diagnosed through a series of tests starting from Western 

blot, protein and DNA microarrays or PCR which later on led to analysis through DNA sequencing. The AIV typing 

microarray tests can be used for detection purposes but are also helpful in the provision of supplemental information 

regarding the subtype identified in the symptomatically positive samples as compared to the ones detected with real-time 

PCR (Lung et al., 2012). Techniques of Lab-on-a-chip and full integration methods have been optimized for identification 

and differentiation of pathotypes, and characterization of the influenza A viruses, isolated from actual field samples, 

phylogenetically (Charlton et al., 2009).  

 Several types of ELISA tests including strip tests like immune-chromatographic tests (Watanabe et al., 2015) along with 

double antibody sandwich enzyme-linked immune-sorbent assay (DAS-ELISA) (Moulick et al., 2017), have been mainly 

utilized for the quick identification of H9 influenza virus subtypes and the specificity of attachment of receptors in various 

sample types. DAS-ELISA employs the use of two monoclonal antibodies with a lofty specificity value of 99.1% in its results 

and it has a 93.1% sensitivity percentage. The type of ELISA test that employs the use a special type of blocking that is dual-

function with high sensitivity and a perfect 100% specificity in its results for a quicker confirmation of avian influenza virus 

invasion as compared to other time-taking tests like PCR. These diagnostics techniques are useful methods for AIV diagnosis 

besides the traditional approach through the haem-agglutination inhibition (HI) test. HI test is primarily used for the sorting 

of numerous samples. However, these tests have evidently more sensitivity and specificity in their results as compared to the 

HI test while also being quicker and more convenient for implementation of automatic systems (Comin et al., 2013; Li et al., 

2013). Another method reported for the identification of AIV in samples is through immunofluorescence assay of magnetic 

nature. This test can be performed by a spectrometer with optical fibres and a chip of microfluidics with portability options 

(Zhang et al., 2013). A technique has been formulated to identify the zoonotic pathogen strain of avian influenza A/ H7N9 

using the real-time PCR test in a set of limited detection range starting from 3.2 x 10-4 to 6.4 x 10-4 haem-agglutination units 

(HAUs) for the genes of H7 and N9, respectively (Fan et al., 2014; Kang et al., 2014). An idea of a polydimethylsiloxane-made 

microfluidics chip with the capability to detect real-time fluorescence for the quick detection of AIV H5 has been presented 

(Zhu et al., 2014). Microarrays of DNA and protein and DNA can be utilized for the multiplexed detection, sorting and typing 

of Avian Influenza Viruses that have been recently categorized as the H16 and N9 subtypes. These microarrays have opened 

a new channel of possibilities for diagnosis applications. However factors like practicality and economics still limit their use 

in diagnostic laboratories at large scale (Rodrigo et al., 2014; Zhao et al., 2015). 

 

Nanotechnology-based Solutions 

 Various types of nano-sized materials are now being utilized as the appliances of interactions between the materials and 

the viral agents. This interaction enables the researchers to build bio-sensing analyzers that work effectively in theory based 

on the application of electro-analysis with a portable nature. It can perform nearly perfect identification of influenza virus 

(Moulick et al., 2017). The utilisation of vaccines based on nano-materials has several benefits that include but are not limited 

to increased storage viability time, the stabilisation of vaccines by encapsulating with nanoparticles of a polymeric nature that 

stay solid at room temperature, the provision of the possibility to administer the vaccine through an alternate route, and 

obtaining ability of precise discharge. Nanomaterial-based vaccines can also be used to release soluble antigens that can 

assist in the induction of two forms of immunity, i.e., humoral and cellular (Chen et al., 2017). In the same way, nanoparticles 

formulated from the chitosan derivatives are utilized for delivering an immune response upon administration through the 

mucosal entry sites of birds. Post-vaccination a reduction can be observed in the morbidity and mortality rates of infection. 

The viral load was also found reduced in chickens that were infected with IBV and AIV (Renu and Renukaradhya, 2020). 

 Nanobeads also known as magnetic beads are considered nanoparticles and are utilized at amplifion for the 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

50 

identification of signals along with quartz crystal microbalance (QCM) apta sensors, the magnetic nano bead-amplified 

QCM immune sensors. These beads can be utilized for the detecting presence of the H5N1 proteins (Brockman, 2013). 

Magnetic nanoparticles composed of silver nanoparticles (AgNPs) and carbon-derivative materials are often used for the 

analysis and identification of various influenza virus subtypes. These particles are prepared on the well-researched 

methodologies readily available in reports of past researchers. (Mokhtarzadeh et al., 2017; Boroumand et al., 2021). 

Furthermore, the knowledge of well-known methods like the electrode-based well array, on-chip nano-membrane tubular 

sensors based on full integration and electrochemical quantitative systems, also assists the research and development of 

such nanoparticles (Krejcova et al., 2012; Cha et al., 2013). 

 Mesoporous nanoparticles like that of silica can perform various functions due to their amino group and being 

naturally attached to probiotics like quercetin and shikimic acid. These nanoparticles have developed into a novel 

formulation of antiviral nanoparticles that target the identification of highly pathogenic avian influenza H5N1 virus. These 

nanoparticles also induce a strong response from the immune system. These particles limit the cytokines (IL-1β and TNF-α) 

and nitric oxide (NO) production by half. When tested on a critical carrageenan-induced rat model these nanoparticles 

served an extremely efficient role in inducing the anti-inflammatory effect and then continued it in vivo (Neethirajan, 2017; 

AbouAitah et al., 2020). Thus, nano-scaled technology through the utilization of several types of NPs and as the nano-

vaccines, nano-bodies and nano-medicine, along with the utilization of adjuvants, has a significant role in future as a 

biomedical application for controlling avian infectious diseases. 

 

Conclusion 

 Avian Influenza Virus has been the arch-nemesis of the poultry production industry since it was reported. Infection of 

Avian Influenza virus spreads rapidly and has severe clinical signs with a high rate of mortality if the infecting agent is the 

highly pathogenic strain of AIV. These factors make it a major risk for the progress of the poultry industry. Additionally, the 

recent discovery regarding the zoonosis potential of this disease has led to a rise of concern among public health 

researchers. This situation called for immediate action so now a number of researchers are exploiting cutting-edge 

innovations to counter AIV. One such innovation is the nanotechnology. Nanotechnology is being researched for its use 

for effective vaccination against AIV, its control and proper diagnosis. These advancements in nanotechnology have given 

mankind hope that this pandemic can be controlled. Control over AIV will not only reduce poultry losses but it will also 

bring a sense of security for public health. 
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ABSTRACT   

Poultry industry has played a major role in managing food security and combating poverty for populations with food 

insecurities. For this purpose, it is important for the farmers to develop controls against diseases that can affect poultry 

production. One such control measure is vaccination. However, there are some diseases that can still lead to reduction in 

productivity despite vaccination. An example of one such disease is Infectious Bronchitis (IB). It is mainly a respiratory 

tract disease caused by the Infectious Bronchitis Virus (IBV) that can cause a decline in production of poultry birds 

irrespective of their status of vaccination. Hence, researchers observed that this was a disease that needed further 

control strategies to limit its impact. As it is a viral disease, use of antibiotics was ruled out. Another idea presented by 

researchers was use of innovative medicinal agents such nanoparticles to combat the disease. Since then several 

techniques and strategies have been outlined by researchers specifically for battling IB. 
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INTRODUCTION 
 

 Poultry products are an integral part of our regular food consumption list and a tool for poverty alleviation when there 

is a lack of other suitable and nutritious food options (Hedman et al., 2020; Desta, 2021). Various crucial components like 

health, immunity, and production, capability of poultry birds are the main factors determining the future progress of 

poultry farming (Immunivt, 1998; Hafez and Attia, 2020). At the global level, new diseases of poultry birds are always being 

reported and become the main topic of concern in the poultry farming industry (De Boeck et al., 2015). Diseases like 

Infectious bronchitis (IB) have become a problem of common occurrence in poultry birds all over the world (Nkukwana, 

2018; Yadav et al., 2019; Legnardi et al., 2020). Despite significant attention being paid to controlling infectious diseases for 

economic loss aversion, these ailments continuously begin to occur and reoccur (Ali et al., 2021). Infectious bronchitis 

develops due to the Avian Infectious Bronchitis Virus (IBV) infection. IBV belongs to the Gammacoronavirus genus and is a 

unique virus. IBV pioneered coronavirus when it was identified in 1993 by isolation from poultry. It was also assumed to be 

a crucial pathogenic virus of livestock (Schalk and Hawn, 1931). IBV belongs to the family of viruses that are enveloped and 

have non-segmented, single-stranded, positive-sense RNA (Wu et al., 2020). 

 Currently, IBV has become a pathogen of major concern for domestic poultry from an economic perspective as its 

infection leads to significant mortality and losses in production irrespective of the vaccination status of birds (Cavanagh, 

2007). Many researchers reported global pandemics of IBV in chickens and other avian species that were marked by high 

rates of death, and disease, and with lowered production in terms of eggs and meat (Mansour et al., 2021; Parvin et al., 
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2021). The use of conventional treatment options like antivirals against IBV leads to the development of resistance most of 

the time. Additionally, it can also produce side effects, and the re-emergence of the viral agent (Legnardi et al., 2020). 

Presently, vaccines of live attenuated nature are being mainly used for the control and prevention of IBV infections (Sultan 

et al., 2019; Toro, 2021). Despite the efforts to curb IBV, the higher rate of viral genetic diversity, composition and the 

occurrence of novel viral strains leads to a reduction in the efficacy of vaccination (Franzo et al., 2016; Sultan et al., 2019). 

 The utilization of antimicrobial agents as feed additives has led to a rise in the problem of drug residues. Drug 

residues consequently form the basis of antibiotic resistance in the pathogen. That is why the use of antibiotics at the sub-

therapeutic level has been banned in Europe since January 2006 (Manyi-Loh et al., 2018). Hence, researchers must initiate 

the development of new strategies for controlling these diseases. To achieve this goal, attention is being diverted towards 

the development of antiviral herbs for useful combinations to get formulations with the least adverse effects on the health 

of birds and humans (Fuzimoto and Isidoro, 2020; Tagde et al., 2021). The effect of innovative and non-traditional 

medicine on the immune system and a reduction in the prevalence of unprecedented disasters can be very effective for 

defense against infectious diseases caused by viral agents (Hoang et al., 2020). It has been reported in previous research 

that some derivatives of plants and substances added to poultry feed including plant extract, prebiotics, probiotics, 

enzymes, and yeast, have an immunity-enhancing impact (Soccol et al., 2010; Gadde et al., 2017). The effects of these 

extracts and additives include improvement in metabolism, reduced physiological stress, prevention of cytokine expedition 

by macrophages, and antibacterial action, thus improving immune functionality (Al-Harthy, 2015; Patra et al., 2019). 

Mammal antibodies (Sastry et al., 2003) can be utilized for the purpose of diagnosis and therapy against the infection of 

various pathogens (Immunivt, 1998), however, the antibodies of mammals can be only obtained through the application of 

invasive extraction tactics. That is why avian eggs are considered the best alternate option to produce antibodies for the 

sake of diagnosis and therapy purposes against infection of pathogens (Pereira et al., 2019; El-Kafrawy et al., 2021). 

 Among the different useful applications including a number of nanoparticles which are used to enhance the 

interaction between the virus and molecules, and also helps the researchers to build a electroanalytical biosensing analyzer 

which is portable and which helps in the detection of the virus effectively (Neethirajan, 2017; Power et al., 2018) and the 

production of nano-based vaccine against viruses. Usually, there are first-generation vaccines which are developed by 

killing the organisms or inactivation of living organisms or by live attenuation of organisms while on the other hand 

second and third-generation vaccines are prepared using subunits of either RNA or DNA (Saha et al., 2013; Scallan et al., 

2013). In comparison to conventionally developed vaccines, subunit- based vaccines have more advantages including low 

cost and high proficiency of vaccine to develop immune response against the pathogens (Brisse et al., 2020). The cons of 

subunit-based vaccines include poor or low immunogenicity, adverse effects, and in in-vivo conditions they are unstable in 

addition to multiple boosters. So in comparison to conventional vaccines, nanotechnology is the best way to deal with the 

shortcomings of the vaccines and helps to provide better immune response and produce vaccines that work along with 

adjuvant and protect the host from the pathogens (Yan et al., 2020). Genomic assortment along with the massive 

outbreaks of such infectious diseases can lead to an epidemic which results in the spread of adverse side effects globally 

which not only affects poultry industry but also disturbs human health (Shao et al., 2017; Blagodatski et al., 2021). 

 

Nanotechnology vs Infectious Bronchitis 

 The word nano originated from the Latin word “nanus” meaning a small object, lesser, dwarf, minute unit that is 

around 1 nm or 10−9 m (Youssef et al., 2019). Nanotechnology is one of the innovative skills that have an unmatched 

potential of being utilized with regards to a socio-economic prospective in the poultry industry all across the globe (Abd 

El-Ghany et al., 2021). Nanotechnology has progressed the field of biomedical sciences, with a huge number of NPs of 

various kinds and capabilities in terms of diagnostics and therapy against infectious viral ailments (Ramos et al., 2017; 

Krishnan et al., 2021). Investigation has been done to check the antiviral effects of nanocomposites of G-Ag against IBV 

and Feline CoV (Chen et al., 2016a; Wu et al., 2020). Li et al. (Li et al., 2018) found help in preparing a vaccine on the basis 

of BIV-flagellin self- assembled protein nanoparticles (SAPNs) which are used against IBV by using spike protein as an 

adjuvant with the flagellin. Chicken infected with IBV were administered with nano-vaccine which we mentioned above and 

the results show the enhanced antibody action which confirms the role of the vaccine giving protective immunity. 

Chandrasekar et al., shows that another adjuvant-based nano-carriers of Quil-A and chitosan (QAC) were developed 

having the size of less than 100 nm (Chandrasekar et al., 2020).  

 Other than that some procedures are also done to make encapsulation with plasmid DNA (pQACN) vaccine and 

coding nucleocapsid which were then given through the intranasal route. The results show increased immunogenic and 

protective outcomes in both humoral and cellular immunity against IBV infections. Furthermore, it is observed that the rate 

of viral load decreases and the severity of symptoms also reduces. Polymeric carbonized nano-gels (CNGs) are considered 

as effective therapeutic agents against IBV. CNGs work by prohibiting the S1 and S2 glycoproteins to interact with cells of 

the host as the infection proceeds, CNGs are vulnerable to viruses as they are very much absorbent on the virus. In the 

process of development of CNGs, a very high temperature is required to make these nano-gels, due to the high 

temperature formation the CNGs exhibit a positive charge. This positive charge helps CNGs to neutralize the charge 

present on the IBV which reduces the level of pathogenicity of virus (Liu et al., 2020). Chou et al. (Chou et al., 2021) 

proposed that if amalgamation of the CNGs using pyrolysis method is done with lysine hydrochloride, this may prohibit 

the virus against IBV. CNGs were administered at a very low concentration of 30ug/ml in IBV-infected chicken embryos and 
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the efficacy was determined as it shows an inhibitory effect >98%. Many uses of full NP to detect and trace virus has been 

demonstrated as the NP was based on magnetic and gold quantum dots (QDs) (Kang et al., 2021). Ahmed et al. (Ahmed et 

al., 2018) suggested a new technique in which he links anti-IBV Abs with QDs and produced an immune-link of chiral-QDs. 

This immune-link is referred to as a chiro-immuno-sensor for IBV collected from chicken's blood samples.  

 In addition, a nanostructure was made for the limit which was self-assembled, used for the detection and targeting the 

virus while using the EID (egg infection dose) 47.91/50ml was very efficient in the process of examination of targeting virus 

(Ahmed et al., 2017). Virus-like particles (VLPs) have been studied widely and used as a transportation tool for many 

compounds especially medicines, proteins (peptides), RNA/DNA, antibiotics, and vaccines. They work as an adjuvant or 

antigen nano-carriers to help immune cells to exhibit humoral immune response and protection against viruses 

(Nasrollahzadeh et al., 2020). Surface protein S used to bind with the receptor which triggers the body to respond against 

it and shows an immune response (Kato et al., 2019). Chen et al. (Chen et al., 2016b) have demonstrated a technique for 

the usage of CoV VLPs-based S protein in which the incubation of 100-nm gold np was done with optimal concentration 

of viral proteins. The finding of the study was the impulsive production of proteins with the installment of virus-like 

nanostructure assembly with fundamental particles having viral antigen coating. In addition, the results of VLPs from this 

study was come to the conclusion that validate the successful production of synthetic VLPs (sVLPs) from NP (Liu et al., 

2013; Wang et al., 2017).  

 Encapsulation of the IB live attenuated vaccine using chitosan nanoparticles has been demonstrated to show brilliant 

results in enhancing the antibodies responses and cell mediated responses. This specially includes increased level of IgA at 

mucosa and enhanced the expression of genes (interferon gamma related genes) especially at the sites where virus 

replicates primarily (Lopes et al., 2018). Saponins were used as immunostimulant in this study which was further recognized 

in several studies later. Berezin et al. (Berezin et al., 2013) determined the noticeable improvement in antibody (IgG, IgM 

and IgA) and cell mediated (IFN-gamma and IL2) immune responses. Single dose of intranasal immunization using 

saponins and delivery system was used against influenza. After that, Yu et al. (Yu et al., 2015) demonstrated the use of 

saponins (oral ginseng stem-leaf saponins) to increase the response of vaccine in chicken especially with 

immunosuppression. Hence both the chitosan and saponins are used for dual purpose including as an adjuvant or as an 

immunomodulator to enhance the immune responses (Greenland and Letvin, 2007).  

 

AgNps and P. betle 

 Attributed to their astonishing antimicrobial properties, AgNps drew the attention of the researchers. These 

nanoparticles are usually present in less than 100 nanometers in size, and contain a large surface area available for the 

interaction with viruses (Karna et al., 2023). The special properties possessed by the AgNPs makes them unique against 

many viruses, especially those against viruses which cause bronchitis. These nanoparticles are very effective against some 

common bronchitis viruses for example respiratory syncytial virus and influenza virus (Nefedova et al., 2021). Several 

studies have demonstrated that the use of AgNPs at the early stages of infection can inhibit the infection while interacting 

with the viral envelope (Saadh et al., 2021; Saadh, 2022; Saadh, 2023a). The mechanism of action of AgNPs is to disrupt the 

viral envelope in response to which virus is not able to enter in the host cells and start replication itself (Saadh et al., 2021). 

Furthermore, another unique property of AgNPs is that they do not induce viral resistance so used as an effective solution 

for long term use against viruses (Saadh, 2022; Saadh, 2023a). For centuries P. betle leaves have been used in cultural 

practices and as a traditional medicine. The leaves of P. betle are contains a rich amount of several bioactive compounds 

polyphenols including acetyl eugenol, transisoeugenol, chavicol, chavibetol acetate, chavibetol, and allyl pyrocatechol 

diacetate (Saadh, 2023b). These polyphenols have been used for the production of silver nanoparticles (AgNPs) which is 

one of the potential uses of these polyphenols which gathered the attention of various industries (Saadh, 2023b). These 

polyphenols present on the P. betle leaves act as reducing and capping agents when present on the surface of silver 

nanoparticles. This property of these polyphenols inhibits the aggregation of nanoparticles which in turn reduces the size 

of AgNPs giving several benefits including increasing the stability of nanoparticles and improving their performance 

(Saadh, 2023b). AgNPs perform their action through the disruption of viral envelope while attaching with the viral genome. 

After disruption, the virus is no longer capable of causing infection in the host cell and cannot replicate. The contact of 

viruses with AgNPs is enhanced due to the small size and increased surface area of these nanoparticles (Saadh, 2023b). 

 

Conclusion 

 Since time of its introduction chicken has become an integral part of food in terms of culture and nutrition. With 

introduction of new farming techniques poultry overshadowed other meat producing industries by many levels. 

However, this progress came with its own problems. Soon it was found that various diseases affected poultry flocks 

leading to high mortality rates, inefficient FCR and low production. One of such diseases is Infectious Bronchitis. It is a 

viral respiratory tract infection caused by Infectious Bronchitis Virus (IBV). IB is one of the viral diseases tha t severely 

affect production and viability of poultry flocks and effect the economical horizon of agricultural market. This disease 

reportedly affects the production of birds irrespective of the vaccination status. Such dire straits demanded 

development of a new weapon for defense against IB. Such a weapon was presented by researchers in form of 

nanotechnology. Nanoparticles of silver and other material when given alone of integrated into vaccine, were proved to 
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be supremely effective. Hence this technology has emerged as a beacon of hope for poultry farmers that can help them 

control IB and limit its effects at the same time. 
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ABSTRACT   

Companion animals, including pets and working animals, are susceptible to various ectoparasites. The companion animals 

are mostly affected by fleas, lice, mites, ticks, and flies. These parasites present a significant challenge for the health and 

well-being of animals. These parasites also pose the zoonotic risk by spreading various zoonotic pathogens from animals 

to humans. The use of different chemical (organophosphates, carbamates, pyrethriods, macrocyclic lactones etc.), 

mechanical (grooming) and environmental methods (biological control, sanitation, and environmental modifications) are 

considered as traditional methods in control of ectoparasites. However these control methods exhibit limitations such as 

variable efficacy and toxicity concerns. Similarly, the repeated use of these acaricides has led to environmental pollution, 

resistance development and increase in the treatment cost. The promising approaches to ectoparasite management can be 

found in the growing field of nanotechnology. Owing to their small size, nanoparticles provide opportunity for the 

targeted distribution and continuous release of active substances. Different metallic and polymeric nanoparticles employs 

mechanisms such as cell membrane damage and oxidative stress induction against ectoparasites. Various formulations, 

including topical treatments, environmental applications, and controlled-release formulations demonstrate effectiveness in 

ectoparasite elimination. Overall, nanoparticle-based ectoparasite control shows promise in providing safer, more effective, 

and sustainable solutions for companion animal healthcare, enhancing their health and well-being globally. 
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INTRODUCTION 
 

Companion animals, ranging from beloved household pets to essential working animals, play a significant role in the 

lives of millions of people globally (Overgaauw et al., 2020). Ensuring their health and well-being is vital, yet they are often 

affected by a variety of ectoparasites, including fleas, ticks, mites, and others. These ectoparasites not only cause 

discomfort and irritation to the animals but also pose significant health risks, including the transmission of diseases to 

both animals and humans (Rafiqi et al., 2016). The current methods of ectoparasite control, such as topical and oral 

medications, environmental management, and mechanical methods like grooming, although effective to some extent, are 

not without limitations. These limitations include variable efficacy, potential toxicity, and the development of resistance 

among ectoparasites, presenting ongoing challenges in the management of ectoparasitic infestations (Leone and Han, 

2020). In recent years, the emerging field of nanotechnology has offered promising solutions to these challenges. 

Nanoparticles, defined as particles with dimensions typically ranging from 1 to 100 nanometers, possess unique properties 

that make them highly suitable for applications in animal healthcare. With their small size and large surface area, 

nanoparticles offer enhanced capabilities for targeted delivery, sustained release of active ingredients, and improved 

efficacy in ectoparasite elimination (Najahi-Missaoui et al., 2020).  

This chapter aims to explore the potential of nanoparticles in ectoparasite control in companion animals. This chapter 

will delve into the properties and mechanisms of action of nanoparticles, categorize different types of nanoparticles being 

explored for this purpose, and discuss the advantages and limitations of each type. Furthermore, it will examine the factors 

influencing the effectiveness of nanoparticle-based treatments and explore their application in various formulations, 

including topical treatments, environmental applications, and controlled-release formulations. By shedding light on the 

mailto:mehrozlatif3321@gmail.com
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innovative potential of nanotechnology in ectoparasite control, this chapter seeks to pave the way for the development of 

safer, more effective, and sustainable solutions for the management of ectoparasitic infestations in companion animals, 

ultimately enhancing their health and well-being. 

 

Types of Ectoparasites in Companion Animals 

Companion animals are affected by ectoparasites such as fleas, ticks, lice, and mites, which can lead to various 

health issues. Fleas, belonging to the order Siphonaptera with over 2500 species (Bourne et al., 2018), include cat fleas 

(Ctenocephalides felis) and dog fleas (Ctenocephalides canis) that transmit bacterial pathogens like Bartonella and 

Rickettsia (Durden and Hinkle, 2019). They can cause diseases like flea-borne spotted fever, murine typhus, and cat 

scratch fever (Bartonella henselae) (Rust, 2017), as well as flea allergy dermatitis (FAD) (Farrell et al., 2023). Fleas also 

carry Mycoplasma haemoplasma species causing hemolytic anemia (Bourne et al., 2018) and can transmit Yersinia pestis, 

the plague bacterium (Rust, 2017). Additionally, fleas are intermediate hosts for the tapeworm Dipylidium caninum, 

causing pruritis and digestive issues in pets (Bourne et al., 2018). Ticks are haematophagous invertebrates with  over 900 

species in the families Ixodidae and Argasidae (Boulanger et al., 2019). Species like Rhipicephalus sanguineus, R. 

haemaphysaloides, and Haemaphysalis longicornis affect pets (Nelder et al., 2021), transmitting diseases such as Lyme 

disease, Q fever, spotted fever rickettsioses, and babesiosis, and can cause tick paralysis and allergic reactions (Kopsco 

et al., 2021; Buczek et al., 2020). 

Lice are wingless insects in the orders Mallophaga (chewing lice) and Anoplura (sucking lice) (Shiferaw, 2018). Dogs are 

infested by Trichodectes canis, Linognathus setosus, and Heterodoxus spiniger, while cats are infested by Felicola 

subrostratus (Little, 2021). Infestations cause dermatological lesions, anemia, and alopecia due to scratching and biting 

(Kumsa et al., 2019). Mites belong to orders Astigmata and Prostigmata, with families like Sarcoptidae, Psoroptidae, 

Psorergatidae, Demodicidae, and Cheyletiellidae (Benti et al., 2020). Dogs can be infested with Cheyletiella yasguri, 

Demodex canis, D. injai, Sarcoptes scabiei, and Otodectes cynotis. Cats may host Cheyletiella blakei, Demodex cati, D. gatoi, 

Notoedres cati, and O. cynotis (Little and Cornitas, 2021). Mite infestations can result in dermatitis, pruritis, skin allergies, 

and severe illness by invading internal organs (Olivry and Mueller, 2019). 

 

Current Methods in Ectoparasites Control 

Chemical Methods 

The drugs and chemicals which are used against ectoparasites are known as ectoparasiticides (Sharma et al., 2021).  

Various types of chemicals are used for this purpose including organophosphates, carbamates, pyrethroids, insect 

growth regulators, macrocyclic lactones, phenylpyrazoles, chloronicotinyl nitroguanidines, spinosad and the isoxazolines 

(Staffored and Coles, 2017). They are utilized in a variety of ways, including macrocyclic lactones (Ivermectin, 

Doramectin-subcutaneous injection), organophosphates (Malathion, Dichlorvos as dip, spray, pour on), carbamates 

(Carbaryl, Propoxur as dip, dust, spray), formamidines (Amitraz as dip, spray), and pyrethroids (Cypermethrin, 

Permethrin, Deltamethrin, etc. as dip, spray, spot on, and pour on). Synthetic hormones and arthropod enzymes, such 

methoprene and pyriproxyfen, can slow the development and proliferation of parasites. These are used in oral 

preparations as well as in combination with other drugs (Rust, 2020; Jamil et al., 2022). Isoxazolines, a recently 

developed class of insecticides, have the ability to strongly inhibit GABA-gated channels and have an impact on L-

glutamate-gated chloride channels. In addition to killing adult cat fleas, they can also destroy triatomine bugs, ticks, 

mites, lice, mosquitoes, biting flies, and sea lice (Jamil et al., 2022). Fipronil containing collars are also available for dogs 

and cats which protect them from ticks, mites and lice (Paily et al., 2021). 

 

Environmental Control 

Environmental control includes the strategies like biological control, sanitation, and environmental modifications 

(Rust, 2020). Biological controls are used in the form of essential oils, entomopathogenic fungus, and Spider venom 

peptides. Azadirachtin a naturally occurring compound is used as an insecticide against agricultural pests which is very 

effective in biological controls (Jamil et al., 2022). Sanitation of carpets and surfaces can be done by treating with 0.4% 

dimeticone spray, IGRs and pyrethroids to control immature stages of insects. Vacuuming can also remove eggs and 

larva from the surface and carpets (Elsheikha, 2017; Rust, 2020). Environmental modification involves provision of 

adequate nutrition, removal of manures, hygienic food provision and keeping the animal stress free (Sharma et al., 

2021). 

 

Mechanical Methods 

Many animals use mechanical defenses such as grooming to avoid or to mitigate the occurrences of infection by 

ectoparasites (Horn and Luong, 2019). Various types of grooming practices are done by domestic animals such as 

stimulus–response grooming (immediate immune response) and programmed grooming (response in form of bouts), or 

scratch and scan grooming (Kupfer and Fessler, 2018). Self-grooming may be energetically costly, comprises future 

resistance and other energy costs (Horn and Luong, 2019). Animals self-groom themselves by scratching, picking with their 

digits, or by using the mouth to remove ectoparasites (Kupfer and Fessler, 2018). Another mechanical method is bathing 
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which can be done with water, shampoo and chemicals (Frontline® Plus, Boehringer Ingelheim). Bathing can be performed 

every seven days and involves wetting the animal and apply the shampoo along the back, neck, belly and limbs (avoiding 

the eyes, nostrils and mouth). After waiting for five minutes clean it with warm water and dry the animal with the help of 

towel (Cruz et al., 2020). 

 

Challenges and Limitations Associated with Existing Methods 

Although there are different ways of fighting against parasitism, but these methods exhibit various limitations as well. 

These imitations include anthelmintic resistance and its prolonged use leads to worm refugia (Maqbool et al., 2017). 

Anthelmintic resistance is emerging as an important issue which develops due to irrational use of anthelmintic drugs, lack 

of knowledge about drug usage and lack of molecular diagnostic tests to detect anthelmintics resistance (Kotze et al., 

2020). Use of biological control method has some limitations as it is not effective enough to remove infection. In addition, 

it is very slow acting, time consuming, gives unpredictable results, effective at one place and not effective at another 

similar place (Maqbool et al., 2017). 

 

Nanoparticles 

The use of technology at the nanoscale for the useful application in everyday life is known as nanotechnology. This 

includes manipulating physical, chemical, or biological systems down to the atom's submicron size and incorporating the 

resulting nanostructures into larger systems (Molento and Arenal, 2020). Nanoparticles (NPs) are particles characterized by 

dimensions typically falling within the range of 1 to 100 nanometers. Their properties vary based on size and surface 

characteristics. Due to their small size and expansive surface area, nanoparticles have wide range of applications in fields 

including cosmetics, electronics, as well as diagnostic and therapeutic medicine (Najahi-Missaoui et al., 2020). The practical 

application of nanotechnology has greatly accelerated the development of several sectors, most notably biomedical 

applications such as tissue engineering, drug transport, bio-imaging, and nano-diagnostics (Hikal et al., 2021).  

There are major two categories of nanomaterials being used against the parasites i.e. Metallic and Polymeric 

Nanoparticles. Metallic NPs include silver, gold and copper nanoparticles. They exhibit antimicrobial and insecticidal 

properties due to their surface chemistry and small size. On the other hand, polymeric NPs include polymeric micelles, 

dendrimers, and nanocapsules. They are biocompatible, biodegradable and act as versatile carriers for controlled release of 

active ingredients (Begines et al., 2020; Hikal et al., 2021). The nanoparticles mainly work by entering the body of parasite 

resulting into cell membrane damage, ribosome disassembly, protein denaturation and oxidative stress. The oxidative 

stress and denaturation of the protein results in mitochondrial and DNA damage. This leads to the death of the parasite 

(AlGabbani, 2023). However, nanoparticles also offer various other ways to eliminate the parasites from the body of the 

host. These particles offers the methods to address the shortcomings of conventional drug delivery systems (Aljabali et al., 

2018). In order to fight ectoparasites, nanoparticles use a variety of strategies, the most common of which are controlled 

release of active chemicals and physical disruption. Sharp-edged or spiked nanoparticles cause structural damage to the 

cellular membranes of ectoparasites when they come into direct contact with them. Moreover, nanoparticles are effective 

dispersants of insecticidal or acaricidal substances, allowing for their slow release over time (Banu et al., 2023).  

 

 

Fig. 1: General Mechanism of 

Nanoparticles against 

ectoparasites 
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Application of Nanoparticles in Ectoparasite Control 

The use of nanoparticles in diverse formulations for direct and environmental treatments is a viable route for 

controlling ectoparasites (Zaheer et al., 2022). 

 

A. Topical Formulations 

i) Nanoparticles in Spot-on Treatments: Spot-on treatments represent a common method for administering 

ectoparasiticides directly onto the skin of companion animals (Ferrer, 2021). Nanoparticles integrated into spot-on 

formulations enhance efficacy through several mechanisms. Firstly, nanoparticles can serve as carriers for active 

ingredients, protecting them from degradation and facilitating their controlled release over time. This sustained release 

ensures prolonged exposure of ectoparasites to the insecticidal or acaricidal compounds, thereby enhancing efficacy while 

reducing the frequency of application. Additionally, nanoparticles with specific surface modifications can improve adhesion 

to the skin, prolonging the duration of action and minimizing product runoff (Pavoni et al., 2019; Prasad et al., 2021). 

ii) Nanoparticles in Shampoos and Sprays: Shampoos and sprays are alternative topical formulations commonly used for 

ectoparasite control in companion animals (Gorman, 2016). Integration of nanoparticles into these formulations offers 

several advantages (Pereira-Silva et al., 2022). Nanoparticles can enhance the penetration of active ingredients through the 

ectoparasite's cuticle, increasing their bioavailability and efficacy. Moreover, nanoparticles can confer stability to 

formulations, preventing degradation of active compounds and ensuring consistent performance over time (Molento and 

Arenal, 2020). 

 

B. Environmental Applications 

Nanoparticles are embedded in fabrics, beddings and household sprays. Ectoparasites often reside in the environment 

surrounding companion animals, including their bedding and living areas (Kocoń and Nowak-Chmura, 2017). 

Nanoparticles can be incorporated into fabrics, household sprays and bedding materials to create a hostile environment 

for ectoparasites (Chatha et al., 2019). Metallic nanoparticles, such as silver nanoparticles, exhibit potent antimicrobial 

properties and can be impregnated into textiles to inhibit the growth of ectoparasites and prevent transmission between 

animals (Qu et al., 2023). Additionally, sprays can be applied to surfaces frequented by companion animals, such as floors, 

carpets, and furniture, to eliminate ectoparasites and their eggs (Elsheikha et al., 2018).  

 

C. Controlled-Release Formulations 

Nanoparticles offer the protection by controlled release formulations. These products maintain therapeutic 

concentrations for an extended duration by encapsulating insecticidal or acaricidal chemicals within nanoparticles, 

therefore ensuring a continuous supply of the active ingredient. This long-lasting impact lessens the need for frequent 

treatment, improving animal owners' convenience and guaranteeing efficient ectoparasite management (Danyaro et al., 

2023; Najitha Banu et al., 2023). 

 

Efficacy and Safety of Nanoparticle based Ectoparasite Control 

Nano-particles are very efficient in the control of ectoparasites as repeated use of acaricides has led to environmental 

pollution, resistance development and increase in the treatment cost (Abdel-Ghany et al., 2022). Different types of nano-

particles have developed for this purpose such as silver NPs, titanium dioxide NPs, zinc oxide NPs, nickel NPs, copper NPs 

and magnesium NPs (Benelli et al., 2017). Zinc Oxide nanoparticles and cypermethrin-coated nanoparticles of ZnO (C-ZnO 

NPs) and ZnS (C-ZnS NPs) are very effective against many Rhipicephalus ticks as well as Hyalommma ticks (Zaheer et al., 

2023). Zein nano-particles associated with cypermethrin (CYPE) + chlorpyrifos (CHLO) + a plant compound (citral, menthol 

or limonene) have high efficacy against Rhipicephalus microplus ticks as compared to other acaricides. This formulation 

lowers the nematodes toxicity and has long period of residual activity (Figueiredo et al.,2023). Similarly, iron oxide and iron 

sulphides NPs coated on pyrethroids (cypermethrin and deltamethrin) can control the major life stages of Hyalomma ticks 

(Zaheer et al., 2024). Hence, nano-particles have low efficacy and short shelf-life but nanopaticles-based drug delivery 

system effectively targets the acaricidal drugs into the sites of infection as well as enhances the efficacy of the acaricides 

(Najitha Banu et al., 2023). 

The nanoparticles have no safety concerns (safe in use) and also reduce the adverse effects of various drug but some 

nanoparticles have toxic profile (Bajwa et al., 2022). Treatment with silver nanoparticles has caused DNA damage and 

morphological abnormalities in a variety of vertebrate and invertebrate creatures. It has also negatively impacted the 

enzymatic activities of a number of non-target species (Benelli, 2018). The toxicological evaluation of these nanoparticles is 

an important factor to reduce its negative effect on non-target species (Figueiredo et al., 2023). However, these NPs should 

have excellent chemical and physical structures, should be non-toxic and should be evaluated at every cellular level during 

their preparation. This evaluation will help to reduce their toxic effects (Bajwa et al., 2022). 

Compared with traditional method (use of chemical, environmental managements, biological and mechanical means), 

nano-particles have more environmental safety and low pesticide resistance (Nie et al., 2023). Nano-particles coated on 

acaricides have led to development of drug delivery system which could increase the efficacy and performance of previous 

acaricidal drugs by targeting the site of infections. These NPs are also water soluble and have no effect on the environment 

as compared to various chemicals used in traditional methods (Athanassiou et al., 2018). NPs based acaricidal formulations 
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will enhance stability, action and duration of insecticidal activity. It will also remove harmful organic solvents which are not 

removed in commonly used acaricides (Zaheer et al., 2022). 

 

Conclusion 

In conclusion, the field of nanotechnology presents a promising avenue for revolutionizing the control of 

ectoparasites in companion animals. Ectoparasites pose significant health risks to both animals and humans, and current 

control methods are often limited by variable efficacy, toxicity concerns, and the development of resistance. The 

application of nanoparticles in various formulations, including topical treatments, environmental applications, and 

controlled-release formulations, offers diverse and effective strategies for combating ectoparasites. Nanoparticles 

integrated into spot-on treatments, shampoos, and sprays enhance efficacy by improving adhesion to the skin and 

penetration through the ectoparasite's cuticle. Furthermore, nanoparticles embedded in fabrics and household sprays 

create a hostile environment for ectoparasites in the animal's surroundings. Despite the numerous advantages of 

nanoparticle-based ectoparasite control, it is essential to consider safety concerns and environmental implications. Overall, 

nanoparticle-based ectoparasite control offers a promising solution to the ongoing challenges faced in companion animal 

healthcare. By leveraging the innovative potential of nanotechnology, we can develop safer, more effective, and 

sustainable strategies for managing ectoparasitic infestations, ultimately enhancing the health and well-being of 

companion animals worldwide. 
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ABSTRACT   

Nanoscience and nanotechnology has gain massive attention in several research areas, including nano-medicine, 

biotechnology, biomedical sciences and veterinary medicine. A relatively new branch of research called "green 

nanotechnology" focuses on using biological processes to produce nanoparticles from live cells. The biological routes 

need application of either plants or microorganisms (bacteria, fungus, yeast, and algae, etc.) for synthesis. Using 

microorganisms poses higher risk due to pathogenicity and large-scale culture management. Nanoparticles have several 

applications in medicine, drug and gene transport, cell imaging, bio sensing, wound healing, dental care, x-ray imaging, 

and activation of antibacterial, antifungal, anti-inflammatory, anticancer, and antifouling properties. Use of green 

technology in animal husbandry and veterinary care is relatively novel. Recently veterinary medicine has gain remarkable 

advancements in health care technologies. Animal production and growth are being improved with the application of 

current state and advances in nanotechnology. Therefore, nanoparticles are alternative antimicrobial agent for 

identification of pathogenic bacteria and to counteract the misuse of antibiotic. Additionally, nanoparticles are utilized as 

drug delivery agents to create new drug and vaccine candidates with enhanced properties and performance, as well as 

for diagnostic and therapeutic purposes.  
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INTRODUCTION 
 

 Presently, nanotechnology has gained a lot of attention as one of the vital disciplines due to its technological 

advancement in several fields of science including physics, biology, chemistry, medicine, pharmacy, material science and 

environment (Nicolas et al., 2013). Nanotechnology refer towards investigation and manipulation of materials with an 

objective of achieving a dimension falling within range of 1–100 nm (Ahmad et al., 2017). A Professor Norio Taniguchi of 

Tokyo Science University first used the word "nanotechnology" in 1974 to refer the precise process of creating materials 

(Taniguchi, 1974). The word "nano" is derived from Greek word "nanos" meaning dwarf and "nanometer" (10−9) meaning 

the length of three atoms aligned in a single pattern, or one billionth of a meter (Thakkar et al., 2010).  

 

Importance of Nanotechnology  

 Nanotechnology plays an imperative role in several technical domains owing to its pre-established superstructures. 

This field pertains towards the manipulation of atoms or molecules in order to create structures with desired shape and 

characteristics. Its health and environmental applications involve efficient drug delivery and solar energy harvesting. 

Additionally, it contributes towards reduction of industrial chemical use and creation of better, healthier, and more 

livable environment. Moreover, it contain applications in water filtration, cancer treatment, and food packaging (Khan et 
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al., 2019). Nanomaterials (NMs) possess numerous unique properties because of their greater surface area to volume 

ratio, specific size, composition, shape and concentration of individual constituents. These properties also makes 

possible the application of particles in different fields as catalysts, drug/gene delivery system, nano-magnets, quantum 

dots for electronic devices, water disinfectants and pollutant remediating agents (Khin et al., 2012; Tang et al., 2014; 

Gong et al., 2018). 

 

Nanoparticles 

 Nanoparticles (NPs) are solid particles with size of few nanometers, created at molecular or atomic level containing 

unique or superior physical properties that are not possible for bulk solids. These NPs exhibit the properties of unified 

cohesive entity (Sharma et al., 2019). Because of their unique characteristics over their bulk counterparts, NPs are created 

in variety of sizes and shapes. Nanoscale materials possessing high surface to volume ratios vary significantly because of 

their mechanical properties, biological activity, light absorption, thermal conductivity, melting points and catalytic 

properties (Mandhata et al., 2022).  

 

Classification of Nanomaterials 

 Numerous classifications of nanomaterials have been established, based on following factors:  

(I)  The structure: Dendrimers carbon tubes, liposomes, nanoclusters, nanotubes, micelles and fibers (Abdullaeva, 2017). 

(II)  The dimension: The size of NPs ranges from 1 to 100 nm; smaller particles containing larger surfaces, affects both 

toxicity and functioning (Saleh, 2020; Lang et al., 2021).  

(III)  The morphology: NPs might be manufactured in a variety of shapes, including cubes, triangles, wires, helices, stars, 

hooks, plates and spheres (Buzea and Pacheco, 2017).  

(IV)  The application: NPs can be used in nutritional, medicinal, diagnostic, theranostic and vaccine manufacturing 

purposes. 

(V)  The surface modifications: It refers to surface functionalization of NPs by adding thiols, fatty acids, anionic 

chemicals, or by carboxylation, PEGylation, or amination linking to functional groups. It also refers to adjustment of surface 

charge, either negative or positive (Saleh, 2020).  

(VI) The composition: In order to overcome limitations of single-component NPs, improve their properties, and 

accomplish multiple functionalities. A NMs can be synthesized using a single material or composite of at least two different 

NPs (Buzea and Pacheco, 2017; Ma, 2019; Du and Yuan, 2020). 

(VII) The nature: NPs can be divided into three categories: carbon, organic and inorganic (Ealia et al., 2017). Metals or 

metal oxides make up inorganic NPs. Gold, silver (Ag), copper, cadmium, iron, aluminium, cobalt and zinc are materials 

used to make metal NPs (Reverberi et al., 2016). Because iron (Fe) NPs are very reactive and quickly oxidize to Fe2O3 in the 

presence of oxygen at ambient temperature, coating FeNPs is recommended to maintain them stable and to stop 

aggregation (Ali et al., 2016). Because of their higher reactivity and efficiency, metal-oxide NPs are mostly produced (Tai et 

al., 2007). Carbon-based NPs should be categorized into, black carbon, fullerenes, carbon nanofibers, carbon nanotubes 

and graphene (Bhaviripudi et al., 2007). Proteins, liposomes, and peptide-based NPs are examples of organic NPs (Osama 

et al., 2020). They are biodegradable, biocompatible and non-toxic. Nano-capsules, as liposomes and micelles, are an 

excellent alternative for sustained release and drug administration due to their outside shell and empty internal portion 

(Abd El-Ghany et al., 2021).  

 

Green Nanotechnology  

 NPs produced using environmentally friendly techniques are often devoid of harmful substances and compatible with 

living organisms due to absence of reducing agents or external coatings in their synthesis methods. That’s why they are 

less harmful than nanoparticles synthesized chemically (Porzani et al., 2021). Biologically produced nanoparticles have 

provided a modern approach for developing an alternative technology (Ebrahimzadeh et al., 2020). The advantages of 

biological synthesis compared to traditional physiochemical techniques are its cost-efficiency and eco-friendliness (Duran 

et al., 2016).  

 In addition, biological engineering enables creation of nanoparticles with exact dimensions and shape by controlling 

several factors, including pH, temperature, incubation time, as well as concentration and developmental settings 

of biological agent used (Gericke and Pinches, 2006a; Gericke and Pinches, 2006b). Green synthesis of several nanoparticles 

from different plants, including Solanum nigrum, Ocimum basilicum, Azadirachta, Camellia sinensis, Mangiferaindica and 

green tea have been reported recently (Majidi et al., 2016).  

 

Green Nanoparticles Production Methods 

 Green nanoparticles (GNPs) are synthesized using various components and bio-chemicals derived from plants acting 

as stabilizing and reducing agents. Green synthesized technologies are more durable, economical, non-toxic, and eco-

friendly compared to other physical, biological, and chemical techniques (Mustapha et al., 2022). The procedure of 

synthesizing NPs from plant extract is cost effective and yields higher products since, extract contains large amount of 

phytochemical components that can be used as stabilizing and reducing agents to transform metal ions into metal NPs 

(Venkataraman, 2022). 
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Variations in Green Synthesis of Nanoparticles  

 Diverse factors, as temperature, pH, reaction time, and reactant concentration, might be adjusted according to 

requirements of environmentally friendly production of NPs for their morphological analysis. These features primarily 

recognize the impact of extrinsic variables on synthesis of NPs, and they might have pivotal part in improving the 

efficiency of producing metallic NPs (Zhang et al., 2020).  

 

Biological Methods 

 Biological techniques are acquiring ubiquity due to their reduced impairment, ease of application, eco-friendliness, 

and effectiveness compared to traditional treatments. This method employs microorganisms (as bacteria, viruses, and 

fungi) or extracts from plants or algae as direct substitutes for chemical and physical procedures (Eszenyi et al., 2011; 

Abdelnour et al., 2021). The extracts include polyphenols, terpenoids, sugars, proteins, and other components that function 

as reducers to maintain minerals in reduced state throughout production (Marappan et al., 2017). Biological techniques 

have several limits when it comes to retrieving NPs, as time required to manufacture them and need to maintain culture 

medium and conditions (Abdelnour et al., 2021).  

 

Synthesis using Plant Extract 

 Numerous phytochemical substances with oxidation-reduction properties, as flavonoids, phenolics, terpenoids and 

polysaccharides are found in plants. Therefore, they are ideally used in eco-friendly synthesis of NPs (Widatalla et al., 2022). 

The synthetic GNPs have an impact on several components of plants, including roots, stems, leaves, seeds, and fruits, due 

to availability of important phytochemicals (Parmar and Sanyal, 2022). Various techniques for synthesizing plant-mediated 

NPs include: (i) employing specific phytochemicals (Ivask et al., 2014), (ii) using plant extracts externally (extracellularly), 

and (iii) using plant extracts internally (intracellularly). Several plants contain the capacity to accumulate metals and 

subsequently convert them into NPs within their cells. Numerous key biomolecules present in plants, as proteins, 

polysaccharides, alkaloids, phenolics, aldehydes, ketones, terpenoids, saponins, tannins, flavones, and vitamins, play a 

crucial role in reducing metals (Nath and Banerjee, 2013). Fig. 1 indicate green fabrication process of metal NPs mediated 

by plants. 

 

 
 

Fig. 1: The typical process of plant-mediated green synthesis of metal nanoparticles Copyright © 2021 (Ronavari et al., 

2021). 

 

Biosynthesis using Microorganisms 

 Microorganisms like bacteria, fungi, and yeast are showing huge interest for synthesis of NPs however, lack of 

control over NP size, extensive procedures, and culture contamination pose threats to the method. Microbial -derived 

NPs can often be categorized into several types based on the particular environment within which they are 

synthesized (Li et al., 2011). 
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Bacteria 

 Bacterial species have been extensively used in several commercial biotechnological applications, as genetic 

engineering, bioremediation and bioleaching (Gericke and Pinches, 2006). Bacteria are vital prospects for NPs 

manufacturing due to their ability to reduce metal ions (Iravani, 2014). Numerous bacterial species are employed in 

synthesis of metallic and other new NPs. Actinomycetes and prokaryotic bacteria are often used in the production of 

metal/metal oxide NPs (Singh et al., 2018).  

 

Fungi 

 Fungi that synthesize metal/metal oxide NPs provide very effective method for producing well-dispersed NPs with 

distinct morphologies due to their diverse intracellular enzymes. They are highly efficient in producing metal and metal 

oxide NPs (Chen et al., 2009). Proficient fungus have higher NPs production rates than bacteria (Mohanpuria et al., 2008). 

 

Viruses 

 Viruses, which are not regarded as entire living beings, are also utilized in process of producing nanomaterials. Plant 

virus capsids in particular are helpful bio-template for synthesis of NPs (Young et al, 2008; Banik and Sharma, 2011; Love et 

al., 2014). A few plant viruses, including red clover necrotic mosaic virus, cowpea mosaic virus, and tobacco mosaic virus, 

have been utilized to create Fe–Pt, Co–Pt, Co–Fe, and Cd–Se alloy NPs (Tsukamoto et al., 2007; Loo et al., 2007; Shah et al., 

2009).  

 

Yeast 

 The single-celled microorganisms known as yeasts are found in eukaryotic cells containing about 1500 known species 

(Yurkov et al., 2011). Yeast strains have various advantages over bacteria, including the ability to synthesize several 

enzymes, rapid development using inexpensive resources, efficient mass production, and easy regulation in laboratory 

settings (Kumar et al., 2011). 

 

Comparison of Plant-based Green Synthesis over Microorganism-based Methods 

 Reaction rates in synthesis methods based on plant extracts are relatively high. Depending on kind and number of 

plants involved, this process may take a few minutes to many hours. In microorganism-based techniques, microbe 

cultivation requires significant amount of time, sometimes several days. This indicates time-consuming nature of this 

approach. Some of bacteria in addition to these are highly dangerous and could threaten human health. However, 

Pseudomonas, Fusarium and Escherichia coli are safest and most benign bacteria to produce nanoparticles. In nature, there 

are numerous plants especially evergreens, which are almost constantly present. In contrast to microbes, herbal extracts 

usually produce metal nanoparticles at ambient temperature without heating the reaction mixture or culture medium. 

Broadly, plant extracts are more suitable for industrial scale synthesis than microbes (Noruzi, 2015). 

 

Applications of Green Nanoparticles  

i. Agriculture; GNPs made from different plants, decrease harmful emissions of nitrous oxide, carbon dioxide and 

methane. This is an important idea of employing green nanotechnology in agriculture to reduce detrimental environmental 

consequences and high cost of fertilizers. GNPs have potential to alleviate health problems among farmers while 

simultaneously increasing agricultural output (Raja et al., 2022).  

ii. Detoxifying agent; Plants naturally contain wide variety of phytochemical constituents which, are affordable and 

environmentally beneficial. Green synthesized NPs are subjected to substantial significance and detoxification of 

environmental heavy metal. Because heavy metals contaminate soil and water in large quantities, green nanoparticles can 

help reduce metallic toxicity in the environment (Jadoun et al., 2022).  

iii. Energy; The energy sector is core area where green nanotechnology offer opportunities as addition of NMs to solar 

cells can increase their ability to absorb light and convert it into electricity, creating cleaner and more effective energy 

sources (Cuong et al., 2022). 

iv. Biosensor; The visual characteristics of gold NPs produced by algae have demonstrated exceptional performance and 

might be valuable in biological sensing applications as determining kind and quantity of hormones present in human 

body, particularly in cancer diagnosis. Algal-produced Au-Ag demonstrated exceptional electro-catalytic activity against 2-

butanone at room temperature, and might be used as substrate to create biosensors for cancer detection and to identify 

presence of malignant cells (Anvar et al., 2023). A new and practical method for creating nano-biosensing instruments to 

target environmental contaminants is use of biosynthesized Ag-NPs. The Ag-NPs produced from Anacardium occidentale 

leaf extract have been utilized as a sensing probe to find Cr (VI) in tap water (Balavigneswaran et al., 2014). Green-

synthesized NPs, including Ag-NPs, CuO-NPs, ZnO-NPs and NiO-NPs, show antibacterial activity through several 

mechanisms. Ag-NPs possess ability to rupture bacterial cells by creating holes in their membrane (Annamalai and 

Nallamuthu, 2016), resulting disruption in DNA replication, ATP production, protein denaturation and loss of proton 

motive force (Shao et al., 2018; Jemilugba et al., 2019). NPs contain ability to damage polymer components of cell 

membranes found in both pathogenic and non-pathogenic microorganisms, including peptidoglycan in cell walls. 

Increasing the concentration of NPs can increase permeability of membrane and cause cell wall rupture (Dakal et al., 2016). 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

72 

The primary characteristic of NPs with small sizes that may lead to cell wall damage is their large surface area (Janthima et 

al., 2018). 

v. Antifungal agent; Numerous medical applications of green synthesized NPs are presented in Fig. 2. The development 

of effective, new and potent antifungal medicines is very promising, as fungal infections have become a critical public 

health concern due to drug resistance and restricted access to antifungal treatment. Fantastic antifungal efficacy is 

demonstrated by NPs, which may offer a novel treatment option for fungal illnesses. The most potent antifungals that can 

be produced through green methods are silver nanoparticles. For example mechanism involved in biocidal effects of 

Nostoc Bahar_and Desertifilum sp. IPPAS B-1220 against Candida albicans attributed to their capacity to interfere along 

with fungal cell structures and stimulate oxidative stress, assisting them to be utilized as robust antimycotic agent (Hamida 

et al., 2021). 

vi. Anti-inflammatory agent; Anti-inflammatory mechanism of various NPs may be applicable for targeting, drug 

designing, in food and cosmetic industry , as well as offers feasible solution for treatment of several types of inflammations 

with minimal side-effects (Agarwal et al., 2019). Selenium (Se) an crucial trace element that perform critical role in 

counteracts chronic inflammation and immune functions by regulating signal-transduction pathways and inflammatory 

gene expression in triggered macrophages (Narayan et al., 2015). The roles of Se in immunity and inflammation have been 

recognized, and can reduces risk of cardiovascular diseases and rheumatoid arthritis (Huang et al., 2012). It has been 

reported that silver NPs demonstrate anti-gastric ulcer properties (Sreelakshmy et al., 2016) and solid lipid NPs (Sun et al., 

2017) and anti-peptic ulcer assets of chitosan NPs (Goncalves et al., 2014). 

 

 

Fig. 2: Green-synthesized 

metal nanoparticles’ medical 

applications Copyright © 

2021 (Ronavari et al., 2021). 

 

 

vii. Anticancer; Synthesized silver NPs derived from several plants, such as Ficus religiosa (Antony et al., 2013) and 

microorganisms such as Deinococcus radioduran (Kulkarni et al., 2015), Streptomyces rochei MHM13 (Abd-Elnaby et al., 

2016) have demonstrated in-vitro anticancer actions towards different cancer cell lines. The synthesized silver NPs from 

Indigofera tinctoria leaf extract revealed cytotoxicity against lung cancer cell line A549. It was discovered that the cytotoxic 

effects of silver NPs were dose-dependent and more distinct than those of leaf extract administered as a placebo (Vijayan 

et al., 2018).  

 

Application of Nanotechnology in Veterinary Medicine 

 NMs are very beneficial in biomedical applications because of their small size, which makes them compatible with a 

wide range of biological organisms as shown in Fig. 3. Nanotechnology contain significant potential for resolving wide 

range of issues in veterinary medicine and veterinary-sanitary inspection (Patil et al., 2009). Many applications, such as 
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medicine administration, gene transfer, imaging, parasitology, tissue engineering and pest control, might be revolutionized 

by nano-biotechnologies (Rai et al., 2009; Heng et al., 2013; Amerasan et al., 2016). Recently, garlic oil nano-emulsion has 

emerged as promising technique that may be greatest antibiotic substitute in chicken farms. Because application of garlic 

nano-emulsion greatly decreases gene expression levels of multi drug resistant (MDR) P. aeruginosa in broiler farms, it is 

great choice for therapy as an alternative to antibiotics (El-Oksh et al., 2022). In the animal model of atopic dermatitis (AD), 

nano-sized zinc oxide significantly decreased pro-inflammatory cytokines, exhibiting stronger anti-inflammatory effects 

than bZnO (IL-10, IL-13, IFN-, and Th2 cytokines) (Yousaf et al., 2024). 

 

 
 

Fig. 3: Type of nanoparticles used in application of veterinary medicine and animal production (Bai et al., 2018). 

 

 The hydrogel of silver NPs made from Arnebia nobilis root extract demonstrated effective wound healing activity in an 

animal excision model. The antibacterial qualities of biosynthesized silver NPs are correlated with their therapeutic effects 

in wound treatment (Garg et al., 2014). 

 A substance termed timicosin contain semisynthetic characteristics. Broiler chicks were given three different kinds of 

micellar NPs as lipid-core nanocapsules, solid lipid NPs, and nanostructured lipid carriers-pills. Improved medication 

bioavailability and pharmacokinetics were the goals of their utilization. The pharmacokinetic properties and bioavailability 

of the medication were improved in three separate batches of lipid NPs administered to broiler chickens (Al-Qushawi et al., 

2016). 

 

Diagnostics 

 Bio-imaging plays vital role in disease diagnosis, particularly in identification of cancer and tumors, as well as in 

recognition of forms, structures and pathways inside organisms. Gold, iron-based NPs and quantum dots are being used in 

various biomedical imaging techniques as magnetic resonance imaging (MRI), photo-acoustic (PA) imaging, computed 

tomography (CT), contrast-enhanced dual-energy mammography (DEM), high-order multiphoton luminescence (HOMPL) 

microscopy for cancer and tumor detection (Nune et al., 2009; Chou et al., 2016). 

 Certain NMs (e.g., magnetic, fluorescent and catalytic) can be used as probes for various imaging and diagnostic 

applications because of their essential physicochemical qualities and biocompatibility. Biochips for early diagnosis of 

animal illnesses have been developed and effectively implemented. These chips are made from silicon pools that have 

hundreds or thousands of small recombinant Deoxyribonucleic acid (DNA) strands grafted on them (Hanafy, 

2018). Molecular diagnostic methods are becoming more common in diagnostic laboratories these days. Immune 

diagnostic probe integration with NMs significantly increase the specificity and sensitivity of antibody-based 
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immunodiagnostic techniques and provide strong impetus for their development. More biocompatible, stable, and 

sensitive to target antigens are the antibodies conjugated to NPs (Vrublevskaya et al., 2017). 

 

Therapeutic usage of Green Nanotechnology  

Drug Delivery 

 Higher binding affinity for biomolecules, decreased oxidative stress and inflammation in tissues have demonstrated by 

nano-medicines. Thousands of unique nano-medicines have been created over time, each with different use for handling 

of different diseases. Many more are in the clinical testing phase and very few have been authorized for use in clinical 

settings. Different kinds of NPs were found based on therapeutic need as shown in Fig. 4, depending on their origin and 

use. Iron oxide NPs, polymeric proteins, liposomes and metal-based materials have all become highly effective (Dikshit et 

al., 2021). They have notable advantages in terms of improving drug stability inside the body as well as bioavailability, 

pharmacological activity, toxicity protection, distribution, solubility and resistance to degradation from both physical and 

chemical sources (Zoroddu et al., 2014).  

 It offers a platform for development of therapeutic NMs or nano-medicines. Numerous opportunities in medical 

sciences, particularly in area of drug delivery systems, have been made possible by development of nano-medicines. 

Because of their structural qualities, they have great way to target particular locations and enter cells or sick areas quickly 

(Luque-Michel et al., 2017). Nano-medicines have shown greater ability to cooperate with biomolecules and to lower 

oxidative stress and inflammation in tissues (Dikshit et al., 2021). 

 

 

Fig. 4: Targeted drug 

delivery of nanotubes (Suri et 

al., 2007). 

 

 

Future Perspectives 

 The development of innovative nano-drugs and delivery systems using non-toxic nanoparticles such dendrimers, 

polymeric nanoparticles, liposomes, and metal nanoparticles is now more possible because to recent developments in 

nanotechnology. The unique characteristics of each form of nanoparticle are employed to improve the therapeutic indices 

of the integrated pharmaceuticals in a number of ways as prolonged release, bioavailability, retention time, and protection 

of the entrapped agent from the internal body environment. Additional metallic nanoparticles are being thoroughly 

investigated for a range of biomedical uses as "nanotheranostics." In addition to being widely used as diagnostic, 

therapeutic, imaging, and nanocarrier agents in veterinary medicine, metallic nanoparticles serve as artificial platforms for 

multimodal imaging approach to the detection and treatment of degenerative illnesses, including cancer in humans. For 

veterinary illnesses, targeted drug delivery via various metallic nanoparticles holds out a lot of potential for both 

immediate and long-term therapy plans (Bai et al., 2018).  

 While, taking into account their manufacturing capabilities and enhancing their size, stability and lifespans, it is crucial 

to guarantee the quality and safety criteria of green NPs. Despite a vast extent of research, only a little amount of NP-

based drugs are in use nowadays, and the bulk are still in the experimental stage. In order to enable functional 

nanotechnology design, further study is required to comprehend toxicity, cellular and physiological factors that affects 
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distribution of medications via NPs, improved permeability and retention impact and pharmacokinetic mechanisms in 

human body (Hosseingholian et al., 2023). 

 Crucially, to utilize all of the tools derived from a variety of nanomaterials towards being beneficial instruments for 

different diseases and therapies in veterinary animals, like humans, further in-depth pre-clinical investigations are urgently 

needed to realize the bright future of veterinary medicine. Predicting future risks to biological systems and the 

environment therefore necessitates ongoing, thorough research into the short- and long-term impacts of such materials in 

vivo as well as a thorough grasp of molecular mechanisms. Utilizing nanoparticle-mediated drug delivery broadly is crucial 

in veterinary medicine as it holds great promise for more effective medication delivery to specific target sites and for 

overcoming biological obstacles (Bai et al., 2018).  

 

Conclusion 

 The most significant application of nanotechnology in tissue engineering is regenerative medicine, which has potential 

to revolutionize the design of scaffolds and transplants with tissue-regenerative qualities. Creating perfect nanomaterials 

that can communicate with damaged or sick cells and tissues to start regeneration process is still difficult. Similar to this, as 

regenerative medicine is still in its early stages of development, there is great deal of concern regarding safety of using 

nanomaterials on animals. Ultimately, strong collaboration between scientists and veterinary physicians is critical to 

comprehending underlying principles of cell-biomaterial interactions at nanoscale level and being able to convert findings 

from bench to bedside. Additionally, research is crucial to the animal production sector, especially in identifying gaps in 

applications and knowledge. 
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ABSTRACT   

Numerous scientific domains can benefit greatly from nanotechnology. Nanoparticles are fundamental building 

components of nanotechnology. Recent developments in nanotechnology have demonstrated enormous potential of 

nanoparticles in medicinal applications. Because of their high carrier capacity, capacity to establish ligand-stabilized 

connections, and ease of obligatory molecules that are both hydrophilic and hydrophobic, nanoparticles are an 

advantageous platform for targeted and monitored administration disease-related micro and macromolecules 

treatment. The problems by conventional therapy are solved when therapeutic chemicals are mixed with nanoparticles 

(protein, nanogels, carbon nanotubes, quantum dots, nano-medicines); however, some issues as toxicity and side effects 

are still up for debate and should be carefully considered before being used in biological systems. Therefore, it's critical 

to comprehend unique characteristics of medicinal nanoparticles as well as methods of distribution. Here, we give an 

explanation of the special qualities that nanoparticles in biological systems possess. In this discussion, we will focus on 

the kind of therapeutically utilized nanoparticles, their specificity for therapeutic purposes, and their current delivery 

approaches for various illnesses like infectious, cancer, and cardiovascular, autoimmune, neurological, pulmonary, and 

ophthalmic disorders. Acquiring knowledge about properties of nanoparticles and how they interact with the biological 

environment can help us develop new approaches for analysis, treatment, and prevention of many ailments, especially 

those that are incurable. 
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INTRODUCTION 
 

 The features of nanoparticles (1–100 nm) make them appropriate for use in medicine. These substances are sufficiently 

tiny to get into the appropriate tissues within the body, bind selectively to the target cell, and circulate with ease. The main 

aim of producing nanoparticles as provision system is to transmit active therapeutic compounds during treatment by 

controlling the particle size, surface characteristics, and effective release without causing side effects. The ability to 

construct multifunctional nano systems for simultaneous diagnosis and treatment is made possible by availability of 

nanoparticles known as thermo nucleic nanoparticles exhibiting both therapeutic and diagnostic properties concurrently 

(Anani et al.,2021; Kandasamy and Maity, 2021; Lu, 2022). Theranostic nanoparticles are perfect for biomedical applications 

because of number of attributes, including sufficient drug delivery, fast clearance, no negative effects on other organs, 

precise and rapid distribution, and comprehensive morphological and biochemical properties of targeted spot (Jokerst and 

Gambhir, 2011). 

 Drug efficacy and side effect reduction can be achieved through nanoparticle engineering with unique surface 

characteristics that allow them to aim for diseased cells, avoiding those that are healthy (Huang et al., 2010). Furthermore, 

nanoparticles can be engineered to release their contents in an appropriate manner, enabling long-term, continuous 
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medication delivery (Bajpai et al., 2018). The utilization of nanoparticles (NPs) in the pharmaceutical sector has experienced 

a significant surge in past few years. This can be attributed to their smaller size, which facilitates their easy penetration of 

cellular plasma membranes through cellular endocytic mechanisms (Zhang et al., 2015; Torrano et al., 2016). Numerous 

nanomaterials and nano-carriers have had their anticancer capabilities investigated in recent years. Old nano-medicine 

based cancer treatments are still in use to cause unwanted immunotherapeutic and photochemical effects (e.g., responses 

to inflammation, both acute and chronic) despite the previously mentioned properties, benefits, medical uses and NPs' 

improvements in cancer diagnosis and therapy that is, if NPs are not effectively functionalized for medicinal purposes 

(Braakhuis et al., 2014; Jeong et al., 2022). Preclinical and clinical research continues to recommend a comprehensive 

examination of NPs prior to their regular therapeutic usage (Desai, 2012; N.-Y. Lee et al., 2019; Ramos et al., 2022). 

 Recent advances in biomedical science have successfully improved the design of therapeutic medicines for the 

treatment of disease. The transport of therapeutic chemicals towards target location stands in the way of effectiveness of 

treating numerous diseases. Common therapeutic drugs have drawbacks including inadequate bio-distribution, 

unfavorable side effects, minimal efficacy, and non-selectivity (Kadam et al., 2012). Thus, the design of multifunctional, 

well-controlled delivery systems is main focus of current research efforts.  

 Delivering a variety of compounds to specific parts of the body through the association of therapeutic medicines with 

nanoparticles that have distinctive biologic and physicochemical characteristics engineering their paths for appropriate 

directing is auspicious strategy (Jahan et al., 2017). Delivering a variety of compounds to specific parts of the body through 

the association of therapeutic medicines with nanoparticles that have distinctive physicochemical and biologic 

characteristics and engineering their paths for appropriate targeting is a promising strategy. By improving the therapeutic 

agents' efficacy and/or tolerance in biological systems, raising their concentration at the target area also raises their 

therapeutic index. Combining water-insoluble medicinal compounds with nanoparticles can enhance their bioavailability 

and shield them from physiological obstacles. Conversely, when therapeutic nanoparticles are associated with contrast 

agents, it becomes possible to monitor their delivery location and track their journey in in vivo systems. The preceding 

advantages make it possible to use targeted therapeutic nanoparticles in a variety of medical specialties. In this paper, we 

outlined the physicochemical characteristics of nanoparticles that make them essential tools in nanomedicine and 

reviewed the past ten years of research on therapeutic nanoparticles and their targeted delivery uses in a range of 

illnesses, including cancer and neurological diseases (Yetisgin et al., 2020). 

 

Nanoparticles as Nano-medicines 

 Numerous domains within nano-medicine, including medication and imaging, diagnostics, and gene delivery have 

included nanotechnology (Thakur et al., 2015; Martinho et al., 2011). The term "drug delivery" (DD) describes the 

procedures, formulations, technologies, and methods used to move pharmacological substances through body in order to 

provide intended therapeutic effect (Mohammad et al., 2017). It includes methods of delivering medication to both 

humans and animals in order to achieve therapeutic efficacy. The focus of recent advancements in drug delivery systems 

(DDSs) has mostly been on smart DDSs, which aim to administer drugs at the right time, dosage, and place for optimal 

safety and efficacy (Thakur et al., 2015).  

 The use of personalized medication designs and dosage adjustments in precision medicine has significantly altered the 

context of cancer treatment. It is possible to precisely alter a medication's absorption properties, how it behaves in target and 

nontarget tissues, and how it is administered in therapeutic combinations that work well together (Manzari et al., 2021). 

Among the intriguing uses of NPs in precision medicine include suppression or immuno-activation, intracellular targeting, 

genome engineering (Mitchell et al., 2021). Targeted-delivery nano-medicines can be made with varied variety of 

nanoparticles (NPs), due to their conjugated polymers, polymeric micelles, distinctive structural characteristics, polymeric, 

liposomes, and dendrimers. Particularly in the context of cancer treatment, numerous issues pertaining to drug-targeting 

techniques for irrefutable application have been found, studied, and determined. Integrating knowledge with technical 

advancements and multidisciplinary research could pave the path for the introduction of safer nano-medicine (Tewabe et al., 

2021). 

 

Types of Therapeutic Nanoparticles 

Metallic Nanoparticles (NPs) 

 Therapeutic agents can be disseminated in a polymer carrier matrix, encased in a polymer shell, covalently bonded or 

adsorbed to the particle surface, or contained within a structure in solid colloidal particles with sizes ranging from 10 to 

1000 nm are known as metallic nanoparticles for drug delivery (Brigger et al., 2002; Kroll et al., 2009; Sahoo and 

Labhasetwar, 2003). By avoiding multidrug resistance, site specificity, effectively delivering therapeutic agents and 

enhancing, metallic nanoparticles aim to raise the therapeutic index of pharmaceuticals (Brannon-Peppas and Blanchette, 

2004; Byrne et al., 2008).  

 Metallic nanoparticles can carry large doses of drugs, outcomes in great concentrations of anticancer medications at 

the targeted location. This avoids harmfulness and other painful side effects that arise from high drug concentrations in 

other parts of the body, and is the main reason why metallic nanoparticles are useful as cancer therapy probes (A. H. Lu et 

al., 2007). Cancer therapy might be carried out both within cells and within sub cells with use of metallic nanoparticles, 

which would significantly boost therapeutic efficacy and decrease adverse effects (M. Z. Ahmad et al., 2010). 

Bimetallic Nanoparticles 
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 Numerous uses for bimetallic nanoparticles have been reported in the medical field, including bio-imaging, cancer 

therapy, antibacterial, antioxidant, and anti-diabetic medication delivery. Because of their strong magnetic 

characteristics, gold based Au–Fe and nickel based Ni–Co bimetallic nanoparticles suitable for use as contrast agents in 

CT and MRI imaging tests for diagnosis and prognosis (Amendola et al., 2014) and a tumor-targeting theranostic agent 

(Y. Lu et al., 2022). Cu–Fe has also been applied to improved chemodynamic treatment (Koo et al., 2022), Ag-Cu, Au-Pt, 

Pd-Pt, and Au-Co have all been utilized for anticancer activities and cancer therapies (Garfinkel et al., 2022; H. Yang et 

al., 2022; Koyyati et al., 2022; Oladipo et al., 2020; Seifi et al., 2020). Additionally, Au-Bi has been utilized to suppress 

tumor cells (He et al., 2021). Human health concerns have been raised by heavy metal ion contamination of water 

sources and dye emission from numerous industries worldwide. It is well recognized that dyes released by companies 

are harmful to human organs like the liver and kidney (Ge et al., 2018). But water bodies must be cleaned up and made 

free of many kinds of pollution. For this, bimetallic nanoparticles have been employed (Idris and Roy, 2023). Nano-chips, 

nano-sensors, nano-coating, and nano semiconductors, have all been created using bimetallic nanoparticles. For 

instance, bimetallic nanoparticles of Pd–Au, Au–Cu, Pd–Ru, Fe–Mn, Co–Ni, Ag–Cu, Au–Pt, Au–Ag, Cu–Sn, and Ag–Cu 

have been utilized to create biosensors and detectors that are able to detect dimethoate (Ansari et al., 2018), evaluate 

milk samples for Salmonella typhimurium (Sohrabi et al., 2022), and hydrazine (Amiripour et al., 2018) as well as anti-

inflammatory drug 4-aminoantipyrine (Saeed et al., 2022), anti-cancer drug (Sravani et al., 2022), favipiravir 

(Mehmandoust et al., 2021), luteolin (Tang et al., 2022), diclofenac (Eteya et al., 2019), coal mine gases sensor (W. Zhang 

et al., 2022), and glucose in serum (Huan et al., 2022). 

 

Green Nanoparticles 

 Emerging uses for green synthesized metal and metal oxide nanoparticles in biomedical field include immunotherapy, 

regenerative medicine, dentistry, wound healing, tissue treatment, and bio sensing platforms (Pandit et al., 2022). 

Significantly more beneficial impacts of silver nanoparticles include their anticancer characteristics, broad spectrum 

antibacterial response, non-toxicity, and other therapeutic uses (Cadinoiu et al., 2022; Safaya and Rotliwala, 2022; Y. Yang 

et al., 2022). Natural form Au nanoparticles produced using green synthesis. Complementing photosensitizers with gold-

based nanoparticles can enable photodynamic antimicrobial chemotherapy (Hossain et al., 2022; Shivaramakrishnanet al., 

2017). Furthermore, a different study found that elemental mercury was removed from soil and air by using green 

synthesized selenium nanoparticles, which also work to remove heavy metals (zinc, copper, and nickel) from soil (Ramezani 

et al., 2021; X. Wang et al., 2018; Zohra et al., 2021). Medicine using selenium nanoparticles is a significant bio therapeutic 

agent that has no negative effects (Hosnedlova et al., 2018). 

 

Polymeric Nanoparticles  

 Lipid-based compounds like liposomes and polymeric-based particles like polymeric micelles, dendrimers, and 

polymer/drug composites make up the majority of drug-delivery nanoparticles (Jokerst and Gambhir, 2011; Lin et al., 

2019). Due to the discovery of the special qualities of polymer nanoparticles, polymeric nanoparticles have gained favour 

over other nanoparticles in recent years. They are a good choice for creating theranostic nanosystems. The benefits of 

these nanoparticles include medication release control, biodegradability, biocompatibility, and flexibility for hydrophobic 

and hydrophilic payloads (Ferrari et al., 2018).  

 Uniform spherical shapes, polymer nanospheres range in size from 10 to 200 nm (Hosseini et al., 2023). 

Nanospheres are utilized as substitute carriers for the administration of imaging and anti -cancer medicines (Elkharraz 

et al., 2006; Grayson et al., 2005; Liu et al., 2009; Ranganath and Wang, 2008). It has been written that drug-loaded 

nanospheres can be modified with ligands for specific therapy. Nanospheres of wheat germ agglutinin (WGA), for 

instance, have been utilized to identify N-acetylglucosamine and sialic acid shown in prostate cancer cells (Xie et al., 

2007). Typically, polymeric micelles have a size of less than 100 nm. Many studies have focused on polymeric micelles 

because of their ideal properties, which include tissue penetration, biocompatibility, nano-size, high stability, low 

toxicity, in physiological conditions, high drug concentration in the target site, high loading capacity, free control 

property, and the potential for ultimate functionalization of the group target ligand composition (Arshad et al., 2020; 

Rana and Sharma, 2019; Yadavet al., 2019; Y. Zhang et al., 2014). Novel type of polymeric materials known as 

dendrimers are huge molecules having a structure like a tree with branches or arms that are symmetrical in the 

center, interior portion, and external shell. These structures are composed of Units of symmetric branching that 

remain arranged around central linear polymer core or tiny molecule. Having just emerged as a class of nanoscale 

macromolecules utilized as carriers, their unique advantage in precision structural engineering makes their emerging 

applications in cancer treatment and bio imaging particularly noteworthy (Fréchet, 2003; Larson and Ghandehari, 

2012; Pearson et al., 2012).  

 

Micelles 

 Water-insoluble medicinal compounds are mostly delivered systemically by polymeric micelles. They form as 

aggregates in solution and have a size of less than 100 nm. Their excellent stability in physiological systems is 

ensured by their hydrophilic surface, which also helps to protect them against nonspecific uptake by reticulo-

endothelial system. As a result, dynamic structure of polymeric micelles offers a significant therapeutic agent delivery 
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mechanism that enables a range of loading capacities, controlled ligand conjugation, and a decreased rate of 

dissolution (Z. Ahmad et al., 2014). 

 

 

Fig. 1: Diagrammatic 

depiction of polymeric 

micelles structure 

 

 

Nanosheets 

 The scientific world has been very interested in two-dimensional (2D) nanosheets ever since graphene was discovered 

in 2004 (Novoselov et al., 2004). Due to their special qualities, 2D nano-sheets can be helpful in several biological research 

areas, such as the transfer of nucleic acids for gene therapy (Choi et al., 2018). The first known carbon-based 2D 

nanomaterial is grapheme (Ge et al., 2018). To our knowledge, this work is the first that describes GO-based nano-carriers 

used for photo thermal and gene therapy was made by (Feng et al., 2013). Yin et al. introduced multifunctional GO nano-

sheets that have the capacity to target cancer in addition to performing gene and photo thermal therapy concurrently (Yin 

et al., 2017). 

 Discovered in 2014, Black phosphorus (BP) is a recently discovered kind of 2D nano-sheet that has been thoroughly 

explored in the last few years (L. Li et al., 2014). Because of its biocompatibility, it has been thought to offer significant deal 

of potential for biological applications (Qian et al., 2017). Chemo/gene/photothermal therapy mediated by BP nano-sheets 

demonstrated a novel approach to overcome medication resistance in cancer (Kim et al., 2020). 

 

Carbon Nanotubes 

 One way to characterize carbon nanostructures (CNSs) is as a very practical class of nanostructure. As a subset of 

smart nano-carriers made completely of carbon, carbon nanotubes (K. P. Loh et al., 2018). In addition to offering a wide 

range of potential advantages, such as the encapsulation of both hydrophobic and hydrophilic molecules, which improves 

drug stability and enables site-specific administration, nanostructures can be applied to the targeted delivery of 

pharmaceuticals (Niezabitowska et al., 2018). One important area of CNT use is functionalization in applications in biology 

through a variety of techniques. These techniques are crucial because they not only make the CNTs stable and 

biocompatible in the biological environment, but also allow them to combine or conjugate with different biomolecules, 

therapeutic agents, and diagnostic devices to produce accurate, cost-effective, and therapeutic systems (Kumar et al., 2014; 

Rogers‐Nieman and Dinu, 2014). Using nanotubes as a drug delivery system, cancer is treated (Inoue et al., 2009). CNTs are 

frequently employed as nanocarriers for anti-tumor drugs, such as camptothecin, doxorubicin, methotrexate, and cisplatin. 

In particular, cisplatin has been utilized as a treatment for a number of conditions related to cancer (Saleemi et al., 2020). 
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 These CNTs' primary function is to preserve the structural integrity of the pharmaceuticals, as encapsulation or 

"endohedral modification" frequently reduces the rate at which pharmacological substances degrade in order to maximize 

drug release under carefully monitored conditions (Perry et al., 2011). Because hydrophobic and capillary forces are what 

drive the encapsulation of pharmaceuticals, this technique works best with medications that have a lower surface tension. 

For instance, gold nanoparticles are used in the fabrication of oxidized carbon nano-bottles to inhibit the uncontrolled 

release of the medicine that is enclosed (cisplatin) (J. Li et al., 2012), as shown in Fig. 2. 

 

 
 

Fig. 2: Carbon nanobottle synthesis, in which the ends of the encased carbon nanotubes are made of gold nanoparticles. 

 

Nanogels 

 Hydrogels with a sub micrometer particle size ranging from 20 to 250 nm and a three-dimensional (3D) tunable 

porous structure are known as nanogels, and they are a type of systemic drug delivery carrier. They are characterized by 

their particle size range of 1 to 350 µm, which sets them apart from hydrogels that develop in situ and facilitate local 

delivery (Jiang et al., 2014). Unlike ordinary nanoparticles (NPs), nanogels possess customizable particle size, shape, and 

sensitivity to various external stimuli such as temperature, pH, redox conditions, ionic strength, and others, which enables 

them to have excellent controlled drug release properties (Sahiner et al., 2006). One of the main obstacles to effective drug 

delivery to cancer cells and better clinical results in cancer therapy is drug resistance. Hyaluronate (HA) nanogels carrying 

doxorubicin and cisplatin have been developed to reverse drug resistance, according to (Ma et al., 2021). The purpose of 

the nanogel's design was to keep the cancer cells' medication concentrations at their ideal levels. The assessment of the 

nanogels demonstrated their potential for reversing drug resistance (Attama et al., 2022). 

 

Quantum Dots 

 Due to their special qualities, Quantum dots (QDs), which are semiconductor nano-crystals, are a preferred nano-

carrier for chemotherapeutic drugs above other kinds (Field et al., 2018). Because of its size and characteristics, QDs are 

widely used in therapeutic applications. Additionally, due to QDs' exceptional physical, optical, and exciting electrical 

properties, they are used in a variety of other applications, including tissue engineering, bio imaging, cancer treatment, 

photo thermal therapy, bio sensing, preventing bioterrorism, and most notably drug delivery (Duan et al., 2019). Numerous 

anticancer medications today exhibit undesirable traits in clinical trials, including inadequate targeting, toxicity, and lack of 

selectivity. It is anticipated that recent advancements in QDs, therapy-based multifunctional nanoparticle medicines, and 

their drug delivery to the target organ would have an impact on cancer detection and treatment (Badıllı et al., 2020).  

 QDs are useful agents for medication delivery tailored to the microenvironment. For this reason, graphene QDs were 

assessed by (Wei et al., 2018). GQDs can be used to achieve classic cell visualization using tailored high quality PL colors 

and images but their lack of cell selectivity makes it difficult to extract cellular-level information from molecules. Targeted 

imaging was suggested by researchers as a possible substitute for cell identification and detection. This can be 

accomplished by adding specific groups and polymers to the surface of GQDs to increase their internalization efficiency. 

According to published research, the most popular cell targeting substances are arginine−glycine−aspartic acid (RGD), 

folic acid (FA), proteins, and even hyaluronic acid (HA) (D. Zhang et al., 2018; J.-E. Lee et al., 2013; S. Li et al., 2017; Zheng et 

al., 2013). Through endocytosis, FA demonstrates a strong affinity for folate receptor (FR) found upon the exterior of 
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different human cancerous cells (Biswas et al., 2021), as shown in Fig. 3. These nanoparticles have additional benefits in 

that they can be employed to the manufacture of sensitive sensors. For industrial and clinical research, the sensitive, 

selective, dependable, quick, and affordable drug analysis approach is essential (Badıllı et al., 2020). 

 

 
 

Fig. 3: a): Hyaluronic acid (HA) is used to target deliver GQDs, and the medicine is then released from the surface of the 

GQD into an environment of tumor cells. Copyright 2021 American Chemical Society. b): Diagram demonstrating the 

synthesis of UCNP-GQD/TRITC with mitochondria-targeting effectiveness. Tumor cell death can be triggered very 

effectively by an in situ 1O2 burst in mitochondria upon laser irradiation. Copyright 2021 American Chemical Society. 

 

Protein NP 

 Nanotechnology has shown enormous impending in the arena of medicine (Kamaly et al., 2012; Shi et al., 2011). The 

use of nanoparticle technology in protein delivery can: 1, shield proteins in the biological environment against early 

deterioration or denaturation; 2, increase the shelf life of proteins having poor pharmacokinetic properties in the 

circulatory system; 3, regulate an adaptable, steady release that keeps the drug's application inside medicinal range; and 4, 

target damaged cells, tissues, and intracellular spaces to increase the safety and effectiveness of biologic therapies. The 

investigation of nanoparticle technologies for protein delivery has been made possible by the notable success of small-

molecule nanoparticle formulations of daunorubicin (DaunoXome), doxorubicin (Doxil and Myocet), amphotericin B 

(Ambisome), and paclitaxel (Abraxane) (Peer D et al., 2007). 

 

Nanoparticles Characteristics for Therapeutics 

 New and improved nanomaterials for biomedical applications have been created attributable to advances in 

nanotechnology (Dessale et al., 2022). Because of their distinct qualities, NPs are used in variety of presentations (Machado 

et al., 2014). The capabilities of multifunctional nanoparticles (NPs) include transportation of hydrophobic compounds, 

active and passive targeting of disease cells, prolongation of drug circulation, enhancement of drug entry and 

accumulation at tumor sites, mitigation of drug resistance, augmentation of medication safety and tolerability, and 

advancement of other technological fields (Q. Yang et al., 2014; Zeineldin and Syoufjy, 2017). 

 

Size 

 Another significant element influencing circulation and bio distribution of medicinal nanoparticles is size. Particles 

bigger than 200 nm may be removed by phagocytic cells in reticulo-endothelial system (RES), but smaller particles can be 

readily removed by physiological processes (percolation over kidney). As a result, therapeutic nanoparticles smaller than 

100 nm circulate in the bloodstream over an extended duration. Numerous investigations revealed that because 

therapeutic nanoparticles in 20–200 nm size range are not recognized by RES and cannot be filtrated by kidney, exhibit a 

greater accumulation rate in tumors (Bhatia and Bhatia, 2016; Ernsting et al., 2013; W. Wu et al., 2018). In addition, 

compared to normal tissues, quantity and volume of blood vessels are greater in tumor sites. Therefore, increased 

permeability and retention (EPR) effect occurs when nanoparticles of the right size are able to enter the tumor area 

relatively quickly and remain there for a longer period of time (Nakamura et al., 2016; Fang et al., 2011).  
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Surface Charge 

 The expulsion and targeted delivery of therapeutic nanoparticles are significantly influenced by their surface charge. 

When associated to neutral or negatively charged nanoparticles, positively charged nanoparticles elicit stronger 

immunological response. Furthermore, it has been demonstrated that nanoparticles with an exterior potential of between -

10 and +10 mV are less prone to non-specific interactions and phagocytosis (Bhatia and Bhatia, 2016; Ernsting et al., 2013). 

The substance of the nanoparticles, however, may determine the optimal range. The surface charge of nanoparticles and 

their sensitivity to pH are also strongly connected. These nanoparticles can be made to identify and localize themselves in 

particular cell partitions. To release their payload, acidic nanoparticles can be directed towards endosomes or lysosomes, 

which have a pH of less than 6.0 (Casey et al., 2010; W. Wu et al., 2018; C. Wang et al., 2017). 

 

Surface Modifications 

 PEG is an ideal polymer for therapeutic nanoparticles because of its inherent physicochemical characteristics, which 

lessen phagocytic absorption and limit aggregation in non-target regions (Walkey et al., 2012). Therapeutic nanoparticle 

PEGylation should take into account factors that affect surface hydrophilicity and phagocytosis, such as PEG chain length, 

shape, and density. Target-specific delivery of PEGylated nanoparticles can be enhanced by conjugating targeting ligands 

to their surface; however, this also has an impact on the nanoparticles' bio-distribution (Yetisgin et al., 2020), as shown in 

Fig. 4. 

 

 
 

Fig. 4: PEG offers stealth. PEGylation of particles can be used to mask surface characteristics and balance the net charge, 

which will lessen the likelihood that opsonin proteins will bind to them and that macrophages will eventually clear them. 

This tactic can increase how long particles circulate within the body. 

 

Nanoparticles Application in Therapeutics 

 Distinct advantages of nanotechnology for imaging, diagnostics, and medication administration, additionally its 

potential for developing synthetic vaccines, tiny medical devices, and therapeutic properties of certain nano-materials 

themselves, have made it increasingly popular for use in cancer treatment. Many therapeutic nanoparticle (NP) stages, 

including liposomes, polymeric micelles, and albumin NPs, have been accepted for use in the treatment of cancer (Shi et 

al., 2017). NPs are used in medical applications due to their unique properties, which include their quantum nature, higher 

surface-to-mass ratio than other particles, and ability to absorb and transport other molecules like proteins and drugs. The 

composition of NPs can vary greatly as they can start with dextran, chitosan, phospholipids, biological lipids, lactic acid, or 

other substances like metals, carbon, silica, or other polymers (Guo et al., 2013; Jani et al., 2020; Mukherjee and 

Bhattacharyya, 2020; Nikolova, 2020; Saxena et al., 2020). 
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Cancer 

 A major cause of death and burden on world health is cancer. By 2018, it was predicted that there would be 9.6 million 

cancer-related deaths and 18.1 million new cancer cases (Bray et al., 2018). Uncontrolled cell growth, which begins at one 

focal site and spreads to other parts of the body until it kills, is hallmark of disease known as cancer. Nanotechnology has 

yielded some promising results in detection and treatment of cancer, including the administration of medication (Hu et al., 

2016), targeted therapy, molecular imaging, biomarker mapping, drug carriage, gene therapy, and detection and 

diagnostics (Tran et al., 2017). 

 One essential feature of nano-carriers for drug delivery is their ability to preferentially target cancer cells, which 

increases therapeutic efficiency while shielding healthy cells from damage. The two main categories of targeting 

mechanisms are passive targeting and active targeting (Yao et al., 2020). The purpose of passive targeting is to take 

advantage of distinctions between normal and tumor tissue. When medications are successfully transported to target site, 

they can function therapeutically. This is known as passive targeting. The neovascularization caused by high cancer cell 

proliferation and increased perm selectivity of tumor vasculature relative to normal vessels are caused by big vascular wall 

pores (Carmeliet and Jain, 2000). Active targeting uses direct interactions between ligands and receptors to target cancer 

cells in particular. To differentiate between targeted and healthy cells, ligands on surface of NPs are specifically designed 

to target molecules that are expressed on surface of tumor cells (Kamaly et al., 2012; Shi et al., 2011). Receptor-mediated 

endocytosis is triggered by interaction between ligands on NPs and receptors on surface of cancer cells. This process 

enables internalized NPs to effectively release therapeutic medicines (Farokhzad and Langer, 2009). 

 

Infectious Diseases 

 Transmissible illnesses brought on by infectious pathogens, including bacteria, viruses, fungi, and parasites, are 

referred to as infectious diseases. One of main concerns for global public health is infectious diseases, which cause millions 

of deaths annually, the majority of which take place in developing nations (Markwalter et al., 2018). The primary treatment 

strategy for infectious diseases involves the utilization of antimicrobial medications (Hillaireau and Couvreur, 2009; Sendi 

and Proctor, 2009). Liposomes that increase antimicrobial activity of medications and polymer-based and non-polymeric 

nanoparticles are examples of nano-delivery applications for the treatment of infectious disorders (Zazo et al., 2016). A 

broad-spectrum antibiotic called ciprofloxacin is recommended to treat lung infections. With LipoquinTM, ciprofloxacin 

liposome formulation, systemic effects of the high-dose antibiotics are avoided because it is intended for inhalation and 

has a 24-hour sustained release (Yetisgin et al., 2020).Similar to this, amphotericin B's related toxicity is intended to be 

decreased by the anti-fungal liposomal transporter Ambisome® (Walsh et al., 1999).  

 Liposomal amphotericin B is appropriate for much disseminated histoplasmosis or immuno-compromised patients 

with HIV infection because of its minimal systemic toxicity (Cornely et al., 2007). Medical gadgets are also adorned with 

antimicrobial nano-drugs to prevent the production of biofilms (L. Wang et al., 2017), for example, Ag-NPs in central 

venous catheters CVCs (K. Wu et al., 2015). Additionally, some nanoparticles like Verigene®, Silverline®, ActicoatTM, or 

EndoremTM SPIONs are employed as medical devices or in diagnosis (Beal et al., 2013; Bozzuto and Molinari, 2015; Weissig 

et al., 2014). 

 

Pulmonary Disease 

 Asthma, pulmonary tuberculosis, chronic obstructive pulmonary disease (COPD), cystic fibrosis, and idiopathic 

pulmonary fibrosis (IPF) are examples of pulmonary lung illnesses (Sugawara and Nikaido, 2014). Delivery systems based 

on nanoparticles enable increased bioavailability, reduction in dosage, regulated release, and frequency of treatment. 

Natural polymeric nanoparticles including chitosan, gelatin, and alginate, as well as synthetic polymers like PLGA, 

poloxamer, and PEG, are frequently utilized in creation of nanomedicine inhalation formulations (Lim et al., 2016; Yhee et 

al., 2016). Furthermore, pulmonary inhalation of polyamidoamine (PAMAM) dendrimers combined with anti-asthma 

beclometasone dipropionate (BDP) proved to be an effective method (Nasr et al., 2014). 

 

Regenerative Therapy 

 Regenerative therapy is centered on creation and utilization of biocompatible materials that can augment tissue 

regeneration and repair through their inherent biological mechanisms. Using stem cells in therapy is one way to encourage 

the body's own repair or regeneration process (Yetisgin et al., 2020). Interest in creating and administering therapeutic 

nanoparticles directly to support bone regeneration has grown over time (Gera et al., 2017). One of treatment techniques 

based on nanoparticles and stimulation of osteoblasts for bone formation is the delivery of several growth factors (Kong et 

al., 2014; Ortega-Oller et al., 2015; Park et al., 2016; S. Zhang et al., 2010). Furthermore, another therapeutic approach in 

bone tissue is the nano-delivery of synthetic chemicals, which may inhibit osteoclasts, cells that break down bone. Because 

they encourage osteoclast apoptosis, bisphosphonate medications are frequently used to treat osteoporosis. 

Bisphosphonate medications have been delivered via variety of metallic nanoparticles, either polymeric or non-polymeric 

(Giger et al., 2013; X. J. Loh et al., 2016). In bone tissue, another method for using therapeutic nanoparticles is to lessen 

inflammation, especially in cases of extensive wounds (Warabi et al., 2001; Gonçalves et al., 2015). 

Targeted Drug Delivery Application of NP 
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 Targeted delivery is efficient administration of medicinal substance with focus on target location of accumulation. 

After spending ideal amount of time in physiological system, drug-loaded system should evade immune system, target 

specific cell or tissue, and release loaded medicine (Colombo et al., 2012). At present, much research is being done on 

targeted nanoparticle delivery as a cancer treatment. In clinical trials or now being evaluated in clinics, more than 20 per 

cent of therapeutic nanoparticles were created with anti-cancer purposes in consideration. Moreover, related studies have 

focused on using nanoparticles to treat a range of other conditions, such as viral, neurodegenerative, and autoimmune 

diseases (Baranwal et al., 2023).  

 

Limitations and Disadvantages 

 The application of nanoparticles shows promise in treatment of wide range of illnesses, including glaucoma and 

cancer. Regrettably, there are certain drawbacks and restrictions associated with nano-medical techniques that rely on 

nanoparticle technologies. When employing nanoparticles in living things, there are number of factors to carefully 

consider, including their toxicity, ability to elude phagocytic system, avoid physiological barrier, and incite an 

immunological response (Ferrari, M. 2005). The propensity of smaller nanoparticles to aggregate presents another 

challenge. For example, micelles, dendrimers, and QDs of smaller sizes are more likely to aggregate, which leads to 

inadequate bio distribution (Angra et al., 2011; D. Li and Kaner, 2006; Rizvi and Saleh, 2018; Sadauskas et al., 2009).  

 When pharmaceuticals that are currently utilized in medical applications are mixed with therapeutic nanoparticles, 

medications gain new functions and improve treatment effectiveness. However, Manzoor et al. (2012) discovered that the 

heterogeneities of vascular permeability may limit medication concentration and penetration into tumor regions utilizing 

nanoparticle-based drug delivery methods. To get around the issue, they proposed a controlled delivery method utilizing 

drug-loaded liposomes that release the medication in vitro when exposed to ambient heat (Manzoor et al., 2012). 

 

Future Perspectives 

 Nanoparticle-based treatments is at the core of nano-medicine, which is the medical field of the future. But before 

affluence, there is still a long way to go. Above all, it is crucial to look into the nanoparticles' long-term safety and toxicity. 

In the meanwhile, research on disease causes and novel medications will pave the way for the inclusion of safer and more 

effective nanoparticle-based treatments in patient regimens (Yetisgin et al., 2020).  

 

Conclusions 

 The creation of therapeutic drugs based on nanoparticles has been subject of much research during past ten years, 

and nano-delivery systems are crucial for precisely targeting intended location in treatment of numerous illnesses. 

Nowadays, polymers or lipids make up majority of nanoparticles utilized in the targeted delivery method, despite of the 

fact that polymeric nanoparticles show promise for treating diseases. In addition, expense of producing nanomedicine and 

doing it on a greater scale is a significant issue that requires attention. Thus, by comprehending properties of nanoparticles 

and their connections with biological environment such as their targeting of receptors or mechanisms of action in the 

pathophysiology of disease, we will be able to get around obstacles and develop novel approaches for the diagnosis, 

treatment, and prevention of wide range of diseases, especially incurable ones. Nano-medicines, future of medicine, will be 

built on therapeutics based on nanoparticles. Nanoparticle-based treatments will become safer and more effective in 

patient regimens as a result of new pharmaceuticals and discoveries about causes of diseases. 
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ABSTRACT   

Nanoparticles (NPs) are materials with size range of 1 to 100 nm. Due to their wide range of uses, nanostructures, a 

rapidly expanding class of materials, have drawn intense attention. Because of their small extent, NPs show increased 

attributes including high stability, sensitivity, strength, surface area and reactivity. These properties make them attractive 

candidates for a range of household and commercial uses, including as energy-based research, imaging, medicinal, 

catalysis, and environmental applications. Numerous methods have been used to describe the morphological, optical, 

structural, dimensions elemental makeup and several other physical characteristics of NPs. The main objective of NPs 

characterizations is to offer a summary of current understanding of that several experimental techniques accessible for 

NPs characterization. Numerous characterization methods that allow for accurate determination of these essential NPs 

characteristics are described as transmission electron microscope (TEM), scanning electron microscope (SEM), Atomic 

Force Microscopy (AFM), High-resolution transmission electron microscopy (HR-TEM), Energy dispersive X-ray 

spectroscopy (EDX), Ultraviolet-visible diffuse reflectance spectrometer (UV–Vis DRS), Ultraviolet-visible (UV) 

Photoluminescence Spectroscopy (PL), Fourier-transform infrared spectroscopy (FT-IR), Raman spectroscopy, Brunauer-

Emmett-Teller (BET), X-ray diffractometer (XRD), and X-ray photoelectron spectroscopy (XPS). 
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INTRODUCTION 
 

 The word "nano" comes from Greek word "nanos," which means "a dwarf." During 14th Congress of the International 

Union of Pure and Applied Chemistry (IUPAC) in 1947, term "nano" was legally recognized to denote one-billionth part 

(10–9) of a unit (Joudeh et al., 2022). Nanomaterials are defined as materials containing at least 50% of nanoparticles (NPs) 

having one or more external dimensions between 1 and 100 nm (Schellauf, 2019). When NPs are less than one nanometer, 

the phrase “atom clusters” are typically used. NPs can be crystallized or amorphous, containing either one or several 

crystals solids and may exist in aggregated or loose forms (Machado et al., 2015). In worldwide, nanotechnology is a 

concentrated field of contemporary study, endeavor for science and technology in this century. Nanotechnology is based 

on sophisticated production techniques and advanced nanomaterials (Wang, 2003b). Recent advancements in quickly 

expanding field of nanotechnology have produced wide variety of unique NPs (NP) with unique size-dependent 

characteristics that differ greatly from those of their bulk material (Fischer et al., 2007; Jong et al., 2008;). These materials 

can have general forms that are 0D, 1D, 2D, or 3D (Tiwari et al., 2012). The significance of these NPs noticed when 

researchers found that substance's size may have an impact on its physiochemical characteristics such as visual qualities 

(Khan et al., 2019). NPs are not simple molecules and are composed of three layers. (a) The surface is initial layer, and it 

may be modified with variety of metal ions, small molecules, polymers and surfactants (b) The shell layer, which is 

chemically completely different from the core; and (c) The term "core" usually refers to NPs themselves and is essentially 

the center of NP (Shin et al.2016). Because of these remarkable qualities, researchers in multidisciplinary fields have shown 
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great deal of interest in these materials (Khan et al., 2019). 

 More varieties and larger volumes of nanomaterials being synthesized nowadays, than they were only a decade ago. It 

is necessary to develop more precise and reliable techniques for NPs characterization. Meanwhile, such characterization 

techniques aren’t always precise. This is due to inherent difficulties in precisely analyzing materials at the nanoscale in 

comparison to bulk materials (such as their tiny size and, in certain situations, limited quantity after manufacture on a 

laboratory scale) (Mourdikoudis et al. 2018). Here, we describe in detail how different techniques are used to analyze 

nanostructures. Sometimes various techniques are used exclusively for studying particular characteristics, and often they 

are combined (Kim et al. 2004). Certain microscopy-based methods (as AFM, TEM, and HR-TEM; complete titles of 

aforementioned technique are afterwards in the passage when describing all of them together) present details on crystal 

structure morphology, and size of nanomaterials. A plethora of different approaches provide further details on optical 

characteristics, structure, elemental composition, and various common and more specific actual aspects of NPs samples. 

Among these approaches are scattering techniques and X-ray spectroscopy (Mourdikoudis et al., 2018). 

 This chapter is divided into many sections that provide general summary of present knowledge and latest advances 

for different NPs characterization techniques with respect to characteristics being study. We will then discuss the practical 

benefits and critical review of their underlying principles of those specialized techniques currently used for NPs evaluation. 

Future aspects and recommendations are also included in the last part. 

 

Characterization Techniques for NPs 

 Due to inherent characteristics of NPs, such as their low ligand concentration, heterogeneity, nanoscale size, surface 

curvature, and characterizing NPs surfaces may be challenging. Furthermore, organic ligands or capping agents are 

frequently present on surfaces of nanomaterial. As a result, characterizations at both material and molecular levels are 

required (Jayawardena et al. 2021). It is necessary to thoroughly characterize NPs properties such as size, surface 

morphology, crystalline nature, shape, and light absorption by utilizing relevant characterization approaches (Chanderiya 

et al., 2024). For analysis of various physical and chemical properties of NPs various portrayal techniques have been used 

as presented in Fig. 1. These techniques including infrared (IR), SEM, TEM, X-ray diffraction (XRD), X-ray photoelectron 

spectroscopy (XPS), Brunauer–Emmett–Teller (BET) and particle size analysis (Khan et al., 2019). 

 

 
 

Fig. 1: Characterization techniques for nanoparticles. 
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Morphological Features 

Scanning Electron Microscope 

 SEM allows revelation of details and complexity that are not visible with light microscopy. Many fields throughout the 

globe have used scanning electron microscopy (SEM), often classify as SEM analysis or SEM technique. SEM provides a 

means of glimpse to invisible world of nano and micro-space as presented in Fig. 2. The apparatus has variable pressure 

system that can accommodate any kind of sample, including ones that need little pretreatment or are moist. The apparatus 

can analyze samples up to 200 mm in diameter and 80 mm in height. The analysis will be carried out by using a high-

energy electron beam with an electron voltage between 100 and 30,000 volts. For electron emission, heat source is 

typically utilized. It is not possible to make a crisp image with gun's spot size. The way scan coils move determines how 

specimen's picture is created point by point. The SEM picture that is somewhat three-dimensional is dependent on how 

sample's topography is visualized in terms of form, size, and surface texture (Mohammed and Abdullah 2018). On the 

nanometer to micrometer (μm) range, SEM may be considered as an efficient technique for analyzing both inorganic and 

organic nanomaterials. SEM produces extremely exact pictures of broad range of components up to 300,000x and even 

1,000,000 times magnification (in certain modern versions) (Mohammed and Abdullah, 2018). SEM may offer details on 

crystalline structure, chemical makeup, electrical behavior, and surface topography of top 1 um or so the specimen 

(Vernon-Parry, 2000). 

 SEM's advantages of high depth of field enable for simultaneous focus on most of specimen surface, regardless of 

surface roughness. It is possible to obtain far greater magnification (up to 1,000,000x) while maintaining an ultimate 1 nm 

resolution. It is possible to obtain more knowledge beyond surface topography, i.e. electrical properties, chemical 

constitution, and crystal structure. Extremely brief sample preparing time (possibly only a few seconds) while the sample is 

fastened to a "stub" (specimen holder) (Vernon-Parry, 2000). 

 

 

(a) (b) 

 
 

Fig. 2: (a) PLA-Tween 80-20, 55, 000 magnification; and (b) PLA-Tween 80-20, 100, 000 magnification (Zhangand Feng2006). 

 

Transmission Electron Microscope  

 TEM stands for transmission electron microscope is certainly among most significant technique for NPs 

characterization. By concentrating an electron beam on narrow sample (often less than 200 nm), TEM produces 

micrographs of nanoscale materials with great lateral spatial resolution (Williams et al., 2009; Surrey et al. 2012). A portion 

of electrons are transferred when electron beam hits the material, while, remaining electrons are elastically or in elastically 

dispersed (Kohl et al., 2008). The specimens must also be prepared and handled with utmost care because they are very 

thin and easily bent or broken. Thinning specimens to an electron transparent thickness is a necessary step in the 

production of TEM specimens. After that, sample is viewed under a table light to confirm the level of polishing without 

taking it out of holder. After that, procedure can be continued by replacing sample holder in electrolyte. It should just take 

a few minutes to complete this process. After quickly turning off power supply, sample holder is removed from electrolyte 

and carefully immersed in a beaker of methanol. The table lamp's light may be used to examine disc's perforation. Utilizing 

forceps, sample is extracted from holder, cleaned with methanol, and then relocated to a new petri dish filled with 

methanol. This procedure will remove the sample's electrolyte layer, if any exists. Next, a filter paper is used to dry the 

sample. In TEM, it may be briefly inspected (Rao et al., 2010). Several parameters, including size, elemental composition, 

and sample density, influence the interaction's strength. The final picture is constructed by the data obtained from 

transmitted electrons (Mourdikoudis et al., 2018).  

 TEM is most widely used approach for analyzing the shape and size of NPs because it offers not only direct images of 

the specimen but also the most precise estimate for homogeneity of each NP (Mourdikoudis et al., 2018). TEM is a 

technique for examining the synthesis of different super lattice nano-composites materials, which may be iso-structural to 
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several systems of atomic crystals (Shevchenko et al., 2006). TEM is usually used to see a single NP because of its high 

resolution (Ostrowski et al., 2015). Another benefit of TEM, is the ability to evaluate alterations in sub cellular structures 

brought on by NPs (Mourdikoudis et al., 2018).  

 

High-resolution Transmission Electron Microscopy 

 A very effective technique for analyzing nanomaterials is electron microscopy with high resolution (HR-TEM), which is 

essential tool of nanotechnology (Wang, 2003a). A TEM imaging mode called HR-TEM (High-resolution transmission electron 

microscopy) can image both transmitted and scattered electrons (Andujar et al., 2016). HR-TEM requires larger objective 

aperture than conventional TEM in order to exploit the scattered electrons for imaging (Mourdikoudis et al., 2018). 

 While traditional electron microscope may offer an analysis of statistics evaluation of NPs form, single particle crystal 

structure cannot be seen because of their lack of resolution. This makes HR-TEM a valuable tool for learning about 

structure of NPs. As a result, most effective technique for characterizing NPs internal structure is now HR-TEM. 

Additionally, impact of materials on characteristics of metallic NPs has also been clarified by using HR-TEM (Mourdikoudis 

et al., 2018). HR-TEM is able to differentiate between anisotropic polycrystalline and single crystal Au NPs with comparable 

optical characteristics (Pallares et al., 2016). HR-TEM has been traditionally used primarily for solid material imaging, 

diffraction, and chemical analysis (Wagner, 1993).  

 

Atomic Force Microscopy  

 AFMs, a kind of probe microscopes which employ tiny probes instead of electrons or light beams to examine a 

surface. Three-dimensional views of surfaces may be obtained using this kind of microscope as depicted in Fig. 3. AFM 

contains a tip that can be adjusted in numerous ways to examine surface qualities; as such, it is more evolved version of 

STM which is capable of imaging practically any form of surfaces at micro sizes (Vahabi et al., 2013). In 1986 at IBM AFM 

was invented by Heinrich Rohrer and Gerard Binning (Binnig et al., 1986). The degree of closeness between sample and 

probe will determine, AFM may scan in 3 distinct modes: tapping mode, non-contact and contact mode (sometimes 

referred to as intermediate or in an oscillating form) (Clemente et al., 2008).  

 One benefit of AFM is that it doesn't require surface modification or coating before imaging. Therefore, AFM has been 

used without any specific treatment to perform topological description of tiny NPs (less than 6 nm), like ion-doped Yttrium 

oxide (Y2O3) (Patel- et al., 2007). Over last ten years, AFM has become highly effective instrument for obtaining 

biomechanical characteristics and nanostructural information of biological materials, such as cells and biomolecules. 

(Charrasand Horton, 2002; Horber et al., 2003; Pelling et al., 2004; Greenleaf et al., 2007). The primary benefit of AFM 

method in biology is its ability to examine biological samples in their native habitat. This is particularly useful for examining 

biological samples in buffer solutions in-vitro, in-situ, or even in-vivo a technique that used to require a lot of time to 

prepare (Yang et al., 1999; Sokolov, 2007;). In realm of cell biology, it can also detect live cells' surfaces down to single 

molecules (Hoh et al., 1994; Mathur et al., 2000; Berdyyeva et al., 2004; Rabinovich et al., 2005; Zhao et al., 2005). 

Researching nanoscale, in-situ Deoxyribonucleic acid (DNA) structures using AFM has shown interest in creation of more 

potent gene delivery vehicles (Vahabi et al., 2013).  

 

 

(a) (b) 

 
 

Fig. 3: AFM pictures of PLA-Tween 80-10 nanoparticles loaded with paclitaxel (a) 2D picture of 4 µm by 4 µm and (b) a 3D 

picture magnified (Zhang and Feng 2006). 

 

Optical studies 

Photoluminescence Spectroscopy 

 PL spectroscopy is an additional method for studying materials at nanoscale; it tracks light released by atoms or 

molecules that have taken up photons. For characterization of metal nano-clusters and fluorescent NPs like quantum dots, 
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PL is usually helpful. Depending on the type of study, possible PL spectrum is recorded as absorption or emission (Khan et 

al., 2019). Inherent PL of metallic NPs has attracted a lot of attention recently (Mourdikoudis et al., 2018). 

 Additionally, PL views this technique as useful for researching the visual characteristics of photosensitive NPs and 

different NPs. Furthermore, this method is effective in determining layer thickness (Lin et al., 2015), material doping 

amount (Huang et al., 2012; Gupta et al., 2013) and defects/oxygen vacancies (Torchynska et al., 2016) of NPs.  

 

Ultraviolet–visible Spectroscopy 

 One rapid analytical technique to determine a light transmittance or absorbance is UV-vis spectroscopy (García et al., 

2007). The feasible range for UV-vis spectroscopy is 200–800 nm range; wavelength underneath 200 nm is consider as 

vacuum UV while wavelength more than 800 nm is considered infrared (Rocha et al., 2018).  

 Chromophores are stimulated when UV-vis light strikes them; this process is known as electron-excitation. On other 

hand, auxochromes are electron-donating substances that may alter the color of choromophores without changing their 

own color. A great medium for UV-visible spectroscopy is alcohols and water generally they are transparent and they don't 

absorb in the UV-vis spectrum (Gürses et al., 2016). Using UV-vis spectrophotometer, light is passed through a specimen 

and on other side transmitted light is recorded by detector as depicted in Fig. 4. Transitions from one band to another, 

either longer wavelengths (red shifts) or shorter wavelengths (blue shifts), are known as bathochromic shifts and 

hypochromic. The terms hyperchromism and hypochromism refer to variations in the peak intensity of an absorption band 

(Robinson et al.,2005). The transmittance indicates amount of light absorbed at every spectrum, primarily consider greatest 

peak as λmax. UV-visible spectroscopy is based on electronic transitions of organic molecules that excite electrons from 

lower energy orbital (highest occupied molecular orbital, or HOMO) to higher energy unoccupied orbital (lowest 

unoccupied molecular orbital, or LUMO) upon absorption of light (Rocha et al., 2018).  

 Applications in chemical engineering includes waste-water treatment, (Halim et al., 2016; Farias et al., 2017; Xiao et al., 

2017; Quinlan et al., 2017; Zhou et al., 2017; Rocha et al., 2018) degradation of dyes, (Fan et al., 2017; Liu et al., 2017) and 

characterization of silver colloidal NPs, (Nogueira et al., 2016; Chen et al., 2017) copper (Das and Srivastava, 2016; 

Kalidhasan et al., 2017) and gold, (Haiss et al., 2007) . The semiconductor band separation is deliberate using UV-vis diffuse 

reflectance spectroscopy, which is very helpful in photo catalysis research (Rocha et al., 2018).  

 

 
 

Fig. 4: Principle of Ultra visible spectroscopy 

 

Ultraviolet-visible Diffuse Reflectance Spectrometer 

 UV-vis diffuse reflectance spectrometer (DRS) is a comprehensive tool for deliberate transmittance, reflectance and 

optical absorption (Khan et al., 2019). DRS spectroscopy is a type of spectroscopy that relies on powdered sample 

reflecting light in visible, near-infrared, and ultraviolet (vis) regions. The ratio of scattered light from an infinitely thick layer 

to scattered light from perfect non-absorbing reference sample is calculated as function of wavelength in DRS spectrum. 

Diffuse illumination of powdered samples is produced when incoming radiation illuminates them. Part of incident light is 

dispersed and partially absorbed. The sample's dispersed radiation is gathered in an integration sphere and detected 

(Weckhuysen and Schoonheydt, 1999). The bandgap is computed first by determining electronic state of sample by 

resultant diffuse reflectance spectra. The technique works incredibly well for determining out band gaps of a variety of NPs 

and other nanomaterials (Khan et al., 2019). Determining the bandgap is essential for evaluating conductance and 

photocatalytic characteristics, particularly for semiconductor NPs ( Zhang et al., 2014). Comparably, this technique is also 

used to observe shift in absorbance when doping, composite formation, or heterostructured NPs materials are present 

(Zhang et al., 2014). 

 

Structural Analysis 

Brunauer-Emmett-Teller  

 The most efficient technique BET is used for measuring out NPs surface area. The substantial surface area of NPs 

provides infinite space intended for different uses. This method relies on Brunauer-Emmett-Teller (BET) theorem and 
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desorption and adsorption principle. For this, nitrogen gas (N2) is often utilized (Khan et al., 2019). Since, there is little 

contact between the solid and gaseous phases, a partial vacuum is established during BET analysis in order to induce 

adsorption between sample and liquid N2. This allows for surface to be cooled and observable levels of adsorption to be 

obtained. 

 At which point the amount of adsorption mono layers is formed the sample is taken out of N2 environment and 

heated to induce the material adsorbed N2 to be release (desorbs), after which the amount is measured. Isotherms (graphs 

that show how much N2 is adsorbed function as a relative pressure on fixed heat) are used to portray gathered data. The 

surface area of sample is calculated using the data, which is shown in five isotherms (Naderi, 2015; Khan et al., 2019). 

 

X-ray Diffraction 

 The most important characterization techniques for enlightening the structure properties of NPs are XRD. It provides 

sufficient information on phase and crystalline nature of NPs. Moreover, it offers a general notion size of particles via 

Debye-Scherer formula (Khan et al., 2017; Khanet al., 2017; Khan et al., 2017).  

D=Kλ /  

Where D is nanoparticles crystalline size, K represents Scherer constant (0.98), λ denotes wavelength (1.54), β denotes full 

width at half maximum (FWHM). 

 XRD methods are based on ability of crystals to diffract X-rays in a characteristic manner allowing precise study of the 

structure of crystalline phases. Recorded diffraction patterns contain additive contributions of several micro- and macro 

structural features of a sample as elaborated in Fig 5 (Epp, 2016). This method is well performed for identifying NPs both 

as solitary and multiphase processes (Emery et al. ,2016). This method is based on incident X-rays being applied to a 

material and then measuring the X-rays' scattering angles and intensities as they exit from substance (Epp, 2016). Based on 

peak intensity, information about crystal structure (atomic positions, temperature factor, or occupancy) as well as texture 

and quantitative phase analyses can be obtained. Finally, peak shape gives information about sample broadening 

contributions (micro strains and crystallite size) (Dinnebier and Billinge, 2008). However, when samples exhibit highly 

amorphous properties with varying inter-atomic distance or when nanomaterials are less than few hundred of atoms, 

resolution and accuracy of XRD may be reduced (Khan et al., 2019).  

 

  
 

Fig. 5: An X-ray diffraction experiment's basic plan. A detector records the diffraction pattern, or "diffraction spots," 

created by the diffracted rays of an incoming X-ray beam entering the crystal. 

 

Elemental Studies 

Energy Dispersive X-ray Spectroscopy  

 Energy dispersive X-ray spectroscopy (EDX) is a non-destructive method for element classification by using scanning 

electron microscopy (SEM). A uniform energy of electron beam stimulates atoms in the sample, producing X-ray with 

distinct energy for every component which means energies of radiation released reveals elemental composition of 

specimen (Goldstein et al., 2017) as depicted in Fig 6. Electrons from inside shells of atoms with in specimens are removed 
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during contact by incoming beam of electrons, while outer shells orbits are replaced by vacancies. The energy released in 

the form of X-rays is a result of two shells' different energy levels. The chemical structure of sample may establish since X-

ray intensity are intensities of the constituent components. Furthermore, concentration of that element in electron beams 

path determines the signal's strength of X-ray at any given energy intensity (Al‐Fulaij et al.,2006) (Scoutaris et al., 2014). 

 EDX has been used in past for phase distribution and identification (Inman et al., 2007; Chen et al., 2013) enterically 

coated tablet dissolution (Liu et al., 2009) and composition of hydroxyapatite biomimetic coatings (Nie et al.,2000) 

examination of tiny size components (Doménech-Carbó et al., 2001; Iannuccelli et al., 2013; Gao et al.,2014) identification 

of alloys, and examination of foreign materials (Vilhelmsen et al., 2005; Chen et al.,2012). Using SEM images, EDX mapping 

may be utilized to evaluate the whole distribution of molecules on surfaces. 

 

 
 

Fig. 6: X-ray source region where (X-ray path to the spectrometer, is represented by ψ being the take-off angle) 

 

Raman Spectroscopy 

 The use of Raman spectroscopy has not regarded as valuable systematic technique for many years due to extremely 

poor competence of "typical" scattering of Raman. A normal molecule's overall Raman scattering of sample is around 10−29 

cm2, while an infrared and ultraviolet molecule's typical cross-sections are approximately 10−18 and 10−21 cm2, respectively 

(Aroca, 2006). Cross sections Raman scattering may be significantly greater than before, for example, to 2 × 10−14 cm2 for 

every element (Michaels et al., 1999) by using special resonators made of metal nano-clusters. This is approximately 

greater than 15 orders of magnitude rather than normal Raman scattering, and it allows for even detection of single 

molecule's Raman spectrum (Kneipp et al., 1997; Michaels et al., 1999; S. Nie and Emory, 1997). Analysis of sample portions 

not exposed at the surface can be performed when specimens is semi-transparent (or transparent) to dispersed and 

stimulating radiation (Matousek et al., 2005; Eliasson and Matousek, 2007; Welter et al., 2007).  

 Raman spectrum a useful technique that may be regarded as fingerprint of compound for identification of many 

compounds (Kudelski, 2008). Non-destructive Raman examination of different living specimens is very important from an 

operational perspective (Schrader et al., 2005; Reitzenstein et al., 2007). The Raman mapping approach may also be used 

to provide comprehensive information on the distribution of certain molecules, such as secondary metabolites (Baranska et 

al., 2004; Baranska et al., 2005; Schrader et al., 2005). Raman spectroscopy has several biological applications, including 

detection of precancerous cells and differentiation of malignant from normal breast tissue. Demonstrated that Raman 

spectroscopy may distinguish malignant tumors from healthy breast tissue, and in mouse model, it may detect early 

neoplastic alterations (Baranska et al., 2005). Jess et al. demonstrated the potential of Raman spectroscopy a valuable 

instrument for early identification of human papillomavirus (HPV)-exposed cells (Jess et al., 2007). Analytical science will 

employ Raman spectroscopy much more as long as technology advances spectrometers as well as lasers are smaller, less 

costly, more dependable, and easier to operate (Kudelski, 2008). 
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Fourier Transform Infrared (FTIR) Spectroscopy 

 The oscillatory properties of co-factors and amino acids are investigated using Fourier transform infrared (FTIR) 

spectroscopy that is delicate to even smallest structure alterations. With Fourier transform infrared (FTIR) spectroscopy, 

reducing agents that are in charge of stabilizing, reducing, and capping metal nano materials might be found as depicted 

in mechanistic illustration shown in Fig. 7. It is known from studying FTIR spectra that functional groups adhere the surface 

of biosynthetic non-metals include -C = O-, -NH2, and -SH- groups (Huq, 2020). If molecule's dipole moment changes 

during typical vibration mode, mode turns on infrared activation, meaning incident infrared light absorbs by it. For this 

reason, symmetric vibrations are typically undetectable in infrared. Specifically, all vibrations that are symmetrical with 

regard to center of a molecule are infrared inactive. All molecules, on the other hand, exhibit asymmetric vibrations. Since 

it is less selective than other spectroscopic techniques, we are able to examine the characteristics of practically each 

functional groups of a single specimen, particularly those of water molecules and amino acids. Between 4,000 and 1,000 

cm-1 in the mid-infrared, two primary vibrational type are detected: which are oscillations along chemical bond involving 

bond length changes is stretching vibration (m); and vibration involving change in bond angles, particularly bending 

vibrations (p—out of plane, d—in plane).  

 Applications for Fourier transform infrared (FTIR) spectroscopy or infrared (IR) are many and include examination of 

tiny molecules, chemical complexes, cells, and tissues (Berthomieu and Hienerwadel, 2009). Additionally, the study of 

proteins has made greater use of FTIR spectroscopy. During enzyme reactions, protein folding, conformation, and 

molecular characteristics from protein active sites are examined using reaction-induced FTIR difference spectroscopy 

(Siebert and Hildebrandt, 2008).  

 

 
 

Fig. 7: Michelson interferometer's basic graphic, from Leng "Materials Characterization" 

 

Chemical Studies 

X-ray Photoelectron Spectroscopy  

 Among most effective methods for characterizing surface particularly assessment of corrosion, is X-ray photoelectron 

spectroscopy (XPS), this is capable of figuring out chemical makeup of various material surfaces within 10 nm. When 

examining surface reactions in vacuum, with relation to monolayer, XPS is very useful instrument. Tools for exploring 

nanoscale surface layers are crucial since layer on the surface involved in first surface reaction in relationship to 

surroundings is just a few nanometer thick as depicted in Fig. 8 (Krishna and Philip, 2022). Many different types of 

nanostructures are now regularly examined with XPS. The structure and shape of NPs may be crucial in accurately 

interpreting XPS (and relevant) information of any nanoscale-sized substance even though most XPS research is carried 

out under assumption that specimen has layer of uniformly smooth surface (Baer et al., 2010). 

 For understanding various crucial characteristics of nanostructure in natural and synthetic materials that are difficult to 

get through other methods, XPS is a valuable, well-established, and frequently indispensable instrument (Baer and 

Engelhard, 2010). Surface evaluation using XPS has recently, applied in number of domains, including mineral processing, 

biomedicine, electronics, corrosion, catalysis, nanomaterials, automotive, and aerospace etc (Krishna and Philip, 2022). The 

method is most frequently employed to determine nanomaterials' surface functionalization, element composition, coating 

thickness, adsorbents and in few situations, particle dimensions. For instance, core-shell structure and element 

composition of iron oxide NPs (Fe3O4 Fe2O3), as well as shell thickness at less than 1 nm, were effectively estimated using 

XPS (Anushree et al., 2020). X-ray photoelectron spectroscopy (XPS) is a tool use in material science to verify true 
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substance makeup as well as composition of surfaces and interfaces. In addition to these characteristics, XPS is also able to 

reveal the following: (i) distribution of element on shell; (ii) structure and thickness of surface layers; (iii) molecular 

orientation deposited on surface; (iv) coating material composition; and (v) size of NPs (1-20 nm). 

 In domain of organic materials and in biology, XPS offers knowledge that is comparable to that of material science. 

The plane chemistry of microorganisms, development of biocompatible materials, biofilms, and medicinal resources are all 

studied using XPS. Similar to this, in medicine, the surface characteristics of pharmacological medicines and biomaterials 

determine how they interact with the host body (Krishna and Philip, 2022). 

 

 
 

 

Fig. 8: X-ray photoelectron spectroscopy 

 

Future Recommendation: 

 Naturally, there are barriers in scientific community that prevent accuracy and resolution of certain approaches from 

being further improved. As temperature, pressure, time, and pH may all have substantial impact on structure and 

morphology of NPs materials and produce novel products, future study should concentrate on optimizing these factors. 

Furthermore, certain characterization techniques have to be used for positive consequences and characteristics. It is 

increasingly important to think about environmental concerns before using these materials for any purpose, especially 

when it comes to heavy metals, which may negatively affect both environment and human health. 

 

Conclusion 

 Nanotechnology, a key research area, focuses on advanced nanomaterials and manufacturing, leading to unique NPs 

properties. An overview of many important NPs characterization techniques is provided in this chapter. One of main areas 

of modern research is nanotechnology. A number of techniques for characterizing NPs are designed to help to explain 

their size, shape, optical, structural, elemental, and chemical characteristics. Every attribute may be obtained from various 

machines and through various methods. NPs characterization is carried out using different techniques, including SEM, 

TEM, HR-TEM, AFM, PL, UV, DRS, EDX, Raman, FTIR, BET, XPS and XRD. 
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ABSTRACT   

The development of new methods for working with materials at the nanoscale has affected many medical fields. 

Thousands of nanomaterials exist today, and they can be categorized based on their shape, place of origin, or 

application. Nanotechnology offered fresh approaches to time-honored issues. They are employed in the medical 

sciences for either therapeutic or diagnostic objectives. They can also be used to make nano-adjuvants and nano-

vaccines. Its use in cancer treatment and gene therapy ushered forth a new era in medicine. In the veterinary field, 

nanotechnology is now finding a lot of applications. They are quickly taking over the fields of animal nutrition, 

diagnostics, farm disinfectants, veterinary vaccine manufacturing, and animal breeding and reproduction. The public's 

health is immediately affected when they are substituted for commonly used antibiotics. These measures address the 

problem of residues in meat and milk and lessen drug resistance in both veterinary and human treatment. Additionally, 

this approach offers significant economic benefits by decreasing the quantity of milk that is wasted and reducing the 

number of culling of calves in dairy herds. Additionally, nanotechnology has been used in the development of sanitary 

products and pet care items. This chapter covers the many types of nanoparticles, the advantages of using 

nanomaterials over their equivalents, and the applications of nanotechnology in the field of animal care. 
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INTRODUCTION 
 

 The term "nanotechnology" was first coined in the year 1974 to describe technical tools used to manipulate materials 

at the nanoscale. Materials with dimensions between 1 and 100 nanometers are considered to be at the nanoscale. 

Examples of naturally occurring nanoscale biological materials include protein molecules, which are approximately 5 

nanometers wide, and DNA molecules, which are about 2.5 nanometers wide. In contrast, human hair is roughly 80,000 

nanometers wide. Today, "nanobiotechnology" refers to the nanotechnological use in life sciences (Troncarelli et al., 2013). 

"Nanomedicine" provides quick and efficient medical treatments by using nanotechnology-based techniques. This field 

overcomes the limitations of conventional medicine. In addition, it also enhances our understanding of various processes 

in living organisms. These processes may be physiological and pathological. Thus, it will be leading to innovative treatment 

strategies (Mohantya et al., 2014). Additionally, terms like "nanotheranostics" describe advanced formulations that serve 

both diagnostic and therapeutic purposes. These formulations provide critical information about drug distribution, release 

locations, and efficacy, aiding in the customization of treatment approaches (Chapman et al., 2013; Rizzo et al., 2013). 
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 The recent significant advancements in nanotechnology have made it possible to conduct smart chemical delivery 

studies for medicinal and diagnostic purposes. They have the ability to treat damaged or malignant cells while sparing 

healthy ones, identify illnesses before symptoms show up, provide hormones or enzymes when required, and much more. 

Smart delivery systems can be designed to automatically respond to changes in temperature, acidity, or specific chemicals 

on their own (Scott, 2007; Manuja et al., 2012). 

 The recently established nanobiomaterials, which have sizes ranging from 5 to 20nm, are architecturally designed to 

mimic different bodily receptors, DNA, ligands, and proteins. These structural commonalities enable them to interact with 

tissues and cellular membranes in a range of biological situations (Venkatesan and Kim, 2014; Yi et al., 2016). 

 Lipid-based and biodegradable carriers of nanoparticles are among the most popular types of nanobiomaterials. The 

long-term toxicity and the bioaccumulation of nanoparticles in cells are avoided by using these nanobiomaterials. 

Macrophages can easily degrade and engulf those (Dobrovolskaia et al., 2016). 

The following factors play a role in selecting the proper size of nanoparticles (NPs) (Cormode et al., 2013) 

 The Nature of target cells 

 The planned application 

 The type and quantity of payloaded agents 

 The need for rapid excretion 

 The preference for tissue internalization versus a longer half lifetime in the circulation 

 The method of clearance (reticuloendothelial OR renal system) 

 Biodistribution 

 Contrast image intensity  

 The desired amount of stimulation of the immune system  

 The type of the immune response  

 While certain nanoparticle (NP) sizes are suitable for medical applications, large NPs are typically avoided because of 

the risk of causing embolisms. They are also quickly phagocytized and removed from the bloodstream. Conversely, very 

small NPs are rapidly filtered out by the kidneys. Their tiny size increases the surface area to volume ratio, making them 

more toxic and reactive, leading to a noticeable rise in their chemical and biological activity. This results in an increase in 

the number of production of free radicals and reactive oxygen species (ROS) (Jain et al., 2011; Venkatesan and Kim, 2014; 

Yi et al., 2016). The release of reactive oxygen species (ROS) can lead to considerable oxidative stress and inflammation. It 

may also lead to damage at the cellular level. When NPs accumulate in the mitochondria, they hinder the body's defense 

system (Meena et al., 2018). 

 Nanoscale materials have different physical, chemical, and biological properties than their larger material forms. The 

small size of the material means it has better solubility and reactivity, thereby being more bioactive. Hence, with the 

increased potential, they become steadier and less susceptible to inactivation by oxidation (Troncarelli et al., 2013; Swain et 

al., 2015). In light of this occurrence, NPs can be modified to increase solubility, improve pharmacokinetics, reduce 

immunotoxicity, and minimize side effects in addition to being used as carriers. For instance, patients who are vulnerable 

to anaphylactic reactions may experience side effects from the cancer therapy drug Paclitaxel (Cremophor-EL); however, 

these reactions can be eluded by utilizing Paclitaxel (Abraxane) (Dobrovolskaia et al., 2016). Therefore, if the chemical is 

nano-sized, new science for nanopharmacokinetics needs to be introduced in light of the newly discovered properties of 

the same chemical (Casals et al., 2017). 

 There are many forms of nanoparticles known today. A nanoparticle basically contains a nucleus that is surrounded by 

a casing or capsule. The payload is planned to be delivered by NPs in two modes: either the medicinal and diagnostic 

compounds are attached onto the superficial surface, or they get encapsulated or trapped inside the nanoparticles. The 

proper encapsulation of the NPs can enhance diffusion, disintegration, drug loading, and imaging. This coating material 

will then protect the particles from any attack of the immune system, catalyst-induced disintegration, and harsh conditions 

of pH. Certain coating materials, such as PEG, protect the particles from the immune system's attack, disintegration 

because of catalyst, or harsh conditions of pH (Sailor and Park, 2012). 

 

Nanoparticles Types 

 Nanoparticles (NPs) can be classified on the basis of their place of origin and various other factors. There are three 

main categories: 

1. Shape: NPs can take forms such as spheres, tubes, or liquid drops. 

2. Application and Type of Payload: NPs can be used for therapeutic, diagnosis, administration of vaccine, or for 

nutritional purposes (Thulasi et al., 2013). 

3. Origin of NPs:  

i. Organic NPs: These include proteins, peptides, and lipids.  

ii. Inorganic NPs: These consist of materials like gold, silver, silica, iron, magnesium, or graphene.  

iii. Hybrid NPs: These are a combination of organic and inorganic materials (Torres-Sangiao et al., 2016; Riley and 

Vermerris, 2017)  

However, the major classification will be discussed in detail later in the chapter (Fig. 1) 

Currently, the most commonly used taxonomy categorizes NPs as follows: 
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1. Polymeric NPs: According to Torres-Sangiao et al. (2016), there are 2 categories of polymers:  

i) Synthetic polymers e.g. polyethylene-glycol 

ii) Natural polymers, based on polysaccharides, e.g. chitosan and inulin 

They are made by sticking active molecules onto the surface of the nanoparticles, which then form intricate, tree-like 

shapes. The shape is somewhat dendrimer-like, but the branches radiating from the center of NPs have differing numbers 

of branch points (Elgqvist, 2017; Mohantya et al., 2014). What distinguishes them is their substantial loading and 

conjugating capacity. Additionally, these polymers can be used to create hydrogel nanoparticles (NPs), which have a large 

surface area and high-water content (Torres-Sangiao et al., 2016). 

 

 
 

Fig. 1: Categories and Classifications of Nanoparticles.  

 

2. Liposomes: These are the round, non-toxic, biodegradable PE glcolylated nanoparticles. Small- interference RNA 

(siRNA) for gene therapy, radionuclide or strings of RNA, DNA, and water-soluble drugs are transported by their aqueous 

core. Drugs that are fat soluble (hydrophobic) are encased in a double-layered phospholipid shell coating the particles. 

Various antigens, including viral envelop glycoproteins (referred to as virosomes), can be encapsulated by them (Torres-

Sangiao et al., 2016). An exterior protective PEG layer covers the outside of the particle, shielding it from immune system 

attack. It is possible to fix chelated antibodies for imaging and targeting agents on the outside. This group's primary 

benefit is their capacity to administer therapeutic medicines that are both hydrophilic and hydrophobic (Elgqvist, 2017). 

Both hydrophobic and hydrophilic medications can be administered topically or by injection using liposomes; however, 
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liposomes cannot be taken orally due to the lipids' propensity to be broken down in the gastrointestinal system. Their eco-

friendly structure is important in their safety. Moreover, liposomes can be attached to foreign antigens for vaccination or 

to antibodies known as immunoliposomes, which can bind to cancerous cells (Bakker-Woudenberg et al., 2005) (Mohantya 

et al., 2014). (Mohantya et al., 2014). In this regard, Torres-Sangiao et al. (2016) noted that liposome-polycation-DNA 

nanoparticles that can act as an adjuvant with DNA vaccines can be formulated by complexing cationic polymer-

condensed DNA with cationic liposomes. 

 

3. Fullerenes, or buckyballs, and nanotubes, or buckytubes: According to Meena et al. (2018) and Mohantya et al. (2014), 

buckyballs are small, spherical carbon-based nanoparticles that have a tendency to interact with proteins, cells, and 

pathogens. Fullerenes are typical in a number of varieties, each consisting of 20 or 60 or 100 carbon atoms. The other 

shape of carbon-based nanoparticles is the so-called buckytubes, which are very distinctly cylindrical and can be of one, 

two, or multiple walls (Elgqvist, 2017). By functionalizing these nanotubes, they can be employed as biosensors to detect 

immunoglobulins, glucose, ethanol, or to facilitate electrochemical DNA hybridization (Manuja et al., 2012). 

4. Nanoshells: They are spherical, having an ultra-thin metal layer, usually gold, over a glass or silica core. The thickness 

of the gold layer can be varied to change their optical properties so that they respond to different wavelengths. Because of 

these properties, gold nanoparticles are mainly used for diagnosis of cancer (Mohantya et al., 2014). Infrared light can pass 

through blood samples. By attaching gold nanoshells with antibodies, it is possible to even detect very low levels of 

immunoglobulins in blood samples (Manuja et al., 2012). Because of its minute size, nanoshells can also act as therapeutic 

agents, as they tend to accumulate in tumor tissues. IR lasers are able to pass through healthy tissues without heating 

them. In tumor cells, nanoshells absorb infrared (IR) radiation and generate heat. This heat produced melts the polymer 

coating of the nanoshell.This releases the entrapped drug directly at the site (Freitas, 2005). Prolonged exposure to 

temperatures as high as 55°C can cause death to the cancerous cells. Nanoshells are chosen instead of quantum dots 

because gold is safe for the body and doesn’t react, while quantum dots contain cadmium, which can be harmful (Hirsch et 

al., 2003; Krishnan and George, 2014). 

 

5. Solid lipid Nano Particles: SLNPs are the suspensions of lipids stabilized in water. They have a hydrophobic core of 

lipids capable of solving lipophilic radionuclide-based pharmaceuticals used in cancer therapy, enclosed by the dehydrated 

tails of phosphatidylcholine lipids. An outer shell is hydrophilic that is formed to envelope the fatty core and can be 

coupled to many hydrophilic pharmacological drugs or antibodies. An outer hydrophilic layer improves plasma stability 

and, hence biodistribution of the drug, increasing its bioavailability. Solid lipid NPs (Cationic) can electrostatically associate 

with DNA or RNA segments, so they are suitable for gene therapy according to Elgqvist, (2017). Injections may be 

administered continuously over several weeks, but they may also be topically or orally applied. They get easily and quickly 

absorbed through mucosa because of their lipid composition and adhere to mucous membranes. Another chief advantage 

of solid lipid NPs is that they get efficiently delivered across the central nervous system and cross the blood-brain barrier. 

According to Mishra et al. (2010) and Mohantya et al. (2014), one of the main advantages of solid lipid NPs is that they can 

cross the blood-brain barrier. In contrast, Krishnan and George, (2014) stated that solid lipid NP formulations act as 

colloidal carriers, which remain in a solid state both at room temperature and inside the human body. Apart from solid 

lipid NPs, research into liquid lipid NP is going on at present (Elgqvist, 2017). 

 

6. Micelles polymeric: Their hydrophobic cores allow them to carry materials that are insoluble in water, unlike solid lipid 

nanoparticles. They have a hydrophilic layer covering their hydrophobic core, which makes them extremely water soluble. 

Four types of polymeric micelles can be distinguished based on the characteristics of their shells:  

i) Phospholipid  

ii) Poly-amino acid 

iii) Biocompatible polyester 

iv) Pluronic micelles (Mohantya et al., 2014) 

 

7. Dendrimers: Dendrimers are an artificially created polymer that is minute, even compared to human cells—thousands 

of times smaller. These NPs are well-known for the following properties: high biocompatibility, water solubility, and 

polyvalency. (Chakravarthi and Balaji, 2010, Jurj et al., 2017). Their small size and chemical properties make them unlikely to 

trigger unwanted immune responses upon entering the bloodstream (Chakravarthi and Balaji, 2010). Dendrimers are 

basically three-dimensional molecules with a branching structure, much like trees. Drugs can bind to the dendrimers at the 

functional groups available on their surface, or they can be encapsulated within the dendrimers' core according to 

Mohantya et al. 2014. In that, the dendrimers' epoxy cores can load a wide variety of hydrophobic and hydrophilic drugs 

through non-covalent interactions, chemical bonding or physical entrapment. The covalent conjugation of dendrimers with 

drugs improves the therapeutic efficiency and increases the stability of the drug as reported by Jurj et al. 2017. 

 

8. Metallic nanomaterials: These materials consist of different metals, primarily gold. Mohantya et al. (2014) provide 

evidence that the main application for these materials is treating cancer. Other metals, which are occasionally used for 

making these materials, are manganese, silver, gadolinium, and platinum. The iron cores are contained in biocompatible 
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capsules, which have protective shells. The capsules may be functionalized to bind different medical or imaging agents, 

such as chelated radionuclides or targeted antibodies. Polyethylene glycol (PEG) coats the particles to help them avoid 

detection by the immune system and reduce unwanted sticking (Elgqvist, 2017). Lately, nanoparticles made from two 

metals, like silver-gold, silver-selenium, and gold-platinum, have been used in cancer treatment (Mittal et al., 2014; 

Alshatwi et al., 2015; Fakhri et al., 2017). 

 

9. The great advantage of magnetic iron oxide NPs is the fact that they can be guided toward target cells by the help of 

an external magnetic field applied from outside, and due to this property, they have been proved very useful for imaging, 

thermal therapy, and drug delivery. However, there are fears that they might get accumulated in tissues (Manuja et al., 

2012; Mohantya et al., 2014). These nanoparticles feature an iron core, either Fe3O4 or Fe2O3, surrounded by a silica shell 

embedded with chemotherapeutic agents. The outer polymeric shell, which is also functionalized with antibodies targeting 

tumor antigens, provides extra stability and must be dark to prevent intervention with fluorescence. Due to their magnetic 

nature, these nanoparticles are employed as multifunctional theranostic complexes in various MRI applications for 

diagnosis of cancer and treatment. Normally, the nanoparticles are PEGylated for preventing agglomeration and protecting 

them from immune attacks. However, silica is used as a coating material of choice for its application in contrast agents 

intended for light absorption applications in cancer imaging (Elgqvist, 2017). 

 

10. Ceramic nanoparticles are straightforward to design and have several advantages over other types. They are also fully 

inert. They are easily molded into a variety of shapes, sizes, and porosities. According to (Mohantya et al., 2014), they 

provide protection for their burden against extreme temperatures and pH values. 

 

11. Quantum dots are small, semiconductive nanomolecules that can be light-activated and are in the size range of 2-10 

nm. Developed initially for optoelectronic applications, these semiconductor components normally comprise CdS, CdSe, 

CdTe, ZnS, and ZnSe materials (Patil et al., 2009; Torres-Sangiao et al., 2016). A typical quantum dot includes an inorganic 

nucleus and capsule (covering), with an aqueous coating that may be attached to various proteins. The size of the crystal 

changes the color of the light emitted. QD have been tailored to be inexpensive, simple, and durable probes, which emit 

light for an average of several hrs or days (Manuja et al., 2012). They can be labeled with biomarkers like DNA or proteins; 

hence, they are useful in screening blood samples for particular proteins, infections, and tumor markers. Thus, they find 

extensive applications in immunodiagnostics and diagnostics, respectively (Mohantya et al., 2014). QD physical properties 

make them a very suitable tool in imaging applications, and their advanced tools have been applied in pharmacological 

studies, medical diagnostics, and genetic tests (Meena et al., 2018). The fact that they are able to trace drugs and 

biomolecules in the body and image cellular pathways makes them very useful in studies (Meena et al., 2018). 

 

12. A nano-emulsion is a type of mixture where tiny oil droplets are evenly distributed in water, and it's stabilized to keep 

the droplets from separating. Using co-surfactant and surfactant, a thin layer is applied to the oil droplets to stabilize them 

physically rather than chemically. Water-in-oil (W/O) and oil-in-water (O/W) are considered as the two varieties of nano-

emulsions. Various techniques are used to prepare nano-emulsions, primarily high- or low-energy techniques. Low-energy 

generated nano-emulsions have greater stability over a two-month period at 4°C and 25°C (Rodríguez-Burneo et al., 2017). 

 

13. Nanobubbles: When subjected to ultrasonic vibrations, stability is maintained by the micro-bubbles at room 

temperature, but they are collapsed into micro-bubbles with minimal heating. They are typically used for drug delivery and 

to target tumor tissues directly with the drug (Rapoport et al., 2007). Gene therapy applications also utilize the liposomal 

nanobubbles (Mohantya et al., 2014). 

 

14. Respirocytes and microbivores: Respirocytes and microbivores present similar functions to red and white blood 

cells, respectively. Whereas respirocytes are nanorobots designed for efficient oxygen delivery to the tissues while 

removing the accumulated CO2 through specialized regulatory sensors for very precise control, the microbivores are 

circulated traps and phagocytose pathogens in the circulatory blood, functioning like macrophages. Their enzymatic 

digestion results in essential building blocks, such as nucleotides, fatty acids, and amino acids (Mohantya et al., 2014). 

 

15. Micro/nano robots: Nanobots are tiny, computerized, and programmable robots capable of doing a wide variety of 

jobs, from scanning one's body for malignant cells to introducing nanocameras which provide real-time monitoring during 

surgery. Freitas remarks that the most recent research in developing cytobots and karyobots is focused on building devices 

that can work wirelessly inside cells (Freitas, 2005) 

 

16. Aluminum-silicon nanoparticles (NPs), which are silica nanoparticles with a short chain of polyphosphate attached, 

might be used to help stop bleeding faster by speeding up the body's natural clotting process (Kudela et al., 2015). 

 

The NPs can also be Separated into the following Categories 

1. Inorganic nanoparticles (NPs): Due to their rigid structure, inorganic NPs are non-degradable. In the course of their 
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production, they are capable of producing different shapes. Out of these, the most well-known are silica-based NPs, which 

have already been proven as biocompatible (Torres-Sangiao et al., 2016; Zhao et al., 2014). 

2. Immuno-stimulating complexes: Such complexes consist of antigens to be immunized, associated with supra-

molecular particles of the saponin adjuvant Quil A. The presence of hydrophobic interactions renders these complexes 

competent to fuse antigens with viral envelope proteins. Cage-like structures can capture multiple viral antigens. (Grgacic 

and Anderson, 2006; Noad and Roy, 2003). 

3. These particles measure between 20 and 800 nm. They have a structure similar to that of viruses but lack nucleic acids. 

While they are not infectious, they elicit an aggressive host immune response (Pushko et al., 2013). 

4. Self-assembling systems and proteins: The role of such systems extends to generating quaternary protein complexes 

of higher order used in vaccinating humans and animals for immunization processes (Kanekiyo et al., 2013). 

5. Polymeric nanoparticles: As it has been mentioned above, some of the natural polymeric NPs originated from 

polysaccharides are inulin and chitosan. They have often been utilized for production of the vaccines like DNA and 

Newcastle disease vaccines (Fig.2) (Zhao et al., 2014). 

(Riley and Vermerris, 2017) proposed an additional classification scheme, grouping the NPs employed in gene transfer into 

the following categories: 

We also covered carbon-based NP and natural- and synthetic-polymer-based nanomaterials, apart from organic and 

inorganic nanomaterials. 

 

1. Inorganic Nanomaterials 

 They typically have low cytotoxicity and are biocompatible and reasonably safe. Their distinct optical and electrical 

characteristics are easily adjustable during the manufacturing process. According to (Erathodiyil and Ying, 2011), this group 

includes a variety of inorganic materials like gold, silver, iron oxide, and calcium phosphate. 

 

 
 

Fig. 2: Second Classification of NPs. 

 

2. Organic Nanoparticles 

A) Proteins and peptide NPs: They are mostly used in gene transfer experiments due to their good biodegradability, 

inexpensive cost of manufacture, minimal toxicity, and biocompatibility (e.g., gelatin). They can interact with a range of 

payloads according to their amphiphilic nature.  

B) Lipid-based nanomaterials: It sets them apart due to their hydrophobic or amphiphilic character, making them able 
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to form vesicles and membranes. Catalytic lipids are more effective in delivering genetic elements than any other neutral 

or anionic lipids because they have the capability to attach to the cell membrane which is anionic in nature (de Ilarduya et 

al., 2010). Another family of small lipid molecules is lipidoids, which have recently grown further attention for their 

potential use as siRNA carriers. Research has been done on their possibility of siRNA transport for the therapy of HCV and 

cancer (Knapp et al., 2016; Moon et al., 2016). 

3. Hybrid NPs: These include various kinds of nanoparticles; for instance, the polymer-lipid hybrid systems are 

developed by combining the liposomes with the polymeric NPs. In these NPs, usually the biodegradable and hydrophobic 

polymer core encases the water-soluble drugs to facilitate the release of drugs in a continuous manner. In order to prevent 

the reactions of the immune system, a coating of a hydrophilic shell covers the monolayer of lipid on the aforementioned 

core. This lipid layer regulates the penetration of water into the nanoparticles, thereby controlling the release of the drug 

contained within them. By modulating how water interacts with the nanoparticle surface, the lipid layer ensures a 

controlled and gradual release of the drug over time (Prabhu et al., 2015). For the administration of siRNA, further hybrid 

systems were also created (Bellocq et al., 2003). As with micellar hybrid nanosystems, therapeutic and diagnostic NPs can 

also be combined to create hybrid nanoparticles. According to (Liao et al., 2011) and (Yang et al., 2010). This approach 

integrates hydrophobic functional nanocrystals into the core of the nanoparticles for imaging purposes, while hydrophilic 

therapeutic agents are attached to the outer surface. This configuration allows for effective imaging and targeted therapy, 

utilizing the distinct properties of the nanocrystals and agents to enhance overall treatment efficacy. Recently, viral hybrid 

nanoparticles have found an application in monitoring biological functions. Such viruses exhibit a number of advantages 

that have been artificially redesigned as nanoparticles: uniform size and shape, specificity for delivering therapeutic nucleic 

acids into target tissues, improved protection of the nucleic acid payload, and the ability to encapsulate other non-nucleic 

acid drugs within the viral capsid itself (Steinmetz, 2010; Steinmetz et al., 2011). Attachment of magnetic nanocrystals on 

the capsid surface could enable MRI imaging. Very often, several functions are included in one hybrid nanosystem—for 

example, in cancer surgery, optical fluorescent quantum dots and superparamagnetic iron oxide NPs. Quantum dots help 

surgeons see the edges of tumors more clearly during surgery with special glowing images, while iron oxide nanoparticles 

make MRI scans more detailed, helping doctors find tumors before surgery (Sailor and Park, 2012).  

 

Applications of Nanotechnology in Veterinary Medicine 

 Thanks to nanotechnology, veterinarians have access to the same range of options as physicians, including advanced 

disinfectants, tissue engineering, diagnostics, medications, and tissue engineering. The disciplines of animal nutrition, 

animal breeding and reproduction, and animal health and productivity are already using nano-applications, as Fig. 3 

illustrates (Manuja et al., 2012). This technology enables the targeted delivery of drugs to specific cells, allowing for the use 

of very small doses. This precision means there is less leftover medicine in the animals and less time needed before they 

can be safely used again (Troncarelli et al., 2013).  

 

 
Fig. 3: Application of Nanotechnology in Veterinary Medicine 
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Use of Nanotechnology in the Detection and Treatment of Animal Diseases 

 The use of nanotechnology offers a number of innovative solutions for several problems in veterinary medicine, 

including treatment of infections caused by intracellular pathogens, brucellosis, FMD, and MRSA. Research is underway to 

exploit the potential of nanodrugs in targeting mastitic udders (Greenwood et al., 2008; Kruubi et al., 2010; Troncarelli et 

al., 2013). Contrary to the conventional drugs, nanodrugs can be engineered to trigger themselves in the presence of 

desired conditions only. For example, gentamicin attached to a hydrogel by the action of a peptide linker does not become 

active until the linker is cleaved by a Pseudomonas aeruginosa enzyme. It allows the drug to act only in the availability 

of Pseudomonas aeruginosa (Suzuki et al., 1998; Soppimath et al., 2002). Furthermore, NPs targeted against toxins of 

bacteria and receptors have been engineered to interact with pathogenic microorganisms in the gastrointestinal tract 

before they are excreted (Latour et al., 2003; Kim et al., 2010; Underwood and Van Eps, 2012). Other applications of NPs 

include formulations with nucleic acids or antibodies for easy, accurate, and field-based diagnosis. Nano- and biochips 

have been found effective in the detection of infections and genetic risk factors. High-density nano-array chips let 

researchers test many genes, antigens, or disease markers all at once. Protein and DNA-microarrays are used for 

determining drug efficiency and measuring gene expression. Using improved LOC technology, it is possible now to detect 

the target protein or DNA in very small sample volumes (Manuja et al., 2012). Apart from that, the NPs are used as the 

imaging agents in veterinary diagnostics like the MRI scan for cats (Kim et al., 2010; Underwood and Van Eps, 2012). 

 In the United States, gold nanoparticles replaced conventional invasive modes of treatment for canine prostate cancer. 

The method has the edge of not being toxic to healthy tissues and the dose it requires for treatment is comparatively 

much lesser than chemotherapy (Troncarelli et al., 2013). 

 

Nanoadjuvants and Nanovaccines 

 Nanoparticles are now being used more and more to make vaccines for animals. They boost immune responses by 

helping the immune system recognize and react to invaders. Nanoparticles can also be used to slow down the release of 

the vaccine's ingredients, which makes the vaccine more effective (Kim et al., 2010; Underwood and Van Eps, 2012; Awate 

et al., 2013; Torres-Sangiao et al., 2016). Hence, targeting lymph nodes by antigen-loaded NPs can further enhance the 

efficacy of vaccination. 

Some of the new developments in the area of veterinary nanovaccines are the following: 

1. Nano-emulsion vaccines Examples include recombinant influenza viruses and Bacillus anthracis spores, which elicit 

mucosal immunity after intranasal administration. 

2. Some of these targeted pathogens are Helicobacter pylori, Bordetella pertussis, tetanus toxoid, and rotavirus capsid, 

while others are bovine parainfluenza type 3 that elicited both IgG and IgA immune responses following oral 

administration. 

3. African Horse Sickness Virus Vaccines: Vaccines for African horse sickness are made using a special virus (baculovirus) 

that helps produce particles similar to the virus. These particles include important proteins from the virus, which help the 

vaccine protect horses from the disease. These vaccines elicited only a mild immune response, indicating that better 

vaccine designs are required (Cher et al., 1998; Illum et al., 2001; Conway et al., 2001; He et al., 2002; Greenwood et al., 

2008; Florindo et al., 2009; Fernando et al., 2010; Chen et al., 2010; Danesh-Bahreini et al., 2011; Hamouda et al., 2011) 

 

Nanotechnology for the Feeding and Health of Animals 

 Nanotechnology has some valuable advantages in the animal feed industry with the use of nanominerals. 

Nanominerals are cost effective, used in smaller dosages, and have the eminent capability to improve immune function 

and to provide growth potential. They may also help in regulating rumen fermentation and control of pathogens in feed 

along with various problems related to reproduction in animals (Swain et al., 2015). Examples include nano-ZnO, an 

immunomodulator that can enhance immune response, growth rates, and reproductive health in poultry and other farm 

animals. It reduces the incidence of diarrhea in young pigs (Mishra et al., 2014; Yang and Sun, 2006). Studies also indicate 

that nano-ZnO is able to lower SCC in cows with subclinical mastitis and increase milk production in dairy herds 

(Rajendran, 2013). 

 Nanotechnology is also utilized in the production of liquid vitamins for poultry feed, where, due to the nanosize, 

nutrients are improved in their bioavailability as they pass through a hen's digestive tract. According to Thulasi et al., in 

2013, these nano-enabled vitamins enable better nutritional dispersibility, extend the life of the feed, and reduce any 

undesirable flavoring with reduced use of stabilizers (Thulasi et al., 2013).  

 Microencapsulation helps protect food constituents from light, oxidation, and digestive enzymes. This technology 

enables finer dispersion and mixing of fat-soluble additives with various pH levels and temperatures, thus maintaining their 

stability and extending shelf life (Meena et al., 2018). 

 Through nanotechnology, newly effective MgO-SiO2 nanomycotoxin binders targeting the common mycotoxin, 

aflatoxins (normally found most in animal feeds, especially in developing countries), are being created in order to fight 

mycotoxicosis—a serious condition both in humans and animals (Moghaddam et al., 2010). 

 Besides, nanomaterials have made a foray into the field of packaging with special features like antibacterial traits—

nano-zinc oxide; protection against UV and environmental exposure—nano-titanium dioxide; and high strength factor—

nano-titanium nitride. Nanosensors can detect very small amounts of chemical and biological contaminants, making it 
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easier to find tiny traces of these substances (Manuja et al., 2012). 

 

Animal Reproduction and Nanotechnology 

 Nanotechnology advances many aspects of animal reproduction, right from diagnosing and treating reproductive 

disorders to monitoring estrus and managing sperm sorting, freezing, etc. Nano devices can directly influence calving and 

address the reproductive challenge of retained placenta (Swain et al., 2015). 

 Moreover, some reproductive hormones are used for prolonged release purposes with nanoparticles. Nanoparticles 

guard the hormones and vitamins against oxidation, for example, vitamins and steroid hormones as well as hydrolysis of 

for instance gonadotropic hormones, hence not undergoing degradation thereby remaining effective (A Joanitti and P 

Silva, 2014). 

 High sensitivity is achieved with nanosensors that have movable probes made of biomolecules; thus, they are mainly 

used in medical diagnostics. These nanoscale devices can detect viral infections in the vaginal tract, estrus, and hormonal 

and metabolic imbalances. When inserted under the skin of cattle, these nanotubes are able to light up, thus indicating 

estrus (Scott, 2007; Saragusty and Arav, 2011).  

 Estradiol sensors check hormone levels in the blood and send live updates to a computer to keep track of livestock 

health. Nanocapsules with bull semen can be directed to fertilize eggs, and nanotechnology helps sort sperm and eggs. 

Biochips are also being created to determine the sex of the fetus, making it possible to choose the calf’s gender (Patil et al., 

2009). 

 

Using Nanotechnology in Pet Care 

 The pet health care market is on the rise in a world where nanotechnology is playing a vital role in coming up with 

new products for pets. With nanotechnology, it enhances the functionality of surface deodorizers and disinfectants. In the 

area of pet care, one of the key products developed from this technology is shampoos containing silver nanoparticles 

(Troncarelli et al., 2013) (Sharif et al., 2024). 

 

Security 

While most NPs are considered safe, there are still a few risks involved in their use. For example, 

1. Workers in the Pharmaceutical Industry: Prolonged exposure to carbon nanotubes, specifically through the route of 

inhalation, may cause reproductive abnormalities (Johansson et al., 2017).  

2. Risks of injury because of the accumulation in the body of magnetic iron oxide nanoparticles or from unstable 

interactions between therapeutic agents and nanoparticles could occur, in which the therapeutic agent is released at times 

in areas of the body other than intended. This can lead to toxicity of the healthy tissue involved and also result in an 

insufficient therapeutic dose at the desired site. 

 Nanoparticle applications can also have disastrous consequences on the body and the environment. For example, the 

high demand for radionuclides could be hazardous or the depletion of the ozone layer by carbon nanofibers, which cannot 

be ruled out. The ability of nanoparticles to cross all biological barriers, such as the BBB, adds to the concerns (Manuja et 

al., 2012; Mohantya et al., 2014; Wu et al., 2018).  

 

Conclusion  

 Recent improvements in nanoparticle design have created many options for targeted medical treatments. 

Nanotechnology has greatly improved veterinary medicine, making it better for diagnosing and treating animals, creating 

vaccines, and improving their nutrition and overall health. 
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ABSTRACT   

PLGA nanoparticles are seen as very useful for delivering medicine, and they can make treatments work better. This book 

chapter looks at how PLGA nanoparticles are important in delivering drugs to the body. The background part explains 

drug delivery systems are important for making treatments work better. In this discussion, we focus on PLGA 

nanoparticles play a very important role in using small technology to deliver medicine. This is because they are very safe 

for the body and can break down naturally, which makes medicine safer and more effective. In addition, PLGA 

nanoparticles can release drugs in a targeted way, which makes them more flexible and effective than other ways of 

delivering drugs. The PLGA nanoparticles are made and different techniques can be used to change their properties for 

different uses. Also, the paper looks at things like the amounts of different materials, how big the molecules are, 

substances that help keep everything steady, and liquids can change how nanoparticles behave and can hold medicine. 

We use different methods to check the quality and effectiveness of PLGA nanoparticles, like measuring their size and 

looking at their shape. In addition, drugs are put into capsules ways to measure how much drug is in a capsule, and 

things that affect drugs are put into capsules. We carefully study drugs released from PLGA nanoparticles in the lab and 

in biological settings to understand factors that can affect the process. In general, PLGA nanoparticles are commonly 

used to deliver drugs for different diseases including cancer, brain diseases, vaccines, and heart problems. 
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INTRODUCTION 
 

Drug delivery systems are methods and technology used to deliver medicine to specific parts of the body. The goal is 

to make the treatment work better while reducing side effects and helping patients stick to the treatment. Traditional ways 

of giving medicine often face problems like not being able to dissolve properly, not being available in the body, and not 

being able to target the right place. Scholars are researching new ways to use tiny technology in medicine to help solve 

the problems we mentioned earlier. Nanotechnology is about controlling tiny materials that are between 1 and 100 

nanometers in size (Umair et al., 2022).  

On a smaller scale, materials have special qualities that could be useful for many things, like delivering medicine. 

Nanoparticles are very small and have a big surface area. Nanoparticles have the potential to make strides in sedate 

adequacy by making strides in the power of drugs that don't promptly break down in water. These particles can be 

outlined to target particular cells or tissues, minimizing harm to sound cells and decreasing side impacts. In expansion, 

nanoparticles can be utilized to attain a moderate and controlled medicate discharge over a long period. In expansion, 

nanoparticles, especially those from PLGA (Poly lactic-co-glycolic corrosive), are bolstered within the field of inquiries 

about and improvement of medicate conveyance. PLGA is an industry-approved biodegradable fabric for sedate 

conveyance(Altaf et al., 2024). 

Its rate of devastation and capacity to discharge drugs make it a valuable device for different treatment strategies. 

Nanoparticles can ensure sensitive medicate atoms amid capacity and transportation and can be altered to convey drugs 

or substances for helpful and investigative purposes. The flexibility of PLGA nanoparticles makes them well-suited for 

numerous restorative medications (Fatima et al., 2023). 

 

Foundation for Making PLGA Nanoparticles Bigger and Better 

PLGA may be a biodegradable plastic made from normal and secure fixings like lactic corrosive and glycolic corrosive. 

It is frequently utilized for sedate conveyance since it is moo in causing unfavorable responses within the body. This 

substance breaks down into safe substances that can be effectively expelled from the body, guaranteeing total disposal of 

https://doi.org/10.47278/book.CAM/2024.376


Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

120 

the medicate carrier without any buildup. The composition of PLGA nanoparticles gives the capacity to control the sedate 

discharge rate, hence empowering a customized sedate conveyance framework that can persistently discharge the 

medicate over a long period of time or quickly for a quick impact. By changing the structure and estimate of the polymer, 

researchers can control the rate of debasement of PLGA, hence empowering the creation of distinctive medicate 

conveyance frameworks to meet distinctive therapeutic needs(Altaf and Iqbal, 2023).  

Personalized sedate conveyance frameworks are vital to maximizing helpful results in different restorative conditions. 

By changing the surface of PLGA nanoparticles with particular particles, drugs can be focused on particular ranges within 

the body, making treatment more viable and diminishing side impacts. This exact focus is vital in cancer treatment, where 

conveying drugs straightforwardly to cancer cells guarantees a successful and non-invasive treatment. In general, the 

utilization of PLGA nanoparticles for focused on medicate conveyance speaks to a promising approach to move forward 

cancer treatment results by specifically focusing on unhealthy cells while saving sound tissue(Humaira et al., 2023). 

 

Making and creating PLGA Nanoparticles 

PLGA may be a biodegradable polymer made by combining lactic corrosive with glycolic corrosive. By exact control of 

the lactic acid/glycolic corrosive proportion and polymer estimate, an assortment of PLGA forms can be delivered. PLGA 

corrupts within the body as water breaks the ester bonds within the polymer, coming about in the formation of lactic 

corrosive and glycolic corrosive (Saqib et al., 2023).  

This highlight makes PLGA an appropriate fabric for sedate conveyance frameworks because it in the long run breaks 

down and clears out the body without causing unfavorable responses. PLGA is metabolized through the TCA cycle, an 

imperative pathway in living beings, and its debasement rate can be moved forward by changing the structure and 

estimate of the polymer. This adaptability permits exact control of the medicate discharge preparation, making PLGA a 

valuable fabric for pharmaceutical applications(Altaf et al., 2023). 

 

Advantages of Drug Delivery Systems 

Poly (lactic-co-glycolic acid) nanoparticles have the potential to supply supported sedate discharge over a long 

period. The debasement of PLGA plays an imperative part in controlling the sedate discharge, guaranteeing that it is long-

lasting. This property is especially curious for drugs that require a persistent nearness within the blood or the body. PLGA 

nanoparticles typify an assortment of drugs, counting those that can be debased by light, warmth, or chemicals. By 

typifying drugs in PLGA nanoparticles, their soundness and adequacy are progressed (Saleem et al., 2023).  

In expansion, PLGA nanoparticles can contain both hydrophilic and hydrophobic drugs, empowering them to convey 

an assortment of drugs. Due to its differing applications in medicating conveyance, PLGA is the favored choice for 

conveying pharmaceutical items. In expansion, the surface of PLGA nanoparticles can be altered into distinctive parts of 

the body, in this manner moving forward the conveyance of drugs and lessening the impacts of the work. Moreover, PLGA 

nanoparticles can be adjusted to join imaging operators, permitting the synchronous conveyance of drugs and imaging. 

Both of these administrations make strides in treatment and checking for superior understanding results. The combination 

of restorative and demonstrative devices is basic for personalized pharmaceuticals and the battle against cancer (Iqbal et 

al., 2023). 

 

Making Nanoparticles and Getting Rid of the Emulsion Solvent 

Usually, a strategy of making a blend by blending a sort of plastic called PLGA with an extraordinary fluid. The blend 

was mixed to advance fluid vanishing and produce small PLGA particles. The PLGA polymer has to be mixed with a certain 

kind of fluid called a natural dissolvable, especially within the sleek portion(Salma et al., 2023).  

Mix the organic part with the water part and add a stabilizing agent, like a surfactant, to make an emulsion. Stir the 

mixture to help the liquid evaporate, which makes PLGA nanoparticles. We often use centrifuging or filtering to gather and 

clean nanoparticles. Often used and easy to understand. This process helps to enclose both water-loving and water-fearing 

medicines. More actions might be needed to clean the substance completely and remove any extra surfactant. This 

method is similar to when a liquid evaporates, as it involves making a mixture (Gulnaz et al., 2023).  

The solvent diffusion method is when an organic solvent goes into the water and makes tiny particles. The PLGA 

polymer is mixed with a chemical in liquid form. Mix the natural part with a water part that has a stabilizer. The liquid 

chemical is allowed to go into the water, causing tiny particles to form. Tiny particles are usually collected and purified 

using a method called solvent diffusion. Adjusting diffusion parameters allows for accurate control of the size of particles. 

We need to find the best conditions for particles to spread out evenly (Altaf, Iqbal, et al., 2023). 

 

Nanoprecipitation 

The nanoprecipitation process quickly mixes a polymer solution with an organic solvent and another liquid to make 

tiny particles. PLGA is dissolved in a liquid to make a polymer solution. The polymer solution is quickly added to another 

liquid, usually water or some other watery solution. The fast spread of the natural solvent into the anti-solvent makes the 

polymer come out of the liquid and form tiny particles(Gu and Quanyin, 2019; Iqbal et al., 2023).  

Nanoparticles are usually collected by spinning them fast or by using a filter to separate them from the liquid. The test 

was done in a simple way that can be easily done again. This technology allows putting different medicines in a protective 

covering. You might need to do some extra steps to clean the substance. The salting-out method uses a type of liquid that 
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mixes with water to help make PLGA come together and form tiny particles. The PLGA needs to be mixed with a solvent 

that can be dissolved in water. Use a substance like acetone to help make nanoparticles by using the salting-out process. 

One way to collect and purify very tiny particles is by using a spinning machine or a strainer (Salma et al., 2023).  

 

Using Methods to Change up Nanoparticle Features 

The relative proportion of lactic acid to glycolic acid within the composition of the PLGA polymer exerts a considerable 

influence on the properties exhibited by the resultant nanoparticles. The debasement rate of PLGA and consequent sedate 

discharge are affected by the composition of the fixings. A better concentration of glycolic corrosive leads to a quicker 

corruption of PLGA in comparison to the next concentration of lactic corrosive. The enlargement of glycolic corrosive has 

been watched to assist the corruption and discharge of drugs, while raised levels of lactic corrosive have been found to 

decelerate the degradation preparation, subsequently drawing out the nearness of the drug within the body(Salma and 

Iqbal 2023, Nawaz, et al., 2023).  

The measurement of PLGA atoms could be a basic determinant within the behavior of nanoparticles. The expanded 

estimate of PLGA particles comes about within the generation of particles with a slower corruption rate, subsequently 

encouraging a more continuous and supported discharge of medicine. On the opposite, humble PLGA atoms display 

quickened corruption, driving to an assisted medicate discharge. The significant nature of PLA makes it compelling in 

empowering controlled and supported discharge of drugs. The utilization of decreased PLGA particle estimate may 

quicken medicate discharge or specifically target specific restorative conditions. The inclusion of stabilizers and surfactants 

within the detailing serves to preserve the solidness of the emulsion and relieve nanoparticle conglomeration. The suitable 

choice of stabilizers and surfactants encompasses a considerable impact on the viability and safety of PLGA 

nanoparticles(Iqbal et al., 2023).  

Assorted surfactant variations, counting anionic, cationic, and non-ionic, serve to balance the surface charge of 

nanoparticles. The determination of reasonable stabilizers is pivotal in anticipating molecule conglomeration and 

advancing the homogeneous scattering of nanoparticles. The choice of the fluid utilized within the blend of nanoparticles 

may have an effect on their general execution. The need for dissolvability of PLGA in fluids contains a critical effect on the 

arrangement of emulsions and the properties of nanoparticles. The dissolvable ought to have the capacity to productively 

break up PLGA and play a part in maintaining a homogeneous blend. The rate of nucleation of diminutive particles is 

unexpected upon the effectiveness of fluid dissipation. Diminishing the amount of remaining chemicals within the 

conclusion item is basic for guaranteeing its security (Iqbal et al., 2023). 

 

Characterization Techniques  

Energetic Light Diffusing and Laser Diffraction speak to two predominant strategies utilized for the assurance of 

molecule measure. Different strategies are utilized to measure changes in light as a result of the arbitrary development of 

minute particles. The previously mentioned substances are alluded to as nanoparticles, and their movement is commonly 

known as the Brownian movement. The examination envelops information relating to the scattering of particles inside the 

fluid(Ahmad et al., 2023).  

The measurements of nanoparticles have a significant impact on their versatility inside the body, cellular take-up, and 

natural usefulness. Guaranteeing consistency within the measure of medicate particles is pivotal for optimizing the 

adequacy and planning usefulness of the pharmaceutical. The assurance of zeta potential is utilized to assess the 

electrokinetic charge of particles scattered in a fluid medium. The zeta potential serves as a degree of the surface charge of 

little particles scattered in a fluid medium. This article analyzes the properties of surface charge found on nanoparticles. 

The comprehension and evaluation of zeta potential play a basic part in surveying the steadiness of a colloidal framework 

(Iqbal et al., 2023).  

The accumulation propensities of nanoparticles are affected by their zeta potential, in which particles having a solid 

electrical charge are less vulnerable to accumulation, driving to make strides in soundness and solidness. Sifting Electron 

Microscopy (SEM) and Transmission Electron Microscopy (TEM) are routinely utilized procedures in coherent ask to analyze 

small-scale structures. The sifting electron amplifying focal point (SEM) energizes the examination of an object's surface 

geography through the period of nitty dirty pictures, while the transmission electron amplifying instrument (TEM) licenses 

for the recognition of interior structures by passing electrons through the case (Iqbal et al., 2024).  

The utilization of these methodologies is urgent for the examination of the estimations, morphology, and course of 

activity of nanoparticles, empowering the revelation of any twists such as amassing or basic anomalies by examiners. 

Fourier-transform infrared spectroscopy (FTIR) may be a basic informative method utilized for the characterization of PLGA 

nanoparticles, enabling the recognition recognition confirmation of unmistakable chemical components and utilitarian 

bunches interior of the iotas. This investigation is pivotal in approving the presence of both PLGA and any included 

pharmaceutical compounds. Furthermore, X-ray diffraction (XRD) is utilized for the examination of the precious stone 

structure of poly (lactic-co-glycolic corrosive) (PLGA) nanoparticles, subsequently contributing to the assessment of their 

geometric morphology and auxiliary keenness. It is basic to comprehend the crystallographic organization of PLGA 

nanoparticles in arrange to expect their mechanical properties, steadiness, and sedate discharge behavior (Margaris, 2020). 

 

Exploring the Effectiveness of Drug Encapsulation and Methods  

UV-Vis spectroscopy is utilized to degree much light an arrangement retains at certain wavelengths. Sedate atoms 
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have diverse crests to show how much of the sedate is ingested. Analysts can utilize these crests to degree the sum of 

medicatingmedication in a test. After taking the medication out of particles, we determine how much of it there is by 

employing a machine that checks how it retains light at certain wavelengths(Abdolkarimi-Mahabadi et al., 2021).  

Numerous individuals utilize high-performance fluid chromatography (HPLC) to test drugs that retain UV-Vis light. 

HPLC could be a strategy that isolates and measures diverse parts in a blend by how they are associated with a stationary 

stage. After the pharmaceutical is isolated from the particles, it is tried utilizing HPLC. The sum of the sedate is found by 

comparing the estimate of the top in a chart to a standard sum. This strategy works well for finding and telling separated 

drugs with complicated chemical structures (Kanu, 2021).  

It is exceptionally precise and particular. NMR spectroscopy makes a difference researchers learn almost the attractive 

properties of molecules in atoms. It is utilized to figure out the structure of particles and recognize compounds. After 

expelling the medicate from a substance, NMR spectroscopy can be utilized to figure out precisely how much of the 

sedate is displayed by looking at particular signals that speak to its atomic cosmetics. This gives critical information about 

the drug's cosmetics and a way to precisely degree it (Reif et al., 2021).  

Mass spectrometry may be a strategy utilized to discover out huge particles are. It gives accommodates subtle 

elements around compounds. It makes a difference for us to find and gauge different substances. After removing the drug, 

we can use mass spectrometry to see how much drug is left by looking at the size of the mass spectral peaks. This method 

can accurately find drugs (Bauermeister et al., 2022). 

 

Issues Disturbing Drug Encapsulation 

The way PLGA is made and how much lactic acid and glycolic acid it has can affect how well it can hold medicine 

inside it. Changing the characteristics of polymers can affect how drugs interact with them and how much drug they can 

hold. The properties of a medicine, such as how well it dissolves, how stable it is, and how heavy its molecules are, can 

affect how well it can be put into a capsule. Studies have shown that drugs that don't mix well with water are more likely to 

be put inside PLGA nanoparticles (Jem and Tan, 2020).  

It is important that the drug works well with the PLGA polymer in order to encapsulate the drug effectively. Improving 

how well something gets wrapped up can be made easier by strong interactions like hydrogen bonding. The way drugs are 

packaged can be changed a lot by things like how much drug there is compared to the polymer, how much drug is in the 

initial solution, and what solvents are used. It is very important to get the right settings in order to make sure the capsule 

holds a lot of the medicine. The way we make the tiny particles, like using emulsion or nanoprecipitation, can also affect 

how much of the medicine gets trapped inside (Lagreca et al., 2020).  

The way we mix things and how long we do it for is important too. Choosing how to put medicine into tiny particles 

can affect how much medicine can fit inside. Different ways such as mixing, spreading, and adding drugs later can affect 

how well the drugs are put into the small particles. When the particles are made smaller, they have more surface area, 

which can affect how much drug they can hold. However, having very small particles in the drug can make it harder to load 

the drug and can affect how stable the drug (Ghanbari et al., 2021). 

 

Factors Manipulating Drug Release 

The way PLGA breaks down depends on how much lactic acid and glycolic acid it has big its molecules are, and what 

it's made of. This affects how fast the drug is released. The way the drug interacts with the PLGA polymer can affect how 

the drug is released from the polymer. The speed of release can be affected by how strong the molecules stick together. If 

they stick really well, the release might be slower, but if they stick weakly, it might be faster. Tiny particles have more 

surface area compared to their volume (Pardeshi et al., 2023).  

This can make drugs release faster. However, tiny particles can make the formulation less stable. The amount of 

drug trapped in the tiny particles affects how quickly the drug is released. A higher amount of drug in the medicine 

is likely to make it last longer in the body when it is released. The speed at which PLGA breaks down affects how 

quickly drugs are released from it. The faster breaking down of plastics usually leads to drugs being released more 

quickly(Alonso, 2020).  

The acidity, heat, and substances in the environment where the drug is released can affect how quickly the drug is 

released from PLGA nanoparticles. Choosing certain substances to stabilize and release drugs from PLGA nanoparticles can 

affect how stable the nanoparticles are and how well they release the drug. The way our body works, like blood moves, the 

acidity of tissues, and the presence of certain chemicals, can affect how drugs work in our body (Kashkooli et al., 2020). 

 

Uses of PLGA Nanoparticles in Cancer Therapy and Targeted Delivery to Tumor Cells 

Using tiny particles called PLGA nanoparticles can help deliver medicine to the right place in the body to fight against 

cancer. Changing the surfaces of tiny particles with special molecules like ligands, antibodies, or peptides can help drugs 

target cancer cells better. The parts on the outside of PLGA nanoparticles can attach to receptors on the outside of cancer 

cells and help the nanoparticles enter the tumor cells. The EPR effect helps PLGA nanoparticles gather in tumor tissues 

because the blood vessels are leaky and the lymphatic drainage is reduced. Targeted drug delivery systems help to protect 

healthy tissues from medicine, which can lower the chance of side effects. Delivering medicine directly to the tumor has 

been proven to make treatment work better (Narmani et al., 2023).  
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The research looks at how well PLGA nanoparticles with folate added can target and deliver medicine to cancer cells 

that have a lot of folate receptors. Giving multiple treatments at the same time using one delivery system could make the 

cancer treatment work better by targeting the cancer cells, stopping new blood vessels from forming, and overcoming 

resistance to drugs. PLGA nanoparticles have the capacity to typify and consecutively discharge different solutions, each 

with special instruments of activity (Jurczyk et al., 2021).  

This controlled discharge highlight proposes that PLGA nanoparticles may be utilized for successive organization of 

distinctive treatments. Giving two drugs together makes them work way better to treat illnesses. Giving drugs at the same 

time or one after the other can offer assistance to diminish sedate resistance in cancer treatment. Utilizing little particles 

called PLGA nanoparticles to carry both chemotherapy and focused treatment drugs can offer assistance make cancer 

treatment work way better (Narmani et al., 2023). 

 

Further Applications 

Utilizing nanoparticles made of PLGA to provide immunizations has appeared to it can gradually discharge the 

antibody and offer assistance in the safe framework to work way better. These minor particles can go through the blood-

brain obstruction, which implies they may well be a great way to convey pharmaceuticals to the brain. This may be 

accommodating for treating Alzheimer's infection and brain tumors (El-Sayed and Kamel, 2020).  

Moreover, by customizing PLGA nanoparticles, ready to convey anti-inflammatory solutions specifically to where they 

are required, which decreases the side impacts on the entire body. Also, utilizing PLGA nanoparticles makes a difference 

anti-microbials remain within the body for a longer time, making them work way better in treating bacterial 

contaminations. Besides, PLGA nanoparticles can capture and transport hereditary fabric like siRNA or DNA for quality 

treatment. PLGA nanoparticles can carry medication to the heart to assist with issues like blocked courses and small blood 

vessels (Góra et al., 2020). 

 

Conditions Affecting the Central Nervous System and the Infiltration of the Blood-brain Barrier 

The blood brain barrier makes it intense for pharmaceuticals to go from the blood to the brain, which makes it difficult 

to treat clutters within the brain and spinal line. PLGA nanoparticles can be made to go through the blood-brain barrier 

and deliver medicine to the brain really well. Covering tiny PLGA particles with special chemicals that help them interact 

with cells in the brain, making it easier for the particles to pass through the cells (Tabassum et al., 2021).  

Researchers are studying how to make tiny particles that can enter the brain more easily. This could help with treating 

brain diseases. Using tiny particles made of PLGA has shown promise in helping medicine reach the brain by passing 

through the blood-brain barrier. This ponder makes a difference make the treatment of brain issues superior. Researchers 

have been looking into ways to assist minor particles get into the brain. This may offer assistance to us discover way better 

ways to treat brain tumors and Alzheimer's infection (Piekut et al., 2022). 

 

Chronic or Progressive Neurological Conditions 

Maladies like Alzheimer's and Parkinson's make nerve cells within the brain gradually break down. Utilizing modest 

particles called PLGA can help deliver medication to the proper portion of the body, making medications work way better 

for distinctive illnesses. PLGA nanoparticles can hold onto defensive substances like cancer prevention agents and 

solutions, which can offer assistance, ensure, and repair brain cells (Annu et al., 2022).  

Their specialized way of gradually discharging pharmaceuticals makes a difference to ceaselessly give the correct sum 

of pharmaceutical over a period of time, which is exceptionally supportive for treating long-term brain conditions. By 

giving the pharmaceutical specifically to the influenced parts of the brain, the chance of causing hurt to sound tissue is 

brought down, which decreases the probability of encountering negative impacts from the medicine (Dara et al., 2022).  

Utilizing particular ways to convey drugs can make them work superior in securing the brain and treating illnesses. 

Researchers are examining how to form uncommon particles that hold substances that might offer assistance with the side 

effects of Alzheimer's infection. These minor particles might offer assistance decrease swelling, working against particular 

infections, or offer assistance keep the brain sound (Gombart et al., 2020). 

 

Vaccinations and Techniques for Administering Antigens 

PLGA particles are great at carrying antigens in immunizations. They make the antibodies work superior and can 

provide them to particular places within the body. Putting antigens into PLGA nanoparticles keeps them secure from 

breaking down, and lets them be discharged in a controlled way over time. This makes antibodies work superior and 

makes a difference in the body's resistant framework to recognize and battle off germs(Horvath and Basler, 2023).  

PLGA nanoparticles ensure antigens from being broken down by chemicals and natural components, keeping them 

solid and compelling. The moderate discharge of antigens from PLGA nanoparticles keeps the safe framework enacted 

longer, making the resistant reactions more grounded. Utilizing little PLGA particles to trap antigens can offer assistance in 

making vaccines for ailments such as the flu or hepatitis (Iyer et al., 2022). 

 

Immunomodulation 

PLGA nanoparticles can alter the body's resistant framework to respond to antibodies and what kind of response 

it causes. This implies being able to form antibodies that can offer assistance to the body and fights off maladies by 
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making the proper safe reaction. It's truly imperative. By including substances that boost the safe framework, like 

Toll-like receptor stimulators, PLGA nanoparticles can make safe cells work superior. Moreover, PLGA nanoparticles 

can be outlined to join to particular safe cells within the body utilizing ligands or antibodies on their surface 

(Bhardwaj et al., 2020).  

This makes a difference in coordinating the safe system's reaction. This particular strategy can make 

immunizations work way better by making the safe framework stronger and more centered. By changing the 

cosmetics and external layer of PLGA nanoparticles, we are able to alter how the resistant framework responds to 

them. This makes them valuable for numerous diverse sorts of antibodies. Also, including CpG oligonucleotides in 

PLGA nanoparticles can make the body's safe framework more grounded, and offer as sistance immunizations work 

superior (Li et al., 2024). 

 

Inflammatory Syndromes 

PLGA nanoparticles offer assistance and provide anti-inflammatory drugs straightforwardly to the influenced region, 

treating aggravation without influencing the full body. Utilizing these little particles to deliver pharmaceuticals right to 

swollen joints may offer assistance to individuals with rheumatoid arthritis who feel superior for a longer time. In the same 

way, sending pharmaceuticals to particular ranges within the intestine seems to offer assistance treat maladies like Crohn's 

and ulcerative colitis (Ahamad et al., 2021).  

Utilizing minor PLGA particles can help make beyond any doubt that pharmaceutical generally influences the 

debilitated tissue and not the healthy tissue. This could make the side impacts of the medicine less extreme for the whole 

body. In expansion, the moderate discharge of pharmaceuticals from these modest particles might cruel individuals to take 

their medication less frequently, which seems offer assistance they adhere to their treatment superior. Considers have 

found that utilizing PLGA particles with corticosteroids or NSAIDs seems to offer assistance with joint torment and 

stomach issues in a secure and successful way (Ding et al., 2021). 

 

Exploring Future Perspectives and Challenges in Drug Delivery Using PLGA Nanoparticles 

PLGA breaks down when it gets wet, which can make nanoparticles less stable. This breakdown can make acid that 

might affect how well and how long the medicine works. When tiny particles are kept, they may stick together or get 

bigger, which can change how they release medicine. PLGA nanoparticles become more stable when stabilizing agents are 

added to them. Changing the ingredients in the recipe, like the type of plastic and the amount of medicine, can make the 

product last longer. Making sure that each batch is the same when making a lot of something bigger can be hard because 

the conditions in the factory can change (Alkholief et al., 2022).  

Making more PLGA nanoparticles while keeping them good quality, consistent, and cost-effective is hard. Improving 

how things are made so they can be made in larger quantities and done the same way each time. It is very important to 

have strict checks in place to make sure that the products are all the same during production. It's key to know that the 

body's defense system might see PLGA nanoparticles as foreign and cause worries about triggering an immune response. 

PLGA nanoparticles could cause inflammation in the body, which might affect how well they work and if they are safe to 

use. Adding biocompatible coatings to PLGA nanoparticles helps to reduce immune responses. This study wants to find 

out about new types of materials that can break down naturally and don't cause a strong immune response in the body 

(Guo et al., 2023). 

 

Forthcoming Perspectives 

The research wants to make better medicine that doesn't spoil easily, releases slowly, and can carry more medicine. 

Mixing smart materials that can respond to different body signals to release medicine when needed. Tailoring the PLGA 

nanoparticle formulations to match personalized medicine strategies based on the unique characteristics of each patient 

and their specific treatment needs (Ren et al., 2020).  

Using biomarkers and molecular profiling to create nanoparticles that work in different ways that people's bodies 

process and respond to medicines. Creating tiny particles that can both diagnose and treat diseases is a big step forward 

in healthcare. Combining imaging substances, targeting molecules, and treatment drugs into one tiny particle system. 

Studying new types of biodegradable plastics to see if they are better than PLGA at breaking down and not causing 

immune system problems. Using natural substances or a mix of natural and synthetic materials to make medical devices 

safer for use in the human body (Woessner et al., 2021). 

 

Emerging Trends and Future Directions and Multifunctional Nanoparticles 

Researchers are studying tiny particles made of PLGA. These particles can carry different types of medicine at the same 

time, like chemotherapy and immunotherapy. This could make treating diseases easier. Adding tools to tiny particles made 

of PLGA to take pictures and treat problems at the same time, so we can see how well the treatment is working right away. 

The study is trying to make tiny particles that can react to things like pH, temperature, and enzymes in the environment. 

Utilizing progressed strategies to send drugs precisely where they are required can make sedate medicines more exact and 

successful. For illustration, utilizing atoms that respond to changes or utilizing exterior powers to assist discharge 
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medication can make sedate conveyance more exact (Su et al., 2021). 

Improved Pharmaceuticals, Along with Innovative Genomic and Proteomic Techniques 

This ponder is around utilizing hereditary and protein data to form personalized PLGA nanoparticles for each quiet. It 

looks at how qualities affect drugs are broken down within the body and how patients respond to treatment. Researchers 

are considering how to form medication that's made fair for each individual based on their well-being, restorative history, 

and their body responds to treatment. By utilizing biomarkers to discover certain infections and utilizing PLGA 

nanoparticles to convey drugs to particular regions, personalized treatment choices are getting superior (Choi and Lee, 

2020).  

Observing a patient's response in real-time helps doctors alter how the pharmaceutical is given, making personalized 

medicines more adaptable. Analysts are examining how to create PLGA nanoparticles more steady and successful for 

medicine. They are looking at controlling the measure and conveyance of the particles. Moreover, analysts are looking into 

utilizing 3D printing to form nitty gritty PLGA nanoparticles that can control how drugs are discharged within the body. 

Researchers are also considering if they can make a part of PLGA nanoparticles utilizing nonstop fabricating. They need to 

form a method of making personalized medication way better and more tried and true (Chavan et al., 2022). 

 

Conclusion 

The implementation of effective drug delivery systems is crucial for optimizing the efficacy and safety of medications. 

The utilization of PLGA nanoparticles in conjunction with nanotechnology represents a promising approach for delivering 

therapeutic agents to the human body. The particles exhibit favorable biocompatibility, undergo autonomous degradation, 

and enable the controlled release of pharmaceutical agents at variable kinetics within the biological system. PLGA 

nanoparticles demonstrate distinctive potential in their ability to encapsulate diverse pharmaceutical agents and facilitate 

targeted delivery to specific cellular or tissue sites. A comprehensive comprehension of the mechanisms underlying the 

functionality of PLGA nanoparticles may contribute to the advancement of drug delivery approaches. Researchers are 

constantly exploring novel applications of minuscule PLGA particles to enhance medical interventions. The utilization of 

PLGA nanoparticles enables the development of personalized and precise medical interventions that surpass conventional 

modalities. 
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ABSTRACT   

Particles that range in size from around 1 to 100 nanometers and are created in various shapes are called nanoparticles 

(NPs). Nanotechnology is a growing field of study that is expected to open up new possibilities for the control and 

eradication of germs since it uses substances and networks at the atomic scale. Many individuals worldwide are afflicted 

with parasitic infections, which are particularly prevalent in developing nations and have significant treatment limits. Some 

parasites have recently shown signs of medication resistance, which has heightened the demand for safer, more effective 

treatments to prevent parasitic infections or for pharmaceuticals to be improved. AgNPs possess distinctive physical and 

chemical characteristics. Multiple studies have demonstrated the advantageous biological impacts of AgNPs on a range of 

disorders, including antibacterial, anti-inflammatory, antioxidant, antiparasitic, and antiviral activities. AgNPs have gained 

recognition for their efficacy in combating multi-drug resistant bacteria, positioning them as a promising contender for 

antibacterial medication development. Plant-extracted AgNPs have recently demonstrated remarkable antiparasitic 

properties, surpassing typical antiparasitic medications in terms of shorter treatment time and superior capacity to hinder 

parasite reproduction. This chapter offers a thorough review of the numerous types, unique qualities, and mechanisms of 

action of AgNPs in the fight against parasitic diseases. The major emphasis is placed on their efficacy in treating 

Haemonchus. The objective is to offer a comprehensive guide for using AgNPs to cure and manage parasitic infections. 

 

KEYWORDS 

Nanotechnology, Nanoparticles, Control of Haemonchosis 

Received: 12-Jun-2024 

Revised: 13-Jul-2024 

Accepted: 18-Aug-2024  

A Publication of  

Unique Scientific 

Publishers 

 

Cite this Article as: Ahmad F, 2024. Role of nanoparticles for the control of haemonchosis. In: Ahmed R, Khan A, Abbas RZ, 

Farooqi SH and Asrar R (eds), Complementary and Alternative Medicine: Nanotechnology-II. Unique Scientific Publishers, Faisalabad, 

Pakistan, pp: 128-139. https://doi.org/10.47278/book.CAM/2024.132  

 

INTRODUCTION 
 

Parasites and parasitic diseases impact a significant number of individuals globally and are associated with numerous 

challenges in the field of cure and management (Norouzi, 2017; Alvi et al., 2020; Alvi et al., 2021; Alvi et al., 2022; Alvi et al., 

2023). Despite the rapid and notable progress in healthcare and health advancements in various parts of the world, 

intestinal parasitic infections persist as a major health concern with implications for the economy, particularly in 

developing nations. According to WHO estimates, 3.5 billion individuals globally have parasitic infections, of which 450 

million experience clinical symptoms each year. Poor hygiene contributes to the spread of these illnesses, which can lead 

to gastrointestinal disturbances, malnutrition, problems with nutrient absorption, and a variety of symptoms (Kousha et al., 

2011). Severe consequences include cholecystitis, appendicitis, myocarditis, vaginal infections, and abdominal pain can be 

brought on by intestinal parasites. Intestinal parasite frequency varies from 0.5% to 62.3% across age groups, according to 

studies, and it is more common in densely populated areas (Momen Heravi M, 2013). Unhygienic surroundings and poor 

hygiene habits may contribute to the spread of these illnesses (Gamboa et al., 1998). Moreover, it has been discovered that 

intestinal parasites lead to malnutrition, impede the absorption of nutrients, and interfere with gastrointestinal processes. 

These consequences include vomiting, sickness, cholera, anemia, avitaminosis, iron deficiency, a weakened immune 

system, and slowed physical growth (Rehman et al., 2021). Extremely hazardous adverse effects, such as vaginal infections, 

stomach pain, a condition called appendicitis, myocarditis, intestinal obstruction, and extra-intestinal abscess formation 

can occasionally result from intestinal infections. Numerous studies have found that intestinal parasite prevalence varies 

from 0.5% to 62.3% in people of different ages (Tegen and Damtie, 2021). There is a notable incidence of direct and simple 

transmission of several parasites in the intestines from affected to uninfected people, especially in areas with high societal 

concentrations (Momen Heravi et al., 2013). H. contortus is a highly transmissible gastrointestinal parasite worm that 

https://doi.org/10.47278/book.CAM/2024.132


Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

129 

mostly affects ruminants and causes serious anemia, hemorrhagic gastroenteritis, diarrhea, stress, and other ailments. 

Additionally, it lessens the production of meat and milk, which causes a huge loss of profit for the world economy an 

estimated USD 120 billion is lost annually (Singh et al., 2017; Qamar et al., 2023). Many animals, including humans, can 

become infected with H. contortus through contaminated soils (Sinnathamby et al., 2018). Blood infections with H. 

contortus have also been reported in a variety of mammals, including humans, goats, sheep, rabbits, and others. These 

infections can alter immune responses and induce inflammation (Wang et al., 2019). Since over 30% of people globally 

suffer from parasitic illnesses, parasitic diseases are extremely significant. Furthermore, parasitic illnesses significantly 

increase the global incidence of mortality and morbidity, particularly in underdeveloped nations (Thurner et al., 2016). 

Though great progress has been made in recent years to investigate the pathophysiology and pharmacogenomics, 

causation, and cell biology of the majority of parasite-borne diseases, the condition of therapeutics is disheartening. Since 

most parasitic diseases do not elicit a robust immune response, there is currently no effective vaccination against any of 

the major parasitic infections, despite extensive research efforts. Therefore, the sole tool available to combat parasite 

diseases is an antiparasitic chemotherapy treatment (Sueth-Santiago et al., 2017). On the other hand, the majority of anti-

parasitic medications in use today were introduced more than 50 years ago. Despite their effectiveness, the majority of 

these medicines do not closely resemble the contemporary definition of a "drug" in terms of patient acceptance, 

therapeutic regimen, duration of therapy, tolerability, or specificity (Dziduch et al., 2022). In contrast to other industries, the 

parasitic illness segment is not seeing as much advancement or new medication discovery as other industries do; this 

problem seems to be mostly caused by the lack of funding in this field. Prior to 2000, parasitic infections were considered 

unimportant, as demonstrated by the reality that just 0.1% of global health research money was allocated to the 

development of anti-parasitic medications (Norouzi, 2017). The most effective way to solve the previously described 

calamity associated with parasite infections is to develop innovative delivery methods to enhance the potency, specificity, 

tolerability, and therapeutic index of already available antiparasitic medications (Sun et al., 2019). Research on new 

antiparasitic compounds that are more potent, less toxic, more economical, and more active is imperative considering the 

side effects of antiparasitic drugs and the extent of parasitic illnesses (Mustafa et al., 2024). Because biotechnology and 

nanotechnology have developed so quickly, integrated them, and become widely used in pharmaceuticals, drug discovery 

has increased dramatically in recent years (Sarkar et al., 2017; Alfaleh et al., 2023). It is a wise decision to combine 

nanotechnology with conventional metal inorganic bactericides to create novel antiparasitic medications (Durak et 

al.,2020) and research on the insecticidal and inhibitory mechanisms of metal nanomaterials serves as a foundation for the 

creation of further parasite inhibitors (Rai et al., 2014). As a result, we covered an overview of all nanomaterials used to 

combat parasites in this chapter, with a special emphasis on silver nanoparticles. Particulate materials having more than we 

refer to one dimensional that is shorter than 100 nm as nanoparticles (Elhefny et al., 2021). Nanoparticles (NPs) can 

penetrate blood-brain obstacles, penetrate the respiratory tract, and bind to endothelial cells because of their small size 

and huge surface area, which also increases their colloidal strength and bioavailability (Rizvi and Salah, 2018). Metal oxide 

nanoparticles (MONPs) possess several advantageous properties, including straightforward preparation methods, excellent 

stability, and the capacity to functionalize with different molecules, the ability to be designed to precise sizes, shapes, and 

porosities, minimal fluctuations in swelling, and the capability to integrate into both hydrophobic and hydrophilic systems 

because of their negatively charged surface. These characteristics make MONPs a promising tool for biomedical properties 

(Sánchez-Moreno et al., 2018). Silver ions have a multilocation impact and are bactericidal to a wide spectrum of 

pathogens as inorganic materials (Zhang et al., 2023). Nevertheless, the use of silver-based materials is significantly 

restricted due to the exorbitant cost of the material, the unpredictable chemical characteristics of free silver ions, and the 

severe poisoning of conventional silver items (AbuDalo et al., 2019). Nanotechnology-produced sodium silver compounds 

possess several benefits, including superior pathogen-killing capabilities, reduced germ resistance, lower dosage 

requirements, and chemical stability (Ullah et al., 2018). Utilizing AgNP materials for parasite control offers the potential for 

developing novel substances to chemically combat clinical parasitic illnesses. By studying the inhibitory impact of AgNPs 

on parasites and understanding the fundamental causes of these effects, progress can be made in the creation of AgNP 

pesticides. The numerous forms and distinctive qualities of (AgNPs) and their usage in treating parasite diseases, especially 

Haemonchus, are the main topics of this study. We will now examine the main way in which it works: by disturbing the 

smoothness and structure of the parasites cell membrane. Reactive oxygen species, or ROS for short, are released as a 

result of this disruption, which also makes the membrane more porous and loses its internal content. This leads to 

inflammation and damage to biological components (Hassan et al., 2019).  

 

History of NP’s Birth 

Although several techniques have been used to study the formation of nanosized particles from prehistoric times, 

perhaps even a century ago, the area of nanomedicine as a contemporary field of research was not formally founded until 

the 1990s. 21st-century research is seeing a rise in the investigation of nanomedicine (Krukemeyer et al., 2015). 

Nanoparticles (NPs) are artificially created and intricate molecules with precise chemical compositions. They were initially 

synthesized in the early 1980s. These nanoparticles consist of polymers that are extremely small in size and are constructed 

from smaller units called branch units. Synthetic nanomaterials possess a multitude of chain ends on their surface, which 

can be customized to perform specific chemical tasks. This characteristic could potentially be advantageous for catalytic 

applications. Nanomaterials exhibit significantly enhanced chemical and physical characteristics in comparison to 
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conventional polymers (Krukemeyer et al., 2015). A diverse array of applications reveals novel capabilities and properties of 

matter. Nanotechnology offers significant novel instruments that are anticipated to have a profound influence on various 

domains within the field of medical sciences. Polymer-coated functionalized metal nanoparticles have emerged as a 

dynamic and innovative area of advanced study. For instance, silver is a significant and easily obtainable metal, and its 

nanoparticles (NPs) are more effective than other nanosized metal particles in terms of their ability to combat microbial 

growth. Nevertheless, the stability of polar terminal groups, such as hydroxyl groups or amines, is a significant concern and 

is typically employed to enhance their stabilization (sufi et al., 2022). Three-dimensional nanomaterials have found 

extensive applications in the past few years in a variety of sectors, including medication delivery, gene therapy, ophthalmic 

surgery, in vitro testing for cardiac muscle injury, virulence against HIV-1, treatment for cancer, and tumor cell targeting 

(Chugh et al., 2021). 

 

Categorization of Non-Precursors 

Nanoparticles are divided according to their chemical composition as inorganic, organic, or carbon-based (Oprică and 

Bălășoiu, 2019). 

 

Organic NPs 

Organic compounds that are smaller than 100 nm are used to create organic nanoparticles or ONPs (Qi and Zhang, 

2022). Prominent examples of this category include liposomes, micelles, dendrimers, and ferritin, which are all well-

established organic nanoparticles and polymers. Micelles and liposomes are two forms of nanoparticles that exhibit 

sensitivity to electromagnetic radiation, including heat and light. Additionally, they possess a hollow core referred to as a 

nanocapsule (Esakkimuthu et al., 2014). They possess non-toxic properties and are also biodegradable. There are superior 

alternatives for the transportation of medicine because of their distinct attributes. The size, content, surface form, and 

other characteristics of drug carriers are key factors. Their efficacy and variety of uses, however, are greatly influenced by 

their therapeutic-carrying capability, stability, and administration methods, such as adsorption or entrapped drug systems 

(Illes et al., in 2017). The biomedical profession has found several uses for organic nanoparticles, especially in drug delivery 

systems due to their effectiveness and ability to be accurately administered in specific anatomical locations; this is known 

as targeted drug administration. 

 

Carbon-based NPs 

An essential factor in the growth of human civilization on Earth has been carbon. It forms connections with materials 

that are incredibly strong. Graphite, oxides of carbon, fullerenes, carbon nanofibers, and carbon black are among the 

subcategories (Ealia and Saravanakumar, 2017). 

 

Inorganic Nanoparticles 

Nanoparticles that lack carbon as a component of their structure are known as "inorganic nanoparticles". Inorganic 

nanoparticles (NPs) include metal and metal oxide NPs, along with their derivatives. 

 

Metal-Based Oxide Nanoparticles 

Investigators have been paying more and more attention to metal oxides in the past few years. Ionic substances 

known as metal oxides are made up of negatively charged oxygen ions and positively charged metallic ions. Through 

electrostatic attraction, the positively charged metal ions and the negative oxygen ions create strong and long-lasting ionic 

bonds (Devan et al., 2012). These oxide-based nanoparticles are being synthesized with the intention of altering the 

characteristics of their metal-based counterparts. To benefit from their improved capacity for responsiveness and 

performance (Nikam et al., 2018). Metal oxide nanoparticles that have been artificially produced are widespread. Some of 

the often-produced oxides include (SiO2), (TiO2), (ZnO), and (Al2O3) (Bulychev, 2022) (Fayad and Dhahad, 2021) (Song et 

al., 2021). The most commonly utilized oxide nanoparticles (NPs) for drug delivery systems are zinc oxide (ZnO) and 

titanium oxide. 

 

Metal-Based NPs 

Destructive or constructive methods are used to produce metal-based nanoparticles to nonmetric sizes. Nearly every 

metal has a synthesizable nanoparticle. Metals such as aluminum (Al) (Muzammil et al., 2020) cadmium (Cd) cobalt (Co) 

copper (Cu) gold (Au) silver (Ag) (Zhang et al., 2023) are regularly utilized in the creation of nanoparticles. Because of their 

enormous surface-to-volume ratio and quantum effects, metal nanoparticles exhibit remarkable UV-visible sensitivity as 

well as electrical, stimulating, heating, and antimicrobial characteristics. 
 

Silver (Ag) NPs 

Creation and Possible Uses of Silver Nanomaterials 

Characteristics of Silver Nanomaterials 

Small particles with widths in one or more dimensions inside a space with three dimensions that vary between 1 to 

100 nanometers are called nanoparticles (Ansari et al., 2022). Applications for materials based on nanoparticles are unique 

and include the volume effect, interface effect, influence of small size, and enormous quantum tunneling effect. Thus, 
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nanomaterials considered unique compounds in the twenty-first century find application in a variety of fields, including 

energy, national defense, technological innovation, biology, medicine, and the chemical sector. Commercially available 

AgNPs are the most widely used Nano-compound on the market due to their broad potential for use in a variety of 

common applications as of right now, AgNPs are present in 435 out of 1814 nanoproducts, which are distributed over 32 

nations or regions worldwide. This makes up about 24 percent of all nanoproducts (Vance et al., 2015). AgNP stands for 

"silver nanoparticles," which are tiny particles consisting of silver atoms and usually ranging in size from one to one 

hundred nanometers AgNPs experience oxidation on their surface, which releases free silver ions, just like bulk silver 

compounds do. AgNPs have unique characteristics, like area effect, quantum dimension effects, and tiny size effect, that 

are not found in typical materials (Naganthran et al., 2022). The greatly accelerated rate of ionized silver emission is caused 

by the coating and small size effects of nanoparticles. Because AgNPs function as ionized silver and increase the 

porousness of cell membranes, they can therefore directly harm the membranes of cells. This makes it possible for many 

cells to enter, which eventually leads to necrosis or apoptosis. These characteristics mean that AgNPs have a far higher 

bactericidal effect than silver ions. Furthermore, the negative impacts of AgNPs are associated with a range of properties, 

including form, concentration, chemical coating, surface charge, and others (Akter et al., 2018). AgNPs can have many 

different morphologies, such as triangle prism, ring, sheet, spherical, conical, disc, rod, cube, and prism (Mukherji et al., 

2019). Forms that are uneven and angular increase the risk of physical injury. It was demonstrated in a study that triangular 

AgNPs had a stronger antibacterial impact than spherical and rod-shaped AgNPs when used to manipulate Escherichia coli 

(Zhang et al., 2023) or the use of both spherical and flaky AgNPs to manipulate zebrafish embryos revealed that the flaky 

AgNPs were more harmful (Abramenko et al., 2018). Nevertheless, because it depends on multiple variables rather than 

just one, the relationship between a particle's form and toxicity is not clearly defined. (Akter et al., 2018). These elements 

significantly affect the biotoxicity of AgNPs which include the dimension impact, redox impact, and surface stabilizers. In 

order to prevent aggregation, coatings are commonly placed on AgNP surfaces throughout the production process. This 

enhances stability and facilitates the dispersion of particles. AgNPs can be coated in a variety of ways to change their form 

and prevent silver ions from oxidizing. This alteration directly affects the biotoxicity of AgNPs (Zhao et al., 2021). The study 

discovered that AgNPs, which were altered by citrate and chitosan, exhibited more toxicity towards bacteria compared to 

the unmodified AgNPs. This increased toxicity is likely due to the ability of these two modifiers to expedite the release of 

silver ions from the AgNPs (Cavassin et al., 2015). When AgNPs are coated with citrate instead of polyvinyl pyrrolidone and 

poly ethyl enimine, or when there is no coating at all, their toxicity is reduced (Ivask et al.,2014). The way the coating 

altered the AgNPs' surface charge characteristics may have contributed to the variations in toxicity amongst the various 

coverings. Positively charged AgNPs are able to adhere to the negatively orientated microbial cell wall, giving them a 

greater bactericidal impact than negatively charged AgNPs (Zhang et al., 2023). 

 

The Synthesis of Silver Nanoparticles 

There are multiple methods for producing nanomaterials, but the two fundamental approaches currently used are: 

firstly, breaking down large solids into nanoparticles; and secondly, creating particles by combining individual atoms and 

carefully managing their growth to ensure they remain at the nanometer scale. The concept of nanoparticle preparation 

categorizes the ways of creating AgNPs into physical synthesis methods (Cobos et al., 2020), chemical synthesis methods 

(Fouda et al., 2020) and biological synthesis methods (Fig. 1) (Mohamed et al., 2019). 

 

 

Fig. 1: Synthesis of 

silver nanoparticles 

(Mohamed et al., 

2019) 
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A variety of techniques are used in physical synthesis, including lithography, electrical irradiation, irradiation with 

gamma rays, mechanical grinding, and ablation by laser, and evaporation-condensation. The metal is ground into a very 

fine powder using the mechanical grinding technique, which creates localized tremendous pressure through high-speed 

impacts. The abrasion level determines the dimension of the nanoparticles (Nguyen et al 2023). Using arc-discharge 

equipment, the arc-discharge process may create nanoparticles of silver in clean water without any requirement for any 

buffer or surfactant (El-Khatib et al., 2020). The production of nanosilver particles through evaporation and cooling plasma 

can be achieved by applying high voltage to silver electrodes in ionized water or by employing laser ablation in water or 

organic solvent (Khatami et al., 2018). In the laser elimination process, a silver block immersed in water or a synthetic 

solvent is quickly burned using a pulsed laser. As the plasma cools down, silver particles form and increase in size, finally 

resulting in the formation of nanosilver (Sharma and Bharti, 2023). The action of evaporation and later condensation turns 

metallic silver into particles in the evaporation-condensation technique. These nanoparticles can then further condense 

into atomic clusters or nano-silver particles (Mandal et al., 2016). Gamma rays have the ability to cause a radioactive 

breakdown of solvents, resulting in the production of dissolved electrons. These electrons can then react with metal ions, 

such as Ag+, in a solution to create nanoparticles (Bekhit et al., 2020). 

Although the physical synthesis process looks simple, it requires exact machinery and is costly to prepare, thus it is not 

appropriate for large-scale manufacture (Nguyen et al 2023). This method enables the degradation of silver ions to basic 

silver or silver nanoparticles by electron transfer under certain conditions. Nanosilver preparation can be expedited by 

chemical techniques that use external energy sources, including photochemical, electrochemical, microwave-assisted, and 

sonic approaches (Jara et al., 2021). In photochemical processes, light—typically ultraviolet (UV) light is employed to cause 

silver ions to reduce and become silver nanoparticles. (Jara et al., 2021). Excitation of silver ions and the promotion of the 

reduction reaction can occur due to photon energy produced by light (dos Santos et al., 2019In order to cause the 

decrease of silver ions to silver nanoparticles, the electrochemical technique applies an electromotive force. typically, a 

silver electrode electrochemical cell is used for this. Silver atoms are created when electrons from the applied potential are 

transferred to silver ions, causing them to congregate into nanoparticles. (Kuntyi et al., 2021In order to facilitate the 

conversion of silver ions to nanoparticles, microwave energy is used in the process of microwave-assisted synthesis to 

warm the reaction mixture (Naganthran et al., 2022). Using ultrasonics, bubbles from cavitation in liquids can be produced 

for the purpose of synthesizing nanoparticles. When these bubbles burst, a great deal of pressure and heat is generated 

locally, which can turn silver ions into nanoparticles (Bhangu et al., 2020). 

Through the application of reducing reagents, metallic colloidal silver particles are created by reducing oligomeric 

complexes formed when silver atoms and silver ions come together (Mofidfar et al., 2019). Reducing agents that are often 

utilized include Tollens reagent, ethylene glycol, sodium borohydride, and hydrazine (Suriati et al., 2014). In addition to 

lowering agents, polymers must be added as moderators during the chemical synthesis of AgNPs in order to increase their 

durability and keep them from clumping together. Decanethiol, polyvinyl ether, and polyvinylpyrrolidone are a few 

examples of these polymers. Unfortunately, one major barrier to the chemical production of AgNPs is the harmful effects 

of chemical reagents. Moreover, the selected stabilizers and decreasing agents have particular harmful qualities to the 

organism, making the chemically generated AgNPs biotoxic. Consequently, this limits the possible uses for them (Liu et al., 

2016). The biological approach includes the use of plant and microbial methods which use carbohydrates, proteins, and 

antioxidants obtained from organic creatures like microorganisms, yeast, and herbs (including seaweed, mustard, and tea) 

as a substitute for agents that reduce hazardous compounds and maintain substances (Alves et al., 2022). The synthesis of 

these substances is potentially achieved through enzymatic and non-enzymatic reductions. 

Plant strategy involves using different plant extracts to decrease silver ions into silver nanoparticles. Plant extracts 

include bioactive chemicals, including phenolic compounds, flavonoids, and terpenoids, which have the ability to function 

as stabilizing agents and lowering agents typically, the procedure is easy to follow, reasonably priced, and ecologically 

friendly. With this technique, a large range of plant sources, such as mustard, seaweed, tea leaves, and others, can be used 

(Xu et al., 2020). Utilizing microorganisms like yeast, fungi, and bacteria to create silver nanoparticles is known as the 

microbiological technique. It is possible for microorganisms to produce the enzymes needed to conduct the conversion of 

silver ions to elemental silver. To increase their stability, the nanoparticles in this process are usually coated with a coating 

of protein. The ability of some bacterial and fungal strains to reduce metal ions and generate nanoparticles has been 

investigated (Ibrahim et al., 2022). This product is distinguished by its environmentally friendly and sustainable nature, as 

well as its homogeneous and extremely fine particle size. It exhibits excellent dispersion and is resistant to precipitation 

(Adnan et al., 2022), however, when the particle size decreases, the number of surface atoms rises, resulting in the 

agglomeration of nanoparticles (Li et al., 2022). Because AgNPs have tendency to joint together when used alone as an 

antimicrobial solution, which limits their effectiveness. As a result, AgNPs are frequently mixed with other substances to 

create AgNPs-hydroxyapatite composites. (Bee et al., 2021), Poly (vinyl alcohol)- AgNP (PVA-AgNP) (Yang et al., 2023), 

AgNP-TiO2 composites, Ag/ZnO nanocomposites, etc (Kavaliūnas et al., 2022). The incorporation of AgNPs with other 

materials enhances compatibility for certain applications, hence expanding the range of unique qualities shown by AgNPs. 

AgNP-TiO2 composites have excellent biocompatibility and demonstrate significant antibacterial activity, as evidenced by 

a study conducted by researchers (Wang et al., 2018), and The Ag/ZnO nanocomposites, consisting of silver nanoparticles 

attached to the surface of ZnO, had a suppressive impact on Streptococcus mutans. Furthermore, these nanocomposites 

show superior antibacterial efficacy compared to ZnO nanorods (Wang et al., 2017).  
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Prospective Uses for AgNPs 

Research into silver nanoparticles, or AgNPs, has shown promising results for application in living things. AgNPs have 

been shown to possess antibacterial and anticancer effects through in vivo studies. According to studies, AgNPs on 

Bermuda grass may be able to successfully fight off root-knot nematodes (Khan et al., 2021) as well as the plant-parasitic 

nematode Meloidogyne graminicola (Baronia et al., 2020). Subsequent research has unequivocally shown that (AgNPs) are 

effective at eradicating incognita Meloidogyne infestations on aubergine, tomato, and okra plants (Abdellatif et al., 2016). 

Investigations on animals have shown that AgNPs are effective in treating a variety of diseases, including those that impact 

the skin, respiratory system, and urinary tract, and are parasite-related (De Silva et al., 2021). Furthermore, studies have 

demonstrated that AgNPs can impede the development of tumors and enhance the survival rates in animal cancer models 

(Ansar et al., 2020). AgNPs have different uses in the medical field for curing human ailments, such as bioimaging, cancer 

therapy, medicine delivery, and dental technology. The unique physicochemical properties of silver nanoparticles (AgNPs) 

have attracted a lot of interest in the treatment of cancer (Xu et al., 2020). Instead of using conventional anticancer 

methods, using metal nanoparticles entails mixing therapeutic drugs and treatment candidates with drug carriers. This 

tactic enables targeted techniques to lessen negative consequences (Andleeb et al., 2021). In research aimed at human 

cervical carcinoma cells, Nepeta deflersiana (ND) was used to extract AgNPs. The AgNPs that were collected showed face-

centered cubic structures that measured 33 nm on averageHeLa, a model organism of human cervical cancer cells, was to 

be used to assess its anticancer ability. The generation of reactive oxygen compounds (ROS), structural alterations, toxic 

concentrations on oxidative stress indicators, and mitochondrial membrane potential were among the parameters used to 

evaluate the cytotoxic reaction. The amount of AgNPs present affected the reported cytotoxicity in various ways. According to 

the study, ND-AgNPs can potentially cause a reduction in glutathione levels and the mitochondrial membrane, which will 

ultimately cause cervical carcinoma cells to die. This implies that ND-AgNPs may be useful as a cervical cancer anticancer 

treatment (Al-Sheddi et al., 2018). Because of their optical characteristics, which enable them to create the best contrast in 

cellular imaging and other therapeutic applications, nanoparticles are also used in cell biological imaging or cell sensitivity 

(Pratiwi et al., 2019). Silver nanoparticles (AgNPs) are extensively utilized in dentistry to enhance dental biomaterials by 

minimizing the formation of biofilm through their antibacterial properties. Additionally, AgNPs are integrated into root canal 

fillings to decrease the presence of Staphylococcus aureus and Streptococcus mutans (Yin et al., 2020). 

 

Use of AgNPs for Control of Haemonchosis 

Globally, G.I.T. parasitic nematodes represent the most economically consequential infectious illnesses (Szewc et al., 

2021). They significantly impact babies and preschoolers, who are most vulnerable and are more common in tropical areas. 

Worm infestations can be fatal in certain age ranges (Stracke et al., 2021). The gastrointestinal tract can become infected 

with the highly contagious parasitic worm H. contortus, which can cause hemorrhagic enteritis, diarrhea, and severe 

anemia. If these indications are present, cattle may produce less dairy and meat, which could result in financial losses 

(Singh et al., 2017). H. contortus is spread by contaminated soil of different species and has the potential to cause human 

illness (Salle et al., 2019). Prior therapies for helminths have only utilized a limited number of medicines, including 

benzimidazole, imidazothiazole, and ivermectin (Dixit et al., 2017). A new medicine needs to be created immediately to fill 

the vacuum left by the increasing prevalence of parasitic infections, the scarcity of current drugs, and the evolution of drug 

resistance. Carvacrol-coated chitosan nanoparticles are utilized (Fernandes et al., 2020) for anthelminthic activity against 

the adult stage of Haemonchus contortus (Fernandes et al., 2020). Lansium parasiticum is a common plant used for food 

and timber production in both Bangladesh and India. Indian researchers exploited this plant to manufacture silver 

nanoparticles (LAgNPs). The use of LAgNPs made from this plant, a unique anthelminthic medication, could lead to new 

developments in the field of contemporary medicine. The study discovered that all of the males and 80% of the females in 

the samples passed away after 12 hours of starting LAgNP treatment. In contrast, just 26% of the males and 11.3% of the 

females in the citric acid-coated AgNPs sample perished after 12 hours, and none of the males or females in the sample 

became paralyzed after one hour. Consequently, LAgNPs exhibited elevated toxicity and demonstrated greater efficacy 

against the parasite. When LAgNPs were given to Haemonchus contortus, the stress caused by nitric oxide synthase (NOS) 

and reactive oxygen species (ROS) increased more quickly, which inhibited the growth of the parasite (Goel et al., 2020). 

 

Anti-Parasitic Mechanism of AgNPs 

Because of their huge surface area, capacity to release silver ions (Ag+), and generation of reactive oxygen species 

(ROS), which possess substantial antibacterial and antifungal capabilities, AgNPs have the potential to be extremely 

successful in battling infections. (Flores‐López et al., 2019) The entry of silver ions and the production of reactive oxygen 

species (ROS) are associated with the effects of AgNPs on parasites. The tiny-sized silver particles have the ability to 

penetrate the Cryptosporidium oocyst and kill the sporozoites, whilst the released silver ions have the potential to engage 

with the cell wall and induce leakage (Cameron et al., 2016) Metallic silver can negatively affect a cell by interfering with its 

membrane or by chemically attaching to and accumulating on its surface. Plasmodium and other parasitic protozoa are 

among the parasites that are harmful to silver ions released by silver nanoparticles (AgNPs) (Al-Quraishy et al., 2020). The 

mobility and stability of the parasite's cell membrane may be compromised by the binding of these silver ions. The 

disturbance ultimately results in the malfunction and demise of the parasite's cells by increasing the membrane's 

permeability and causing the loss of vital intracellular components (Cameron et al., 2016). Silver nanoparticles (AgNPs) 
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cause cell death and primarily eliminate parasites by producing reactive oxygen species (ROS) (Ahmed et al., 2018). The 

majority of stress reactions that occur within cells are a result of the harmful effects generated by reactive oxygen species 

(ROS). Among these responses, oxidative stress is believed to be the primary mechanism responsible for the cytotoxicity 

induced by silver nanoparticles (AgNPs). The release of silver ions has the potential to cause the parasite to produce 

reactive oxygen species, which can lead to oxygen consumption and damage to its cellular components. This can 

ultimately lead to the demise of the parasite cells and the eradication of the parasite (Ullah et al., 2018). Every normal cell 

has some ROS, but the immune system balances it out. After cells are exposed to AgNP stress, they quickly produce large 

amounts of reactive oxygen species (ROS). The proteins that eliminate excess reactive oxygen species (ROS) include 

glutathione (GSH), catalase, or superoxide dismutase (SOD), thioredoxin, vitamin E, and others. Glutathione has the ability 

to bind to and neutralize reactive oxygen species (ROS). Therefore, it is acknowledged that the glutathione-regulated 

antioxidant system is an essential defense mechanism for cellular survival (Docea et al., 2020). AgNPs decrease the 

amounts of GSH by blocking GSH synthase, which results in the cells being unable to efficiently remove intracellular ROS 

(Zorraquín-Peña et al., 2020). When there is an imbalance between the production of oxygen species that are reactive 

(ROS) and the antioxidant system's ability to break them down, oxidative stress may result. This imbalance may result in 

catastrophic events such as lipid and protein peroxidation, mitochondrial damage, DNA damage, and ultimately apoptosis-

induced cell death (Flores‐López et al., 2019). When cells produce too much reactive oxygen species (ROS), the p53, protein 

kinase B (AKT), and mitogen-activated protein kinase (MAPK) signaling pathways become active, initiating the apoptotic 

process. AKT expression is first downregulated when cells are subjected to AgNP stress, which causes them to produce a 

significant amount of reactive oxygen species (ROS). Pro-apoptotic kinase p38 expression is subsequently elevated as a result 

of this reduction. Simultaneously, there is a decline in the expression of the DNA repair enzyme PARP, which significantly 

amplifies the expression of p53. Consequently, the increased p53 expression induces apoptosis (Li et al., 2016) 

Moreover, by upsetting the proton transport chain, silver ions can impede metabolism and interfere with the synthesis of 

ATP. Silver ions have the ability to disrupt the functioning of important enzymes and metabolic pathways in the parasite, 

resulting in cellular malfunction and ultimately causing its demise (Hamad et al., 2020). The precise mechanism by which AgNPs 

operate against the parasite is currently being studied, and there might be alternative methods that are equally effective. 

AgNPs possess the capability to serve as a valuable instrument in combating parasitic illnesses (Ghorbani et al., 2019). 

 

Conclusion 

AgNPs have a promising future due to their unique features, which are in high demand for many applications. It is 

anticipated that they will significantly influence industries like electronics, energy, environmental cleanup, medical 

applications, and antimicrobial applications. This article has given a succinct summary of the most recent developments in 

understanding AgNPs' antiprotozoal properties. AgNPs have an antiparasitic effect through a variety of mechanisms, 

including breaking down the parasite's cellular membranes, lowering metabolism, and preventing proper development. 

Silver nanoparticles (AgNPs) pose practical challenges. Primarily, when silver is discharged into the environment, it poses a 

significant risk to human health and environmental safety due to its detrimental effects on humans, animals, and the 

ecosystem. Silver nanoparticles (AgNPs) may potentially have possible adverse effects on animal health, including 

hepatotoxicity and nephrotoxicity. Furthermore, the issue of AgNP stability poses an additional hurdle. The effectiveness of 

AgNPs may diminish over time due to degradation and interactions with other chemicals in the environment. This can 

result in the development of parasite resistance and a decrease in their ability to effectively combat parasites when used 

extensively over a long period. Therefore, further research and development are needed to address the concerns regarding 

the stability, safety, and drug resistance of AgNPs, as well as to ensure the safe and long-lasting use of these materials. 
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ABSTRACT   

Poultry sector is one of the vibrant sectors all around the world and plays significant role in countries GDP. Pakistan is 

the 11th largest poultry meat-producing country and plays a significant role in countries GDP. Despite of this flourishing 

status and discriminatory position poultry sector suffers a lot due to certain challenges. Infectious disease such as viral 

bacterial and fungal diseases is the major concern for poultry industry. Among these infectious diseases, bacterial 

infection is the major problem that causes heavy economic losses due decrease in productivity. Furthermore, poultry 

sector suffers a lot in terms of high mortality and morbidity. To overcome the problem of bacterial infection 

antimicrobial agents are used commonly. Under dose, Excessive and absurd antibiotic usage in the poultry industry leads 

to antibiotic resistance. Due to ban on usage of the antimicrobial agents in some countries there is need to develop 

some alternative to antibiotics which can help to tackle the issue of antimicrobial resistance. Nanotechnology also helps 

to overcome the problem of multi drug resistance in the field of veterinary medicine particularly in poultry. 

Nanotechnology also considers as a novel tool to improve animal production and health status. Among metallic 

nanoparticles, silver nanoparticles are more suitable nanoparticles that can be used to overcome the challenge of 

antimicrobial resistance. Silver nanoparticles are less toxic and can be used against a variety of pathogenic organisms 

which have a harmful impact on the poultry industry. 
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INTRODUCTION 
 

The poultry sector is powerful all around the world. Along with that plays a vital role in the economy. The poultry 

industry is huge and can offer employment directly and indirectly to millions of people all over the world. In Pakistan, the 

current status of the industry indicates that the poultry industry produces more than 700 billion rupees. The poultry sector 

generated 177.9 billion rupees compared with in 2019 in which this industry generated about 99.9 billion rupees. In 

Pakistan, the annual production of broiler meat is around 2160 tonnes. The total contribution of broiler meat in the 

country is 35.5%. More than 15000 environmentally controlled poultry houses have been developed all over the country 

with capacities ranging from 5000 to 500,000 broilers. The per capita broiler meat consumption in Pakistan is about 51 

kilograms (Pakistan Economic Survey, 2022-23). Regardless of this progressive status, the poultry sector suffers a lot due to 

various challenges. Infectious diseases are the foremost factors that cause mammoth monetary damage to the poultry 

industry due to morbidity and mortality. As a result of these problems, the cost of the treatment to tackle these infectious 

diseases problems has also been increased. Several viral and bacterial diseases are the main problems in the poultry 

industry (Logue et al., 2017). Antimicrobials are the agents are widely used in poultry industry for growth promotion, 

treatment and for disease control. Poor selection, overuse, and misuse of antimicrobial agents may lead to development of 

the antimicrobial resistance (Logue et al., 2017). Antimicrobial resistance has been considered extensively in human, 

livestock and poultry products. Recently antimicrobial resistance is a global health challenge when the bacterial pathogen 

no longer responds to medicine, making infection tough for treatment. (Logue et al., 2017). 

Nano medicine is the use of medical science in combination with nanotechnology. Nanotechnology is an advanced 

progress in the world of medical science that has various advantageous aspects. Nanotechnology is the branch that deals 

with particles of less than 100 nm. The word Nano is a Greek word that means dwarf. Nanotechnology is an important tool 
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of molecular biology and medicine because the process of life is maintained by a series of biological events at the 

molecular level in the cell machinery (Pinnada et al., 2012). Nanotechnology proves to be beneficial in the field of animal 

and human medicine practices. Nanotechnology is a revolutionary invention in the world of medicinal science. 

Nanotechnology has been used in the fields of diagnosis, DNA sequencing, gene therapy, and tissue engineering. 

Nanotechnology also helps to overcome the problem of multi-drug resistance in the field of veterinary medicine 

particularly in poultry (Daud et al., 2022). Nanotechnology also considered as a novel tool to improve animal production 

and health status (Bai et al., 2018). Along with that through nanotechnology, medical science found another way to 

overcome the challenge of multidrug resistance due to their broad-spectrum antimicrobial activity against bacteria and 

considered as an alternative strategy to combat with multidrug resistance problem. 

 

Multidrug Resistance Problem in Poultry 

Antimicrobial resistance is the resistance of the antimicrobial drug particularly used in poultry farming against dreadful 

microorganisms. Antibiotics are regularly used to control the propagation of the microorganism. Under dose, excessive and 

absurd antibiotic usage in the poultry industry leads to antibiotic resistance. Various pathogenic microorganisms showed 

resistance against antibiotics which are also used regularly in human beings on a large scale. Since 2006, the use of 

antimicrobial agents has been banned due to antimicrobial resistance problems by the European Union (EU) implemented 

Regulation (EC) No. 1831/2003, and legislation was implemented by food drug authority called Veterinary Feed Directive 

(VFD) drugs (Van et al., 2012; Chand et al., 2016). This results in the re-emergence of severe poultry diseases in European 

countries like Norway (Gangadoo et al., 2016). It was also noted that increased intestinal disorders was seen associated with 

removal of these feed additives and alternative strategies should be adopted (Sharma et al., 2021). 

 

How Antimicrobial Resistance Problem Developed in Poultry  

Antimicrobial agents usually used in poultry inhibit the propagation of the different bacterial populations by 

bactericidal substances (e.g. beta-lactams) or by killing the bacteria by bacteriostatic substances (e.g. macrolides). 

Antimicrobial resistance can be produced through chromosomal gene variation and can also be produced by acquiring 

resistant genes from different organisms. Treatment through antibiotics results interchanging of resistant elements both 

within and across bacterial growth that leads to formation, survival and proliferation of the bacteria (Kazemnia et al., 2014). 

 

 
 

Fig. 1: The mechanism of development of the antibacterial resistance (https://www.labtoo.com/en/blog/antibiotic-resistance) 

 

Use of Metal Nanoparticles as Antimicrobial agents in poultry 

The usage of Metallic nanoparticles as an alternative to antimicrobial agents is a latest advancement in poultry 

farming to overcome the challenge of antimicrobial resistance. Metal nanoparticles are an important tool and possess 

antimicrobial abilities biosensing, cancer therapy, and bioimaging (Ge et al., 2014). Nanoparticles prepared from essential 

minerals are minor in dimension and have different physical and chemical properties. Due to their small size these 

nanoparticles are usually absorbed in an abundant amount in the gastrointestinal tract and produce their biological effect 

in the targeted tissues in animals. Metallic nanoparticles such as zinc oxide, copper oxide, and silver nitrate own durable 

antimicrobial properties and dreadful organisms that cause severe disease in poultry. Metal oxide nanoparticles produced 

strong antibacterial effects against lethal organisms such as Salmonella, and Escherichia coli which causes the problem in 

poultry (Sirelkhatim et al., 2015).  

Silver Nanoparticles 

https://www.labtoo.com/en/blog/antibiotic-resistance
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Silver Nanoparticles are very Fine Particles of Silver 

These particles are ten to a hundred nanometers outsized and vary from the silver as they have different colors such 

as yellow, as opposed to the silver. This is due to Plasmon absorbance. Incident light rays create oscillation in free electrons 

on the surface of nanoparticles, causing them to absorb electromagnetic radiation, creating different colors reflected 

(Daud et al., 2022). 

 

Properties of Silver Nanoparticles 

Silver (Ag) nanoparticles have enhanced physico-chemical properties. Ag nanoparticles are non-toxic compared to 

other metallic components. Along with that have high electrical and thermal conductivity. Highly stable and less cost-

effective compared to gold and platinum. Chemically Ag nanoparticles are more stable and have enhanced catalytic 

activity. Ag nanoparticles displays strong antimicrobial and antifungal properties which attract the scientific community to 

develop silver nanoparticles based disinfectant products (Rashid et al., 2013). 

 

Properties of Silver Nanoparticles in Poultry Production 

In the field of poultry production, Ag Nanoparticles may function as a substitute for antimicrobial agents. Along with 

that Ag nanoparticles can also be used as a growth promoter in poultry (Ravikumar et al., 2012). Silver nanoparticles similar 

to other metal composites such as zinc and copper that are used as growth promoters in poultry nutrition, modify the 

gastrointestinal tract. The silver nanoparticles can affect the microbial population in the intestinal tract and as a result, can 

improve the immune status of the broiler birds. The silver nanoparticles can also help to increase the growth performance 

of the broiler birds. Currently, the effect of Ag nanoparticles is seen in chicken embryos on oxidative stress parameters, 

growth, and development (Sawosz et al., 2009). Ag nanoparticles can be used as carriers available to oxygen and might be 

considered as a modulator of the mechanism. Silver nanoparticles display exceptional biological properties. Nanoparticles 

possess’ broad-spectrum bactericidal activity against gram-negative and gram-positive bacteria (Sawosz et al., 2009). Due 

to these exceptional properties, Ag nanoparticles possess discriminatory status in the world `of pharmaceutical and 

medical devices (Monteiro et al., 2009; Rai et al., 2009) 

 

Silver Nanoparticles as Antimicrobial Agent 

Elemental silver occurs naturally and it is considered as non-toxic, non-invasive and non-allergic. One of the most 

suitable properties of this component is that silver does not accumulate in the tissue of the body (Singh et al., 2008). The 

metallic silver nanoparticles are below 200 nm in for greater microbial effect than silver salts (Yun et al., 2017). Much 

experimental analysis showed that silver nanoparticles can be effectively used as an antimicrobial agent against various 

organisms (Roth et al., 2009). Currently, there has been transformed attention in the use of silver nanoparticles as an 

antimicrobial agent. Metallic silver components and its ions have long been recognized to have exceptional antibacterial 

properties. The presentation of nanotechnology has empowered silver to be caused to Nano size (1-100nm) and have 

enormous functional service area (Rena et al., 2009). 

 

Synthesis of Silver Nanoparticles 

Silver nanoparticles can be synthesized by physical, chemical and biological methods. Physical methods involve 

electrochemical, Ultra sonication, laser ablation, irradiation, evaporation and condensation. Chemical reduction method 

was used to prepare silver nanoparticles by chemical process. Biologically silver nanoparticles can be prepared by fungi, 

yeast and plant extracts. (Manyasree et al., 2018) 

 

Mechanism of Action of Ag Nanoparticles as an Antibacterial Agent 

The antibacterial activity of silver nanoparticles depends upon the size of the nanoparticles. As far as the size of the 

nanoparticles decreases the activity of the silver nanoparticles increases. Silver nanoparticles with a diameter of less than 

10 nm directly interact with bacteria. Ag nanoparticles increase the permeability of the membrane. After that, silver 

nanoparticles attach with the thiol groups in the respiratory enzymes and lead to the deactivation of the enzyme. The 

interaction of the Ag nanoparticles with the respiratory enzymes generates reactive oxygen species which tends to 

produce oxidative stress (Pinnada et al., 2012). As a result of the oxidative stress, destruction of bacteria occurs. Another 

mode of action of Ag nanoparticles is the interaction of the Ag nanoparticles with deoxyribose nucleic acid which inhibits 

the replication of the bacteria. Along with that silver nanoparticles can destroy peptidoglycan layer in the cell wall, can 

cause structural alteration in the cell wall and nuclear membrane, can affect ribosomes and constrains protein synthesis 

(Khalil et al., 2020). 

 

Routes through which Silver Nanoparticles given 

Silver Nanoparticles can be administered in the broilers through various routes such as oral route and respiratory 

route by Inhalation. Along with that can be given by injection and In-ovo inoculation can also be done (Mayer et al., 2009). 

After the up taking of the nanoparticles through different route like inhalation, ingestion, and skin contact silver 

nanoparticles are diffused into the bloodstream and distributed to various organs and tissues (Mohanraj et al., 2007). 

 

Role of silver Nanoparticles in Poultry 
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Silver Nanoparticles as Feed Supplement in Poultry 

Silver nanoparticles are the most suitable feed supplement in the poultry industry. The current status of the poultry 

industry showed that silver nanoparticles appeared as a modern tool to increase health status and feed conversion ratio. 

Silver nanoparticles not only destroy harmful bacteria in gastro-intestinal tract but also help in proliferation of the 

beneficial bacteria (Mahmoud. 2012). 

 

Silver Nanoparticles as Antibacterial agents against different Poultry Diseases 

Silver nanoparticles are repeatedly used in the poultry industry as the colloidal solution in poultry due to their 

antimicrobial property. Silver nanoparticles are attached with cellular structure and purpose in straight ways to remove 

bacteria from the body (Mahmoud, 2012). Silver nanoparticles can be used as antimicrobial agents against multi-drug-

resistant bacteria (Ali et al., 2020). Metal nanoparticles such as Ag nanoparticles have potential to exhibits powerful 

antimicrobial role against variety of dreadful microorganism like Escherichia coli and Staphylococcus aureus. Acceptable 

antibacterial activity against these bacteria was seen (Kumar et al., 2020). Nanoparticles prepared with metallic 

components always prove to be potential antimicrobial agents against Salmonella typhimurium and Staphylococcus aureus. 

It was also analyzed from the study that silver nanoparticles can be replaced with antimicrobial agents as a suitable 

alternative (Akbar et al., 2019). In-vitro analysis also discovered use of silver nanoparticles can induce strong antibacterial 

effects against Escherichia coli and Klebsiella. Use of silver nanoparticles can produce significant to stop the proliferation of 

microorganisms (Khalil et al., 2020). Silver nanoparticles own durable antimicrobial properties against deadly pathogens 

linked to poultry. Use Nanoparticles against poultry pathogens like Escherichia coli, Salmonella, and Campylobacter helps 

control this problem. (Duffy et al., 2018). Silver nanoparticles had an outstanding antibacterial outcome against B.subtilis 

and E. coli. Various observations from the study presented that the antibacterial action of silver nanoparticle solution had a 

durable effect against these organisms. (Arifin et al., 2020). The antimicrobial action of silver nitrate nanoparticles can be 

used as antimicrobial agents against gram-positive and gram-negative bacteria. Gram-negative bacteria are more 

vulnerable to nanoparticles as compared to the gram-positive. Furthermore, Silver nanoparticles are more time-dependent 

and the capacity of these nanoparticles gets lowered by increasing the size and lessening the concentration of 

nanoparticles (Karvani et al., 2011).  

Silver nanoparticles are also seen as valuable against organisms like bacteria and fungi. The development of 

antibacterial resistance against numerous pathogenic organisms due to the irrational use of antibiotics in the poultry 

industry has convinced the world to control the microbial population through alternative modes. To overcome this 

problem silver nanoparticles are considered as a more suitable antimicrobial agent against against Salmonella and 

Escherichia coli isolated from chickens (Mohamed et al., 2018). Silver nanoparticles can be used separately or in 

combination with other metal nanoparticles. The combination of zinc and silver nanoparticles can increase the antibacterial 

effects manifold as compare to use them alone (Fardin et al., 2016). Silver nanoparticles proved to be sensitive to bacteria 

that were highly resistant to standard antibiotics (Roy et al., 2020). Silver nanoparticles also help to improve the growth 

health, immunological and hematological status of the broiler birds challenged with microorganism. Along with that Ag 

Nanoparticles can help to modulate TNF alpha and NF-KB levels which are expressively increased in broiler birds that 

received silver nanoparticles (Vadalasetty et al., 2018). Use of silver nanoparticles at different levels can induce pathological 

impact on the intestine and liver of the broiler birds. The height of the intestinal brush border remarkably increased after 

treatment with Ag nanoparticles (Ahmadi et al., 2009). These nanoparticles can affect the immune response and 

antioxidant activity in poultry (Hafeez et al., 2020). Long-term use of silver nanoparticles helps in tackling issues related to 

antimicrobial resistance and the use of silver and zinc oxide nanoparticles as effective antimicrobial agents and lack of 

resistance issues (Saleem et al., 2015).  

 

Role of Silver Nanoparticles as Growth Promoting Supplements 

Along with antimicrobial properties Silver nanoparticles can be used as growth-promoting agent in broiler chickens. 

Silver nanoparticles supplementation in broilers can modulate growth performance and energy metabolism in broilers 

(Pineda et al., 2012). Silver nanoparticles as feed supplements for poultry can also be used for biomedical applications. The 

silver nanoparticles have minimal risk of toxicity in humans and animals (Mahmmadi et al., 2015).  

 

Role of Silver Nanoparticles as Meat Quality Enhancer 

Silver nanoparticles can also improve meat production and the quality of broiler birds infected with microorganisms. 

Along with that with the help of Ag nanoparticles the meat quality indices of broilers like live weight carcass quality, 

dressing percentage, carcass quality dry matter crude protein can be enhanced (Mahmoud et al., 2012). Silver 

nanoparticles can notably increase the weight of broiler birds (Ahmadi, 2009).  

 

Silver nanoparticles and Immune Status of Broiler Birds 

Silver nanoparticles in broilers can modulate the overall adaptive and innate immunity (Bhanja et al., 2015). Silver 

nanoparticles can be used at different levels which can improve the overall body status of the broilers like increased body 

weight, total serum protein, and anti-oxidative status decreased in the cholesterol (Elkloub et al., 2015).  

In-ovo administration of silver nanoparticles improved the structure of the chicken embryo pectoral muscle (Sawosz et 
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al., 2009). Silver nanoparticles have also the ability to increase the gene expression of fibroblast growth factor 2, and 

vascular endothelium growth factors. Along with that, some other metallic nanoparticles such as selenium can help to 

improve the daily feed intake of the broiler birds. Significantly improved growth performance was also seen in broilers in 

which selenium NPs were given. NPs nowadays are used as a new tool for targeted drug delivery and nutritional 

improvement (Sawosz et al., 2007). 

 

Impact of Silver Nanoparticles on Hematological Parameter in Poultry 

The use of silver nanoparticles helps to improve the hematological indicators. Significant improvement was seen on 

lymphocyte count in broiler birds in which nanoparticle treatment was given challenged with bacterial infection. Along with 

that these nanoparticles also to improve the erythrocyte indices in broilers treated with silver nanoparticles as reported by 

 

Conclusion 

Antimicrobial resistance is a significant problem related to the poultry industry to overcome the challenge of 

antimicrobial resistance. Nano-medicine is the most suitable alternative mode which can help to control the problem of 

antimicrobial resistance in the poultry industry. Metallic nanoparticles particles silver nanoparticles have a significant role in 

controlling the problem of the poultry industry and possess significant properties to overcome the challenge of antibiotic 

resistance in poultry. 
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ABSTRACT   

Nanoparticles (NPs) belong to a huge group of materials that consist of microscopic compounds with an approximate 

dimension of 100 nanometers. It's because of their huge circumference and tiny dimensions, which enable them to pass 

over endothelial cells, enter the circulatory system, and cross the blood-brain barrier. Investigators are constantly looking 

into ways to improve the long-term absorption, intracellular penetrability, and accessibility of nanoparticles utilized in drug 

administration due to increasing achievements in nanomedicine. Millions of people worldwide, especially in developing 

countries, suffer from parasitic infections, for which there are few effective treatments. Drug-resistant parasites have 

become more common, which emphasizes the need for more effective and safer options for treatment. Parasitic infection 

or better drug delivery. Since there is currently no vaccine available to prevent the majority of parasite infections, 

chemotherapy is the main technique for controlling these infections. In the observation and treatment of parasitic 

infections, nanoparticles have been shown to be valuable instruments that provide novel approaches to address issues 

such as drug susceptibility and the limited efficacy of traditional treatments. In this review, we look into the potential 

application of nanomaterials to the diagnosis and cure of parasitic infestations.  
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INTRODUCTION 
 

Any substance with a narrowest dimension of hundred nanometers (nm) is known as a nanoparticle (NP). Due to their 

dimensions being close to those of biological components and molecules, nanotechnology, and nanomaterials are being 

used more and more in medical research, particularly in oncology and antiparasitic applications, where they may one day 

be used as disease treatments (Quadir et al., 2017). Due to their narrow dimension and huge surface area, they can be 

absorbed by endothelial cells and pass across the tight junctions to enter the circulatory system. Regarding nanomedicine, 

current research on nanoparticles for drug delivery aims to enhance long-term release, intracellular penetration, and 

bioavailability (Laurent et al., 2008). NPs huge surface area and tiny dimensions allow them to adhere to endothelial cells, 

enter the circulatory system, and pass across blood-brain barriers, enhancing their colloidal stability and bioavailability. 

(Rizvi et al., 2018). 

Specifically, due to their many beneficial properties, simple preparation, exceptional durability, simplicity in design to 

the necessary size, shape, and permeability, lack of inflammation variation, simplicity of integration by different molecules, 

and simplicity of formation into both water-resistance and waterproof systems due to their negative surface charge on 

metal oxide nanoparticles, or MONPs, they are primarily a useful tool for biological applications (Sanchez-Moreno et al., 

2018). Parasites are of great economic importance as they lead to severe economic losses by reducing the health and 

production of humans and animals (Alvi et al., 2020; Alvi et al., 2021; Alvi et al., 2022; Alvi et al., 2023). Parasitic infections 

caused by resistant strains of protozoa such as Plasmodium, Leishmania, Toxoplasma, and Trypanosoma have become a 

global health concern, with malaria being a leading cause of illness and death (McCoy et al., 2013; Qamar et al., 2023).The 

file:///C:/Users/S%20.%20B/AppData/Local/Microsoft/Windows/INetCache/IE/IFE7VU2G/abubakaryameen153@gmail.com
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purpose of the present book chapter was to summarize how useful nanoparticles might be in the detection and 

management of parasitic diseases. 

 

Classification of NPs 

NPs are categorized as organic, inorganic, or carbon-based on the basis of their chemical makeup as shown in Fig.1.  

 
 

Fig. 1: Classification of Nanoparticles. (Mehta et al., 2023). 

 

Organic NPs 

This class of nanoparticles, called organic nanoparticles, is made up of biological molecules that are 100 nanometer or 

less. (Qi and Zhang, 2022). Recognized nanoparticles and polysaccharides in this class include iron, microorganisms, 

liposomes, and dendrimers. Two kinds of nanoparticles with hollow interiors known as Nanocapsules include micellar and 

liposomes. Both of them have sensitivity to electromagnetic radiation, which includes warmth and luminosity (Esakkimuthu 

et al., 2014). These are safe to use and washable as well. They are better options for medicine delivery due to their unique 

characteristics. The size, composition, surface shape, and other features are important, but overall pharmaceutical-carrying 

capacity, strength, and application methods an absorbed medication complex or an entrapped drug system affect their 

efficiency and range of uses (Hamidi et al., 2008). Since organic nanoparticles are effective and may be administered into 

specific body sections, they are widely used in the biomedical industry, including in the medicine delivery system 

(Gholamali et al., 2020).  

 

Carbon-based NPs 

Carbon has been a vital component in the development of humanity's culture on the planet. It forms connections with 

other materials that are unparalleled in strength. Because of their unique physicochemical properties, biocompatibility, and 

changeable surface science, carbon-based nanoparticles (NPs) represent a different class of nanomaterials with significant 

properties that stand out sufficiently to be noted in numerous sectors, including medication (Xin et al., 2019). Grapheme, 

oxides of carbon, fullerenes, carbon microfibers, and carbon black are some of the subcategories (Saravanakumar2017). 

 

 Inorganic Nanoparticles 

"Inorganic NPs" are frequently referred to as NPs whose structure does not contain any carbon. Metals and oxide-

based NPs, as well as their byproducts, are classified as inorganic NPs. 

 

Metal-Based Nanoparticles 

Metal-based nanoparticles can be obtained from Metals such as aluminum (Al)(Ghanta and Muralidharan, 2013), 

cadmium (Cd) (Prakash et al., 2010), cobalt (Co)(Mondal et al., 2015), copper (Cu) (Din and Rehan, 2017), and gold (Au) 

(Jamkhande et al., 2019) are often used in the creation of nanoparticles. Metal nanoparticles have exceptional UV-visible 

sensitivity as well as electrical, beneficial, heating, and antimicrobial abilities because of their huge volume-to-volume-to-

surface relations and quantum impacts (Wang, 2000). 

 

Metal Oxide-Based Nanoparticles 

Examiners have been paying increasing attention to metal oxides in the last several years. Ionic compositions 

consisting of a mixture of negative oxygen ions and positive metallic ions are called metal oxides. The electrostatic 

interactions among the charged metal ions and the adverse oxygen ions produce powerful and long-lasting ionic bonds 

(Devan et al., 2012). The goal of creating these oxide-based particles is to change the characteristics of their metal-based 

equivalents. To profit from their increased reactivity or efficacy. (Tai et al., 2007). Synthesized metal oxide nanoparticles are 

common. SiO2, TiO2, ZnO, and Al2O3 are among the oxides that are most frequently manufactured (Bulychev, 2022; Fayad 
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and Dhahad, 2021; Song et al., 2021). Zinc oxide (ZnO) and titanium oxide are the oxide nanoparticles (NPs) that are most 

commonly utilized as drug delivery methods. 

 

Zinc Oxide NPs 

Although a number of zinc oxide (ZnO) nanoparticles (NPs) are proving to be effective in a variety of technical areas 

ZnO NPs have gained a lot of attention lately. This is because of its remarkable and enticing qualities, which include 

excellent resistance to chemicals, high sunlight absorption, a high electrochemical coupling coefficient, and a broad range 

of photon intake (Kołodziejczak-Radzimska and Jesionowski, 2014). ZnONPs are mostly used as photosynthetic catalysts 

for biological sensors, energy sources, antibacterial, antiparasitic, anti-cancer, and vaccine systems, as well as biological 

imaging resources (Talebian et al., 2013; Al Faleh et al., 2023). 

 

Techniques for Preparing ZnONPs 

There are three main methods: 

 

Chemical Processes 

Zinc nanocomposites can be produced in three different phases: liquid (by wet chemical processes), vapor phase, and 

solid. A gas phase synthesis provides advantages, but wet chemical techniques are more widely applied and have shown 

successful in the commercial world. (Kursawe M et al.2005). A few advantages are the use of controllable, reasonably 

priced chemicals, the use of basic apparatus, and the least amount of energy needed for chemical reactions involving 

water. Therefore, the composition, shape, and size of nanomaterials may be precisely controlled by adjusting the synthesis 

variables during the process (Van den Rul, 2006). We can designate microemulsions as one of the wet-chemical 

techniques. (Elen et al., 2011) sol-gel synthesis (Ristić et al., 2005) precipitation (Sepulveda-Guzman et al., 2009) and 

hydrothermal Technique (Xu L et al. 2009). 

 

Physical Processes 

Two examples of physical approaches are laser ablation and ultrasonic ablation, as well as the thermal evaporation 

method (Zou C et al., 2015). 

 

Biological Processes 

Natural sources such as lower plants, products of higher angiosperm plants, yeasts, bacteria, and fungi can all create 

NPs. Considering all of its limitations, using biological systems is a compelling substitute for traditional chemical synthesis. 

Because this approach does not require the use of expensive or dangerous organic solvents, it has the advantage of being 

more environmentally friendly (Yuvakkumar et al., 2014). 

 

Biomedical Application of zinc Oxide NPs 

Zinc Oxide's Antibacterial Properties 

The in vitro antibacterial activity of nanomaterials can be assessed using a variety of methods, including the medium 

diluting technique accompanied by population measures, the gel dilution approach, the disc diffusion test, the microtiter 

plate-based approach, the flow cytometry survival test kits, and the conductometric tests (Espitia et al.2012). The anti-

microbial activity of ZnO NPs has been evaluated against a variety of bacteria, including P. aeruginosa, E. coli, B. subtilis, 

and S. aureus, as well as monoderm and diderm bacteria. The exterior membranes of diderm bacteria are covered with a 

fine sheet of peptidoglycan and lipopolysaccharide. This layer blocks the entry of negatively charged molecules into ROS 

(Russell et al. 2003). Both monoderm and diderm bacteria are susceptible to the potent antibacterial properties of zinc 

oxide. Nevertheless, particle size has a remarkable impact on ZnO antimicrobial effectiveness. It has been found that ZnO 

antimicrobial activity is high when the atom size is  reduced. (Czyżowska and Barbasz, 2022).  

 

Anti-Inflammatory Activity of ZnO 

Nanoparticles have been more and more well-liked as anti-inflammatory medicines in recent decades. Their huge surface 

area to volume ratio gives them significant surface reactive properties that enhance their physical transit and contact with 

the biological membrane. ZnO NPs are easily absorbed across biological membranes due to their nanoscale size. Previous 

studies have demonstrated a considerable anti-inflammatory impact of zinc oxide nanoparticles. (M. Ilves, et al. 2014). 

Common antibacterial strategies for zinc oxide nanoparticles include preventing the expression of the enzyme that 

produces nitric oxide. (Cortese-Krott et al., 2014). inhibition of myeloperoxidase and pro-inflammatory cytokine release 

along with the corresponding protein expressions. 

 

Immunostimulant Activity of ZnO 

Zinc oxide (ZnO) immunomodulatory activity is its capacity to regulate or influence the body's immune response. 

Research suggests that ZnO nanoparticles may possess immunomodulatory properties that impact various immune cells 

and processes (Mehessen et al., 2023). Zinc oxide (ZnO) nanoparticles have been found to affect the activity of T cells, B 

cells, dendritic cells, and macrophage function, among other immune cells. They exhibit the capacity to regulate 

https://scholar.google.com/citations?user=XfpkZG8AAAAJ&hl=en&oi=sra
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phagocytosis, antigen presentation, and the production of cytokines, among other immune response modulation 

mechanisms. These nanoparticles are often found in nutritious foods and drinks. Their capacity to modulate immunity was 

discovered. ZnO NPs enhanced mice's immune responses specific to antigens. Serum levels of antibodies specific to 

antigens, namely IgE and IgG, were higher. It was also found that ZnO NPs improved the Th2 response by raising the 

body's activation and synthesis of cytokines (Roy et al., 2014). 

 

Beneficial Effects of zno-nps in Different Animal Species 

Because of their remarkable biocompatibility, affordability, and low toxicity, zinc oxide nanoparticles are among the 

most frequently used metal oxide nanoparticles in a variety of animal species (Table 1) for biological, medicinal, and 

industrial applications. 

 

species Benefits of ZNO NP in Different Animal Species 

Mice Shown antibacterial and antidiabetic properties, increased spermatogenesis, lipid profile, and neurotransmitter 

stability (Pati et al., 2014). 

Rats  Exhibited signs of antidiabetic activity, analgesic efficacy via nociception inhibition, and improved lipid profile 

(El-Maddawy and Abd El Naby, 2019). 

Pigs Increase in body weight, increased the duodenal villi's length, enhanced gut morphology, and heightened 

immunological response (Wang et al., 2017). 

Rabbits Demonstrated the ability to repair tendon damage and liver protection against aflatoxicosis by the use of free 

radicals (Atef et al., 2016). 

Equine Increased gas generation, better gut health, and decreased mineral release in the feces, increased wound 

healing, and higher feed digestibility (Adegbeye et al., 2019). 

Poultry Gain in body weight, better lipid profile, enhanced dite adaptation, and elevated antioxidant activity (Zahra et 

al., 2017). 

Fish Provide antibacterial properties against fish infections, enhance fish zinc bioavailability and intestine 

absorption, and raise MCHC and RBC values. 

Cattle Shown antimicrobial properties, enhanced the state, enhanced mastitis, enhanced milk output, and enhanced 

rumen fermentation (Bai et al., 2018). 

 

Toxicity of zno-np in Animals 

It is thought that the release of Zn+ ions from the nanoparticles is what gives ZnO-NPs their poisonous 

characteristics. Consequently, even for brief periods of time, a high concentration of ZnO-NPs in food can make 

animals poisonous to zinc. (Underwood and Van Eps, 2012). Moreover, ZnO-NPs resulted in hemolysis, lowering 

erythrocyte parameters, platelet count, serum haptoglobin content, and many liver histological abnormalities 

(Ibrahim et al., 2017). Evidence that these nanoparticles have detrimental effects in a range of animal models has 

stimulated research on the potential dangers and toxicity mechanisms of these particles. Studies have shown that 

exposure to ZnO-NP might result in harmful physiological responses like oxidative harm, irritation, DNA damage, and 

harm to organs (Shahzad et al., 2019). 

 

Function of Nanomaterials in the Identification of Parasitic Illnesses 

Malaria 

The identification of malaria antigens was demonstrated to be effective when various parasite heat shock proteins 70 

(HSP 70) were combined to metallic nanoparticles modified with monoclonal antibodies; and polyester NPs coupled to 

polyclonal anti-P. Falciparum IgG antibodies produced highly precise outcomes. Improved resonance for the detection of 

β-hematin or hemozoin Raman spectroscopy and atomic force microscopy were used to successfully screen blood films. 

Utilizing a magnetic field to gather information allows for the prior identification of malaria. (Yuen C et al.2013). A new 

method of diagnosing malaria was developed using nanotechnology. Using a quantum-magnetic droplet test, serum or 

urine carrying P. falciparum (PF) protein 2 (HRP2 protein 2; high in histidine) can be recognized. Anti-HRP2 antibodies and 

magnetic beads can be used to capture the target protein. Following that, it can be purified and identified using quantum 

dot technology (Castro-Sesquen et al., 2016). 

 

Leishmaniasis 

Agents significantly increased the isothermally of Leishmaniasis DNA in blood tests from sick dogs by using gold 

nanoparticles, specific Leishmania spp. markers, and a sticky cushion. The nanoparticles' electrocatalytic response was 

reliable for the speedy detection of amplified DNA. This method of diagnosing visceral leishmaniasis (VL) has been shown 

to be more accurate and cautious than traditional PCR methods. (de la Escosura-Muñiz et al., 2016). 

 

Toxoplasmosis 

When antigen-coated gold nanoparticles are used in the reducing agent differentiation verification procedure, the 

results of an ELISA correlate. To improve the reliability of extracting circulating surface antigens, the examiner used an 
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immunomagnetic tablet coated with a polyclonal counteracting agent for T. gondii IgG that was wrapped in sticky 

nanoparticles (Wang et al., 2004). Further, T. gondii clinical techniques that make use of nanomaterials include modern 

detection strategies, such as measuring assays of DNA with nanoparticles (Sousa et al., 2021). Considerable 

improvement has been made in terms of affectability, specificity, and adequateness with the addition of intriguing and 

luminous nickel nanoparticles (CdTE/Ni mQD) nanodot assays to diagnostic frameworks for the detection of T. gondii 

DNA. (Assolini et al., 2017). 

 

Amebiasis 

The research has shown that luminous nanoparticles based on artificial antiparasitic silica, Entamoeba histolytica IgG1, 

have a significant perceptivity to identify amebiasis with no interaction with other protozoa (Hemadi et al., 2015). 

 

Cryptosporidiosis 

The mRNA of C. parvum oocytes, was combined with gold nanoparticles. When stool samples are analyzed, oocyst 

nucleic acids from C. parvum can be identified using two gold NP probes functionalized with oligonucleotides that match 

the 18S rRNA sequences of the bacterium (Weigum et al., 2013). 

 

Schistosomiasis 

The majority of research has relied on the identification of Schistosoma antigens. An example is an enzyme affinity test 

known as the magnetic affinity enzyme-linked immunoassay. The MEIA test is carried out depend on the production of 

specific antibodies in response to the aspect of larval antigens. Magnetic beads with functional polymer components and 

superparamagnetic nanoparticles are used in the MEIA test. Furthermore, distinctive functional groups were added to 

magnetic beads to enable them to form bonds with charged molecules. Molecular targets were placed on magnetic beams 

and then the reactive system was exposed to the magnetic field thus, via magnetic separation, an immunological complex 

was obtained. A distinct type of metallic nanoparticle was employed in colloidal gold, an additional diagnostic technique. 

Because Ig-bonded colloidal gold can connect with biological macromolecules like immunoglobulins, it is a useful tool for 

important clinical diagnostic research. Schistosomal antigen creates an immunological combination with IgG–colloidal gold 

during the diagnostic procedure (Wu et al., 2018).  

 

Trypanosomiasis (Chagas’ disease) 

Nanomaterials, like metallic nanoparticles, have been used in recent years to diagnose Chagas disease. These 

identification instruments should be used in an integrated microflow system connected to an electrode pull with carbon 

screens (Quijia Quezada et al., 2019). Its purpose is to measure certain IgG antibodies present in serum. It employs 

Trypanosome cruzi proteins that have been isolated from epimastigotes and functionalized on AuNPs. 3.065 ng/mL was 

determined to be the test's lower detection limit, and the coefficients of variation between tests were lower than 6.95% 

(Quijia Quezada et al., 2019). The Chunap test, also known as the Chagas' urine nanoparticles test, is used to diagnose 

congenital Chagas disease early. Its foundation is the identification of antigens released by trypomastigote forms using 

Western blot analysis (Choudhury, 2021). Because tryptan blue and polyunsaturated N-isopropylacrylamide are used to 

functionalize nanoparticles that can collect and concentrate T. cruzi, the sensitivity and specificity of a urine-based test are 

roughly 95% (Quijia Quezada et al., 2019). 

 

Nanoparticles in Parasitic Diseases 

Kinds of NPs that are Susceptible to Parasites 

 

Type of nanoparticle Parasite  Results 

Silver, chitosan, and 

curcumin  

NPs 

Giardia lamblia When the three nanoforms were combined, the fighting effect was maximized. It was 

discovered that the parasite had disappeared from the intestine and stool (Said et 

al., 2012). 

Ag-NPs Leishmania  

Tropica 

Ag-NPs significantly reduced promastigotes' metabolic activity and rate of 

proliferation, exhibiting antileishmanial effects (Ponarulselvam et al., 2012). 

LCu(CH3COO)2 and 

LCuCl2 

P.falciparum Significant antimalarial activity against the parasites was demonstrated by the two 

substances (Tripathy et al., 2012). 

Gold NPs Leishmania 

major 

Compared to MW alone, when promastigotes and amastigotes were exposed to 

microwave radiation, the presence of GNPs was more lethal (Alshamiri et al., 2021) 

Chitosan and silver T. gondii The results show that using AgNPs either by themselves or in conjunction with 

chitosan has shown promising anti-Toxoplasma capacity. 

Nano-Nitazoxanide 

(NTZ) 

Cryptosporidiu  

m parvum 

On day six, nano nitazoxanide showed efficacy against parasites. 

Silver NPs Plasmodium  

falciparum 

When applied to P. falciparum, the AgNPs exhibited antiplasmodial action 

(Mohapatra et al., 2010). 

 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

151 

NPs' Function in Treating Parasitic Illnesses 

As a Sole Method Therapy 

NPs that specifically target infected macrophages can enhance the treatment of VL. AgNPs, and curcumin NPs were 

used to treat giardiasis-infected animals. Curcumin NPs provided the most effective and comprehensive treatment. 

Experimental animals with toxoplasmosis were treated with silver alone, and used in combination. The combined treatment 

dramatically decreased the parasite load in the spleen and liver. Microscopic research revealed that tachyzoites were 

deformed in shape and unable to move (Said et al., 2012). 

 

As a Drug Delivery System 

Treatment was administered to VL strains resistant to the wild type using gold nanoparticle quercetin-conjugated 

strains. Comparing drugs with amphotericin B and rifampicin, two treatments for VL, demonstrated a substantial level of 

effectiveness. L. major ulcers in mice treated with glucantime liposomes were successfully healed with topical application of 

glucantime. It drops the number of parasites and the extent of the splenic lesion. Trichoderma harzianum, a soil fungus, 

was conjugated with silver nanoparticles to increase the effectiveness of triclabendazole in treating fascioliasis. (Gaafar et 

al., 2014). Liposomal praziquantel (300 mg/kg) decreased the parasite load, the number of worms and eggs in the feces, 

and the number of liver tumors when cure Schistosom mansoni. In S. mansoni-infected mice, the effectiveness of 

miltefosine, an anticancer medication, was compared to that of praziquantel at an oral dosage of 20 mg/kg. The outcomes 

indicated the potential of S. mansoni and the effectiveness of nanomedicine in drug delivery (Gaafar et al., 2014). 

 

Immunization and Vaccination 

It's crucial to remember that adding NPs can increase the antigenicity of conjugated or adsorbed antigens. NPs have 

the ability to trigger both innate and adaptive immune responses. Aside from that, they are perfect for usage as antigen 

bearers to enhance antigen processing and display due to their enormous specific surface area and activity. Because NPs 

release antigens in a regulated manner, most vaccinations have longer half-lives. They can also act as independent 

immunological potentiators (Kheirollahpour et al., 2020). 
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ABSTRACT   

Diabetes mellitus (DM), a metabolic disease, has been rising annually all across the world based on epidemiology. An 

effective treatment is essential for diabetic patients to improve their quality of life and to prevent the development of 

chronic diseases. Microelements, also known as trace elements or nanoparticles, are small amounts of chemicals that are 

present in human body, and are essential for the growth, and development of the body. Over the last several years, there 

has been a lot of interest in nanoparticles as a novel class of nanomedicines for antidiabetic application. 

The nanomedicines are based on trace elements or nanoparticles that have the potential to significantly enhance the 

care and treatment of diabetes by controlling glucose metabolism. According to several researches, nanoparticles can 

prevent diabetes in various ways, including lowering blood sugar, promoting insulin secretion, reducing glucose 

intolerance, enhancing insulin sensitivity, modifying lipid profiles, and reducing inflammation and antioxidant stress. This 

chapter includes a detailed analysis of the physiological functions of nanoparticles, the pathophysiology of diabetes, the 

current status of diabetes therapy, and many emerging nanoparticles particularly for diabetes. To conclude, 

nanoparticles can be used as dietary supplements or as nanomedicines to effectively treat diabetes. 
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INTRODUCTION 
 

DM is a metabolic disorder characterized by hyperglycemia (High blood sugar), polydipsia (excessive thirst), 

hyperphagia, and polyuria (excessive urination volume) (Mukhtar et al., 2020). Chronic hyperglycemia leads to the 

destruction and dysfunction of several organs and tissues, including the kidneys, heart, blood vessels, nerves, and eyes. 

Although these conditions are a substantial cause of morbidity and mortality, but these are unrelated to the disorder's 

direct effects. Instead, they are linked to the long-term effects of diabetes, which include neurological problems, retinal 

and diabetic nephropathy, coronary heart disease, peripheral artery disease (macroangiopathy), and diabetic nephropathy. 

Although there is no effective technique for treating DM completely, even though glycemic control drugs can impede its 

advancement (Teck, 2022). Trace elements are chemical elements that are required for one or more of the vital processes 

carried out by human bodies. Even though these microelements are just somewhat needed by the body, but their absence 

can seriously impair an organism's ability to survive and function (Skalnaya and Skalny, 2018). There is an evidence to 

support a link between the variations in the blood/serum level of trace elements, and the onset of pathoglycemia and 

diabetes. In an individual with diabetes, serum microelements including zinc (Zn), selenium (Se), magnesium (Mg), copper 

(Cu), etc. are frequently found in aberrant concentrations, or in vivo, these microelements are usually lost or reduced 

pathologically. Glucose homeostasis depends on the preservation of ideal trace nutrient levels. The ultimate objective of 

treating diabetes is believed to be modifying the way pancreatic cells function and restoring glucose homeostasis, however 

this is still challenging because of variations in the glucose metabolic rate but supplementation of food with 

microelements, particularly in the form of nanoparticles, is an emerging novel therapeutic approach for control of diabetes 

(Kravchenko et al., 2023). This chapter included an appropriate summary of the pathophysiology of diabetes and the 
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present state of therapy. It is discussed how diabetes and the physiological effect of micro elements relate to each other 

and also figure out the therapeutic potential of micro element nanoparticles and their underlying mechanism of action on 

diabetes and its complications. It is also relied to a conclusion with an overview and recommendations for the use of trace 

element nanoparticles for the cure and treatment of diabetes and its complications.  

 

Diabetes Mellitus Pathophysiology 

DM is a disorder of glucose metabolism that results due to inadequate production of insulin and/or a malfunction in 

the body's ability to produce or react to insulin, leading to an inability to maintain appropriate blood glucose level (Balaji 

et al., 2019). There are two main factors that contribute to the etiology and pathophysiology of DM such as genetics and 

environmental variables. There is an evidence of significant genetic variability for type 1 diabetes (T1DM) and type 2 

diabetes (T2DM). DM is a heritable condition that affects 1/4 to 1/2 of people, and is linked to approximately 60 different 

genetic disorders (Cole and Florez, 2020). The pathophysiology of T1DM is linked to several DNA loci present across the 

whole human nucleic acid sequence, with diversiforms in the HLA genes that encode DQ and DR. Additionally, several 

distinct genetic mutations related to T2DM have been discovered such as abnormalities in the genes for glucokinase, 

insulin, insulin receptor, and mitochondria. The pathophysiology of DM is significantly influenced by environmental 

variables as well. One of the primary environmental factor contributing to T2DM is obesity, which is the result of 

overindulging and inadequate physical activity that will increases the risk of T2DM in people who are genetically 

predisposed to the disease.(Yasmin et al., 2021). On another hand, when a T1DM-susceptible population is infected with 

particular viruses, such as the parotid, rubella, or coxsackie viruses, that induced an autoimmune reaction and destroy the 

islet β cells (cells that release insulin) causing diabetes. About 5–10% of clinical instances of diabetes are caused by T1DM 

and it is mostly occurred in youngsters or teenagers. The autoimmune loss of the pancreatic islets is the primary cause of 

T1DM which is detected by the presence of antibodies against insulin and other islet components in the serum of 

patients. The existence of the antibodies is associated with a reduction in insulin secretion and typically manifests several 

years prior to the onset of diabetes. Approximately 90% of cases are T2DM, which is significantly more frequent than 

T1DM (Carey et al., 2018).  

T2DM is particularly occurred in older ones, while younger patients can also be affected. Obesity due to insulin 

insufficiency or resistance is closely associated with T2DM because insulin resistance is a prevalent feature of T2DM in 

obese individuals, and their serum insulin levels are neither below nor above normal. This leads to hyperglycemia because 

these obese people are unable to respond to elevated blood glucose levels by producing an adequate quantity of insulin 

(Czech, 2017). In order to help in the metabolism of carbohydrates, healthy individuals may secrete more insulin than fat 

individuals. The body might produce insulin but not use it efficiently, which also results in insulin resistance. Oxidative 

stress in cells typically arises from overeating and inactivity. Human cells produce reactive oxidative species (ROS) during 

the oxygen-driven metabolism of nutrients to generate energy (Yun et al., 2022). 

These free radicals emerge as excess oxygen byproducts accumulate. When these radicals interact with other 

biomolecules, they induce oxidative stress, which is detrimental to cellular health. Such stress can alter specific glucose 

transporters like GLUT4, potentially leading to insulin resistance due to enzymatic changes affecting glucose absorption in 

response to insulin. A mounting body of research highlights a beneficial correlation between heightened inflammation and 

hyperglycemia. Hyperglycemia not only escalates ROS production but also boosts the expression of inflammatory 

mediators. Consequently, cellular stressors such as mitochondrial oxidative stress and endoplasmic reticulum stress 

intertwine with metabolic inflammation. The autoimmune reaction to chronic inflammation and oxidative stress, triggered 

by genetic and environmental mutagenesis, underlies the physiopathology of diabetes (Lima et al., 2022). Pathophysiology 

of T2DM is shown in Fig. 1. 

 

 

Fig. 1: Physiopathology of 

Type 2 DM. 

 

Contemporary Approaches in Diabetes Management 
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DM is diagnosed, when blood glucose levels exceed 7 mmol/L after an overnight fast or 11.1 mmol/L during any meal 

period (Turner, 2023). Many individuals remain unacquainted of their diabetes until the appearance of typical symptoms 

like excessive urination, hyperphagia, and high blood sugar levels. Ketoacidosis, characterized by an accumulation of acids 

and ketones (fat-metabolizing enzymes) in the bloodstream, can result from untreated diabetes. Nausea, vomiting, and 

diabetic coma may occur due to the in-vivo accumulation of metabolites from lipids and saccharides. Current DM 

treatment focuses on maintaining nearly normal blood glucose levels, thereby enhancing diabetic patient quality of life 

and potentially slowing the progression of disease (Aguiar et al,, 2019).  

On another hand, active therapies, including nonclinical and clinical interventions such as exercise, nutrition, insulin 

supplements, oral hypoglycemic medications, and insulin therapy, aim to improve the glucose utilization within the body. 

Diabetic patients are recommended to take high protein and low carbohydrates and lipids diet. An estimated 34% of 

calories are attributed to lipids, 12–16% to proteins, and the remaining portion to carbohydrate (Ludwig and Ebbeling, 

2018). DM or obesity patients, are recommended to manage their daily calorie intake with 5 to 6 small meals instead of 3 

large ones. Calorie restriction combined with moderate hunger can dramatically reduce hyperglycemia. Beside this, 

exercise in conjunction with diets can help the body to actively mobilize glucose consumption, enhancing insulin sensitivity 

and possibly restoring glucose homeostasis. Insulin intervention therapy is necessary for diabetic patients whose bodies 

are unable to produce insulin. T1DM and T2DM patients are not satisfied with oral hypoglycemic medications are the 

target spectators for insulin treatment (Chan et al., 2021).  

Insulin therapy is known as regular subcutaneous injection of the hormone in accordance with the real state of blood 

glucose level. Because of significant advancements in genetically recombinant DNA technology, recombinant human insulin 

now fully exchanges pig and cow insulin for clinical usage. Insulin for injections, can be made from human tissue. The 

optimal insulin secretion schedule is most closely resembling to the standard profile, which is defined by a stimulus-

responsive insulin secretion following meals but a steady amount of secretion throughout the non-eating state. A once-daily 

dose of both a fast-acting insulin preparation and a long-acting insulin preparation can be used to achieve target. Insulin 

administered subcutaneously can swiftly lower the blood sugar levels, but unlike endogenous insulin produced by pancreas, 

this external administered insulin does not act directly in the liver (Bolli et al., 2021). Insulin therapy has poor injectable 

compliance and is costly for a lifelong prescription. On the other hand, a lot of diabetic patient’s favor taking oral 

hypoglycemic medications. Oral medications for blood glucose control fall into multiple forms, such as thiazolidinediones, 

and sulfonylureas. Conversely, these hypoglycemic agents bring some side effects, e.g., lower glucose level in blood, edema 

and nausea. The treatment for DM available today is an after-the-fact intervention that aims to reduce sign and symptoms 

of disease for short period of time rather than completely eradicate the disease. Dapagliflozin and empagliflozin are highly 

preferred as new-type hypoglycemic agents (Holtzclaw et al., 2018). They are classified as sodium-glucose co-transporter 2 

(SGLT2) inhibitors, that can lower blood sugar level by preventing glucose from being reabsorbed through the tubules and 

reducing the insulin threshold in the kidneys, which increases glucose excretion through the urine. These medications exhibit 

pharmacological activities beyond the impact of hypoglycemia, such as reducing blood pressure, promoting weight loss, 

and lowering uric acid levels. Consequently, they may offer cardiovascular protection in addition to blood glucose control.  

In recent years, new treatments for diabetes have also emerged, including implanted insulin infusion, β cell 

transplantation, and pancreas transplantation (Paez-Mayorga et al., 2022). Due to their complete lack of insulin secretion, 

patients with T1DM typically seek active intervention with novel therapeutic alternatives. The practical application of 

pancreas or islet transplantation is hindered by the scarcity of pancreatic tissue donors, the necessity of 

immunosuppressive medication, and the risk of tissue rejection. Ongoing projects involve the development of mechanical 

islets and the use of cell engineering to improve transplantation outcomes. Reconstructing the body's physiological 

processes and restoring glucose homeostasis are essential for curing DM. The current objective of DM treatment, although 

insufficient to meet the initial aspiration, is to control blood glucose level and help prevent long lasting problems. In 

reality, greater attention should be directed toward modifications in the metabolic profiles associated with diabetes, 

including alterations in metabolic paths and enzymes, tissue and organ damage, and loss of micro elements (Korac et al., 

2021). The main physiological function of nanoparticles for human health are shown in Fig. 2.  

 

Nanoparticles Used for DM Treatment 

The types of micro element based nanoparticles utilized in DM research can be categorized into the following sections. 

 

Zinc (ZN) Nanoparticles 

Zn is present in body fluids, and almost every tissues of the human body. Zn is vital element for optimum growth of 

the human body, and it is an essential for approximately 300 enzymes that are necessary for various metabolic pathways. 

The secretory vesicles of islet β cells contain insulin crystals that assemble into hexamers, with two Zn2+ ions coordinating 

the movement of six insulin monomers. Zn influences the production, storage, secretion, structural integrity, and extending 

hypoglycemic potential of insulin (Pizzo et al., 2022). It is also a cofactor for enzymes that break down lipids, proteins and 

also used in glucose metabolism. Zn is directly involved in the energy supply system of glucose oxidation, and activates 

lactate dehydrogenase, glycerol 3-phosphate dehydrogenase and malate dehydrogenase. Additionally, it controls the 

glucose homeostasis by activating carboxypeptidase, and facilitating the proinsulin conversion into insulin. Low Zn levels 

decrease proinsulin conversion, lowering blood insulin levels and glucose consumption by fat and muscle cells, leading to 

high level of glucose in blood (Bjørklund et al., 2020).  
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Fig. 2: The 

Physiological Function 

of Nanoparticles for 

Human Health 

 

 

It also aids in glucose metabolism and endosomal insulin receptor trafficking, exhibiting insulin-mimetic properties 

and reducing insulin requirements when it is present in sufficient level. Researches reveal the prevalance of Zn shortage in 

diabetics, linked to reduced cellular Zn and Zn-dependent antioxidant enzymes. Zn loss through urine and decreased 

serum Zn concentrations are observed in hypoglycemic T2DM, suggesting major role of Zn in diabetes etiology, insulin 

and glucose metabolism. The growing interest in Zn supplementation or medications for diabetes treatment stems from 

significant Zn benefits. Zinc oxide nanoparticles (ZnONPs), discovered in 2013, notably reduce diabetes risk in both T1DM 

and T2DM rats. Oral ZnONPs decrease triglycerides and non-esterified fatty acids, increase serum insulin, and lower blood 

glucose, leading to increased Zn levels in pancreatic, liver, and adipose tissues (Jeevanandam et al., 2015). The synthesized 

ZnONPs exhibit outstanding anti-diabetic properties, potentially enhanced by loading docosahexaenoic acid (DHA) to 

boost the insulin signaling pathway. ZnONPs significantly lower blood glucose levels and prevent advanced glycated end 

products (AGEs) formation, showing promise in managing DM. Further research is warranted to explore therapeutic 

potential of ZnNPs in diabetes management. 

 

Magnesium Nanoparticles (MgNPS) 

MgNPs functions as a vital trace element necessary for numerous metabolic processes, controlling blood sugar levels, 

blood pressure, muscle and nerve activity (Jomova et al., 2022). The patients with T2DM often experience clinical 

hypomagnesemia or chronic magnesium deficit, particularly with poorly managed glycemic profiles. MgNPs is essential for 

control of vascular tone, insulin-mediated glucose absorption, and insulin action. The deficiency of magnesium can lead to 

insulin resistance, impairing glucose delivery into cells, resulting in high blood glucose levels, fatigue, increased thirst and 

urination, impaired vision, and other symptoms. The chronic hyperglycemia can cause severe complications over time, 

including cardiovascular disease, renal damage, and nerve damage (Porri et al., 2021). As a treatment for DM and its 

consequences, MgNPs show promising effects, and studies on animals and cells indicate that MgNPs increase insulin 

sensitivity, enhancing cellular response to insulin, lowering glucose level in blood, and decreasing the risk of T2DM.  

In a specific investigation, diabetic rats administered naturally synthesized magnesium hydroxide nanoparticles from 

Monodora myristica showed improvements in fasting blood glucose, hepatic hexokinase activity, serum insulin, and LDH 

action, potentially alleviating hyperglycemia by protecting β-cells and restoring glycolytic enzyme activity. Another 

substance developed for anti-diabetic purposes is Magnesium oxide (MgO). Manganese oxide (MnO) and Magnesium 

oxide (MgO) nanoparticles were produced, and their antidiabetic and antioxidant properties were assessed. The comparing 

high-dose MgO (300 mg/kg/day) with the positive control group (diabetic rats) demonstrated a substantial declined in 

blood glucose and an increment in insulin, along with elevated serum paraoxonase levels (Shaukat et al., 2021). 

Subsequent investigations found that magnesium supplementation greatly improved parameters related to DM and 

thyroid profile, while MgO nanoparticles protected against pancreatic cell loss, maintaining pancreatic islet size and β-cell 

quantity. In contrast, synthesized MgO nanoparticles using Pterocarpus marsupium heartwood aqueous extracts, 

demonstrating antioxidant, antidiabetic, and anti-inflammatory properties. These studies suggest that MgNPs may serve as 

supplemental and alternative therapy to control diabetes. 

 

Chromium Nanoparticles 

Chromium (Cr) is an important trace mineral involved in numerous biological processes, including glucose metabolism. 

The insufficient Cr intake has been linked to the progression and development of DM (Lewicki et al., 2014). Cr significantly 
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improve insulin function, promoting cellular glucose absorption, and reducing glucose levels in blood which influences 

glucose metabolism. The individuals susceptible to DM often consume insufficient Cr amounts, and in diabetic’s patient, 

supplementing with Cr can progress glycemic control and insulin sensitivity. Additionally, Cr can lower blood pressure and 

cholesterol levels, safeguarding diabetics from cardiovascular diseases. (Abdali et al., 2015). Micro particles, can be engineered 

to possess particular characteristics like enhanced bioavailability and oral absorption. According to certain studies, Cr 

nanoparticles outperform conventional chromium molecules improving insulin sensitivity and reducing glucose level in blood. 

For illustration, two-month study evaluated the effect of Cr(III) micro particles on immunological reactions and hormones in 

heat-stressed rats. The serological analyses revealed higher serum levels of insulin-like growth factor and immunoglobulin G 

in heat-stressed rats, while the control group exhibited lower insulin concentration (Ghasemi and Nari, 2020).  

Subsequent investigations indicated that chromium nanoparticles might decrease serum insulin levels. Another study, 

suggested that chromium's physiological effect on enhancing hormone internalization into cells and increasing membrane 

fluidity could underlie the decrease in peripheral insulin levels. In a recent study, oral administration of Cr2O3 nanoparticles 

at a dose rate of 1 mg/kg b.w.t reestablished all genetic and biochemical factors, including hepatic and renal functions 

restored blood insulin, serum glucose, lipid profile, IL-6, glutathione peroxidase (GSH-Px), serum superoxide dismutase 

activity, γ-peroxisome proliferator-activated receptor (γ-PPAR), insulin receptor substrate-1 (IRS-1), and serum insulin to 

normal levels in diabetic rats. It was believed that reducing cellular DNA damage would mitigate diabetes's negative 

effects and protect the liver and pancreas from oxidative damage. Additionally, Cr nanoparticles may beneficial for 

diabetics patient through anti-inflammatory, antioxidatory, and as regulator for fat metabolism (Javanshir et al., 2020). In 

conclusion, Cr nanoparticles grip capacity as a potential diabetic cure, however, further study is necessary to conclude their 

safety and efficacy before recommending human use. 

 

Copper Nanoparticles 

Copper (Cu) is also a necessary trace element that plays an important role in human well-being. It contributes to the 

production of RBCs, the preservation of strong bones, and the appropriate operation of the immune system. Cu also aids 

in the synthesis of collagen, an essential protein for the development of connective tissues like ligaments, and skin. While 

the central nervous system (CNS) regulates insulin secretion from pancreatic β cells, so Cu plays a crucial role in both 

regular hematopoiesis and the health of the CNS. Cu is also believed to be beneficial for the production and release of 

insulin by the pancreas (Rajeswari and Swaminathan, 2014). So, a number of studies have linked Cu deficiency to glucose 

intolerance and impaired insulin secretion. The antidiabetic potential of Cu in diabetes intervention has been investigated 

in numerous studies that revealed a strong connection between mutative glycemic management and serum Cu level. So 

improving the control of diabetes, there has been requires a physiological balance level of Cu in the body. A study 

discovered that Cu nanoparticles (CuNPs) could suppress the activity of α-amylase, indicating possible anti-diabetic 

property. CuNPs have been shown in other studies to reduce inflammation and oxidative stress and to potentially enhance 

blood glucose regulation by blocking the actions of α-amylase and α-glucosidase (Ramasubbu et al., 2023).  

Rats with Streptozotocin-induced diabetes was treated with low-dose CuNPs (1 mg/kg, p.o.). The levels of glucose in 

the serum of the diabetic rats were considerably lower after 4 weeks of treatment. Similarly, in Streptozotocin -induced 

diabetic mice, strong hypoglycemic effects of copper oxide nanoparticles (CuONPs) biosynthesized with Bacopa monnieri 

leaf extracts were noted. The resulting CuONPs, which have an usual size of 34.4 nm, were administered orally for fourteen 

days at a dose rate of 14 mg/kg, and this caused a 35.74% decrease in blood glucose levels (Faisal et al., 2022). According 

to these research findings, at the right concentrations, CuNPs have a good antidiabetic potential. 

 

Iron Nanoparticles 

Iron (Fe), the prevalent micro element in the human body, is involved in many physiological processes, including 

growth, and development of the body. Diabetes and Fe are typically perceived as two distinct illnesses that are unrelated 

to one another. Nonetheless, some data points to a possible connection between the onset of T2DM and iron metabolism 

(Backe et al., 2016). Health risks arise from both increased body iron deposition and iron deficiency. Iron overload, or 

excessive iron accumulation in the body, has been linked to a higher chance of developing T2DM. Conversely, low iron 

levels have been associated to decreased insulin sensitivity, poor glucose tolerance, and a higher chance of T2DM. When 

iron deficiency is identified as a contributing factor to diabetes, intervention in iron metabolism may be beneficial for 

managing the disease and its complications (Abbaspour et al., 2014).  

For example, diabetic rats were treated through various dosages of superparamagnetic iron oxide microparticles 

(SPIONs) once a week for 28 days. When compared to the untreated group, SPIONs properly balanced the insulin and 

fasting blood glucose levels in diabetic rats. The improvement of C6H12O6 detecting and active elements in the insulin 

nodding pathway were linked to SPIONs' antidiabetic property. Additionally, it was shown that iron micro particles might 

suppress the function of alpha-amylase, a protein that is essential for the breakdown of starch, glycogen, and 

carbohydrates. Fe2O3 nanoparticles with stem extracts from Securidaca longipedunculata, utilizing a green synthesis 

approach, and assessed their potential for antidiabetic effects. The resulting spheroidal nanoparticles had a crystallite size 

of 4.07 nm and a size range of 25 to 45 nm. The level of glucose in the blood of diabetic rats was reduced by 409.50 ± 

5.50–199.16 ± 9.33 mg/dL by the green-synthesized iron nanoparticles (Ruan et al., 2023). According to the 

aforementioned research, iron nanoparticles may help to treat diabetes and prevent hyperglycemia. Table 1 shows the 

characteristics and anti-diabetic effects of nanoparticles that are used to treat Diabetes Mellites.  
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Table. 1: The Characteristics and Anti-Diabetic Effects of Nanoparticles Used to Treat DM 

Type of Nanoparticles Characteristics Anti-Diabetic Effects Reference 

Selenium Nanoparticles Antioxidant Reduces blood glucose levels, enhances insulin secretion Ruan et al., 2023 

Zinc Nanoparticles Insulin Regulator Improves insulin function, lowers blood glucose levels Pizzo et al., 2022 

Magnesium 

Nanoparticles 

Insulin Sensitizer Increases insulin sensitivity, lowers blood glucose levels Porri et al., 2021 

Chromium 

Nanoparticles 

Glucose 

Regulator 

Enhances insulin sensitivity, reduces blood glucose levels Ghasemi and Nari, 

2020 

Copper Nanoparticles Enzyme Inhibitor Suppresses α-amylase activity, lowers blood glucose 

levels 

Ramasubbu et al., 

2023 

Iron Nanoparticles Insulin Stabilizer Balances insulin and blood glucose levels Backe et al., 2016 

 

Other Microelement Nanoparticles 

A wide range of additional nanoparticles have been investigated for DM interference, in addition to the trace element 

nanoparticles covered above. Insulin sensitivity and glucose metabolism are enhanced in diabetic animal or cell models by 

these trace element nanoparticles, which include titanium (Ti), cerium (Ce), and vanadium (V). These specifically engineered 

microelement nanoparticles have demonstrated strong antioxidant and anti-inflammatory properties, in addition to their 

ability to regulate blood sugar, which may help against issues related to diabetes (Singh et al., 2021).  

 

Prospects and Recommendations 

Nanomedicine is a microscale medical way that combines biomaterial, micro technology, and medicinal molecules to 

treat complex and long-term illnesses. Because of their programmable features and nanoscale effect, medications based 

on nanoparticles offer more therapeutic options, targeted distribution, and sustained/controlled release than conventional 

pharmaceuticals. Because of their good intestinal absorption, micro elements in the formula of nanoparticles have superior 

oral bioavailability. They also have decreased systemic toxicity because of their minimal surge experience to the body and 

long-lasting regulatory effects because of their constant trace element release. These qualities make micro element 

nanoparticles very useful for diabetic treatments. (Zhu et al., 2021). The determination of trace element levels in the serum 

and the correlation between diabetes and an element deficiency are prerequisites for the utilization of nanoparticles in the 

treatment of diabetes. The quantity of nanoparticles given, in vivo buildup, and long-term harmfulness are further clinical 

considerations. Nanomedicine may herald a new era in diabetes treatment once these concerns are resolved. To 

completely comprehend the functions of nanoparticles in the cause of DM, more study is necessary (Collins et al., 2016).  

It is crucial to remember that consuming too many trace elements can be hazardous and poisonous. It has been 

demonstrated that the release of dissolved ions and the dosage of trace element nanoparticles are related to their toxicity. 

High doses and ionization often result in increased production of reactive oxygen species, which stresses cells and tissues 

oxidatively. Because of their zero-valence condition, trace elements that are formed into nanomedicines show less toxicity 

than other chemical modalities because they are more stable in vivo. However, more research in superior populations is 

warranted to determine the efficacy of using trace element nanoparticles for diabetes treatments. Consuming 

microelements like Zn and Se through diet may help prevent the development of T2DM and insulin resistance. No doubt, it 

is essential to complement the trace element in the correct form (such as nanoparticles) when the pathophysiology of 

diabetes points to a micronutrient abnormality. Eating a nutritious diet is always the best method to ensure that your 

intake of microelements is balanced (Godswill et al., 2020). Additionally, before beginning any new supplement regimen or 

making big dietary adjustments, people with diabetes should get advice from their healthcare providers. Some of the 

nanoparticles used for various useful application in the body are shown in Fig. 3.  

 

 

Fig. 3: Application of 

Nanoparticles for Various 

Useful Application in the 

Body  
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Conclusions 

This retrospective study indicates that trace elements play a crucial role in various biological processes, particularly in 

glucose homeostasis. Among these elements, Se, Zn, and Mg stand out as outstanding microelements for the 

development of diabetes-combatting nanomedicines. These trace element nanoparticles may possess anti-diabetic 

properties through direct or indirect reduction of blood glucose levels, enhanced insulin tolerance, and augmented insulin 

secretion, improved activity of saccharide metabolism enzymes, increased glucose utilization, and restoration of islet β cell 

function. Moreover, it has been observed that microelement-based nanoparticles can mitigate diabetes-induced chronic 

microangiopathy, including diabetic nephropathy and retinopathy, by modulating immune responses, reducing 

inflammation, and ameliorating oxidative stress. In summary, trace element nanoparticles demonstrate promising anti-

diabetic characteristics as nanomedicines. 
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ABSTRACT    

The rise of anti-microbial resistance in Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa and Enterobacter species (ESKAPE) microorganisms present a significant worldwide 

general well-being risk. The development of biofilms, which is a pivotal component adding to the severity of numerous 

microbes, deteriorates the trouble of treating infections. Common antibiotics now and again demonstrate inadequate in 

wiping out biofilms because of their natural components of obstruction. Nano-biotics offer a confident way to deal with 

tending to infections connected with biofilms in this specific circumstance. Nano-biotics use nanotechnology to make 

innovative antibacterial substances that can successfully combat biofilm resistance mechanisms. Nano-biotics can enter the 

biofilm lattice, disrupt bacterial communication, and improve the transport of the antimicrobial medications to bacterial 

cells. This results in the viable anticipation of biofilm improvement and the elimination of previously existing biofilms. This 

Chapter features the most current improvements in nano-biotics for controlling the development of biofilms brought about 

by ESKAPE infections that are resistant to anti-microbials. It additionally discusses different nano-biotic approaches. 

Moreover, the review makes sense of how the combination of nano-biotics with conventional antibiotics or other 

therapeutic agents could help antimicrobial effectiveness and lessen the risk of resistance. Also, this chapter talks about the 

possible difficulties and future paths in the advancement and use of nano-biotics to treat diseases associated with biofilms. 
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INTRODUCTION 

The term “nano biotics” refers to the administration of antibiotics, which are either wrapped in fabricated 

nanoparticles or that are chemically made and with 100-nm or smaller dimensions. These nano-biotics are designed to 

deliver modern antimicrobial medication directly to the microorganisms (Lei et al., 2018). The techniques can also be used 

in treating problems linked to planktonic and multiresistant biofilms (Batalha et al., 2019). Nano biotics is a revolutionary 

and thrilling way to administer antibiotics. Particles with a minimum diameter of 100 nm may be synthesized as pure 

antibiotics or in a mix of antibiotics and little particle (Saidykhan et al., 2016; Zhu et al., 2022). Antibacterial compounds are 

attached to particles. NPs may be chemically pure and have native properties; pure NPs covered with diverse groups of 

substances synthetically, such as polymers, citrates, and carboxylates (Mamun et al., 2021). Due to an inherent ability to 

target particular sites, nano-biotics penetrate more exactly and permanently through bacterial defense mechanisms than 

free antibiotic molecules (Lei et al., 2018). Nature cures might be developed with zinc oxide NPs, nickel, copper (Cu) NPs, 

titanium dioxide and silver NPs, and selenium lifetimes. However, nanoparticles with antimicrobial characteristics, referred 

to as “nano-biotics,” can also be used to carry antimicrobial medications. In the form of liposomes and dendrimers and 

polymeric NPs, nano-biotics can be utilized to drug antimicrobials carriers. Nano-biotics become a tool to get drugs to 

patients through a precisely controlled spatial and temporal drug regimen. It increases the quantity of drugs that reach 

targeted tissue and pharmaceutical resistance. While nano-biotics also lessen drugstocks are on a downward path, they 
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sustained hazardous outcomes (Sánchez-López et al., 2020). 

Nanoparticles may be a successful transporter for increasing and assisting to enhance the activity of antibiotics. Owing 

to their small dimensions and a greater source area to weight rate, nanomaterials are distinctive. This offers enhanced 

touch with germs and application that is controlled and shifts due to their condensed size and greater exterior area to 

mass rate. The survivability of nanoparticles NPs may be enhanced by altering its sizes, contours, and chemical 

constitution. By incorporating modified metallic, organic, biomolecular, radioactive, or antibody parts, nanoparticles NPs 

can efficiently destroy bacteria by a diverse range of approaches (Fig. 1) By including additional traits such as light, ionizing 

radiation, magnetic fields, and ultrasound, it might be further enhanced (Chakraborty et al., 2022). 
 

 

Fig. 1: Nano-biotics against AMR. 

 

ESKAPE Pathogens 

Another hurdle to achieving and paying for socialized health care is the challenge of the sustainable development 

goals. To address the issue of antibiotic resistance, the World Health Organization in 2017 worked out scripts for new 

therapies and produced a full worldwide list of artificially resistant small organisms (Slavcovici et al., 2015). The usage of 

reserve preparations to treat illnesses with first-line resistance will be necessary. These medications have a better 

economic performance and a reduced level of security (Santajit and Indrawattana, 2016). ESKAPE germs is an abbreviation 

for six multidrug-resistant bacteria that have a substantial impact on hospital-acquired infections/various illness in 

immunosuppressants. These bacteria have developed ways to evade the germicidal action of pharmaceuticals (Gheorghe 

et al., 2017). This abbreviation is gotten from Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species belong in the gram -positive and gram-

negative bacterial category (Rice, 2010). Based on the results of the multicriteria assessments, the list was divided into 

groups, medium, high, and critical (Denissen et al., 2022). Critical include Acinetobacter baumannii carbapenem-resistant, 

Pseudomonas aeruginosa carbapenem-safe, Klebsiella pneumoniae third generation cephalosporin-resistant, Enterobacter 

spp. third-generation cephalosporin-resistant. High classification include Enterococcus faecium vancomycin-resistant, 

Staphylococcus aureus methicillin-resistant, vancomycin intermediate and resistant (Pendleton et al., 2013). 

 

Antimicrobial Resistance Mechanisms of ESKAPE Pathogens 

The bacterial chromosome, transposon and plasmid act as a carrier of antimicrobial resistance gene (Giedraitiene, et 

al., 2011). The main causes of antimicrobial resistance are the binding sites of drug modified, inactivation of the drug, 

formation of biofilm, drug efflux (Wright, 2005). 

 

Vancomycin-Resistant Enterococci Faecium 

It is deeply troubling that enterococci, and notably vancomycin-resistant Enterococcus, are showing alarming rates of 

antibiotic resistance. (Cencič and Langerholc, 2010), which is primarily concomitant with E. faecium (Hope et al., 2008). VRE 

has a six types (Van A-E, Van-G). Van-A is the most common and has the highest degree of resistance to all glycopeptide 

antibiotics (Smith, 2004). In 2011, Scientists provided evidence of two distinct clades (A, B) of E. faecium that exhibit 

genetic differences. Both clades exhibit the presence of low-affinity binding proteins for penicillin (referred to as PBP5) that 
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have a weak binding capacity to β-lactam medicines. Furthermore, clade B has a gene that encodes ampicillin-sensitive 

PBP5 (pbp5S), whereas clade A possesses numerous resistance genes and virulence determinants due to IS16 and a gene 

that encodes ampicillin-resistant PBP5 (pbp5R) (Arias and Murray, 2012). 

 

Methicillin-resistant Staphylococcus aureus (MRSA) 

Staphylococcus infections were effectively treated with penicillin previously. However, the overuse of these antibiotics 

in 1948 resulted in the appearance of Staphylococcus isolates that produce β-lactamase. Penicillin G resistance investigated 

in 65–85% Staphylococcus clinical isolates (Bush and Bradford, 2013). The primary antibiotics used to treat MRSA infections 

are glycopeptide antibiotics, such as teicoplanin and vancomycin. (Hryniewicz and Garbacz, 2017). 

 

Klebsiella pneumonia 

The β-lactamase enzymes evolved from the Klebsiella pneumoniae strains degrade the β-lactam antibiotics chemical 

composition such as carbapenems, cephalosporins, penicillins. The rising frequency of K. pneumoniae resistant to 

carbapenem poses substantial issue for clinicians due to the typical use of carbapenems for the treatment of infections 

(Queenan and Bush, 2007).The K. pneumoniae super enzyme, NDM-1 led to a higher number of K. pneumoniae isolates 

that are resistant to carbapenem antibiotics. This might potentially endanger the effectiveness of other antibiotics such 

fluoroquinolones, aminoglycosides, and β-lactams (Yong et al., 2009). Acinetobacter baumannii 

There have been recent reports of the appearance of A. baumannii strains that produce carbapenemase and contain 

imipenem metallo-β-lactamases, which are carried by certain genes and blaOXA gene carry oxacillinase serine β- 

lactamases. Both colistin and imipenem are not effective against these germs, and they are able to resist most 

conventional antibiotics due to combination of resistance genes.(Vila et al., 2007). 

 

Pseudomonas aeruginosa 

Multiple strains of P. aeruginosa have inherent reduced susceptibility to various antibacterial drugs, together with a 

tendency to acquire resistance while undergoing treatment, particularly in strains that are resistant to carbapenems, 

namely imipenem. P. aeruginosa changes the porin structure and synthesize the chromosomal AmpC to combat imipenem 

drug. The lower amount of AmpC enzyme alone do not cause resistance to carbapenem drugs because they have limited 

ability to break down these drugs. However, when there is an overproduction of AmpC enzymes, combined with reduced 

permeability of the outer membrane porin and/or overexpression of efflux pumps, it contributes to high-level resistance to 

carbapenem drugs in this pathogen (Elsner et al., 2000). P. aruginosa can produce extended-spectrum beta-lactamases 

(ESBLs), carbapenemases and imipenem metallo-β-lactamases to resist antibiotic mechanisms. The presence of these 

enzymes results in a significant increase in carbapenem resistance in P. aeruginosa isolates. Additionally, it may lead to the 

development of strains that are resistant to fluoroquinolones, since the same plasmid may carry the mechanisms of 

resistance for both types of antibiotics (Livermore, 2002). 

 

Enterobacter spp. 

Enterobacter microbes species have carbapenemases, like OXA,VIM, KPC, metallo-β-lactamase-1 and Expanded Range 

Beta-Lactamases (ESBLs) (Castanheira et al., 2011). Besides, it is critical to accomplish steady concealment of AmpC β- 

lactamases and upregulated by genetic mutation in this group of microrganisms. The MDR strains display resistance ta 

practically all current antimicrobial drugs except colistin and tigecycline (Boucher et al., 2009). 

 

Nanotechnology Applications in Medicine and Antimicrobial Therapy 

The area of nanotechnology and the discoveries connected with nanomedicines are broad and envelop a wide range 

of applications. Nanomedicine has encountered amazing advancement, raised the efficacy of medications, and prompted 

significant enhancements in healthcare results. It is important to analyze the striking limits of nanotechnology in the field 

of healthcare (Keskinbora and Jameel, 2018). Because of their small size, nanoparticles have a high surface-to-volume ratio, 

which permits them to rapidly absorb a lot of drugs as they circulate through the circulation system. Their extraordinary 

properties originate from their increased surface area, which improves their mechanical, magnetic, optical, and catalytic 

properties and makes them more reasonable for use in pharmaceutical applications (Huang et al., 2018; Ren et al., 2021). 

Nanomedicines have been used in gene therapy too. Multiple inquiries have concentrated on the use of viral vectors as 

potential mechanisms for delivering medicine (Quader et al., 2021). 

Nanomedicine is used in many different fields, such as drug delivery, diagnostic and imaging tools, high-performance 

screening platforms, antimicrobials, vaccine research, wearable technology (Wang et al., 2021). The primary and most 

significant antibacterial mechanisms of nanoparticles involve the generation of reactive oxygen by photocatalysis. The 

mechanisms by which reactive oxygen species (Hope et al. 2008) exert their effects include the breakdown of bacterial and 

cell membranes, disruption of energy transfer, reduction of enzyme activity, and suppression of DNA synthesis (Fig. 2) 

(Kianfar and Kianfar, 2019). 

 

Mechanism of Action of Nanobiotics against Biofilms 

Multiple studies have documented nanoparticles (NPs) ability to reduce biofilms formation caused by various 



bacterial pathogens (Ahmed et al., 2016). NPs have an anti-biofilm effect because they can penetrate bacterial cell 

walls and membranes, interfere with the biofilm's EPS matrix, and disrupt the quorum sensing system (Gupta and 

Chhibber, 2019) (Sánchez-López et al., 2020). Reactive oxygen species activity of NPs cause membrane damage in the 

pathogen (Li et al., 2012). Hydrogen peroxide, hydroxyl radicals, and superoxide radicals are produced by ROS 

mediated oxidative stress. These radicals cause protein degradation and DNA damage leading to cell death of 

bacteria (Fig. 3) (Chhibber et al., 2017). 
 

 

Fig. 2: Applications of Nanotechnology in healthcare 
 

Fig. 3: Antibiofilm Mechanism of Nanoparticles 

 

Synergistic Approaches with Conventional Antibiotics 

In recent years, nanotechnology has become a significant area of study with diverse applications across several 
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sectors. The chemical and physical properties of nanoparticles are influenced by high surface area to volume ratio at 

nanoscale, resulting in distinct properties compared to bulk matter (Amendola, 2008). The unique characteristics of 

nanoparticles make them appealing choices for a variety of applications. Silver nanoparticles have been widely studied for 

their antibacterial ability in very recent times. The growth of bacilli resistance and the dissemination of numerous resistant 

strains demonstrate an urgent need for such compounds. Given the global resistance of antimicrobial drugs, the utilization 

of silver nanoparticles as new antimicrobial agents for fighting infections is of particular relevance (Yuan et al., 2017). 

Recent scientific investigations have shown that combining silver and appropriate antibiotics can improve the antimicrobial 

properties of the drug against some pathogenic bacteria (Nishanthi et al., 2019). Comprehensive and in-depth studies on 

the impact of SACs on multidrug-resistant bacteria, particularly ESKAPE pathogens, are lacking The study conducted by 

(Mishra et al., 2024) explored how SACs combat bacteria like ESKAPE strains found in food sources, like chicken, beef, fish, and 

sprouts. The research also aimed to know about the antibacterial mechanisms of these SACs. The study examined the use of 

anti-microbial (SACs) and silver nanoparticles in combination to fight ESKAPE germs using a two-dimensional checkerboard 

method. The combination of AgNPs and antibiotics kills the multidrug-resistant ESKAPE bacteria more effectively. In both the 

log stage and the biofilm development stages, the SACs demonstrated antibacterial activity against cells. 

 

Table 1: Nanoparticles characteristics, activity, and mechanism of action against multidrug-resistant (MDR) bacteria 

Nanoparticles Size Targeted bacteria and 

antibiotic resistance 

Mechanism of action Factors affecting 

antimicrobial activity 

References 

Magnesium 

Oxide (MgO) 

15- 

100nm 

E. coli, S. aureus Alkaline effect, ROS production, lipid 

peroxidation 

Concentration, pH, 

particle size 

(Rudramurthy, 

et al., 2016) 

Titanium 35-45nm P. aeruginosa, S. Surface adsorption, ROS production Shape, crystal (Hemeg 2017), 
Dioxide (TiO2)  aureus, E. coli, E.  structure, Size (Rudramurthy, 
  faecium   et al., 2016) 

Zinc Oxide 10- E. coli, K. pneumoniae, Disruption of membrane, ROS Concentration and (Hemeg 2017), 

(ZnO)  100nm K oxytoca E. aerogenes production,protein damage, surface particle size (Rudramurthy, 
   , adsorption  et al., 2016) 

Iron Oxide 1-100nm MRSA, E. 

pneumoniae 

coli, K. ROS mediated oxidative stress: 

hydrogn peroxide, hydroxyl, and 

superoxid radicals 

Loss of dispersity 

and magnetism due 

to air oxidation, high 

chemical activity 

(Rudramurthy, 

et al., 2016), 

(Zaidi et 

al.,2017) 

Aluminium 

(Al) 

10- 

100nm 

E. coli ROS causes 

disruption in cell wall 

 (Rudramurthy, 

et al., 2016) 

Silica (Si) 20- 

400nm 

MRSA ROS cause disruption in cell wall Shape, stability 

particle, size 

(Zaidi et 

al.,2017) 

Copper (Cu) 2-350nm A. baumannii, E. coli ROS generation, DNA damage, 

protein oxidation, lipid peroxidation, 

Concentration, 

particle size 

(Zaidi et 

al.,2017), 

(Hemeg 2017) 

Gold (Au) 1-100nm MRSA Membrane damage, ATPase activity 

reduced, respiratory chain 

disruption, membrane potential loss 

Particle size, 

roughness, 

(Zaidi et 

al.,2017), 

(Hemeg 2017) 

Silver (Ag) 1-100nm ESKAPE pathogens ROS production, DNA, and protein 

damage,  respiratory chain 

disruption, lipid peroxidation 

Shape and size (Hemeg 2017), 

(Rudramurthy, 

et al., 2016) 

 

Several theories have been put out to explain how AgNPs exert their effects (Zhao et al., 2023). AgNPs cause a 

continuous and persistent ion release when they penetrate bacterial cells, which leads to the consumption of ATP, 

condensation of DNA, generation of ROS, and eventual death. While the specific process via which the antibacterial 

effectiveness of SACs is enhanced remains unclear, earlier studies indicate that the presence of silver nanoparticles in SACs 

results in a more confined release of Ag+ ions, which leads to the destruction of bacterial cells. Silver ions produced are 

harmful since they interact with and damage cell wall proteins of bacteriaa and DNA, resulting in cell death (Deng et al., 

2016). A different investigation on the pharmacodynamic interaction between AgNPs and antibiotics suggested that the 

combinations impair the bacterial membrane, enhance K+ ion release, and prevent biofilm formation (Thirumurugan et al., 

2016). Similarly, further research revealed that antibiotics and AgNPs together have been shown to have combined effects 

against P. aeruginosa, S. aureus, and E. coli. (Saha et al., 2007). Furthermore, at doses much below the minimum inhibitory 

concentration (MIC) of either the nanoparticle or antibiotic component of the combination, AgNPs coupled with antibiotics 

demonstrated increased antibacterial efficacy against multi resistant, β-lactamase and carbapenemase-producing 

Enterobacteriaceae (Panáček et al., 2015). Saha et al. describe on the direct attachment of ampicillin, streptomycin, and 

kanamycin to gold nanoparticles (Saha et al., 2007). The complexes obtained exhibited a reduced minimum inhibitory 

concentration (MIC) compared to the free drug equivalents when tested against both Gram-negative and Gram-positive 
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bacteria. The authors of the study did not provide a detailed explanation of the mechanism behind these effects. However, 

Fayaz et al. conducted research to understand how their gold nanoparticles functionalized with vancomycin showed 

activity against strains that are typically resistant to vancomycin due to either mutations (vancomycin resistant S. aureus) or 

membrane structure (E. coli) (Fayaz et al., 2011). The proposal suggests that the antibiotic can only lead to nonspecific, 

multivalent contacts and attachment of the carrier to the cell wall synthesis proteins when it is complexed with the NPs. 

The scientists deduced that the weakened integrity of the cell membrane and the resulting cell death were the 

consequences of non-specific binding, as detected using transmission electron microscopy, due to the existence of pits in 

the cells (Gao et al., 2018). Gold nanoparticles (NPs) have been shown to exhibit synergistic effects when used in 

conjunction with several antibiotics against susceptible bacteria, including both Gram-negative and Gram-positive bacteria. 

An example of notable synergy is shown when gold nanoparticles are used with meropenem to combat Acinetobacter 

baumannii (Shaker and Shaaban, 2017) while amoxicillin and streptomycin show similar effects against Staphylococcus 

aureus and Escherichia coli. These effects were seen at concentrations of gold ranging from 1 to 16 mg L−1. For bismuth 

nanoparticles (NPs), the assessment of synergistic effects has been evaluated using antibiotics that hinder the production 

of nucleic acids, namely fluoroquinolones. Only the combination of ciprofloxacin and bismuth NPs demonstrated an 

increase in antibacterial efficacy against Klebsiella pneumoniae (Tarjoman et al., 2015). Zinc oxide nanoparticles (NPs) at 

concentrations ranging from 30 to 80 mg L−1 have been synergistically combined with fluoroquinolones (norfloxacin, 

ofloxacin) (Namasivayam et al., 2015) or β-lactams (cephalexin, ceftriaxone, cefotaxime) (Bhande et al., 2013) to 

significantly augment their efficacy against both Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia 

coli) bacteria. Research has investigated the use of Titanium dioxide nanoparticles (NPs) as an antibacterial agent in 

conjunction with streptomycin. The results have shown enhanced antibacterial effects against Klebsiella pneumoniae, 

Salmonella typhimurium, Escherichia coli, and Staphylococcus aureus. 

 

Novel Nanomaterials and their Applications 

Nanomaterials have been developed and examined to inhibit biofilm formation. There are two main categories into 

which they fall: 

(i) Natural NPs encompass various types, such as solid lipid NPs, cyclodextrins, dendrimers, liposomes, and polymeric NPs. 

(ii) Inorganic NPs such as quantum dots, fullerene, organic-inorganic hybrid, metallic (gold, silver, silica, copper, and iron) 

and their oxides (aluminium and iron oxides). 

The bactericidal activity can be attributed to the characteristics of the nanomaterial or nanocarrier. Some enable the 

encapsulation of a medicine, shielding it from enzymatic inactivation, unfavorable environmental conditions (low pH or 

oxygen), bacterial defense mechanisms (Prateeksha et al., 2019; Singh et al., 2021). 

 

 

Fig. 4: Antibiofilm activity of nanomaterials 

 

To investigate the capability of gold nanoparticles (AuNPs) to prevent the formation of biofilms, gold nanorods 

(AuNRs) were modified with a polymer called polymethacrylate. This polymer has carboxyl betaine groups and can vary its 

surface charge in response to near-infrared (Mamun et al.) Light and changes in pH. The reversible addition-fragmentation 

chain transfer polymerization (RAFT) reaction was used for the modification of the AuNRs. All the planktonic cells were 

killed off due to the charge fluctuations of pH responsive. Photothermal near-infrared (Mamun et al.) Irradiation induces 

localized overheating, resulting in the demise of S. aureus bacteria and subsequent disintegration of biofilm (Qiao et al., 
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2020). The scientist examined a developed formulation of solid-lipid nanoparticles loaded with silver sulfadiazine (SSD- 

SLNs) which enhanced its efficacy in treating burn wounds associated with P. aeruginosa biofilm by incorporating DNase-I 

and chitosan gel. The vulnerability of P. aeruginosa biofilms to antibiotics enhanced due to DNase- I which breaking down 

the extracellular DNA (eDNA), resulting in the eradication of the biofilm. After 72 hours, Pure SSD and SSD-SLN could 

eliminate only 58.1% and 78.7% of the biofilm, respectively. The incorporation of DNase I into SSD-SLN inhibited 96.8% 

biofilm formation of P. aeruginosa. The SSD-SLNs and DNase-I synergism healed the wound completely within 21 days 

according to in-vivo study (Patel et al., 2019). 

The silver NPs synthesis functionalized with α-Amylase (biofilm-disrupting enzyme) and polydopamine (DA) for 

inhibiting the growth of S. aureus biofilms on titanium surfaces (Tran, et al., 2021). A1 (Serpin), an elastase inhibitor, and 

LL37 (the endogenous host defense peptide) are administered topically by nanomedicine to treat chronic wounds by 

regulating their sustained release. The co-administration of A1 and LL37 successfully healed the injury in BJ fibroblast cells 

and keratinocytes, eliminated microbial contamination, suppressed E. coli and S. aureus biofilm development, and 

improved anti-inflammatory action (Fumakia, et al., 2016). The researchers developed a formulation of ofloxacin-loaded 

solid lipid nanoparticles (SLN) to treat S. aureus and P. aeruginosa biofilm related-pulmonary infections. This formulation 

exhibited selectivity and supported the arrival of the medication at the targeted spot, and increased effectiveness. The 

nano composite diminished threefold minimum inhibitory concentration (MIC) when compared with free antibiotics 

(Rodenak-Kladniew et al., 2019). As indicated by another study, oxacillin-loaded nanostructured lipid carriers (NLC) 

formulation upgrades the adequacy of oxacillin against MRSA (Alalaiwe et al., 2018). 

 

Challenges and Future Perspectives 

The formation of biofilms by ESKAPE infections has become challenging to treat because of the ineffectiveness of 

traditional treatments. The limited effectiveness of antimicrobials in biofilms is mostly attributed to their low penetration, 

enzymatic inactivation, and destruction inside the biofilm microenvironment. Nanotechnology become new and successful 

approach for treating bacterial biofilms with precision. Nanomaterials may effectively penetrate biofilm EPS matrix because of 

their minute size. This allows them to eradicate the sessile and persister cells due to their inherent antimicrobial properties 

and/or by administering therapeutic agents. Nanoparticles impede and disrupt the development of biofilms by compelling 

with the quorum sensing (QS) pathway and degrading extracellular polymeric substances and extracellular DNA (eDNA). 

Despite many benefits of nanotechnology, it is not without limitations. These include cytotoxicity, impacts on metabolism, 

inadequate renal clearance, and aggregation in the blood and protein cells, which might affect human health. The metal ions 

from waste nanoparticles also develop harmful effects in the body. Moreover, overcoming biological obstacles and evading 

immunity to accomplish precise delivery pose major challenges. It is necessary to identify and address the unknown adverse 

effects and costly clinical studies. To develop suitable antimicrobial nanomaterials, it is essential to have accurate in vivo and 

in vitro models that specifically address biocompatibility, antibiofouling, antibacterial, and nanotoxicology properties. To 

advance the clinical development of nanomaterials, it is mandatory to conduct a comprehensive investigation on basic, 

pharmacological, and biological characteristics of nanoparticles, as well as their interactions with pathogens. Future work has 

the potential to solve all these limitations of nanomaterials. Thus, we conclude that Nano biotics offer a promising solution 

for addressing ESKAPE pathogens. This is achieved through the administration of therapeutics at sub-inhibitory doses and 

employing multiple bactericidal pathways to eliminate bacteria.  
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ABSTRACT   

This study involved superparamagnetic Fe3O4 nanoparticles (Fe3O4 NPs) with low-molecular-weight hyaluronic acid 

(LMWHA). A comprehensive analysis was conducted on the size distribution, zeta potential, viscosity, thermogravimetric, 

and paramagnetic characteristics of LMWHA-Fe3O4 nanoparticles. The MCF7 breast cancer cell line was used for cellular 

experiments. In addition, the researchers employed the thiocyanate method and time-of-flight secondary ion mass 

spectrometry (TOF-SIMS) to analyze the properties and ability of LMWHA-Fe3O4 NPs to target MCF7 breast cancer cells. 

The experiment revealed that the LMWHA-Fe3O4 NPs had a prominent superparamagnetic property and may be easily 

injected due to their low viscosity. Furthermore, the outcomes of the in vitro experiment revealed that the nanoparticles 

exhibited a strong capacity to specifically target cancer cells while exhibiting minimal damage. The results suggest that 

LMWHA-Fe3O4 nanoparticles show potential as an injectable drug for enhancing magnetic resonance imaging (MRI) and 

treatment of hyperthermia in breast cancer. 
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INTRODUCTION 
 

Cancer comprises a group of diseases described by uncontrolled cell proliferation, with the capacity for these aberrant 

cells to infiltrate and spread to other body regions. Classification of cancer is based on tumor cells that is classified that 

include, carcinoma, sarcoma, lymphoma, and germ cell tumors. Carcinoma specifically refers to malignancies that originate 

from epithelial cells and include a wide range of tumors such as breast, prostate, lung, pancreatic, and colon cancers 

(Varricho, 2004). Cancer is a hereditary illness linked to unchecked cell division and inhibition of cell death (Yahya and 

Alqadhi, 2021). 

Around 9.6 million deaths worldwide are attributed to cancer, which is still the leading cause of mortality due to 

cancer, due to a lack of efficient early detection techniques (Miranda et al., 2020). In 2018, 2 million new cases of breast 

cancer (BC) were identified, making it the most common invasive malignancy diagnosed in women worldwide (Mirza et al., 

2021). However, it is thought to be curable if detected early, particularly before metastasis (Liyanage et al., 2019). 

In consideration of the adverse effects that different types of cancer cause, skin, and lung cancer rank as the most 

prevalent cancers globally. Furthermore, BC is the most frequent type of cancer in women, making up over 30% of all 

cancer occurrences (Liyanage et al., 2019). On the contrary, BC in men constitutes merely 1% of all malignant breast 

neoplasms (Fentiman et al., 2006). Additionally, in comparison to women, men typically receive a diagnosis of BC at a more 

advanced age, around 67 years (Medeira et al., 2011). Despite being the most prevalent type of cancer in women, if 

detected early enough, it is thought to be curable (Keivit et al., 2015; Seigel et al., 2017). 

Like other cancers, breast cancer is traditionally treated with surgery, chemotherapy, and radiation. These treatments’ 

main objective is to remove tumors while extending the patients’ lives. However, advanced and metastatic cancers pose a 

challenge to these standard approaches in terms of medication resistance and tumor recurrence. For example, when a 

tumor recurs and spreads to other organs such as the liver, lung, and bone, surgery is ineffective. In contrast, 
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chemotherapy aims to utilize cytotoxic chemotherapeutic drugs, administered either after or independently of surgery, to 

impede the division and growth of tumor cells. Radiotherapy, on the other hand, entails the delivery of potent energy 

waves to disrupt tumor cell division, leading to the reduction or elimination of tumors. While both chemotherapy and 

radiotherapy are potent cancer treatment methods designed to enhance survival rates, they may also result in acute and 

long-term adverse effects on the healthy organs of patients (Thati et al., 2010; Dao et al., 2012). For example, a drug known 

as a monoclonal antibody used in cancer treatment has demonstrated toxicity assistance with cardiac dysfunction when 

administered over a long period (Zeglinski et al., 2011). 

Breast cancer is usually a result of malignant breast cells spreading out of control (Barzaman et al., 2020). The most 

common cancer in women, breast cancer requires special care because it does not respond well to standard treatment 

(Miller et al., 2019). Breast cancer can be treated in a variety of ways, with several side effects, such as surgery, 

chemotherapy, radiation, and hormone treatment (Valencia et al., 2017; Waks and Winer, 2019). Limiting the toxicity of 

medications to normal cells by specifically targeting them is the optimum approach to treating cancer (Klochkov et al., 

2021).  

Furthermore, it is difficult to deal with the overexpression of certain proteins in tumor cells that leads to multidrug 

resistance. In this situation, the impact of chemotherapy is frequently significantly diminished. Radiation therapy is a type 

of local therapy that solely targets the tumor’s exact site. However, because of the harm done to the nearby healthy 

tissues, adverse consequences might happen. Given the negative effects of traditional cancer treatment methods, it is 

imperative to look for new and effective alternatives. 

 

Nanoparticles 

According to the International Union of Pure and Applied Chemistry, nanoparticles (NPs) are tiny particles with 

dimensions between 1 to 100 nm (Batista et al., 2015; Kantoff et al., 2017). These particles are suitable for materials science 

and biology because of their unique physical characteristics, which include conductivity, stability, and optical qualities. 

Nanoparticles exhibit effectiveness across various fields, including medicine, pharmacy, and many others like 

environmental science, energy, electronics, and biomolecules (Kausar et al., 2023). This is attributed to their versatile 

applications in optical, biological, and electronic domains, showcasing their wide-ranging impact. They are categorized into 

many groups according to their characteristics, dimensions, and forms (Khan et al., 2019).  

Targeted therapies stand out as the most efficient treatments for common cancers, surpassing other modalities like 

conventional chemotherapy. They offer advantages such as reduced side effects, enhanced viability, lower dosage needs, 

fewer adverse reactions, improved therapeutic indicators, and more precise, specific treatment goals (Senapati et al., 2018). 

Recent studies indicate that nanoparticles provide numerous advantages in tumor diagnosis and therapy. These benefits 

extend beyond medications and include applications in imaging agents and genes (Farokhzad et al., 2009). 

Over the past 20 years, the properties of NPs have led to the development of numerous NP-based therapy 

approaches in clinical trials. In this ongoing study, we assessed the efficacy of nanoparticles in treating cancer, comparing 

their effectiveness with alternative drug delivery strategies (Khan et al., 2023). 

 

Utilizing NPs (Nanoparticles) for Drug Delivery in the Field of Anticancer Treatment 

NPs have recently been acknowledge as potential carriers for medications. Drugs’ pharmacokinetic features are 

changed by using nanocarriers to increase their effectiveness and decrease their negative effects (Karra et al., 2012). These 

systems release the medications at precise locations and timings, thereby influencing the body’s pharmacokinetics and the 

processes of drug distribution (Tiwari et al., 2012). 

The special features of their structure can make therapeutic drugs work better. Drugs are released in the body, 

defending drug molecules, being smaller than cells, moving through biological barriers to reach specific targets, keeping 

drug active in bloodstream for longer, helping deliver drug to specific places, and being safe for the body (De Jong and 

Borm, 2008). 

Over the past fifty years, there has been a substantial evolution in the diversity of nanocarriers due to various 

developments in the disciplines of chemistry, biology, mechanics, polymers, and physics. As a result, a variety of carriers 

with distinct qualities have been brought into the medical sciences (Khan et al., 2017). 

Drug distribution is a method of delivering medication to the human body in the most effective manner (Shreyash et 

al., 2021). To produce a desired impact on the body, it entails a range of formulations, methods, and techniques, including 

but not limited to nanoparticles. The major goal is to get right amount of medication to the right location in the body 

without reducing quality in order to have a greatest possible benefit and avoid any negative side effects. The goal of 

methods including site-targeting and systematic toxicology is same (Blugarten, 1915). Although the available nanohybrids, 

particularly the ones used to treat malignancies, have prolonged bloodstream residence periods, extravasation (leakage) of 

nanoparticles is favored (Wang et al., 2018). The ability of nanoparticles to split into different fine sized inorganic particles 

is another advantage of using them as shown in Fig. 1.1. 

When a nanomedicine come in contact with white blood cells (WBCs), namely leucocytes, they determine whether the 

medicine will be absorbed or whether an immune reaction will be triggered against it (Diaz et al., 2008). Before they may 

be examined with TEM (transmission electron microscope) imaging, the observation necessitates several treatments which 

may change the organelles (Gupta et al., 2005). 

Different outcomes are elicited by nanoparticles of varying sizes. Mesoporous silica nanoparticles (MSNs) with round 
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shape and size of 100nm could not considerably break the membrane of red blood cells (RBCs), while bigger particles, 

measuring 600nm, induced a considerable disruption that might potentially result in hemolysis (Zhao et al., 2011). 

 

Fig. 1.1: (a) Nano hybrids, 

which are made of tiny 

inorganic nanoparticles, are 

used for effective cancer 

treatment. (b) Nano hybrids 

are utilized in cancer therapy  

 

 

The goal of using nanoparticles for medication distribution is to make sure that the pharmaceuticals are absorbed 

more by cancer cells that are targeted and less by healthy cells. To achieve this, targeting agents are used. 

Functionalization of nanoparticles has an impact on how they interact with cell membranes. Individual nanoparticles cross 

the membrane more easily than when they are clumped together. Over time, methods for assessing the efficiency of 

nanoparticles in cancer treatment have greatly improved. One study introduced the enhanced permeability and retention 

(EPR) effect. This concept came from research evaluating how well a protein polymer conjugate worked in preventing 

cancer (Matsumura et al., 1986). This investigation revealed that the conjugate accumulates more in tumor tissues 

compared to free proteins. The EPR effect (Fang et al., 2011) leads to a major increase in number of tumor cells. Figure 1.2 

shows how the EPR effect helps nanoparticles enter the tumor environment and enhances their therapeutic impact. 

 

 

Fig. 1.2: Drug loading mechanism in 

a tumor cell (A) Cells in normal state. 

(B) Cells that have tumors develop 

openings that let nanoparticles move 

out of the blood vessels. Hyaluronic 

Acid  
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Hyaluronic acid, often known as hyaluronan or HA, is a glycosaminoglycan that is not sulfated and constitutes a 

significant component of the extracellular matrix. It is made up of β-N-acetylglucosamine (GIcNAc)-(1-3)-β-glucoronic acid 

(GIcA)-(1-4) repeating units. An increasing number of studies suggest that HA is involved in a number of biological 

processes, including cell adhesion, migration, and proliferation (Viola et al., 2015; Liang et al., 2016). 

HA- mediated motility receptors (RHAMM), toll-like receptors (TLRs), lymphatic vessel endothelial hyaluronan 

receptors (LYVE1), and cluster of differentiation 44 (CD44) are cell surface receptors that have been found to intact with HA 

(Hardwick et al., 1992; Banerji et al., 1999; Calikoglu et al., 2003; Tesar et al., 2006). Recent studies has shown that HA plays 

a vital role in the formation, dissemination, metastasis, and progression of cancer (Bharadwaj et al., 2007; Kothapalli et al., 

2008; Weigel et al., 2017). 

Breast cancer is the most frequent type of cancer among women worldwide, accounting for 25% of all cases (Nave et 

al., 2006; Seigel et al., 2018). Because the cancer cells in triple-negative breast cancer (TNBC) do not express HER2, 

progesterone receptors, or estrogen receptors, it is a high-grade, aggressive form of breast cancer that frequently has a 

high patient death rate (Heldin et al., 2013). Numerous investigations have shown that HA controls the development and 

invasions of tumor cells both in vivo and in vitro (Bourguignon et al., 2010; Tolg et al., 2014; Yang et al., 2015). 

The naturally occurring polysaccharide HA binds attractively to CD44 receptors that are overexpressed on a variety of 

malignant cells. An increasing body of studies suggests that HA oligosaccharides (HAOs) demonstrate unique biological 

effects not found in native hyaluronic acid. Additionally, research indicates that the bioactivity of HAOs differs from that of 

HA, particularly in the context of cancer advancements. It has been observed that HA oligomers prevent tumor growth in 

vivo (Zeng et al., 1998).  

Hyaluronic acid (HA) is a glycosaminoglycan biopolymer that is mostly found in biological creatures’ connective, 

epidermal, neural, and joint tissues (Fraser et al., 1997). Additionally, it acts as the primary constituent of the extracellular 

matrix (Toole and B.P., 2009). In medical contexts, HA finds frequent application in addressing osteoarthritis and healing 

skin wounds. Moreover, due to its ability to readily attach to the CD44 receptors found on tumor cells (Holmes et al., 1988; 

Mattheolabakis et al., 2015), HA is employed as a material for targeting tumors (Kahmann et al., 2000; Toole and B.P., 

2009).  

HA maintains exceptional viscoelasticity even after absorbing water, making it valuable for retaining skin moisture and 

managing osteoarthritis (Kablik et al., 2009). Nevertheless, natural HA has a high viscosity and a molecular weight of about 

2000 kDa, which makes it difficult to inject into blood arteries in humans. As a result, numerous research teams have 

examined the physiological characteristics of low-molecular-weight-hyaluronic acid (ranging from 80 to 800kDa) (Cowman 

et al., 1996; Sun et al., 2011). Research indicates that low-molecular-weight hyaluronic acid (LMWHA) may have beneficial 

impacts on the wound healing process, immune system function, and formation of new blood vessels (Huang et al., 2019). 

Hyaluronic acid (HA) and magnetic nanoparticles combined have demonstrated potential as a contrast agent for 

tumor magnetic resonance imaging (MRI), with a focus on CD44 receptors on tumor cell surfaces (Zhang et al., 2014). 

Although progress in understanding the targeting efficiency and functionality of low-molecular-weight hyaluronic acid 

nanoparticles (LMWHA-NPs) through in vitro and in vivo experiments, their physical properties, particularly dynamic 

viscoelasticity, remain unexplored. To fully harness LMWHA-NPs as an injectable MRI contrast medium, it is essential to 

synthesize and characterize LMWHA with precise molecular weights and reduced viscosity. Current methods for producing 

LMWHA involve either physical techniques (e.g., ultrasonic, ozone) or chemical approaches (e.g., enzymatic and acid 

degradation) to break down high-molecular-weight hyaluronic acid (HMWHA) (Zhong et al., 2019). 

 

Fe3O4 Nanoparticles 

Recently, significant advancements have been made in the use of Fe3O4 nanoparticle (Fe3O4 NPs) in medical sectors, 

including magnetic resonance imaging (MRI) (Guo et al., 2018), medication or gene administration (Cazares et al., 2017), 

treatment for magnetic hyperthermia (MHT) (Albarqi et al., 2019), and bimolecular separation and cleansing (Das et al., 

2010). Studies have investigated how well Fe3O4 NPs work in magnetic hyperthermia treatment for various cancer types, 

including neck, head, brain and liver cancers (Jordan et al., 2006; Wang et al., 2012; Attaluri et al 2015). The underlying 

principle of this technique is that, when there is elevated to between 42 and 45C, malignant cells exhibit greater sensitivity 

to temperature rise than normal cells.  

Magnetic hyperthermia therapy (MHT) involves delivering magnetic nanoparticle (MNPs) as heat bases to tumor tissue 

through systemic injection. Exposing the tumor tissue to high-frequency magnetic fields subsequently induces heat 

generation by MNPs through hysteresis losses. This thermal effect has the potential to cause damage to or eliminate 

cancer cells. 

Iron Oxide nanoparticles (Fe3O4 NPs) are highly promising due to their exceptional superparamagnetic and 

biocompatible properties. Importantly, NPs exhibit the phenomena of superparamagnetic, in which they become fully 

magnetized and do not retain any residual magnetic interaction once the external magnetic field is removed (Mahmoudi et 

al., 2011). Numerous biomedical applications, including drug administration, magnetofection, and hyperthermia, hold 

promise for these magnetic iron oxide nanoparticles. These NPs have also been demonstrated to have cytotoxicity against 

cancer cells in addition to these characteristics (Calero et al., 2015; Vinardell et al., 2015). On normal cells, however, Fe3O4 

NPs exhibited little to no effect, consistent with earlier research (Sato et al., 2013). 

While the mentioned research utilized experiments with cells in a lab (in vitro) and live animals (in vivo) to evaluate 
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how well LMWHA-NPs targeted and performed, they didn’t focus on physical properties of the particles, especially their 

dynamic viscoelastic features. As a result, it is extremely important to synthesize and characterize LMWHA with a specific 

molecular weight and low viscosity for use as an injectable contrast agent for MR imaging. The primary bonds of HMWHA 

are broken by two main processes used in the current manufacturing of LMWHA: physical methods (such as heat 

treatment, gamma rays, ozone, electron beams, and ultra-sonication) and chemical procedures (such as enzymatic and acid 

degradation) ( Hokputsa et al., 2003; Choi et al., 2010; Chen et al., 2019). 

Among these techniques, γ-ray irradiation demonstrates Newtonian liquid behavior and notably decreases the 

dynamic viscosity of generated LMWHA when subjected to an applied share rate (Zhang et al., 2014; Huang et al., 2019). 

This greatly increases the viability of LMWHA as an injectable tumor-targeting therapy. 

 

Conclusions 

The synthesis of LMWHA was achieved through the utilization of gamma ray technique in this work. Scientists 

performed a comprehensive examination of biological and characteristics of LMWHA-Fe3O4 nanoparticles after merging 

superparamagnetic Fe3O4 nanoparticles with LMWHA. Various techniques were employed, such as superconducting 

quantum interference devices, electrophoretic light scattering, X-ray diffraction (XRD) and viscosity testing. Additionally, 

the capacity of LMWHA-Fe3O4 NPs to specifically target MCF7 breast cancer cells was assessed through the use of the 

thiocynate method and time-of-flight secondary ion mass spectrometry (TOF-SIMS). 
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ABSTRACT   

The development and implications of nanoparticles synthesis is an emerging field that covers a wide range of 

applications. It plays a major role in the development of innovative methods to produce new products to suitable 

existing production equipment and to reformulate new material and chemicals. The nanoparticles are classified usually 

into organic, inorganic and carbon based on their nature. They can also be classified on the basis of dimension into zero, 

one, two and three-dimensional nanoparticles. Nanotechnology has been efficiently and successfully used in the field of 

biomedical sciences. Currently, hundreds of nanoparticles are known and have found their applications in cancer therapy, 

gene delivery, treatment of cardiovascular diseases, dentistry, drug delivery, molecular imaging, biosensors, orthopedic 

infection regenerative medicine and infectious diseases, etc. The following chapter deliberates on nanoparticles, their 

classification, their applications in the biomedical science, and future perspectives are also briefed. 
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INTRODUCTION 
 

The current progression in the biomedical field is the result of the progress of the synthesis and application of 

nanoparticles. Nanoparticles also refer to as “zero-dimensional” nanomaterials, can be easily synthesized and modified so 

that they have new electronic, optical, magnetic, medical, catalytic, and mechanical properties. Such a powerful 

modification results in a high surface-to-volume ratio and quantum size effect, which depend greatly on their structure, 

size and shape (Khursheed et al., 2022). Nanoparticles are referred to as solid particles having a size within in the range of 

10-100 nm. The nanocapsules and nanoparticles can be produced by using different preparation methods. The drugs are 

usually encapsulated, dissolved, entrapped, or attached to a nanoparticle matrix (Langer, 2000). Nanotechnology referred 

to the technology that is involved in the development and study of nanoscale-level matter their function and organization 

(Boulaiz et al., 2011; Jeevanandam et al., 2018). This chapter’s purpose is to highlight the major contributions of 

nanoparticles to modern medical science. 

 

Background History 

It is quite difficult to exactly date back to the era when nanosized substances were first utilized by humans. However, 

the history of utilization of nanomaterial is not new. It is evident that approximately 4500 years ago nanofibers had been 

used to stiffen a mixture of ceramics (Heiligtag and Niederberger, 2013). In 1959 during the annual meeting of the 

American Physical Society, the concept of nanotechnology was introduced by Richard Feynman an American Nobel Prize 

physicist in his speech. This was the first time when nanotechnology was discussed at the academic level (Langer, 2000). 

About 4000 years ago, lead sulphide (PbS) nanoparticles were used in hair-dyeing formula by ancient Egyptians (Walter et 

al., 2006; Jeevanandam et al., 2018). In the fourth century, Romans were producing the “Lycurgus Cup” which is a dichroic 

cup. In direct light, it looks like a jade (green gemstone) while under transmitted light it gives a luminous ruby color. The 

variations of color were due to the presence of silver and gold nanoparticles and incident light (Freestone et al., 2007). 

Nanotechnology is considered the most promising technology of the 21st century (Emerich and Thanos, 2003). 

 

Need for Nanotechnology in Biomedical Science 

The discoveries in the field of nanotechnology and nanomedicine are massive and widespread. Nano drugs have 

undergone remarkable modifications, pushing the creativeness of the drug to a novel level with noteworthy healthcare 

results. Still there is a significant need to study the substantial capabilities of nanotechnology in the healthcare sector. In 

medicine, wide-range research is conducted to find best practices and methods to be used in cancer therapy, nephrology, 

gene therapy and cardiovascular disease. Remarkable development and improvement in the traditional treatment, along 
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with the improvement in the quality of nanotechnology and nanoparticles leads to stirring results (Vishwakarma et al., 

2013; Keskinbora and Jameel, 2018). 

 

Classification of Nanoparticles 

The nanomaterials are classified on the basis of (a) nature and (b) dimension (Fig. 1).  

 

Classification of Nanoparticles based on Nature 

Based on nature, the nanoparticles typically fall into three categories which are the following  

 

Organic Nanoparticles 

Organic nanoparticles include liposomes, dendrimers ferritin and micelles etc. Organic nanoparticles have some 

unique characteristics such as they are nontoxic, biodegradable and some organic nanoparticles have a hollow core i.e. 

liposomes and micelles are which recognized as nanocapsules and are sensitive to heat and light (Tiwari et al., 2008). These 

unique properties make them a perfect choice for drug delivery systems. Organic nanoparticles are extensively used in the 

field of biomedical sciences for example in drug delivery system as well as in targeted drug delivery.  

 

Inorganic Nanoparticles 

Nanoparticles not made up of carbon are commonly known as inorganic nanoparticles. The inorganic nanoparticles 

are further categorized into metal based and metal oxide based inorganic nanoparticles.  

 

Metal based 

The synthesis of nano-sized particles from metals is known as metal based inorganic nanoparticles. Either constructive 

or destructive methods are used in the production of metal-based nanoparticles. Nearly the nanoparticles of all the metals 

can be synthesized (Salavati-niasari et al., 2008). Silver (Au), gold (Au), aluminium (Al), copper (Cu), lead (Pb), cadmium (Cd), 

zinc (Zn), iron (Fe) and cobalt (Co) are the most commonly used metals for the synthesis of the nanoparticle.  

 

Metal Oxides based 

The synthesis of nano sized particles from metal oxides is known as metal oxide based inorganic nanoparticles. 

Their synthesis modifies the properties of their particular metal-based nanoparticles. Iron oxide (Fe2O3) is one good 

example where under aerobic conditions, the iron (Fe) nanoparticles are instantaneously oxidized into iron oxide 

nanoparticles at room temperature. This conversion increases the reactivity of Fe 2O3 nanoparticles compared to the 

Fe nanoparticles. Mainly due to high efficiency and increased reactivity metal oxide-based nanoparticles are 

synthesized (Tai et al., 2007). Iron oxide (Fe2O3), Zinc oxide (ZnO), Silicon dioxide (SiO2), Aluminium oxide (Al2O3), 

Titanium oxide (TiO2), Cerium oxide (CeO2) and Magnetite (Fe3O4) commonly used metal oxides for the synthesis of 

nanoparticle 

 

Carbon based 

Entirely, carbon-made nanoparticles are recognized as carbon-based nanoparticles (Bhaviripudi et al., 2007). Carbon 

nano-tubes (CNT), carbon black, fullerenes, carbon nanofibers, graphene, carbon nanofibers and occasionally activated 

nano-sized carbon are included in carbon-based nanoparticles.  

 

Classification of Nanoparticles based on Dimension 

Nanoparticles have numerous dimensions. Siegel also classified nanoparticles on the basis of dimension into four 

types such as zero-dimensional, one-dimensional, two-dimensional and three-dimensional nanoparticles. (Jeevanandam 

et al., 2018). 

 

Zero-Dimensional Nanoparticles 

The nanoparticles that with no dimension larger than 100 nm (nanoscale) are known as zero-dimensional 

nanoparticles. They are the most common type of nanoparticles. These are small point-like particles. The most common 

examples include Quantum dots, nano lenses and hollow spheres (Jeevanandam et al., 2018). 

 

One-Dimensional Nanoparticles 

The nanoparticles having at least one dimension that is larger than 100 nm (nanoscales) while other dimensions are 

within nano scale range are known as one-dimensional nanoparticles. The most common examples include nanotubes, 

nanofibers and nanorods (Jeevanandam et al., 2018). 

 

Two-Dimension Nanoparticles 

The nanoparticles having two dimensions that are larger than 100 nm (nanoscales) while other dimensions are within 

nano scale range are known as two-dimensional nanoparticles. The most common examples include nanocoating, 

nanofilms and nanolayers (Jeevanandam et al., 2018).  



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

182 

 

 

Fig: 1: Classification of nanoparticles  

 

Three-Dimensional Nanoparticles 

The nanoparticles having three dimensions that are larger than 100 nm (nanoscales) while other dimensions are within 

nano scale range are known as two-dimensional nanoparticles. These particles have numerous applications and are usually 

nonporous. The most common examples include multi nano-layer type structure, nanocomposites and bundles of 

nanofibers (Jeevanandam et al., 2018).  

 

Applications of Nanotechnology in Biomedical Science 

Nanoparticles have a large number of applications in the biomedical field (Table. 1). Some of these applications are 

discussed here.  

 

Nanoparticles used in Cancer Therapy 

In clinical trials, the nanomedicines used for the cancer treatment are considered to be the most important application 

(therapeutic) of nanoparticles among others. Many different formulations of nanoparticles are clinically approved to be 

used in the treatment of various cancers at different stages.  

Remarkably, all of these systems but one such as Abraxane are liposomal systems that encapsulate an ant cancerous 

drug. The first cancer nanomedicine approved by FDA, in 1995 was Doxil. It was a PEG (polyethylene glycol) liposomal 

doxorubicin formulation (Barenholz, 2012). Soon after this, other formulations of liposomes were approved by the Food 

and Drug Administration (FDA) such as liposomal vincristine (Marqibo), liposomal daunorubicin (DaunoXome), and most 

new liposomal irinotecan (Onivyde) (Fox, 1995; Silverman and Deitcher, 2013; Carnevale and Ko, 2016). While non-

PEGylated liposomal mifamurtide (MEPACT) and liposomal doxorubicin (Myocet) were approved by the European 

Medicines Agency (EMA) (Leonard et al., 2009; Ando et al., 2011). Abraxane, a paclitaxel albumin-bound nanoparticle is 

recently approved lone nonliposomal nanoparticle system for the treatment of cancer nanoparticles (Miele et al., 2009). 

Except, for Doxil and Onivyde most of these drugs formulations are not PEGylated (Chang et al., 2015; Otsuka et al., 2003; 

Suk et al., 2016; Gref et al., 1994). Furthermore, despite preclinically proven advantages of active targeting, all of these drug 

formulations are passively targeted, having no chemical or active based targeting moieties; (Wang et al., 2012; Byrne et al., 

2008; Peer et al., 2020). It is expected that the other advantages, especially their reduced toxicity restricting their ability to 

specially accumulate at the site of the tumor and limit side effects on non-target area through the enhanced permeation 

and retention (EPR) effect (Maeda, 2012). 
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Nanoparticles in Gene Delivery 

In the case of polynucleotide-based vaccines, the relevant genes are delivered, encode a specific antigen to the host 

cells, expressed and produce antigenic protein within the locality of original antigen presenting cells to trigger 

immunological response (Gurunathan et al., 2000). However, the applications of polynucleotides have been limited due to 

numerous issues associated with their delivery. Plasmid DNA-loaded nanoparticles could also serve as an effective 

sustained release gene delivery system because of their speedy escape to the cytoplasmic potion from the degradative 

endo-lysosomal portion (Panyam et al., 2002). This strategy of gene delivery could be applied to enable bone healing by 

using poly (lactic-co-glycolic acid) (PLGA) nanoparticles comprising therapeutic genes i.e. bone morphogenic protein 

(Hadley et al., 1998). 

 

Nanoparticles used in the Treatment of Cardiovascular Diseases 

Several kinds of nanoparticles are broadly utilized in the site-specific delivery of cardioprotective drugs for the 

treatment of cardiovascular diseases (CVDs). Gold (Au) nanoparticles are one among them. They have extensively used 

nanocarriers for the delivery of drugs (cardioprotective) to treat CVDs (Zhang et al., 2018). Clinical drugs are reported to 

have high efficacy and accuracy in combined form. One such example is combine cardioprotective effect of gold 

nanoparticles and simdax are far superior to their effect (Spivak et al., 2013). Liposomes, spherical nanoparticles have a 

bilayer structure composed of natural lipids or synthetic cholesterol. Biological benefits and delivery systems can be 

improved by using them in conjugated form with peptides or proteins (Mufamadi et al., 2011; Maurer et al., 2001). The first 

FDA-approved liposomal therapeutic drug prescribed to patients is Doxil (Liposomal doxorubicin). It is used in the 

treatment of different types of cancers (Hamilton et al., 2002). A study conducted by Basu (2018) reported that in cardiac 

grafting starburst dendrimers can be used for genes transfer (DNA or RNA).  

 

Nanoparticles in Dentistry 

Teeth are present inside the buccal cavity and consist of different parts like enamel, pulp, dentin, cementum, and 

periodontal ligament. The teeth are used to cut and crush food thus, aiding the process of swallowing and digestion 

(Tortora and Derrickson, 2018). In dentistry, nanotechnology using nanoparticles acts as a promising approach that can 

help in the prevention, shortening of treatment duration and in the eradication of oral related problems i.e. dental caries, 

periodontal disease, oral candidiasis, and hyposalivation (Ghafar et al., 2020). Typically, the fluoride level in the buccal cavity 

is greatly increased by using nanoparticles of calcium fluoride (CaF2NPs). According to Kulshrestha et al. (2016) CaF2NPs 

inhibit exopolysaccharide production by Streptococcus mutans. Nanotechnology is capable of overcomig such 

complications (Niemirowicz et al., 2017). Periodontal is an infectious disease that occurs due to the imbalancement 

between the colonization of pathogenic bacteria and the immune response of the host toward infection (Bao, 2018). 

Azithromycin and clarithromycin conjugated with silver nanoparticles are reported to have an efficient synergistic effect 

against microorganisms that cause periodontal infection (Emmanuel et al., 2015). 

 

Nanoparticles in Drug Delivery 

Nanoparticles and nanomaterials are progressively being sightseen for their possible applications in the field of 

medicine. Drug delivery is one such promising application. Nanoparticles are used as carriers in delivering of drugs to 

precise cells or tissues in the body. Nanoparticles can be engineered, having particular surface properties, enabling them to 

target diseased cells selectively and avoid healthy cells. Thus, increasing their efficiency and decreasing the side effects of 

drugs (Huang et al., 2010). In the research field, the widely used nanoparticles for therapeutic purposes comprise 

encapsulated mRNA (siRNA) or DNA (in gene therapy), metal complexes and inorganic metal, or chemotherapeutic agents 

with pharmacological capabilities (Khurana et al., 2019; Sharma et al., 2022). 

 

Nanoparticles in Molecular Imaging 

In molecular imaging, nanoparticles have great potential and formed a new set of diagnostic tools (Jokerst et al., 

2011). There are different molecular imaging (MI) techniques, comprising of magnetic resonance imaging, ultrasound 

imaging, optical imaging, computed tomography and nuclear imaging and imaging with theranostics nanoparticles. The 

efficacy of ultrasound therapy can be enhanced by using distinct sound-active materials such as nanoparticles (Janib et 

al., 2010). From a clinical view, magnetic resonance imaging (MRI) is one of the most significant and non-invasive 

diagnostic tools for monitoring of disease (Shubayev et al., 2009). Currently, a multipurpose liposome incorporated with 

gadolinium-DOTA (MRI distinct agent) functionalizing with anticancer drugs such as αvβ3 integrin (targeted peptide) 

and paclitaxel was developed by the Xin Zhou group (Ren et al., 2015). Computed tomography (CT) is a documented 

and widely used technique that permits spatial imaging of tissues, providing comprehensive visualization of anatomy.  

Korean researchers designed gold nanoparticles (GNP) designed for the immediate therapy and imaging of prostate 

cancer (Kim et al., 2010). 

 

Nanoparticles as Biosensors 

Various types of nanoparticles are used as biosensors components. Mostly they work as probes identifying, and 

discriminating an analytical interest for screening and diagnostic purposes. Such approaches involve the attachment of 
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nanoparticles with biological molecular species through an exclusive modification process. The probes are used to bind 

with the sample and also signal the target’s presence on the basis of their mass, color and other physical properties. 

Quantum dots, metallic nanobeads, nanobarcodes, carbon nanotubes, magnetic beads and silica nanoparticles-based 

biosensors are capable of to be skilled to the nanoprobe’s group. Some other biosensors use nanoparticles in a different 

way (Kubik et al., 2005). 

 

Table 1: Applications of nanoparticles in biomedical sciences 

Nanoparticle Application Reference 

Silver nanoparticles Reduce orthopaedic infections Jeyaraman et al., 2023 

High potential for use in the treatment of anticancer, 

antidiabetic 

Stasyuk et al., 2016 

Antifungal activity against Puccinia graminis tritci, 

Aspergillus flavus, Aspergillus niger and Candida albicans 

Terentyuk et al., 2014 

 

Antibacterial activity against Escherichia coli Seo et al., 2014 

Used to treat urinary tract infections (UTI) Jacob et al., 2011 

Antibacterial activity against Gram-negative and Gram-

positive bacteria 

Thakkar et al., 2010 

Gold nanoparticles Used in prostate cancer’s therapy and imaging Kim et al., 2010 

Poly(butylcyanoacrylate) Enable drug delivery to brain by crossing Blood-brain 

barrier (BBB) 

Kreuter, 2004 

Liposome Deliver siRNA to the tumor tissues Ozpolatet al., 2014 

Used to treat hepatitis B and hepatic fibrosis Bobbin and Rossi, 2016 

Enable drug delivery to brain by crossing Blood-brain 

barrier (BBB) 

Sato et al., 2008 

Pardridge, 2005 

Silver nanoparticles in glass ionomer 

cements (NanoAg-GIC) 

Antibacterial properties 

Inhibit growth of E. coli and S. mutans 

Paiva et al., 2018 

Silver and zinc oxide nanoparticles Inhibit growth of Mycobacterium tuberculosis Jafari et l., 2016 

Zinc oxide Used to treat a respiratory infection caused by Klebsiella 

pneumonia 

Reddy et al., 2014 

Aptamers and Au nanoparticle 

modified Morin pH-sensitive liposome 

(AptAu@MSL) 

Used in targeted drug delivery for cancer treatment Ding et al., 2020 

Gold nanoparticle (Au NPs) conjugated 

Gentamicin 

Used to treat of serious kind of microbial infection Yeluri et al., 2015 

Gold nanoparticle (Au NP) conjugated 

everolimus 

Used in Bronchiolitis obliterans syndrome to inhibit 

proliferation and increasing mesenchymal cell’s 

apoptosis 

Meloni et al., 2014 

Abraxane (albumin-based nanoparticle) Used in the treatment of breast cancer Kadri et al., 2024 

Miele et al., 2009 

Abraxane in combination with 

narmafotinib and gemcitabine 

Used in pancreatic cancer therapy Cock et al., 2024 

Pegylated Liposomal Doxorubicin 

(Doxil®) 

Used in the treatment of ovarian and breast cancer Perez et al., 2002 

Barenholz, 2012 

Simdax, conjugated on Au 

nanoparticles 

Cardioprotective effect against doxorubicin-induced 

heart failure in rats 

Spivak et al., 2013 

Liposomal vincristine (Marqibo), 

liposomal daunorubicin (DaunoXome), 

liposomal irinotecan (Onivyde) 

Used in cancer treatment Silverman and Deitcher, 

2013 Carnevale and Ko, 

2016 

Plasmid DNA loaded nanoparticles Used in gene delivery Panyam et al., 2002 

Dendrimers Used to transfer in cardiac grafting Basu, 2018 

Quercetin loaded PLGA nanoparticles Used to prevent CVDs Zhang et al., 2018 

Calcium fluoride nanoparticles Inhibit exopolysaccharide production by Streptococcus 

mutans 

Kulshrestha et al., 2016 

 

Nanoparticles in Orthopedic Infection 

In orthopaedic infections, unreasonable and continued use of antibiotics is a major threat that leads to the 

development of antimicrobial resistance. In the field of orthopaedics, implant infections can be reduced by silver 

nanoparticles (AgNP) (Jeyaraman et al., 2023). The orthopaedic implants have been modified by using silver nanoparticles 

that increases antimicrobial effects through various processes i.e. plasma electrolytic oxidation, plasma immersion ion 

implantation (PIII), 3DP-Ag-containing scaffolds and magnetron sputtering (Qing et al., 2018). 
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Nanoparticles in Infectious Diseases 

The diseases caused by bacteria, viruses, fungi and parasites are known as infectious diseases. Globlly, many deaths 

occurred due to these infectious diseases. The treatment and control of these infectious diseases are difficult as they 

undergo drug resistance (Fauci and Morens, 2012; Morens and Fauci, 2013; Parrish et al., 2008). Metal-based nanoparticles, 

have been utilized to treat infectious diseases. Metal-based nanoparticles are usually small-sized ranges between 10–100 

nm enabling their efficient interaction with biomolecules on the surface of cell or inside the cell (Mody et al., 2010). 

Mycobacterium tuberculosis, a bacterium causes an infectious disease of lungs known as Tuberculosis. The use of 

antibiotics against tuberculosis for extended period of time leads to drug resistance thus, hindering treatment. The growth 

rate of Mycobacterium tuberculosis can be inhibited by using mixture of silver and zinc oxide nanoparticles (Reddy et al., 

2014). 

 

Conclusion 

The future potential of nanotechnology in the sector of medicine and healthcare is very vast. This technology has 

revolutionized our mode of diagnosis, treatment and disease preventions. In nanotechnology the materials are 

manipulated at a very small scale substantially varying the properties of materials from their bulk complements, enabling 

specific control of their biological, physical and chemical properties. Thus, opening new ways for the development of 

innovative therapies, highly sensitive diagnostic tools and targeted drug delivery systems. Moreover, nanoparticles can also 

be used to increase the efficiency of current drugs by enhancing their stability, bioavailability and solubility, stability. 

Furthermore, devices and sensors that are nanotechnology-based can be used in monitoring the health of patient in real-

time, allowing early detection and improved personalized treatment plans. In the future, nanotechnology may even 

develop nanorobots that can move through the bloodstream, navigate the target and cause the destruction of cancer cells 

or deliver a precise load of drugs at a specific tissue. 
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ABSTRACT   

Nanotechnology, an innovative technology operated at the nanoscale that has a great scope of applications as well as 

a socioeconomic potential in the poultry sector. This chapter provides an overview of nanotechnology and provides the 

basic concepts about nanotechnology, nanoparticles, nano-biosensors, nano-carriers vaccines, nano-minerals, essential 

oils, and nano-emulsions. Moreover, nanotechnology is an emerging field in poultry science, it plays a vital role in 

poultry nutrition. Nano-minerals and nanoencapsulation can improve the bioavailability and absorption of essential 

nutrients and improve the gut health and immunity of broiler birds with disease resistance to antimicrobial meat 

packaging and overall flock health. Nano-carriers are used for the targeted delivery of vaccines and antibiotics 

described with problems and solutions of nano-carrier based vaccine in poultry, moreover, nano-carriers play a vital 

role in early chick detection. This chapter highlights the nanoparticles improve the hygiene of poultry houses, 

challenges, prospects, and recent emerging trends like gene editing and target genes. The advantages of 

nanotechnology as traditional methods are described as well. 
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INTRODUCTION 
 

Nanotechnology is widely regarded as one of the most promising technologies in the 21st century. Nanotechnology is 

an emerging field in poultry sciences and can be possibility defined as the process of designing, characterization, 

producing, and application of structures, by controlling shape and size at the nanoscale (1-100 nm) at least in one 

dimension (Bayda et al., 2020). Nanotechnology is commonly associated with nanoparticles which are antimicrobial activity, 

cytotoxicity from reactive oxygen species (ROS), and genotoxicity. Various factors, such as size, shape, dose, and 

concentration, have been shown to influence the effects of nanoparticles (Rawat et al., 2018). The mode of action 

associated with nanoparticles in poultry is as explained Fig 1. 

The two approaches used to form nanoparticles are top down and bottom-up (Sadr et al., 2023). In the Bottom-Up 

approach (Fig 2), Plasma arcing is used which relies on ionized gas atoms, which require a high energy level to remove an 

electron from its valence shell and create a positively charged atom. This process ensures an overall state of neutrality. 

Another method in bottom-up is the Chemical vapor deposition process in which the Reactants are transported onto the 

growth surface and chemical reactions take place on the growth surface and by-products formed by the gas-phase 

reaction are removed and the nanoparticles are generated. In Molecular beam epitaxy thermal molecular and atomic 

beams are directly onto a heated substrate under ultra-high vacuum conditions to produce nanoparticles. In Self-assembly 

bottom-up method atoms or molecules come together under equilibrium conditions to form a stable and well-defined 

nano-phase through non-covalent bonds to form nanoparticles (Kumar et al., 2018). Different type of material is used in 

the preparation of nanoparticles which include polymers such as copper particles, zinc oxide particles, gold, silver, chitosan, 

polyethylene glycol, and inulin are effectively used. The materials such as liposomes, fullerenes, solid lipids, nano-

mailto:dr.iqzaheer@gmail.com
https://doi.org/10.47278/book.CAM/2024.159
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emulsions, bulky tubes, magnetic ions oxide, and metallic particles also play a carrier role in the field of nanotechnology (Sadr et 

al., 2023). 

  

Fig. 1: Mode of Action of Nanoparticles (Suk 

et al., 2016). 

 

 

The top-down method (Fig 2) begins with macroscopic structures that are converted to nanoparticles through a series 

of activities. The method includes material grinding by externally controlled tools to cut, grind, and shape materials into 

nanoscale structures except for soft materials. There are different methods of top-down approach but Mechanical milling 

is a widely used method in which the rotatory tools are used to generate shear force which produces nanoparticles. Nano-

lithography is another process that uses optical, electron-beam, multi-photon, nano-imprint, and scanning probe 

lithography to break large particles into nanoparticles another method used is the Arc Discharge method in which a 

chamber containing 2 graphite rods, and helium pressure is used to produce nanoparticles from larger molecules. In 

sputtering nanoparticles are produced by hitting solid particles with high energy (Kraft et al., 2014) particles such as 

plasma or gas. As the advances continue in nanotechnology laser ablation method also gets it ground in which 

nanoparticles are produced by striking the target material with a strong laser beam another method that is effective works 

in the field is the Pulse wire discharge method in this method metal wire is exposed to pulsing current which evaporated 

and vapor is cooled by ambient gas to produce nanoparticles (Altammar, 2023). 

Nanotechnology is becoming more popular in modern animal production systems than traditional methods due to 

several advantages. The nanotechnology has provided efficient drug delivery compounds with better safety profiles, better 

quality of feed additives with no drug resistance complications, and minimized the usage of antimicrobials. The 

nanotechology-based compounds are an eco-friendly and economically viable options for animal production industry 

(Malik et al., 2023) as discussed in Table 1. 

 

Role of Nanoparticles in Poultry Nutrition  

The feed additives used in the poultry industry are costly and good quality ingredient availability is a challenge (Sayee 

et al., 2019). The anti-nutritional factors present in feed ingredients cause low utilization of nutrients and most nutrients 

are excreted undigested (Kiarie and Mills, 2019). Nanotechnology is opening an exciting possibility in the field of nutrition 

by enhancing nutrient delivery and bioavailability by improving the digestion of nutrients. Some nutrients are poorly 

soluble and some are highly degradable losing their nutritional potential to resolve this issue and improve their absorption 

nanoparticle play a role as nano-carriers such as liposomes which increase the solubility of a nutrient and increase their 

absorption, they also protect against degradation of nutrient by forming a protective covering around them and deliver 

them to a particular site for absorption in this way they carry a particular nutrient to a specific site without being wasted or 

utilized by other organ (Van Tran et al., 2019). 

 

Role of Nanotechnology in Bioavailability and Nutrient Utilization of Essential Nutrients 

Nano-encapsulation aims to enhance the solubility of insoluble ingredients by binding them, protecting highly 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

191 

degradable nutrients with a covering, and transporting them to the absorption site intact. This process increases surface 

area for optimal absorption, ensuring prolonged availability. The nano-encapsulation can pass from small capillaries and 

barriers and then reach the brain and groan region. They remain longer in birds due to their small size and slow 

metabolism excretion (Barua and Mitragotri, 2014). 

 

 
 

Fig. 2: Nanoparticles production approaches through bottom-up and top-down methods (Kumar et al., 2018). 

 

Table 1: Advantages of using Nanotechnology over Traditional Methods 

Sr # Usage of 

Nanotechnology 

Nanotechnology advantages Traditional Methods limitations Reference 

1 Drug Delivery Enhance solubility, absorb-ability, 

bio-availability, and half-life of 

products. 

Limited by Conventional 

formulations 

Danchuk et al., 

2023 

2 Disease Prevention Smart technology for diagnosis and 

treatment of poultry diseases. 

Relies on traditional Vaccines 

and medications. 

Danchuk et al., 

2023 

3 Growth Promotion Nanoparticles are used as an 

alternative to antibiotics as growth 

promoters. 

Dependence on antibiotics can 

lead to resistance. 

Gelaye, (2023).  

4 Feed Additives Improve growth rate, performance, 

immunity, and resistance to 

pathogens. 

Less targeted and efficient feed 

additives. 

Gelaye, (2023).  

5 Animal Product Quality 

control 

It enhances meat quality and can 

reduce supplemental doses of 

minerals. 

Animal product quality 

depends on varied factors, 

therefore less controlled. 

Mekonnen, G. 

(2021).  

6 Environmental Impact Nanoparticles are used without 

affecting animal health and welfare. 

Greater environmental 

footprint. 

Poddar and 

Kishore, (2022).  

7 Cost Efficiency Potential to reduce costs and 

enhance final product quality. 

Higher costs due to less 

efficient processes. 

Malik et al., 2023 

 

Role of Nanominerals in Poultry Production 

In poultry, dietary minerals are essential for immune function and gastrointestinal health. They function as vital 

components and mediators of numerous physiological processes, influencing everything from the formation of immune 

cells to the integrity of the gut barrier. Minerals like zinc, calcium, and magnesium contribute to maintaining the tight 

junctions between intestinal cells, fortifying this barrier. Minerals like copper, manganese, and selenium are essential co-

factors for enzymes involved in digestion. They help break down complex nutrients in feed for proper nutrient absorption 

and gut health. Minerals like manganese or chromium can promote the growth of beneficial bacteria, creating a healthy 
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gut environment. Zinc, iron, and selenium are crucial for the development and function of immune cells. Selenium and 

manganese act as antioxidants which neutralize harmful free radicals. Zinc and copper have anti-inflammatory properties 

(Sadr et al., 2023). Selenium nanoparticles improve growth performance, egg production, feed conversion ratio, immune 

response, and antioxidant status which enhance meat quality and intestinal microbiota (Abdel-Moneim et al., 2022). 

 

How Nano-minerals can Improve Mineral Absorption and Utilization? 

Regular dietary minerals have low absorption and utilization in the body which encourages scientists to explore the 

potential of nano-minerals to increase digestion. Essential minerals like iron, calcium, and magnesium often have low 

solubility and absorption in the digestive system. Nano-minerals, ranging from 1-100 nanometre, such as; silver, copper, 

and zinc (Vazhacharickal and Thomas, 2022) interact more effectively with water due to their smaller size, improving 

solubility and bioavailability (Table 2). To protect minerals from degradation by stomach acid, enzymes, or other factors, 

nano-minerals can be encapsulated in carriers such as liposomes or nanoparticles. Nano-minerals also offer targeted  

 

Table 2: Effect of various types of nanoparticles on poultry production 

Sr # Nano- encapsulation Dose Output/impact Reference 

1.  Silver- NPs 900 ppm/ kg 

diet 

Body weight gain and feed intake increase and FCR value 

decreases 

(Anwar et al., 

2019) 

 

 

2.  Gold- NPs  Growth performance increases 

3.  Copper-loaded chitosan 100 mg/kg 

diet 

Increased growth performance, 

Immunity improved, Protein synthesis increased, 

Beneficial cecal microbiota population increase 

4.  Zinc oxide- NPs 20 mg/kg 

diet 

Growth performance improves 

Anti-oxidative bio-marker increases 

5.  Montmorillonite- NPs 3 g/kg feed Decrease the toxicity of aflatoxins  

6.  Zinc- NPs 

 

80 mg/kg 

diet  

Increased egg production, Size, and shell quality of egg 

improve, 

Culminates oxidative stress 

(Abedini et al., 

2017) 

 

7.  Nano-encapsulated 

Ginger essential oil with 

chitosan 

100 mg/kg 

feed 

Improved weight gain, 

Growth of Lactobacilli population ileo-caecum 

appreciates, Mucin2 gene expression 

(Amiri et al., 

2021) 

8.  Curcumin-cinnamon 

essential oil nano-

emulsion 

Sprinkled on 

meat 

Decrease the total plate count (TPC), psychrophilic 

bacteria, yeast, and mold growth, and preserve the 

broiler meat from spoilage. 

(Abdou et al., 

2018) 

 

9.  Curcumin-garlic essential 

oil nano-emulsion 

Sprinkled on 

broiler meat 

The lowest values of total volatile nitrogen (TVN) show 

meat is fresh and protein does not degrade 

Low thiobarbituric acid (TBA) value which shows low lipid 

oxidation. 

Showed the best values for water-holding 

10.  Eugenol nano-emulsion 

(E. coli challenged) 

400 mg/kg 

feed 

BWG, FI, and livability, digestive enzyme level increases, 

Lactobacillus species count in cecum increases, 

Enterobacteriaceae and Bacteroid  count decrease, Bird 

challenged with E.coli strain show reduction in APEC O78 

loads with downregulation of papc, iron, iuta, 

and iss virulence genes  

(Ibrahim et al., 

2022) 

11.  Encapsulated trace 

mineral premix 

containing Zn, Cu, Mn, 

Fe, Se and I  

250mg/kg 

375mg/kg 

feed 

Same effects on poultry as organic and inorganic 

minerals but less excretion of mineral 

(Ramirez et 

al., 2022) 

12.  Encapsulated form of 

lactic acid VS 

encapsulated form 

 0.6%  Improved broiler performances 

Reduced intestinal pH, Increased intestinal villi length 

and reduced only the number of Salmonella sp 

 

(Natsir et al., 

2010) 

13.  Fe- NPs 

 

100mg/kg 

feed 

Egg quality traits, immune response and biochemical 

blood indices without negatively affecting productive 

performance traits in laying hens, Increase the per-

oxidation of egg lipids at this level. 

(Javadifar, et 

al., 2020) 

 

delivery in the intestine by attaching specific ligands to the nano-carrier for maximum absorption. These controlled release 

mechanisms optimize mineral efficacy (Barua and Mitragotri, 2014). The encapsulated nano-minerals improve the 

absorption and utilization of nutrients than traditional minerals (Sadr et al., 2023). 

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/lactobacillus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/plate-count
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/psychrophilic-bacteria
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/psychrophilic-bacteria
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/thiobarbituric-acid
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/water-holding-capacity
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Role of Nanotechnology in Poultry Health Management 

Challenges of Maintaining Hygiene in Poultry Houses 

Maintaining hygiene in poultry houses is a complex task that involves addressing various challenges such as bio-

security, waste management, ventilation, water quality, cleaning and disinfection, pest control, and worker hygiene 

practices (Pagar et al., 2020). Nanoparticles with antimicrobial properties, such as silver, copper, zinc oxide, titanium 

dioxide, and chitosan, have shown potential in surface disinfection due to their small size and high surface area-to-volume 

ratio. These nanoparticles can disrupt microbial membranes, interfere with cellular processes, and generate ROS that 

damage microbial DNA (Rai et al., 2009). TiO2 nanoparticles exhibit photo-catalytic activity when exposed to UV light, 

effectively killing bacteria and viruses. Airborne nanoparticles are also used for surface disinfection (Lara et al., 2010).  

 

Early Disease Detection Challenges 

Early disease diagnosis in poultry flocks is crucial for timely intervention and disease control, but it presents several 

challenges due to factors such as asymptomatic carriers, limited diagnostic tools, and the rapid spread of pathogens within 

flocks. Numerous diseases that affect poultry, like avian influenza and infectious bronchitis, can appear as sub-clinical 

infections, meaning that even if the birds carry the pathogens, they only exhibit minimal or no symptoms (Brown et al., 

2006). Numerous pathogens, such as bacteria, viruses, and parasites, may cause poultry diseases; precise identification of 

each requires specialized diagnostic testing (Bello et al., 2018). Particularly in the early stages of infection, traditional 

diagnostic methods like culture-based methods and serological assays may lack sensitivity and specificity, causing false-

negative or inconclusive results (Stärk et al., 2014). 

 

Role of Nano-sensors in Early Disease Detection 

Nano-sensors, have rapid and sensitive detection capabilities and have a lot of potential for in-field disease 

monitoring in poultry (Dhumpa et al., 2011). Nano-sensors generate a detectable signal such as fluorescence, 

electrochemical, or colorimetric changes that can be quantitatively evaluated after the target pathogen binds to the sensor 

surface (Lee et al., 2007). Early diagnosis and intervention are made possible by the sensitive detection of infections at low 

concentrations enabled by the signal transduction pathways (Stephen Inbaraj and Chen, 2016). Although nano-sensors can 

be reduced to micro or nanoscale dimensions, portable and point-of-care devices for pathogen detection on-site can be 

created (Yetisen et al., 2013). Portable nano-sensor platforms are suitable for environments with restricted resources or 

field applications because they offer rapid results and enable decentralized testing. Through the use of multiplexed 

detection techniques or arrays of different recognition elements, nano-sensors can be designed to detect multiple 

pathogens simultaneously. Multiplexed nano-sensor platforms enable comprehensive pathogen screening, identification 

of multiple infections, and efficient use of resources in diagnostic work flows (Guo et al., 2020). Bio-sensors can identify 

poultry products parameters like freshness, spoilage, and nutritional content in chicken meat which will ensure the quality 

of poultry products. Nano-biosensors are used in monitoring physiological parameters (Fig 3) including heart rate, 

temperature, and stress level (Sadr et al., 2023). 

 

 
 

Fig. 3: Nano-biosensors application quality control, food safety, disease detection and environment monitoring (Sadr et al., 

2023) 

Nano-carriers for Targeted Delivery of Vaccines and Antibiotics 

Challenges with Conventional Vaccines and Antibiotics 

Conventional vaccines and antibiotics are used extensively in poultry production to prevent diseases and treat 
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bacterial infections but there are several limitations that lower their efficacy and sustainability. Conventional vaccines may 

produce sub-optimal immune responses in poultry due to factors such as antigen degradation, poor immunogenicity of 

antigens, and interference from maternal antibodies (Marangon and Busani, 2007). Many conventional vaccines require 

strict temperature control throughout storage and transportation, posing logistical challenges in regions with limited 

access to the cold chain. Traditional vaccines often target a single antigen, limiting their ability to provide broad-spectrum 

protection against diverse pathogens or emerging strains. The onset of immunity after vaccination with conventional 

vaccines may be delayed, leaving poultry susceptible to infections during the vulnerable period post-vaccination (Rauw et 

al., 2009). Continuous misuse of antibiotics in poultry production has developed antibiotic-resistant bacterial strains, 

posing a significant threat to both animal and human health (Zhu et al., 2013). Conventional antibiotics can disrupt the gut 

microbiota of poultry, causing dysbiosis, poor nutrient absorption, and increased susceptibility to opportunistic pathogens 

(Oakley and Kogut, 2016). 

 

Nano-carriers as a Promising Solution to Conventional Vaccines and Antibiotics Challenges 

Nano-carriers offer significant advantages for enhancing drug delivery to specific target sites within the body, 

including good vaccine delivery, improved targeting capabilities, and controlled release profiles. Nano-carriers can protect 

drug molecules from degradation in the body, leading to increased bioavailability and prolonged circulation in the 

bloodstream (Torchilin, 2014). The danger of systemic toxicity and adverse effects can be decreased by encasing antibiotics 

inside nano-carriers, which will enhance antibiotics effectiveness (Anselmo and Mitragotri, 2019). By responding to 

particular stimuli at the target region, such as pH, temperature, or enzyme activity, nano-carriers can be made to release 

encapsulated drugs in a regulated manner (Meng et al., 2014) 

In 2014, Chinese scientists explored the encapsulation of the Newcastle disease virus (NDV) vaccine in chitosan 

nanoparticles, demonstrating enhanced mucosal immune responses and protection against NDV infection in chickens (Sun 

et al., 2014). Nanoemulsions and nanoparticles have shown promise in delivering poultry vaccines via oral or intranasal 

routes, offering convenient and effective administration in poultry farming (Jazayeri et al., 2021). 

 

Ongoing Research on Nano-carrier based Vaccines against Poultry Diseases 

 In 2017, Indian scientists investigated the development of polymeric nanoparticles as carriers for the Marek's disease 

virus (MDV) vaccine in poultry. The study focused on evaluating the immunogenicity and protective efficacy of the 

polymeric nanoparticle- encapsulated MDV vaccine in chickens (Reddy et al., 2017). In Iran, explored the use of chitosan 

nanoparticles as carriers for the NDV vaccine in poultry. The study investigated the immunogenicity and protective efficacy 

of the chitosan nanoparticle- encapsulated NDV vaccine in chickens (Mohammadi et al., 2021).  Most recently, the 

liposome-based vaccines for AIV in poultry showcased the increased stability and better immune responses elicited by the 

liposome-encapsulated AIV vaccine in chickens (Elbohy et al., 2024).  

 

Improved Bio-security and Sanitation 

Antimicrobial nano-materials have demonstrated significant potential to enhance poultry premises hygiene by 

efficiently inhibiting the growth of microorganisms that may infect poultry. Antimicrobial nanoparticles have the ability to 

reduce bacteria's adherence to surfaces, which reduces their ability to colonize and form bio-films (Sonawane et al., 2022). 

Metal and metal oxide nanoparticles are good antimicrobial agents i.e. Titanium dioxide and Zinc oxide (Elbourne et al., 

2017).  

 

Antimicrobial Meat Packaging  

A tremendous increase in the population and growing demand for meat has taken the poultry industry to the sky 

heights. Industry focused on the quality production and packaging of meat. Nanotechnology is used in food packaging 

which enhances antimicrobial properties, microbial barrier, and chemical, thermal, and mechanical properties of packaging 

materials. Nano- composites are used for packaging meat. Natural or synthetic bio-polymers like chitosan, cellulose, 

polyvinyl alcohol and polylactide nanoparticles are used in biodegradable packaging. Nano device-combined polymers 

such as bio-sensors are able to detect microbes and toxins in the packaging (Ramachandraiah et al., 2015). 

 

Emerging Trends and Future Prospects 

Research on gene editing using nanoparticles for improving poultry traits, such as disease resistance and feed 

efficiency, is promising. CRISPR/Cas9 technology allows for precise gene editing by targeting specific DNA sequences. 

Nanoparticles, like liposomes and polymeric nanoparticles, can efficiently deliver CRISPR/Cas9 components into poultry 

cells (Khwatenge and Nahashon, 2021). Gene editing can enhance disease resistance by modifying immunity genes, such 

as the CD163 gene, and improve feed efficiency by targeting genes involved in nutrient metabolism and utilization (Cheng 

et al., 2019). Nano-material coatings are being developed to improve hygiene, reduce disease transmission, and enhance 

poultry production efficiency. These coatings consist of nanoparticles dispersed in a matrix, such as titanium dioxide (TiO2), 

zinc oxide (ZnO), and silver nanoparticles. These coatings have antimicrobial properties and photo-catalytic activity, which 

can inhibit the growth of bacteria, viruses, and fungi on poultry house surfaces. Nano-material coatings also contribute to 

improved air quality by reducing dust accumulation. Research is focused on developing environmentally friendly coatings 
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that do not leach into the environment. Although initial costs may be higher than traditional methods, the long-term 

benefits, such as reduced cleaning and maintenance requirements, improved poultry health, and increased productivity, 

make them cost-effective in the long run (Lead et al., 2018). Nano-biosensors are a revolutionary approach to personalized 

nutrition in poultry, enabling real-time monitoring of physiological parameters and nutrient levels. These sensors can be 

integrated into feed delivery systems or implanted in birds to continuously monitor bio-markers. By analyzing these 

parameters, personalized feed formulations can be created to meet individual nutritional needs, leading to improved 

growth performance, feed efficiency, and overall health. By detecting early signs of health problems or nutrient 

deficiencies. Nano-biosensors can help prevent disease outbreaks and reduce antibiotic needs (Hill and Li, 2017). 

Nanotechnology in poultry production poses potential environmental and health risks, including toxicity, environmental 

release, and unintended consequences. If not managed properly, nanoparticles can cause environmental contamination, 

persist in soil, water, and air, and potentially enter the food chain. They may also contribute to antibiotic-resistant bacteria. To 

mitigate these risks, responsible development and application of nanotechnology in poultry production are essential, 

including thorough risk assessments, regulation of nanoparticles use, and best practices (Li et al., 2017). 

 

Conclusion 

Nanoparticles are highly promising technology with a wide range of applications in the poultry industry. However, 

their optimal usage still needs to be studied. Common modes of action associated with nanoparticles include antimicrobial 

activity, cytotoxicity induced by ROS, and genotoxicity. It is crucial to study how nanoparticles can effectively reduce 

disease prevalence in the poultry industry in order to achieve better growth, production, and the production of healthier 

and safer products. A recent study has shown that adding various dietary nanoparticles to poultry feed significantly 

improves growth, production, and the quality of meat and eggs. Additionally, incorporating these particles during the 

processing and storage of meat products enhances and maintains their quality. However, further research is needed to 

investigate the correct dosage, sizes, and shapes of these materials. It is also important to study the accumulation of 

nanoparticles in the body, the number of residual particles in body tissues, and the potential toxic effects. 
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ABSTRACT   

Cestode infestations severely compromise animal health and result in significant financial losses because of excessive 

levels of sickness and death, costly medication, and decreased production. Because of the emergence of drug 

susceptibility and climate change, the efficacy of conventional control methods, such as periodic anthelmintic 

medication along with control measures, are being put under increasing pressure. This chapter highlights the 

importance of using plant extracts, essential oils, and green nanoparticle technologies to reduce livestock cestode 

infestations. The increasing acceptance of natural remedies can be attributed to their strong antiparasitic characteristics 

and ability to offer a persistent resolution for problems related to animal infestation. Plant extracts that are effective in 

the management of parasitic diseases include ginger, eucalyptus, coriander seeds, neem, garlic, and pumpkin seeds. 

These extracts are rich in bioactive components that demonstrate potent anti-cestode activity. Similarly, essential oils 

derived from Ajowan, European black pine, garlic, black cumin, and turmeric, along with green nanoparticles 

manufactured from plant sources, such as eucalyptus and neem, possess beneficial antiparasitic, antibacterial, and 

antifungal qualities. Future proposals call for the undertaking of further research and studies to improve formulations for 

the large-scale production and application of essential oils, green nanoparticles, and plant extracts with a specific focus 

on the management of cestode infections. Furthermore, there is need of effective integration of these natural therapies 

into current frameworks for controlling livestock illness necessitates collaboration between researchers, veterinarians, 

and legislators. 
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INTRODUCTION 
 

Cestodes, also referred to as tapeworms, are significant endoparasites that affect both livestock and humans (Siles-

Lucas and Hemphill, 2002). The genus cestode consists of around 5,000 species that are distributed globally (Trevisan et al., 

2021). These parasites can be transmitted from animals to humans and vice versa (Jeon and Eom, 2024), thereby having a 

major impact on both the human and livestock sectors. Almost all the cestodes have complicated life cycles (Fig. 1), 

involving both final and intermediate hosts with severe clinical manifestations such as sparganosis, neurocysticercosis, and 

echinococcosis (Jeon and Eom, 2024). Apart from the complex life cycle, they are distinct in a few ways, such as tapeworms 

absorbing nutrients through the integument and lacking an alimentary canal. They have a scolex (head) and neck that are 

joined to repeating segments called proglottids. Terminal proglottids release eggs that are expelled through the stool, 

where they hatch into oncospheres. These oncospheres then move to the various organs, where they mature into 

cysticercus larvae (or hydatid larvae, depending on the species) (Panda et al., 2022). Cestodes species cause infection in 
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livestock, leading to significant economic losses and jeopardizing food production in many parts of the world. (Abdel-

Ghaffar et al., 2011).  

 
 

Fig. 1: Life cycle of cestodes along with their intermediate and definite host (a) Moniezia spp. (b) Echinococcus granulosus 

(c) Raillietina spp. (d) Hymenolepis spp. 

 

Recently, many studies have primarily focused on natural therapies because of increasing anthelmintic resistance and 

side effects of synthetic drugs. Some plants have been proven to be effective against helminthic parasites, but there are 

many more plants that haven't been studied so far (Kundu et al., 2012). For this purpose, a program launched by the World 

Health Organization (WHO) in 2000 formally advocated the study of goods produced from plants (Abdel-Ghaffar et al., 

2011), that will ultimately have a beneficial outcome for the development of new and effective green anthelmintic 

drug. Although there are a limited number of medications that are effective against intestinal helminths, over one-third of 

the world's population does not have access to basic medications, and that number rises to over 50% in many under-

developed nations. In this context, traditional medicines, primarily relying on herbs and trees, can provide a significant and 

readily available source of healthcare for people and their livestock. Medicinal plants have served as crucial sources of 

therapeutic remedies for thousands of years and remain essential in modern times too (Yadav and Temjenmongla, 2011). 

With advances in technologies, Plant-based natural products (NP) are being produced and experimentally studied to 

determine their efficacy against cestode parasites. The production of green nanoparticles (NPs) is inexpensive, scalable, 

and environmentally harmless (Gour and Jain, 2019). Concurrently Maggiore and Elissondo (2014) have found that certain 

essential oils and their constituents exhibit anthelminthic effects, however, additional research is needed. 

This chapter discusses the utilization of naturally occurring compounds, such as essential oils, green nanoparticles, and 

plant extracts, as pharmaceuticals for treating cestodes of veterinary importance. There are many benefits of these 

naturally occurring compounds as they are safe to consume, readily available, and do not have any detrimental effect on 

our ecosystem.  

 

Current Challenges to Anthelminthic Research and its Application 

Pakistan's economy depends heavily on its livestock sector. Livestock can contract several parasite illnesses because of 

insufficient care, an unhygienic environment, severe weather conditions, and close proximity to infected animals (Gadahi et 

al., 2009). Tropical countries in South Asia have a rich biodiversity that could offer natural products for anthelmintic activity. 

However, challenges like limited research, funding, awareness, industry partnerships, and technological innovations hinder 

anthelmintic research in the region (Kamal et al., 2023). Systematic deworming of livestock with a broad-spectrum 

anthelminthic cannot be suggested to pastoralists due to high pricing, unavailability or inaccessibility of medications and 

veterinary services. As a result, low-cost locally applied measures such as the use of plant-based remedies against GI 
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parasites should be systematically evaluated for their effectiveness against the most common helminth species in the 

South Asia region (Raza et al., 2014). 

Exploring the Efficacy of Medicinal Plants in Cestode Parasite Control 

The control of parasites often relies on commercial drugs, but these are expensive, making them inaccessible to many 

low-income farmers. Additionally, some parasites have developed resistance to these drugs and their use can contribute to 

environmental pollution (James et al., 2009). Because of the challenges with expensive and potentially environmentally 

harmful commercial drugs, farmers have turned to alternative methods, such as using the medicinal plant to treat and 

control livestock parasites. There's a belief that natural products are perceived as safe and harmonious with the biological 

system (Sanhokwe et al., 2016). 

Plants have the ability to produce beneficial synthetic compounds. Extracting and identifying these active compounds 

from medicinal plants have led to the discovery of new drugs with significant therapeutic benefits (Huie, 2002). Plant 

extracts can function as scolicidal agents for cestodes, in the distant past plant-based helminthic treatments were widely 

used. In 1974, a successful treatment in Taiwan involved thirty-two individuals with taeniasis using a combination of a 

mixture of boiled areca nuts and pumpkin seeds (Chung and Ko, 1976). In 2009, extracts from pumpkin seeds were utilized 

for the treatment of Tenia solium (Ito et al., 2013). The efficacy of wormicidal plant extracts from Melia azedarach 

surpassed that of piperazine phosphate in the treatment of T. solium (Szewezuk et al., 2003). In general, the efficacy of an 

extract against a specific worm load is influenced by the choice of extraction fluid, such as methanolic, ethanolic, aqueous, 

acetonitrile, chloroform, etc. (Mehlhorn et al., 2011) (Fig. 2). Below, we shall discuss promising studies on the plant extract 

produced by using various extraction fluids. 

 

 
 

Fig. 2: Various plant parts can be utilized to make plant extracts (A) and essential oils (B) through the use of different 

extraction mediums. 

 

Methanolic Extract  

The methanolic extracts of ginger (Zingeber officinale) and eucalyptus can be used to treat E. granulosus. The extract of 

ginger at a concentration of 100mg/ml and eucalyptus at concentrations of 50 and 100mg/ml exhibited a 100% kill rate of 

protoscolices after 40 minutes. Additionally, all concentrations of the methanolic extract of ginger and eucalyptus can 

show a significant effect on protoscolex (Faizei et al., 2015) (Table 1). Another methanolic extract of Shirazi thyme (Zataria 

multiflora) is used for the treatment of cestodes at a concentration of 25mg/ml shows 100% scolicidal effect after 1 

minute. These findings suggest that the methanolic extract of Z. multiflora exhibits strong scolicidal activity and could be 

considered an effective agent against parasites (Moazeni and Roozitalab, 2012). 

 

Phenolic Extract 

Phenolic extract obtained from coriander (Coriandrum sativum) seeds can be used to treat E. granulosus. Further 

study revealed that higher concentrations of this extract correlated with reduced protoscolices viability, and the 

number of deceased protoscolices increased over time. Particularly, after three days of therapy, a concentration of 

0.75gm/ml had the greatest effect on the persistence of protoscolices, therefore could help in eliminating the 

parasite (Dawwas, 2008) (Table 1). 

 

Ethanolic Extract 

Ethanolic extract of ginger (Zingeber officinale) has anti-protoscolicidal properties. Ginger is one of the most well-

known spices in the world, and it has been used for centuries for its medicinal advantages. Protoscolices of E. granulosus 

can be eliminated at concentrations of 150mg per milliliter after one hour of exposure (Baqer et al., 2014). There is another 

ethanolic extracts of mint (Mentha spicata), garden thyme (Thymus vulgaris), and tulsi (Ocimum basilicum) which may act 

as an effective alternative to anti-protoscolices. The garden thyme and mint extracts had the maximum efficacy at 100%, 
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whereas tulsi had 98.8% efficacy after a 20-minute exposure to 75 milligrams per milliliter, greatly diminishing the viability 

of protoscolices. However, the extract revealed time-dependent consequences (Abed and Ibrahim, 2021). 

Alcoholic Extract 

An alcoholic extract from coriander (Coriandrum sativum) seeds has been used to treat parasitic illnesses. Specifically, 

administering doses of C. sativum at five hundred and seven hundred fifty milligrams per kilogram shows complete 

efficacy after fifteen days of therapy. The addition of a thousand milligrams per milliliter of C. sativum extract has been 

shown to remove worms in a thirty-minute timeframe. According to Hosseinzadeh et al. (2016), the extract of C. sativum 

has potential in combating Hymenolepis nana (Table 1).  

 

Aqueous Extract 

A scolicidal agent has been found in the aqueous extract of Mediterranean saltbush (Atriplex   halimus) leaves. 

Following 120 minutes of incubation, the death rates were 99.36 and 100%, at doses of 60 and 100mg/ml, respectively. 

Scanning electron microscopy (SEM) pictures showed these plant's extracts affected the parasite tegument, illustrating the 

potential benefits of A. halimus extract as a possible scolicidal therapy for hydatid cysts (Bouaziz et al., 2021). 

 

Raw Extract 

The unrefined extract of santonica (Artemisia cina), has anthelmintic properties. Through in-vitro and in-vivo 

experiments, the efficacy of the raw plant extract has been demonstrated at different concentrations. The plant extract was 

effective in vitro at all doses, and microscopy examination demonstrated that the worms' different structures such as 

scolex and microtriches of the external tegumental surface, were notably damaged. Using anthelminthic treatment to treat 

severely affected animals resulted in the complete elimination of infection. The results of fecal examinations after the 

treatment showed that there are no eggs of parasites in the feces of animals (Bashtar et al., 2010). A mixture of onion 

extract (Allium cepa) and coconut extract (Cocos nucifera) combined with milk powder has shown effectiveness in treating 

Moniezia spp. When a dose of 60g of this extract was administered daily for 8 days, the worm stages disappeared from the 

feces (Mehlhorn et al., 2010). 

 

Table 1: An overview of the latest findings on the efficacy of plant extract in controlling Cestodes of veterinary importance 

Plant Extract Parasites Dose Exposur

e Time 

Mortality 

(%) 

Effects References 

Ocimum basilicum, 

Mentha spicata and 

Thymus vulgaris 

Echinococcus granulosus 75mg/ml 20 min 98.8, 100 Kill protoscolex Abed and Ibrahim 

(2021) 

Allium cepa and 

Cocos nucifera 

Moniezia spp. 60gm 9 - 20 

days 

100 Disappearance of 

proglottids 

Mehlhorn et al. 

(2010) 

Coconut and Onion Hymenolepis diminuta, 

Hymenolepis microstoma 

andTaenia taeniaeformis 

 Variable  33 days 100 Death of worms Ghaffar et al. (2010) 

Coriandrum sativum Hymenolepis nana 500 

and750mg/

kg 

15 days 100 Death of worms Hosseinzadeh et al. 

(2016) 

Zingiber officinale, 

Artemisia aucheri 

and Eucalyptus 

E. granulosus 50,100mg/

ml 

40 min 100 Scolicidal effect Faizei et al. (2015) 

Atriplex halimus  E. granulosus 60mg/ml,1

00mg/ml 

120 min 93.36, 

100 

Scolicidal effect Bouaziz et al. (2021) 

Artemisia cina Moniezia spp. 40mg/ml 9 days 100 Absence of eggs in 

faeces 

Bashtar et al. (2010) 

Zingiber officinale  E. granulosus 150mg/ml 60 min 100 Zero percent viability 

rate of protoscolex 

Bakqer et al. (2014) 

Coriandrum sativum  E. granulosus 0.75gm/ml 3 days 100 Kill protoscolex Dawwas (2008) 

Zataria multiflora E. granulosus 10mg/ml 1,2,3 

min 

68.9, 

93.7, 100 

Scolicidal effect Moazeni and 

Roozidalab (2012) 

Sambucus ebulus  E. granulosus 100 mg/ml 60 min 98.60 Scolicidal effect Gholami et al. (2013) 

Dendrosicyos 

socotrana and 

Jatropha unicostata 

E. granulosus 1000µg/ml  N.A N.A Significantly 

reducing protoscolex  

Barzinji et al. (2009) 

Zingiber officinale E. granulosus 150g/ml 60 min 100 Scolicidal agent  Baqer et al. (2014) 

 

Green Defense: the Role of Essential Oil in Managing Cestode Parasites 

Essential oils (EO), or volatile oils, are aromatic and oily liquids extracted through distillation from various plant parts 
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such as buds, seeds, leaves, twigs, bark, wood, fruits, and roots (Mrabti et al., 2023). These oils are organic solvent extracts 

(using substances like ethanol, methanol, toluene, or other organic solvents) or steam-volatile extracts that have been 

traditionally used for centuries in various regions worldwide. Approximately all the essential oils can be obtained through 

hydrodistillation method; encompasses three key physicochemical processes: hydro diffusion, hydrolysis, and heat 

decomposition (Oreopoulou et al., 2019).  

Essential oils have scolicidal effect against many cestodes species. Research has revealed that the root oils of 

Hedychium coronarium and H. spicatum exhibited more effective results against tapeworms compared to piperazine 

phosphate. Additionally, oils derived from Gardenia lucida, Cyperus rotundus, Inula racemose, Psitacia integrrima, Litsea 

chinensis and Randia dumetorum demonstrated notable effects on tapeworms (Tandon et al., 2011). In another study, oils 

from plants Artemisia pallens, Eupatorium triplinerve, Artabotrys odoratissimus, Capillipedium foetidum and Cymbopogon 

martini exhibited strong impacts on Ascaris and T. solium (Nakhare and Garg, 1991).  

Pelargonium roseum and Ferula gummosa are identified as potential sources of novel natural products with the 

potential for developing effective and environmentally friendly scolicidal drugs. The main chemical components, β-pinene 

and citronellol, present in both essential oils, demonstrate scolicidal activity against E. granulosus, with 50% lethal 

concentration (LC50) values of 8.52 and 17.18μg/mL, respectively (Tabari et al., 2019) (Table 2). Ajowan (Trachyspermum 

ammi), known for its various therapeutic properties, investigated for its scolicidal properties against E. granulosus. Their 

main chemical components thymol, γ-terpinene and p-cymene showed scolicidal activity. Moazeni et al. in 2012 reported, 

the ajowan EO with a concentration of 10 milligrams per milliliter after ten minutes demonstrated complete scolicidal 

efficacy. Similarly, the EO obtained from European black pine kills protoscolices of E. granulosus. Varied outcomes were 

observed when different doses were administered at different time intervals. Best efficiency (100%) shown at the higher 

concentration of 50 milligrams per milliliter (Kozan et al., 2019) (Table 2). 

The essential oil of black cumin (Nigella sativa), together with its main chemical constituents (thymoquinone, p-

cymene, carvacrol, and longifolene) exhibited scolicidal activity against E. granulosus. A study conducted by Mahmoudvand 

et al. (2014) showed various concentrations of the black cumin EO (ranging from 0.01 to 10mg/ml) applied for different 

time durations (5 to 60 minutes) had different scolicidal effects. Moreover, Myrtus communis EO has also shown promising 

scolicidal results on hydatid cyst protoscolices. The results of the investigation revealed that after five minutes of exposure, 

100μl/ml of M. communis EO killed 100% of protoscoleces. Hence can be used as a natural scolicidal drug during hydatid 

cyst removal (Mahmoudvand et al., 2016). Similarly, the turmeric EO is useful against protoscolices of E. granulosus 

following a five-minute treatment with 200μl/mL, all protoscolices were completely destroyed (Mahmoudvand et al., 2019) 

(Table 2). 

The EO from dried garlic bulbs has the capability to damage the scolex of Moniezia expansa. After 24h of incubation 

with 100µg/ml, the scolex appears shrunken with a highly deformed and folded tegument (Shalaby and Farag, 2014). 

 

Table 2: Updates on the effectiveness of essential oil against cestodes. 

Essential Oil Parasites Dose Mortality (%) Effect Reference 

Pelargonium roseum and 

Ferula gummosa 

Echinococus 

granulosus 

50µg/ml 100 Kill protoscolex Tabari et al. (2019) 

Trachyspermum ammi 

sprague 

E. granulosus 10,000µg/ml 100 Kill protoscolex Moazeni et al. (2012) 

Pinus nigra spp. pallasiana,  E. granulosus 10mg/ml 61.69 Kill protoscolex Kozan et al. (2019) 

Allium sativum  Moniezia 

expansa 

100µg/ml 100 Shrunken scolex with 

distorted and folded 

tegument 

Shalby and Farag 

(2014) 

Nigella sativa  E. granulosus 100µg/ml 21.60 Scolicidal activities  Mahmoudvand et al. 

(2014) 

Myrtus communis  E. granulosus 100µl/ml 100 Natural scolicidal agent for 

hydatid cyst 

Mahmoudvand et al. 

(2016) 

Curcuma longa  E. granulosus 200µl/ml 100 Kill protoscolex Mahmoudvand et al. 

(2019) 

Ferula macrecolea E. granulosus 150and300µl/ml 100 Kill protoscolex Alyousif et al. (2021) 

Saturega khuzistanica E. granulosus 5mg/ml 100 Scolicidal activities Moazeni et al. (2012) 

Bunium persicum E. granulosus 25µl/ml 100 Kill protoscolex Mahmoudvand et al. 

(2016) 

 

Sustainable Green Nanoparticle Solutions for Cestode Control 

Green nanoparticles are emerging as a promising eco-friendly alternative for controlling cestodes and are 

suggested as an alternative to traditional chemical methods. One way to integrate nanotechnology and plants is 

through the use of green chemistry, known as plant-mediated production of nanoparticles (Fig. 3). Chemical 

methods can be problematic because of their complex composition, potentially caus ing reactivity and toxicity 
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concerns. However the use of natural extract for the synthesis of nanoparticles is less toxic and more reliable 

(Hussain et al., 2016). 

 
 

Fig. 3: Presents a potential method for synthesizing nanoparticles by using Plants (Green nanoparticle) 

Green Gold Nanoparticle  

Raziani et al. (2023) suggest that natural extract from the upper flowering part of savory (Saturja khuzestanica) can be 

used for the production of green gold nanoparticles and show a lethal effect for E. granulosus. The efficiency of these 

green nanoparticles depends on the dose and exposure time. At a concentration of 5mg/ml and 20 minutes exposure 

time, there was a maximum mortality rate of about 100 percent. Moreover, Barabadi et al. (2017) revealed the production 

of gold nanoparticles by the use of mycelia-free culture filtrate of Penicillium aculeatum showing scolocidal activity. These 

nanoparticles exhibit 94% scolocidal effect at a dose of 0.3mg/ml with a long exposure time of 2 hours. These experiments 

are helpful for understanding the efficiency of nanoparticles. However, further research is necessary to reveal the efficacy 

of Au NPs in both in-vivo and in-vitro studies. 

 

Green Silver (Ag) Nanoparticles  

Green silver nanoparticles (Ag NPs) were prepared from the aerial extract of Penicillium aculeatum that were effective 

scolocidal agent against E. granulosus. Dosage of 0.1 and 0.15 milligram per milliliter after two hours of exposure time 

results in death rates of 83 and 90% respectively (Rahimi et al., 2015). These nanoparticles can also be synthesized from 

Ziziphus spinachristi, according to Salih et al. (2020) which is commonly referred to as Christ's thorn jujube. They have 

considerable activity against protoscolices of E. granulosus. Scolocidal activity varies according to the dose and exposure 

time. Maximum efficiency was 100% at a dose of 0.4mg/mL for 120 minutes (Jalil et al., 2021). These results are consistent 

with the findings of Norouzi et al. (2020), who showed the highest scolocidal activity of Ag NPs at 1mg/mL after one hour, 

with an 80 percent death rate by inducing major changes in their external encasing of protoscolices. Another study 

reported that the anthelmintic action of plants (flowers of hill glory bower; Clerodendrum infortunatum) can be improved 

by blending it with Ag NPs. When these green nanoparticles were used against Raillietina spp. there was destruction of the 

scolex and alterations in morphology (Majumdar and Kar, 2023). 

 

Green Zinc Oxide (ZnO) Nanoparticle 

Shnawa et al. (2021) reported Zinc oxide nanoparticles with Horse mint (Mentha longifolia) leaf extract with notable in 

vitro protoscolicidal efficacy. In the latter studies, ZnO-NPs synthesized from Christ’s thorn jujube (Z. spinachristi) displayed 

the highest antiparasitic activity at 400μg/ml after 60 minutes, resulting in 100 percent mortality of treated protoscolices. 

Both findings emphasize the effectiveness of the green manufacturing of nanoparticles of zinc oxide with strong scolicidal 
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potential (Shnawa et al., 2021). 

The anthelminthic activity of the bark or leaves of willow has also been shown to be improved by the addition of ZnO 

nanoparticles. It has been shown that E. granulosus can be treated by using salicylate-coated zinc oxide nanoparticles (SA-

ZnO NPs). The remarkable efficacy of SA-ZnO-NPs against protoscoleces resulted in 100% mortality after 20 minutes of 

treatment at 2000μg/ml. The drug has a significant effect on the survival and morphology of these parasites as the 

rostellum of protoscoleces showed abnormalities, external wrinkling of the tegument, and apoptogenic changes after 

administration (Cheraghipour et al., 2023). Similarly, according to recent study an aqueous extract of grape (Vitis vinifera) 

seeds and ZnO showed effective therapy against E. granulosus. The treatment was administrated twice, one with 

0.100mg/ml and other with 0.050mg/ml concentration. The mortality rates for these therapies were 97 and 100% 

respectively (Mahmmoud et al. 2020). The aforementioned research demonstrates that green synthetic ZnO-NPs exhibit 

scolicidal efficacy against E. granulosus. 

 

Biosynthesis of Copper Nanoparticles 

The study found that an in vitro combination of albendazole, capparis fruit and Cu nanoparticles at a dose of 

750mg/mL demonstrated the greatest protoscolicidal activity. 

After 60 min of exposure, 73.3% of protoscoleces were killed. Moreover, when Cu nanoparticles at the same 

concentration were combined with albendazole (200mg/mL), the mortality of protoscoleces reached 100% after only 10 

minutes of exposure (Ezzatkhah et al., 2021).  

 

Biosynthesis of Chitosan Nanoparticle 

Chitosan nanoparticles containing curcumin have an impact on protoscolices of the hydatid cyst in-vitro, with highest 

fatality rate 68% at a concentration of 4mg/mL. The most significant effect was observed at 4mg/mL after 60 min of 

exposure, impacting the tegument, hooks, and suckers, including the collapse of the sucker region (Napooni et al., 2019). 

 

Table 3: An overview of the latest findings about the efficacy of green nanoparticles in combating Cestodes. 

Green 

Nanoparticles 

Parasites Dose  Exposure 

time 

Mortality 

(%) 

Effects References 

Au+ Saturja 

khuzestanica 

Echinococus 

granulosus 

5mg/ml 20min 100 Morphological changes Raziani et al. 

(2023) 

Ag+ Pencillium 

aculleatum 

E. granulosus 0.1 and 0.15mg/ml 120min 83, 90 Larvicidal effect Rahimi et al. 

(2015) 

Ag+ Zizyphus 

spinachristi 

E. granulosus 0.4mg/ml 120min 100 Morphological changes, 

no viable protoscolex 

Jalil et al. (2021) 

ZnO + Mentha 

longifolia  

E. granulosus 400ppm 150min 100 Destruction of 

protoscolex  

Shnawa et al. 

(2021) 

Ag and Au+ 

Clerodendrum 

infortunatum 

Raillietina spp. 125mg/ml    Destruction of scolex 

and morphological 

changes 

Majumdar and 

Kumar (2023) 

Aaronsohnia 

factorovskyi 

Hymenolepis 

nana 

0.5mg/kg More than 

10 days 

100 Reduction of worms Olayan et al. 

(2023) 

ZnO+ grape seeds 

extract 

E. granulosus 0.050mg/ml 60min 100 Destruction of 

protoscolex  

Mahmmoud et 

al. (2020) 

Cu + Capparis 

fruit+ Albendazole 

E. granulosus Cu-NPs 750mg/ml 

+ALZ 200mg/ml 

10min 100 Destruction of 

protoscolex  

Ezzatkhah et al. 

(2021) 

Chitosan-

Curcumim 

E. granulosus 4mg/ml 60min 68 Collapsing of suckers 

and reduction in length 

of protoscoles. 

Napooni et al. 

(2019) 

 

Challenges 

Plant extracts can be used to treat diseases caused by cestodes. Literature has shown notable progress in the 

treatment of animals from cestodes parasites. However, there are certain difficulties in treating parasitic infections using 

natural therapies. Such as, we need to utilize a very particular concentration of extract to get good outcomes. The 

determination of which extracts, at what concentration, should be mixed for a certain parasite is also essential. Another 

important aspect is the organism's body’s weight. Because the dosage concentration changes with the age of the 

organism, therefore it is important to consider the age of the organism for efficient therapy (Abdel-Ghaffar et al., 2011). 

 

Conclusion 

The cestodes can be effectively treated by the use of plant products, e.g. green nanoparticles, plant extract, and 

essential oils. These remedies are frequently used for the treatment of parasitic infections like Monieziasis, Echinococcosis, 

Hymenolopsis and Taeniasis in livestock. Parasites have developed resistance against traditional drugs to overcome this 
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problem; we should use plant products to cure livestock from parasitic infections. Commercial medicines are expensive and 

cause pollution in the environment, but these remedies are easily available and have no side effects. The utilization of 

these eco-friendly alternatives shows the potential for sustainable and effective practices in animal health. 
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ABSTRACT   
Production animals and humans in underdeveloped and developing countries face significant risks from parasitic 

infections, leading to serious economic losses. In endemic regions, these parasites cause considerable mortality and 

morbidity each year. Current vaccines and treatment methods are limited and can have adverse side effects. Therefore, 

there is an urgent need for novel, safe, and effective treatment approaches. Recently, nanotechnology has emerged as a 

promising solution for treating parasitic diseases due to its lower toxicity and improved bioavailability. Nanoparticles can 

lead to the death of infected cells through mechanisms such as inhibiting the electron transport chain by causing cell 

membrane damage, oxidative stress, and ribosome disassembly, which results in protein denaturation and DNA damage. 

This chapter provides an overview of the current state of nanotechnology for treating parasitic infections. It discusses the 

advantages, challenges, and future directions in developing nanotechnology-based treatments. Various metals are used 

to synthesize nanoparticles, with silver and gold being common due to their wide spectrum of antiparasitic properties 

against protozoa, helminths, and ectoparasites. Nanotechnology offers several benefits for treating parasitic diseases, 

including enhanced drug delivery, improved drug solubility, overcoming drug resistance, and reduced side effects. 

However, challenges remain, such as the complexity of parasitic infections, targeted drug delivery, cost and affordability, 

and toxicity and safety concerns. Despite these challenges, nanotechnology holds great promise for revolutionizing the 

treatment of parasitic diseases, providing a potentially effective alternative to traditional methods. 
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INTRODUCTION 
 

Production animals and humans in underdeveloped and developing countries are significantly at risk from 

parasitic infections, which can result in serious economic losses (Mehmood et al., 2017). In the various endemic 

countries, these parasites cause significant mortality and morbidity each year. The vaccines and treatment 

methodologies available today are associated with certain limitations and adverse side effects (Palomo-Ligas et al., 

2023). To mitigate these risks, there is an urgent need for novel, safe, and effective treatment approac hes (Ndjonka et 

al., 2013). In recent years, nanotechnology has emerged as a promising approach for the treatment of parasitic 

diseases due to its lower toxicity and improved bioavailability (Gutiérrez et al., 2016). Nanoparticles leads to the death 

of infected cells within the body either through inhibition of electron transport chain by cell membrane damage and 

oxidative stress or through ribosome disassembly which leads to the protein denaturation and DNA damage as shown 

in Fig. 1 (AlGabbani 2023).  

This chapter provides an overview of the current state of nanotechnology for the treatment of parasitic infections. 

Furthermore, it discusses the advantages, challenges, and future directions in the development of nanotechnology-based 

treatments for parasitic infections. 
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Fig. 1: Nanoparticles general mechanism of action against parasitic infections  

 

Antiparasitic Spectrum of Nano-particles 

Many metals are commonly used to synthesize nanoparticles-based treatments. The common metals used for NP 

synthesis is silver and gold having a wide spectrum of antiparasitic properties against protozoa, helminth and ectoparasites 

i.e., mosquitoes as shown in Fig. 2 (AlGabbani 2023). 

 

 
 

Fig. 2: Antiparasitic spectrum of nanoparticles 
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Anti-protozoan Spectrum of AuNPs 

Aurum-based nanoparticles (AuNPs) are being commonly used to control various parasitic infections (Baek et al., 2020). 

These nanoparticles are usually found in two oxidized and one non-oxidized form. The oxidized form is converted in to non-

oxidized form through a precursor chloroauric acid. After preparation by in vitro or conventional method, these NPs are 

stored in the dark place to avoid oxidation by light (Jain et al., 2019). AuNPs have a broad spectrum of antiparasitic properties 

against Cryptosporidium parvum, Leishmania (L.) tropica, L. donovani, Toxoplasma gondii and Trypanosoma spp. (Hancock et 

al., 2022; Campbell and Soman-Faulkner, 2019), Raillietina spp. and Schistosoma spp. (Dykman, 2020), mosquitoes of genus 

Aedes, Anopheles and Culex and dipteran flies (Moodley et al., 2018). It is now considered as a novel product to develop a 

new drug but still needs a lot of research on dose requirement and efficacy (Bahuguna and Rawat, 2020).  

 

AuNPs against Plasmodium  

Malaria is a dangerous disease caused by the protozoan parasites of genus Plasmodium i.e., Plasmodium (P.) 

falciparum, P. vivax, P. ovale, P. malariae and P. knowlesi, mainly infecting young children and pregnant women of third 

world countries especially those residing in sub-Saharan Africa (Laurens, 2018_Husnain Chapter). The control of malaria is a 

matter of concern since parasite documentation in 1897. Many attempts i.e., artemisinin-based combination therapy (ACT), 

insecticide-treated bed nets (ITNs) and control through vaccination, have already been made for its control but antigenic 

shift of the parasite enables it to dodge the immune system of host (Hayder et al., 2023). Use of AuNPs is an effective 

alternative strategy that provide protection in patients infected with malarial parasite (Wicht et al., 2020). According to a 

study, AuNPs provide tremendous protection in the mice infected with Plasmodium (Daptardar et al., 2016). The use of 

AuNPs also play an important role in malaria diagnosis (Gruessner and Weathers, 2021). Histidine-enriched protein II is a 

biomarker of Plasmodium parasite which is being detected in the patient serum by AuNPs-based kit (Abdellahi et al., 2022).  

 

AuNPs against Leishmania  

Leishmaniasis is considered as a Neglected Tropical Disease (NTD) for the long time. According to the recent 

estimates, it is a deadliest NTD reported worldwide (Álvarez-Hernández et al., 2020). Leishmaniasis is a spectrum of various 

diseases caused by 20 different species of Leishmania which are transmitted by phlebotomine sand fly (Cecílio et al., 2022). 

It has now become a priority disease regarding public health importance due to various factors including its potential 

lethality, spread across the world, at risk population and development of peculiar lesion in tropical and visceral form of the 

disease. The drugs that are commonly used to treat the disease is costly and not easily available (Uliana et al., 2018). 

Various chemotherapeutic agents can be used for treatment (Bruni et al., 2017) but have few limitations which include 

development of resistance, side effects and treatment failure (Yasinzai et al., 2013). Due to intracellular nature of parasite, 

the drug delivery to the target site is usually difficult resulting in the development of resistance. Scientists also revealed 

that different Leishmania spp. have already developed resistance against commonly used anthelmintics (AlGabbani, 2023). 

Due to raise of question, “there is always an onset of disease but is there an end”, there is a need of an immediate 

alternate control strategy to overcome the spread of disease (Conceição-Silva and Morgado, 2019). To ensure efficient 

drug delivery to the target site, scientist have developed nanoparticles-based approach. Moreover, the use of NPs showed 

an efficient drug release, less toxicity and improved efficacy (Karimkhani et al., 2016).  

In a study, the use of AuNPs showed decrease in life span and growth of promastigote stage resulted in improved 

recovery of skin lesions (Hancock et al., 2022). Additionally, the use of AuNPs also stimulate the process of angiogenesis in 

skin of infected individual. A study proved better efficacy of AuNPs while used in combination with microwave radiation 

but more research needs to be conducted to confirm this thing (Nafari et al., 2020).  

 

AuNPs against Toxoplasma gondii 

Toxoplasmosis is a zoonotic disease affecting a wide range of host including human, livestock and companion 

animals. It is caused by a protozoan parasite Toxoplasma (T.) gondii which is the only pathogenic species found in 

Toxoplasma genus (Dubey, 2016). Domestic and wild felids act as its definitive host shedding oocyst in the environment 

and human and livestock animals serve as the intermediate host (Havelaar et al., 2012). It is a parasite of paramount 

importance in the list of food and water borne parasites (FAO/WHO, 2014). Regarding public health significance, the 

healthy individuals remain asymptomatic during the course of infection but neonates and immunocompromised 

individuals may experience severe clinical illness leading to death (Robert-Gangneux et al., 2018; Mcleod et al., 2020). 

Pyrimethamine (PYR) and sulfadiazine (SDZ) are the drugs commonly used to treat Toxoplasma infection. However, several 

failure cases suggested the existence of drug resistance in various strains of parasite (Montazeri et al., 2018). Several other 

drugs including azithromycin, sipramycin, dapsone, clarithromycin, cotrimoxazole and atovaquone have also been reported 

to treat toxoplasmosis but no effect have been reported on the bradyzoite form of parasite (Montazeri et al., 2017). This 

indicated the need to develop an alternative strategy to control toxoplasmosis in affected individuals. To ensure efficient 

treatment of infection, scientists have developed nanoparticles-based approaches (Etewa et al., 2018; Hagras et al., 2019; 

da Silva Sanfelice et al., 2022; Ifijen et al., 2023).  

A study was conducted to check the effect of AuNPs on tachyzoite stage of T. gondii for various time periods. The 

results showed a significant decrease in the number of tachyzoite depending on the time of exposure (Shen et al., 2020). 

Another study showed better results of antibodies and AuNPs combination for the treatment of infection as compared to 

the antibodies alone (Baek et al., 2020). Apart from treatment, scientists have developed a diagnostic kit for the detection 

of antibodies, developed against Toxoplasma, by using AuNPs through piezoelectric device (Ibarra-Cerdena et al., 2017).  
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AuNPs against Trypanosoma  

Trypanosomes are the unicellular flagellates belongs to the genus Trypanosoma and family Trypanosomatidae. 

Multiple species belong to this genus including, Trypanosoma (T.) brucei, T. cruzi, T. congolense, T. equiperdum, T. envansi, 

T. simiae, T. suis and T. vivax causing traypanosomiasis in various mammalian hosts (Aslam et al., 2023; Pays et al., 2023). 

According to World Health Organization (WHO), trypanosomiasis is considered among Neglected Tropical Diseases (NTDs) 

found worldwide mainly in low- and middle-income countries. More than 20% of the world population lives in NTDs 

endemic areas affecting more than 1 billion people each year (Lancet, 2019). The diseases caused by Trypanosoma are 

mainly classified in to 2 major categories including 1- Human African Trypanosomiasis (HAT) which is prevalent in Central 

Africa and transmitted by tsetse fly and 2- Chagas Disease (CD) which is prevalent in Latin America and transmitted by 

triatomine bug (Dickie et al., 2020; Abras et al., 2022).  

Pentamidine and suramin have been used since decades to treat blood stages of T. brucei and melarsoprol to treat 

second stage infection. Due to high occurrence of post-treatment encephalopathy, these drugs are not recommended to 

use specially in chronic infections (Álvarez-Rodríguez et al., 2022). Currently, there is no successful treatment option 

available to treat these diseases. The use of metal nanoparticles i.e., AuNPs, AnNPs and AgNPs to treat trypanosomiasis 

showed promising results. In a study, use of AnNPs and AgNPs showed a significant reduction of parasites (T. evansii, T. 

congolense, T. brucei and T. cruzi) growth (Morones et al., 2005). In another study, arginine kinase (phosphotransferase 

required for the parasite energy metabolism) was targeted by using AuNPs and AgNPs and showed a reduction in parasite 

growth (Eger and Soares, 2012). 

 

Anti-parasitic Spectrum of AgNPs 

Silver based nanoparticles (AgNPs) have been used for multiple purpose i.e., in the pharmaceuticals, biomedical 

devices, bioimaging and as antipathogenic agents (Roy et al., 2019). Recently, scientist reported anti-parasitic potential of 

AgNPs prepared through various in vitro techniques (Parashar et al., 2020). Among these, green synthesis is the most 

widely used technique for NP synthesis as it is less toxic and economically feasible. It showed good results in control of 

parasitic infection. The only disadvantage of this technique is the synthesis of uneven size NP (Colwell et al., 2011). So, 

there is a need to synthesize even size NP for the effective control of parasitic infections.  

 

AgNPs against Vector  

There is a list of parasitic i.e., protozoan and helminth infections being transmitted by the vector. So, vector control is 

considered as a necessary step to prevent these infections. Various chemical and biological methods have been used to 

control vectors but due to the development of resistance through genetic variation, these techniques are no more effective 

(Varela-Aramburu et al., 2020). The researches in last ten years showed an effective control of mosquito through AgNPs. 

According to a study, AgNPs prepared from Mimosa pudica showed an excellent control of Anopheles mosquito (Moodley 

et al., 2018). In another study, AgNPs prepared from Euphorbia hirta also gave good results against Anopheles stephensi 

(Sardana et al., 2018). Similarly, AgNPs synthesized from leaves and flowers of Jatropha integerrima showed insecticidal 

potential against Aedes aegypti (Verma and Preet, 2022). These studies indicate the insecticidal activity of AgNPs that can 

be used as an alternative strategy for control of parasitic infections.  

 

AgNPs against Plasmodium  

AgNPs have also been used in past to control malaria caused by Plasmodium which is a serious threat for third world 

countries especially in sub-Saharan Africa. In a study, AgNPs synthesized from plant extracts was used against Plasmodium 

and showed excellent results (Moodley et al., 2018). In another study, AgNPs prepared from the leaves of Madhuca 

longifolia showed significant antimalarial activity against Plasmodium falciparum (Shater et al., 2023).  

 

AgNPs against Leishmania  

AgNPs can effectively be used to control leishmaniasis through the production of reactive oxygen species (ROS). 

Mainly, AgNPs impair the parasite metabolism resulting in the reduction of promastigote proliferation and growth leading 

to the death of parasite (Boukthir et al., 2020). By using these with UV light increases the efficacy up to six-folds (Ali et al., 

2021). In a study, miltefosine was used with AgNPs and showed a significant decrease in amastigote and promastigote 

stages of parasite (Roy et al., 2019). In another study, AgNPs coated with curcumin showed a significant reduction of 

parasitic burden both in vitro and in mouse models (Badirzadeh et al., 2022). Nanoparticles may be considered as a reliable 

treatment against parasitic infections in near future. Various studies have been conducted so far against other parasites as 

well. Summary of these studies are given in Table 2. 

 

Benefits of Nanotechnology for Treatment of Parasitic Diseases 

Parasitic diseases continue to pose significant health challenges worldwide, particularly in regions with limited access 

to effective healthcare resources. These diseases are caused by various parasites and can lead to a range of debilitating 

symptoms and long-term health complications if left untreated (Kirtane et al., 2021). Traditional treatment methods often 

face limitations due to factors such as drug resistance, adverse effects, and difficulties in drug delivery. In recent years, 

nanotechnology has emerged as a promising approach to address these challenges and revolutionize the treatment of 

parasitic diseases (Bajwa et al., 2022). 
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Table 2: Summary of parasitic susceptibility to nanoparticles 

Treatment  Pathogen  Outcome  Reference  

Gold nanoparticles + Aqueous 

extract of Citrullus colocynthis 

fruits  

Giardia lamblia  The combination therapy reduced the cyst count 

in fecal sample and trophozoite count in the 

intestine  

Al-Ardi, 

2020 

Gold nanoparticles vs 

metronidazole  

Giardia lamblia NPs significantly reduced oocyst count in the stool 

samples and intestinal sections of albino rats as 

compared to metronidazole  

Baz et al., 

2022 

Biosynthesized silver 

nanoparticles  

Cryptosporidium 

parvum  

Time and dose dependent oocyst reduction in 

faecal samples from pigeons was observed  

Abou Elez et 

al., 2023  

Chitosan nanoparticles loaded 

with ginger (ginger CSNPs) vs 

Nanazoxid (NZX) 

Cryptosporidium spp.  Ginger CSNPs significantly reduced the oocyst 

count in the stool samples of mice. Intact 

intestinal mucosa was observed upon 

histopathological examination  

Abdelmakso

ud et al., 

2023 

In vitro efficacy of mesoporous 

silica nanoparticles (MSNs) loaded 

with metronidazole (MTZ) 

Trichomonas vaginalis  MSNs/MTZ combination showed cytotoxic effects 

on trophozoite and improved drug efficacy.  

Altememy et 

al., 2020 

ZnO nanoparticles prepared 

through green synthesis from leaf 

extract of Terminalia mantaly 

Balantidium coli and 

Escherichia coli 

The antibacterial efficacy of NPs was evaluated 

through well diffusion method and results showed 

zone of inhibition against these pathogens  

Lavanya et 

al., 2023 

Silver nanoparticles (AgNPs) from 

Bacillus cereus and 

Chromobacterium violaceum 

bacteria 

Entamoeba (E.) 

histolytica, E. coli and 

Giardia lamblia  

A significant reduction in oocyst count of G. 

lamblia followed by E. histolytica and E. coli was 

observed.  

Obaid, 2022 

Silica nanoparticles  Plasmodium 

falciparum and 

Leishmania infantum  

Artemisinin loaded nanoparticles showed anti-

leishmanial and anti-malarial properties.  

Tsamesidis 

et al., 2021  

MgO nanoparticles  Leishmania (L.) tropica 

and L. infantum  

MgO NPs showed in-vitro fatality effect on 

promastigote and amastigote stages of parasites 

Karimipour-

Saryazdi et 

al., 2022 

AgNPs prepared from fruit 

extracts of Sambucus (S.) ebulus 

and Feijoa (F.) sellowiana 

Toxoplasma (T.) gondii  These AgNPs showed a significant reduction in 

the growth of parasite both in-vitro and in-vivo. 

AgNPs from S. ebulus showed more lethal effect.  

Hematizade

h et al., 2023  

Tellurium oxide (TeO2) 

nanoparticles 

T. gondii TeO2 NPs showed destructive effect on T. gondii. 

Flow cytometric analysis also showed good 

apoptosis percentage.  

KarimiPourS

aryazdi et al., 

2021 

Zinc oxide (ZnO) nanoparticles vs 

amprolium  

Eimeria tenella  ZnO NPs showed dose dependent reduction in 

oocyst excretion from the infected birds  

Anah et al., 

2022 

AgNPs prepared from the 

rhizomes of Zingiber officinale 

Eimeria papillata AgNPs reduced the oocyst secretion in feces of 

infected mice along with the reduction in meronts 

and gamonts in the jejunum  

Dkhil et al., 

2023  

Salicylate coated zinc oxide 

nanoparticles (SA-ZnO-NPs) 

Echinococcus 

granulosus  

SA-ZnO-SPs showed significant reduction of 

hydatid cyst protoscolices  

Cheraghipou

r et al., 2023  

AgNPs vs albendazole  Trichinella spiralis SEM analysis showed dose and time dependent 

mortalities of adult worms by using AgNPs 

Taha et al., 

2022 

Ginger-loaded chitosan 

nanoparticles vs Praziquantel  

Schistosoma mansoni NPs showed a significant decrease in the count of 

cellular granuloma and granuloma diameter of 

infected mice. Immunological analysis revealed 

reduction in TNF-α, IL-4 and IL-10 levels  

El-Derbawy 

et al., 2022 

 

Enhanced Drug Delivery 

One of the significant challenges to treat parasitic diseases is ensuring that the drugs reach to their target sites within 

the body, where the parasites reside. Nanotechnology enables the design and fabrication of drug delivery systems that can 

enhance the specificity and efficiency of drug delivery. Nanoparticles can encapsulate antiparasitic drugs, protecting them 

from degradation and improving their bioavailability. These nanoparticles can also be engineered to release the drugs 

gradually, extending their therapeutic effect (AlGabbani, 2023).  

 

Improved Drug Solubility 

Many antiparasitic drugs suffer from poor solubility, which is limiting their effectiveness in the body. Nanotechnology 

offers solutions to this challenge by enabling the formulation of drugs in nanoparticle carriers that enhance solubility. This 
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approach not only improves drug absorption but also enhances the distribution of drugs throughout the body (Tundisi et 

al., 2022). Nanoparticles have the advantage of increasing the solubility of hydrophobic drugs, which is particularly relevant 

for improving the efficacy of antiparasitic medications (Nafari et al., 2020). 

 

Overcoming Drug Resistance 

The development of drug resistance is a significant issue for treatment of parasitic diseases (Shibeshi et al., 

2020). Nanotechnology helps to overcome this issue by enabling the targeted delivery of combination therapies or 

by modifying drug structures to improve their efficacy against resistant strains. Nanoparticles can carry multiple 

drugs simultaneously that enhances their synergistic effects and reduces the likelihood of resistance development 

(Gujjari et al., 2022).  

 

Reduced Side Effects 

Traditional treatments for parasitic diseases often result in systemic toxicity and adverse effects due to the high doses 

required to effectively combat parasites (Cortez-Maya et al., 2020). Nanotechnology allows for precise targeting of 

parasites, reducing the exposure of healthy tissues to the drugs and minimizing side effects. Additionally, nanoparticles can 

be engineered to release drugs in response to specific triggers, such as pH changes or enzymatic activity, further 

enhancing the therapeutic index of the drugs (Mengarda et al., 2022). 

 

Challenges of Nanotechnology for the Treatment of Parasitic Diseases 

The utilization of nanotechnology for treating parasitic diseases has garnered considerable attention due to 

exceptional physical and chemical characteristics (Ebrahimzadeh et al. 2023). Nanotechnology has provided resources to 

enhance therapies and to establish effective immune responses against infectious pathogens (Molento and Arenal, 

2020). Nanomaterials and different chemical and natural antiparasitic substances have shown considerable potential in 

pharmaceutical research for safe pharmacological therapy with maximal antiparasitic effects and effective treatment 

(Amini et al., 2023). This dynamic field comes with a series of intricate challenges that must be confronted and 

surmounted, that are; 

 

Complexity of Parasitic Infections 

Parasitic infections encompass a diverse array of pathogens, each characterized by complex life cycles and intricate 

interactions with their hosts (Bennett et al., 2023). The dynamic interplay between parasites and their hosts adds layers of 

complexity that demand precise and adaptable nanoparticle-based interventions (Jain et al., 2019). Additionally, host 

immune responses can vary greatly, affecting the parasites' susceptibility to treatment and leading to unpredictable 

outcomes (Zaman et al., 2023). A fundamental challenge in the realm of nanotechnology is the development of 

nanoparticles that can efficiently target various pathogen life stages, avoid immune evasion tactics, and overcome host-

specific variances (Wu et al., 2020).  

 

Targeted Drug Delivery 

Targeted drug distribution to disease sites is a significant challenge in nano-medicine because most commonly 

prescribed medications are given orally or by intravenous injection. The drugs must successfully navigate several biological 

barriers before they are able to treat disease locations. Oral nanoparticles must be extremely stable inside the digestive 

system, have the potential to cross intestinal epithelial barriers, and maintain high systemic drug bioavailability after 

overcoming several physiological hurdles (Wu et al., 2020).  

 

Cost and Affordability  

The development and production of nanoparticles e.g., gold nanoparticles, often involves specialized materials and 

technologies, that can be resource-intensive. This can lead to higher research and development costs compared to 

traditional therapies (Aljabali et al., 2018). Due to the high cost of raw materials and the necessity of a laborious and 

multistep production process, nanomedicine-based therapy is relatively expensive (Zheng et al., 2021). Balancing the need 

for extensive research, optimization, and safety evaluations with the ultimate goal of making these therapies accessible to 

populations in need presents a significant challenge. Manufacturing processes, quality control measures, and regulatory 

compliance further contribute to the overall cost of nanoparticle-based therapies (Crist et al., 2021).  

 

Toxicity and Safety Challenges 

Nanoparticles have distinctive characteristics and differ greatly in terms of their size, shape, composition, aggregation, 

and uniformity states. After inhalation, ingestion, and skin contact, nanoparticles are prone to accumulate in sensitive 

organs such the heart, liver, spleen, kidney, and brain. Reactive oxygen species (ROS), which are a major factor in toxicity, 

are thought to be produced when nanoparticles are exposed to in-vitro and in-vivo investigations. For example; different 

cell types have been observed to show inflammatory response and undergo morphological changes when exposed to 

cobalt or cobalt-containing nanoparticles (Sengul and Asmatulu, 2020). 
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Conclusion and Future Prospects 

Various chemotherapeutic agents have been used to control parasitic infections but due to their overuse, parasites 

developed resistance against these agents. Alternatively, ethnobotanicals showed good efficacy against parasites but 

limited funding and lack of interest from investors made this option not feasible. Moreover, lack of information regarding 

dosage of ethnobotanicals limited their use. Another option for control of parasitic infections is vaccination but high 

antigenic variation among protozoan parasites made it a challenging option. According to parasitologists, the use of 

nanoparticles is the best option to control parasitic infections. NPs can be prepared through different techniques and have 

ability to arrest the parasitic growth and kill them. These can also be used for diagnostic purposes. The most commonly 

used NPs against human and animal parasites are gold and silver. There is a need to conduct further research to 

understand their mode of action to develop safe diagnostic and treatment options. It is likely to offer a major 

breakthrough in the field of medical and pharmaceutical science.  
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ABSTRACT   

This work examines numerous instrumental techniques used in the characterization of nanoparticles. The main emphasis 

is on X-ray diffraction (XRD), scanning electron microscopy (SEM), thermal analysis (TA), and electrochemical analysis 

techniques like cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). The principles, apparatus, 

and applications of each technique are described, providing insights into their utility for studying various structural, 

morphological, thermal, and electrochemical aspects of nanoparticles. Theoretical frameworks, equations, and 

experimental approaches are discussed, allowing for a thorough knowledge of the characterization procedures. This 

review provides academics and practitioners with essential information to guide their investigations and analysis of 

nanoparticle materials. 
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INTRODUCTION 
 

Several techniques are used for the characterization of nanomaterials. Some of them are explained below. 

 

X-ray diffraction (XRD) 

Because X-rays are non-destructive and inert, X-ray diffraction (XRD) is a commonly used characterization technique 

for fundamental structural study of both crystalline and non-crystalline materials. High-tech tools like X-ray diffraction 

(XRD) can clearly show the atomic or molecular structural features of crystals. Von Laue observed in 1912 that crystals can 

diffract X-rays due to their periodic arrangement. Every crystal has a distinct diffraction pattern that aids in determining its 

structure. The determination of particle size, d spacing, tension, phase equilibria, and crystal orientation are among the 

contemporary uses for this approach (Hanawalt et al., 1938). 

  

Principle 

In X-ray scattering (XRD), the crystal lattice and the incident monochromatic X-ray beam interact. When Bragg's law's 

requirements are met, constructive interference is observed.  

nλ = 2dsinθ                                                             (1) 

Where θ is the angle between the incident beam and the diffracting planes, d is the distance between the crystal's 

planes participating in the diffraction, and n is an integer (Dinnebier and Billinge, 2008). 

The scattering of photons caused by X-rays interacting with specific atom arrangements in the crystal lattice is known 

as diffraction. The specific phase relationship between the dispersed photons, which can result in either constructive or 

destructive interference, is caused by this periodic arrangement of atoms. Diffraction beams are created when constructive 

interference happens and all of the scattering rays from all of the atoms are in phase. Figure 1 shows how incident rays 

interact with various material planes diagrammatically. 

 

Instrumentation 

Three basic components make up a conventional x-ray diffractometer: an x-ray tube, a sample holder, and an x-ray 

detector (Bunaciu et al., 2015). X-ray tubes are made up of two metal electrodes with a high potential between them, often 

between 30,000 and 50,000 volts, and an electron source (Cullity, 1956). Copper, Cr, Fe, Co, and Mo are typically utilized as 

anode materials in x-ray tubes, and tungsten filament is used as the cathode material. By heating the filament to produce 

electrons, which are then accelerated toward and struck by the anode through the application of high voltage, X-rays are 

produced in an evacuated glass tube. The production of x-rays that radiate in all directions occurs if the bombarding 

electrons possess sufficient energy to remove the electrons from the target's inner shells. Figure 2 illustrates how these x-

https://doi.org/10.47278/book.CAM/2024.306
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rays combine to generate a spectrum that includes a variety of radiations, such as Kα, Kβ, Kα1, and Kα2. The equipment 

primarily uses Kα radiation for analysis, although Kβ and Kα1 are electronically blocked during data processing and are 

blocked by filters or monochromators (Jenkins and Snyder, 1996).  

The x-rays are collimated by sending them through the Soller slits in order to evaluate the specimen perfectly. 

Goniometers, which rotate and orient the specimen in a certain direction with respect to the x-ray beam, are a feature of 

X-ray diffractometers. When the collimated x-rays strike the sample, constructive interference produces a diffracted x-ray 

beam as long as Bragg's law is met. The entering diffracted beam is recorded by a detector, which then processes and 

converts it into signals that may be seen on a computer or printer.  

 

 

Fig. 1: The working principle of the x-ray 

diffraction pattern (Cullity, 1956). 

 

 

Fig. 2: Production of x-rays (Pirozzi et al., 

2021). 

 

 

Particle Size 

When a crystal's size is less than 0.1 μm, it's referred to as "particle size" and can be determined using the Sherrer 

equation (Muniz et al., 2016). 

 

D=                                                         (2) 

 

λ is the wavelength of the input x-ray radiation, θ is the diffracting angle of the x-rays, and k is related to the crystallite 

shape. β is the broadening of the diffraction line evaluated at half its maximum intensity. According to equation 2, when 
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the size of a crystallite rises, the diffracted maxima's breadth (β) decreases (Alexander and Klug, 1950). The Debye-Scherrer 

equation is valid for the specimen with particles between 100 and 200 nm in size. It becomes difficult to determine 

whether the peak broadening results from crystallite size or other causes if the particle size beyond this point (Holzwarth 

and Gibson, 2011). 

 

Scanning Electron Microscopy (SEM) 

Using a microscope, one may discern objects that are invisible to the unaided eye. In the past, microscopes used light 

as the source to examine or work with the material. The resolution that is obtained is insufficient to disclose the minute 

details at the sub-micro and nanoscale. An electron beam is used to solve this issue since the resolution limit increases 

with decreasing wavelength (Hamid, 2018). Techniques like transmission electron microscopy (TEM) and scanning electron 

microscopy (SEM) are developed using this concept. These advanced methods provide an image with a resolution better 

than a light microscope by probing the specimen with an electron beam. 

SEM is used to examine the topography of the surface and provide details about the bulk material's surface, near-

surface, composition, and flaws. For material and biological scientists to analyze their specimens at the nano and micro 

levels in a variety of industries, scanning electron microscopy (SEM) is an incredibly versatile tool. 

 

Interaction of the Electron Beam with the Specimen 

An overview of the SEM's operation and equipment is shown in Figure 3. When an electron beam with energy of 2–40 

keV (primary electrons) interacts with the material, it produces three types of electrons: characteristic x-rays (c), 

backscattered electrons (BSE), and secondary electrons (SE) (Goodhew et al., 2000).  

 

a) Secondary Electrons (SE) 

When primary electrons collide with atomic electrons and knock them out of their orbits, inelastic collision occurs, 

producing SE. When SE with an energy less than 50 eV escapes from the specimen's near-surface layers, a high-resolution 

picture is created. 

 

b) Backscattering Electrons (BSE) 

When incident electrons approach an atom's nucleus close enough to be reflected at very broad angles, they scatter, 

resulting in BSE. Because BSE originates from the specimen's deeper layers and has lesser energy than SE, the resulting 

image has poorer resolution (Vernon-Parry, 2000). 

 

c) X-rays 

Electrons from outer shells descend by releasing energy in the form of x-rays when high-energy incident electrons 

knock out electrons from the inner shell to fill the holes. Their resolving power is one micrometer.  

 

Instrumentation 

An electron column, a specimen chamber, a computer control system, and three components make up a standard 

SEM instrument. These numerous parts are designed to carry out diverse tasks related to microscopy and microchemical 

analysis.  

 

a) Electron Column 

An electron cannon, electron lenses, scan coils, condenser, and objective lenses make up an electron column, which is 

cylindrical. The cathode and related electrodes make up the electron cannon, which is situated in the highest section of the 

electron column. The applied potential difference causes the electron beam, which is produced by the electron cannon, to 

move down the electron column. Depending on the type of investigation, tungsten filament, LaB6 emitter, Schottky field 

emission, and cold field emission gun are the most often utilized electron sources. The electron beam that is produced is 

concentrated by electromagnetic lenses composed of copper coils encased in an iron shell. The focal length of 

electromagnetic lenses can be adjusted by adjusting the current flowing through their coils, unlike traditional lenses. A 

small probe size and current on the specimen come from the electron beam spreading out and being mostly blocked by 

the apertures as it travels through the condenser lens. Through the objective lens, the specimen's surface is the focus of 

the electron beam. The specimen is closely examined by two scanning electromagnetic coils inside the objective lens bore, 

and a signal is produced. The detectors process this signal, which consists of both BSE and SE, and an image is displayed 

on the screen once it has been synchronized. 

 

 

b) Specimen Chamber 

Specimen Chamber is positioned at the end of the electron column. A specimen chamber comprises of specimen 

stage, specimen holder, optional air lock chamber, CCD camera and detectors. The specimen-containing stab is inserted 

into the specimen stage. To obtain better signals and realign the features in the SEM image, the stage can be tilted and 

rotated. In order to prevent collisions, cameras play a critical role in maintaining the proper distance between the specimen 
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and the objective lens. 

 

Fig. 3: The working of a scanning electron 

microscope (Ford et al., 2019). 

 

 

c) Computer Control System 

The software that comes with modern SEM devices is designed to carry out many tasks, such as data storage, 

networking, electron beam imaging, specimen chamber evacuation, specimen stage motions, and microchemical analysis.  

 

Thermal Analysis (TA) 

ICTAC (International Confederation for Thermal Analysis and Calorimetry) defined thermal analysis as  

 

“Thermal analysis (TA) means the analysis of a change in a property of a sample, which is related to an imposed 

temperature alteration.” 

Thermal analysis (TA) encompasses a number of methods, including thermometry, thermomanometry, thermal 

gravimetric analysis (TGA), differential scanning calorimetry (DSC), and thermomechanometry. Thermal examination of a 

sample (usually solid) causes the atoms' lattice motion to become random at a certain temperature, which might result in 

one of the following phenomena: a) phase change; b) melting; c) sublimation; or d) thermal decomposition (Brown, 1989). 

TGA and DSC are the methods most frequently employed to examine how a specimen's thermal behavior varies as a result 

of temperature changes (Gabbott, 2008). 

 

Thermogravimetric Analysis (TGA) 

Using the TGA technique, variations in the specimen's mass are monitored in a controlled atmosphere at a 

predetermined temperature as a function of time. A thermogravimetric analyzer, sometimes known as a thermobalance, is 

the apparatus used to carry out the complete procedure. Two separate changes in the specimen's mass can be noticed as 

a result of TGA (Parlouer, 2013).  

 

a) Weight Loss 

Weight loss may happen as a result of dehydration, dihydroxylation, evaporation, decomposition, desorption, 

pyrolysis, etc.  

 

b) Weight Gain 

Weight gain may happen due to adsorption and hydration etc. 

 

Instrumentation 

A thermobalance houses three components: a controlled environment cabinet, a furnace, and a sensitive balance 

module. Although there are other varieties of thermobalance, the most often used one operates on the null position 
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balance concept. 

a) Balance Module 

A torsion wire hangs the balancing assembly, and a rod with four magnets attached goes through the middle of it. 

The solenoid is submerged in these magnets. A photodiode measures the signal after a light is delivered by an optical 

detection device. The light becomes partially obscured as soon as the sample's mass changes because the balance beam is 

forced to move. The solenoid receives current in order to make up for this and return the balance to the null state. The 

compensatory current corresponds to the variation in the specimen's mass.  

 

b) Furnace 

Certain constructional measures must be in place between the balance and the furnace to shield it from the damaging 

effects of heat radiation and the entrance of corrosive breakdown products (Ebnesajjad, 2010). The heating elements 

utilized in the majority of furnaces were nickel chrome, kanthal, platinum, and tungsten. The specimen is set atop a crucible 

that, even at extremely high temperatures, ought to be inert. For research conducted at higher temperatures, crucibles 

composed of alumina, platinum, tungsten, and graphite are utilized (Parlouer, 2013). The sample should be between 5 and 

20 mg in amount, and the heating rate should be adjusted so that the specimen has enough time to finish the reactions.  

 

c) Atmosphere 

Different kinds of analyses are conducted in different kinds of contexts. Depending on the experimental conditions, 

some investigations require an inert atmosphere, while others require an oxidative or reductive atmosphere. 

 

Differential Scanning Calorimetry (DSC) 

Differential Scanning Calorimetry (DSC) is a technique for measuring heat flux (thermal power) to and from a 

specimen over time or temperature changes in a given environment. It entails comparing the heat flux of the reference 

crucible to the crucible containing the specimen (Gallagher, 1998). DSC permits the detection of phase changes that occur 

within the specimen during the heat treatment process. The approach falls into two groups based on its mechanism: heat 

flux DSC and power compensated DSC (Zhao et al., 2005). 

 

a) Heat Flux DSC 

A thermoelectric disk is used to support both an empty reference pan and a pan carrying specimens during the heat 

flux treatment process. The entire assembly is housed inside a single furnace, and a thermoelectric disk transfers heat to 

the pans. The temperature differential between the sample and reference pans is caused by the thermal events that take 

place in the specimen. Temperature sensors are made using area thermocouples (Gill et al., 2010). This temperature 

differential, or Δt, is measured, transformed into the equivalent of heat flow, and then recorded as a function of 

temperature or time. 

 

b) Power Compensated DSC 

The reference pan and the specimen pans in power compensated DSC are heated by two different heaters in two 

different furnaces. The reference pan and the specimen pan need to be maintained at the same temperature. Power 

compensation is performed to a specific furnace in the event that there is any apparent temperature change (Gabbott, 

2008). comparing the energy input differences to the two furnaces and then recording the data as a function of 

temperature or time. 

There would be a temperature differential between the reference and sample pans when the specimen underwent the 

heat treatment. If the specimen absorbs or releases excess heat in relation to the reference pan while maintaining the same 

temperature in both pans, the process is referred to as endothermic or exothermic, respectively (Gill et al., 2010). 

The pan or crucible's composition should prevent it from reacting with the sample and solidifying its encapsulation. To 

prevent spills, the sample should be very small, ranging from 1 to 10 mg. Typically, an inert gas is present during the 

process; however, depending on the application, air or oxygen may be purged and utilized as oxidative agents. The gas 

flow is managed by restrictors and pressure regulators (Gabbott, 2008). 

 

Electrochemical Analysis 

The electrochemical analysis of the as-synthesized materials has been done by using following techniques 

 

1) Cyclic Voltammetry (CV) 

In the past ten years, cyclic voltammetry has emerged as the most well-known method for researching electrochemical 

reactions. It is a helpful technique to determine the energy levels of the analyte, electron transfer processes, and the 

thermodynamics of a redox reaction. It is the most effective technique in all electrochemical studies because of its broad 

application. Furthermore, the rate constant (k^), the number of electrons throughout an electron transfer process, and the 

thermodynamics and heterogeneous kinetics of the electron transfer reaction can all be inferred from the CV results. CV 

employs a three-electrode system, which comprises of a working electrode (WE), reference electrode (RE), and counter 

electrode (CE), just like all other electrochemical processes. Starting with an initial value, the voltage delivered to the WE in 
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relation to RE is scanned linearly vs time. After reaching a particular potential, the potential scan is reversed, and a counter 

electrode is used to monitor the current. A cyclic voltammogram is the plot of current and applied potential that results 

from this process (Isaev et al., 2018). Figure 4 provides a general representation of a voltammogram. 

 

Categorization of Redox Processes 

Cyclic voltammetry can be categorized into reversible, irreversible and quasi reversible processes. This classification is 

based on parameters like cathodic and anodic peak currents (Ipc and Ipa) and peak potentials (Epc and Epa), peak width (Ep-

Ep/2), and half wave potential (E½).  

  

 

Fig. 4: Typical cyclic 

voltammogram featuring cathodic 

and anodic peaks for a reversible 

process (Isaev et al., 2018). 

 

 

a) Reversible Process 

The peak potential of this kind of electrochemical process is independent of the scan rate, and the forward and 

backward current ratio is unity. An irreversible process's peak current can be calculated using the Randles-Sevcik equation 

(Isaev et al., 2018). The following is the mathematical relationship:  

Ip = (2.69 × 105) n3/2 A C D1/2 υ1/2                                          (3) 

According to this equation Ip stands for current in amperes, n for number of electrons, A for area of the electrode in 

cm2, C for concentration of the analyte in mol cm-3, D for diffusion coefficient in cm2 s-1 and υ for scan rate in V/s. 

During a reversible process, the exchange of electrons at the electrode/electrolyte interface is often very fast. Equation 

4 is used to calculate the number of electrons taking part in a chemical reaction that proceeds through a reversible 

process. 

ΔEp = Epa-Epc = (0.059/n) V                              (4) 

In reversible processes, potentials corresponding to cathodic and anodic peaks do not change with scan rate. In that 

situation half-wave potential (Ep/2) is used, and calculated by the following equation. 

Ep1/2 = E1/2 ± 28/n (mV) at 298 K                                       (5) 

E1/2 is that potential at which the current becomes half (Ip=0.5Ip). The positive sign signifies the oxidation process and 

the negative sign corresponds to the reduction process. Oxidation and reduction processes are represented by positive 

and negative signs, respectively. Equation 6 is used to calculate the peak potential (Isaev et al, 2018). 

Ep = E1/2 – [1.109 ± 0.002] RT / nF                                (6) 

For a reversible process, the value of the k˚ is ≥ 2 × 10-2 cm s-1. 

 

b) Irreversible Process 

Because of the slow electron transport in an irreversible process, the peaks are widely apart, and the peak separation 

is always larger than 59/n mV (Zahn et al., 2012). Moreover, the scan rate affects peak potential. For this procedure, the 

peak current is shown as: 

Ip = (2.99 × 105) n3/2 α1/2 A C D1/2 υ1/2                 (7) 

The transfer coefficient, denoted by α in this equation, quantifies the energy symmetry of electron transfer and has a 
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value between 0 and 1. The following relationship connects peak separation to the electron count: 

n = 4 Ip RT/ FQ υ                                  (8) 

c) Quasi-reversible Process 

This process sometimes referred to as the quasi-reversible process, lies between the reversible and irreversible 

processes. A reverse scan of this system reveals the presence of a peak. Less magnitude is seen in the forward scan, 

though. Peak separation in this procedure increases as the scan rate increases, and it should be greater than 60 mV. Peak 

potentials are widely separated in voltage micrographs. 

k° values for this process ranges from 2 × 10-2 cm s-1 to 3 × 10-4 cm s-1 (Birke et al., 1981). 

 

2) Electrochemical impedance spectroscopy (EIS) 

The sum of all the resistances present in a system is collectively known as impedance. Traditional electrochemical 

analysis fails to fully explain the process occurring at the electrode-electrolyte interface. Impedance measurements over a 

wide frequency range are required for a full description of the redox reactions (Choi et al, 2020). In impedance, a small 

perturbed potential (Vω) is employed to record the resulting current (Iω). The Zω denotes impedance and is determined by 

using the following relation:  

Zω = Vω/Iω = Zo exp (iϕ) = Zo (cosϕ + i sinϕ)                       (9) 

Where ω is the angular frequency, ϕ is the phase angle, i is the imaginary unit, Vω and Iω are the frequency-dependent 

voltage and current respectively (Armstrong and Henderson, 1972 and Singh et al., 2015).  

 

Equivalent Circuit-based Analysis 

In a simple scenario, the interface can be described using an equivalence circuit, commonly known as the Randles 

circuit. An equivalent circuit (EC) as shown in Fig. 5 is used to fit the experimental results. Figure 5 displays that a simple EC 

comprises of solution resistance (Rs), double-layer capacitance (Cdl), charge transfer resistance (Rct), and Wargburg 

impedance (W). Besides these, inductors are also important units of EC, there is more than one way by which these 

components can be arranged in an EC depending on the nature of the redox processes occurring at the electrode-

electrolyte interface. The simplest of them is the Randles circuit. The difference between the experimental and simulated 

values should be as small as possible for a clear understanding of the processes occurring at the electrode surface (Nikoo 

et al., 2017). 

 

 

Fig. 5: Randles circuit for EIS 

(VanderNoot and Abrahams 1998). 

 

 

The Nyquist and Bode plots are the two most convenient ways to treat impedance data. 

 

a) Nyquist Plot 

Fig. 6 shows Nyquist plot, in which imaginary component of the impedance is plotted on y-axis and real component 

on x- axis. In an Nquist plot, the impedance that appears at higher frequency represents solution resistance while charge 

transfer resistance is estimated from lower frequency region. A small value of charge transfer resistance is an indication of 

facile transfer of electrons (fast kinetics) at the electrode surface and vice versa. 

 

b) Bode Plot 

Bode graphs show the absolute values of impedance or phase angle vs frequency. It also delivers essentially identical 

information as the Nyquist plot. The Φ vs log ꞷ in Fig. 6 indicates that the material is resistant in both high and low 

frequency ranges. This is confirmed with no phase shift. At intermediate frequencies, the responses grow more capacitive 

as the phase shift approaches 90º (Park and Yoo, 2003). 

 

Reasons to Run EIS 

Characterization of Electrochemical Systems 
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EIS provides extensive information about the electrical properties of electrochemical systems, assisting in the 

understanding of resistances, capacitances, and reaction rates.  

 

Fig. 6: Nyquist Plot and 

Bode plot for EIS (Birke, 

1981).  

 

 

Understanding Reaction Mechanisms 

EIS uses impedance spectra analysis to discover and comprehend electrochemical processes such as charge transfer 

reactions, mass transport events, and surface changes. 

 

Detection of Electrochemical Interfaces 

EIS sensitivity allows for the detection and characterizations of events such as adsorption desorption, and corrosion at 

electrode interfaces.  

 

Quality Control and Process Optimization 

EIS helps to ensure consistency and dependability throughout the fabrication of electrochemical devices and coatings.  

 

Interdisciplinary Applications 

EIS has applications in a variety of domains, making it an invaluable tool for researchers and practitioners working on 

electrochemical problems and applications. 

EIS is non-destructive and non-invasive, allowing for repeated measurements without affecting system integrity, which 

is advantageous for fragile or sensitive systems. EIS provides key insights required for the development of novel materials 

and devices in areas such as chemistry, physics, and engineering. 

 

Conclusion:  

To summarize, the characterisation of nanoparticles necessitates a multidisciplinary approach using a variety of 

experimental approaches. X-ray diffraction (XRD) allows for structural investigation of crystalline materials, whereas 

scanning electron microscopy (SEM) provides information about surface morphology and composition. Thermal analysis 

(TA), which includes thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC), yields critical 

information on thermal behavior and phase transitions. Electrochemical analysis techniques like cyclic voltammetry (CV) 

and electrochemical impedance spectroscopy (EIS) provide useful information on redox processes and interfacial 

phenomena. By combining these techniques, researchers can gain comprehensive insights into the properties and 

behavior of nanoparticles materials, facilitating understanding and enabling the development of advanced applications in 

fields such as materials science, energy storage, and catalysis. 
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ABSTRACT   

The infections are getting harder to treat day by day due to an increase in the prevalence of drug-resistant bacteria. The 

primary use of nanoparticles against infections is their role as an alternative to antibiotics for preventing antibiotic 

resistance. Along with antibiotic resistance, the other factors involved in their usage are enhanced potency and broad-

spectrum activity. Various nanoparticles have shown a potential against bacterial infections such as salmonellosis, which 

has considerable impacts on public health, poultry products, and economics. Many of the infections caused by 

Salmonella spp. are drug-resistant to commonly used antibiotics. One of the main reasons is the irrational use of 

antibiotics in both the human and animal sectors. The use of NPs has had a great impact in treating these infections. 

Gold, Silver, Zinc Oxide, Copper, MgO, and Selenium NPs have shown a key role in antibacterial activity against 

salmonellosis. The research is being done to manage their dosages and usages. However, there is a need to more widely 

apply the use of nanoparticles against salmonellosis in the poultry farming industry. This chapter highlights the 

importance of the antibacterial use of nanoparticles along with their mechanisms. 
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INTRODUCTION 
 

With continued advancement in the poultry sector, the demand for poultry products along with its socioeconomic 

perspective is making a huge contribution to the food animals producing industry. The world production of fresh or chilled 

chicken meat increased from 120.4 million to 123.6 million tonnes from the year 2021 to 2022. The United States of 

America, Mainland China, and Brazil are the top three chicken meat producers. The amount of eggs produced worldwide 

has surged by 150 percent in the last thirty years. Asia has seen the greatest of this expansion, with production nearly 

tripling there (FAOSTAT, 2022). Genetic Selection has played a key role in maximizing the production of poultry meat and 

eggs over time (Korver, et al., 2023). Poultry meat is a rich source of protein content and amino acid balance, energy, and 

micronutrients while eggs contain large amounts of amino acids along with essential fatty acids and high levels of vitamins 

(Bohrer et al., 2017). Meanwhile, viruses, fungi, and bacteria are responsible for causing various disease outbreaks in 

poultry (Saif et al., 2009). For example, non-typhoidal salmonella serotypes are associated with salmonellosis in poultry. 

Salmonellosis has a zoonotic potential which can be due to consumption of contaminated eggs and meat. There are 

various routes of transmission of salmonella in poultry such as contact with carrier animals like rodents, cats, and insects. 

Contaminated water, litter, feed, and aerosol transmission are also involved in its transmission (Shaji et al., 2023). 

Meanwhile, the economic losses attributed due to salmonellosis in the United States as a foodborne disease is estimated 

to be 4 billion dollars. (Scharff et al., 2012) 

 

Chemical Control of Salmonellosis in Poultry 

Broad-spectrum antibiotics are recommended against salmonella infections in poultry. Chloramphenicol, Neomycin 

Polymyxin B, Nitrofurazone, Amoxicillin, and Tetracycline, are the drugs of choice for the treatment of salmonellosis (Tariq 

et al., 2022). A review study published in 2020 shows that 70.0% of the studied strains of Poultry Salmonella are sensitive to 

drugs of the Fluoroquinolone group (nalidixic acid, norfloxacin, ciprofloxacin, enrofloxacin) and 66.67% to the 
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cephalosporins (ceftazidime). 83.33% of strains were resistant to tetracycline drugs (tetracycline); 63.33% - β - lactams 

(ampicillin); 56.67% - aminoglycosides (gentamicin, kanamycin, streptomycin); 46.67% - sulfonamides (trimethoprim). 

Enrofloxacin is also used to treat salmonella in poultry. The recommended dose is 10 mg/kg of body weight per day for 5 

to 10 days, added to the drinking water (Lenchenko et al., 2020). 

Alternate Control Measures for the Control of Salmonellosis in Poultry 

Essential oils have been found to act as environmental disinfectants along with decreasing intestinal colonization in 

chickens (Ebani et al., 2019). The dietary supplementation of essential oils (Khan et al., 2023) and organic acids is also 

helpful in reducing the salmonella load in the liver, spleen, and cecum (Hu et al., 2023). Probiotic supplementation of the 

feed leads to increased anti-salmonella IgA which helps boost humoral immunity against the salmonella infections in the 

birds (Shanmugasundaram et al, 2020). There is also a role of prebiotics such as non-digestible oligosaccharides and 

polysaccharides against salmonella which help the gut to lower the pH (Bogusławska-Tryk et al., 2012). While providing 

broiler birds with whole yeast cell prebiotic supplementation increases the proportion of Tregs and enhances the 

expression of the anti-inflammatory cytokine IL-10. All of these effects are known to modulate the immune response 

(Shanmugasundaram et al., 2012). Moreover, mineral nanoparticles have a role in reducing intestinal mineral antagonism 

thereby improving feed efficiency and immunity (Gopi et al., 2017). 

 

Introduction of Nanoparticles  

Nanoparticles (NPs) are a wide class of materials that include particulate substances, which have dimensions less than 

100 nm at least. Depending on the overall shape these materials can be zero, one, two, or three-dimensional, i.e.; 0D, 1D, 

2D, or 3D. Nanoparticles have a size range from 1 to 100 nm with a large surface area (Khan et al., 2023). They are 

extensively used in modern-day medicine for their unique ability to deliver the drugs in the optimum concentration 

resulting in improved patient care. Nanoparticles have also been used in diagnostic imaging technology and the 

development of the immunoassay. The main aspects of nanoparticles usage in medicine are their antimicrobial properties 

and the treatment of cancer (Maria et al., 2023). There are various classifications of the nanoparticles such as Carbon-

based, Metal, Ceramic, Lipid-based, and Semiconductor NPs (Khan et al., 2019). In addition, there are two approaches for 

the preparation of the nanoparticles such as Bottom-Up Syntheses and Top-Down Syntheses (Wang and Xia, 2004).  

 

Top-Down Syntheses of Nanoparticles Includes the following Steps; 

➢ Mechanical milling 

➢ Chemical etching 

➢ Sputtering 

➢ Laser Ablation 

➢ Electro explosion 

 

Bottom-up Synthesis of Nanoparticles is Summarized into the following steps; 

➢ Spinning 

➢ Template support synthesis 

➢ Plasma or flame spraying synthesis 

➢ Laser pyrolysis 

➢ Chemical Vapor Deposition (CVD) 

➢ Atomic or molecular condensation (Ibrahim et al., 2019) 
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Fig. 1: Nanoparticles against Salmonella in poultry 

Mechanism of Antibacterial Action of Nanoparticles 

Nanoparticles (NPs) must come into contact with bacterial cells to exert their antibacterial effects. Various mechanisms 

can result in this contact like electrostatic attraction, receptor-ligand binding, van der Waals forces, and hydrophobic 

interactions. After the establishment of this contact, NPs can cross the bacterial cell membrane and accumulate along the 

cell’s metabolic pathways and it influences the cell membrane’s shape and function. This forms interaction with essential 

cellular components including DNA, ribosomes, lysosomes, and enzymes which results in oxidative stress, changes in 

membrane permeability, cellular damage, enzyme inhibition, disruption in electrolyte balance, alteration in gene 

expression, and protein inactivation. The antimicrobial mechanism of action of NPs is generally owes to one of the three 

models; metal ion release, oxidative stress induction, or non-oxidative mechanisms. Simultaneous occurrence of these 

three mechanisms can also be seen (Wang et al., 2017). 

 

Table 1: Antibacterial Mechanism of Action of Some Nanoparticles 

Types Antibacterial Mechanism References  

Gold NPs Oxidative stress due to the production of reactive free oxygen and penetration inside the 

cell  

(Kaur et al., 2023) 

Zinc Oxide 

NPs 

Destruction of cell integrity, ROS formation, release of antimicrobial ions, mainly Zn2+ 

ions  

(Li et al., 2011) 

Silver NPs Interferes with cell membrane and electron transport, Ag NPs work as catalysts in 

pollution treatment along with treatment for burns  

(Li et al., 2008; 

Wang et al., 2017) 

Titanium 

Oxide NPs 

Releases reactive oxygen species (ROS) and damages cell membranes  (Bozdek et al., 

2022) 

Nitric Oxide-

Releasing 

NPs 

Produces an array of antimicrobial effector molecules acting on different targets within 

the microbial cell with the release of NO and reactive oxygen species  

(Weller et al., 

2009) 

 

Mechanism of Nanoparticles against Salmonellosis 

Nanoparticles have shown a key role against salmonellosis in poultry and the potential NPs against salmonella are 

discussed as follows. The biogenic silver NPs have a key role against Salmonella bacteria producing the inner membrane 

disruption followed by membrane dysfunction. AgNPs affect the inner membrane of bacteria without damage to the outer 

membrane. Moreover, the formation of antibiotic-induced reactive oxygen species (ROS) and changes in the calcium 

gradient also contribute to bacterial cell death (Minju et al., 2017). The antibacterial effect of Ag NPs is more pronounced 

at low concentrations and a study shows that Ag NPs inhibited 60–90% of Salmonella pathogens (Lilit G, et al., 2020). 

AgNPs synergized with H2O2 showed broad-spectrum bactericidal activity toward multi-drug-resistant S. typhimurium 

which was isolated from dairy and beef cattle (El-Gohary et al., 2020). Another study indicated that AgNPs have exhibited 

antimicrobial and antibiofilm activity against S. Enteritidis. The bacterial count decreases after using AgNPs on the biofilm 

as compared to the use of the sanitizer (Dias de Emery et al., 2023). 

Foodborne Salmonella pathogens are susceptible to the antibacterial activity of MgO NPs. When NPs contact bacterial 

cells, this interaction causes induction of oxidative stress, cell membrane leakage, and ultimately death of the cell (Yiping et 
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al., 2016). MgO NPs gain entry within the bacterial cells by cell membrane disruption which allows them to penetrate the 

cytoplasm. Once these NPs enter the cytoplasm, they can either directly damage the DNA and the enzymes, or generate 

the reactive oxygen species (ROS) through a light-driven catalytic process. This production of ROS on the nanoparticle 

surface, triggered by light, results in the induction of oxidative stress in the microbial cells and leads to the death of the 

cell. It causes denaturation of the proteins and causes damage to the mitochondria. Additionally, interference with cellular 

memory is seen and trans-tolerant electron transport is also impeded. Consequently, the inflicted damage leads to the 

destruction of bacterial cells, prompting the release of their organelles and eventually leading to cell death (Gatou et al., 

2024). 

AuNPs act as an excellent biocide to eliminate Salmonella typhi colonies at times as short as 90 minutes (Lima et al., 

2013). AuNPs obtained from S. plagiophyllum extract have been found to show effective antibacterial activity for 

biomedical applications (Dhas et al., 2020). Gold nanoparticles have shown antimicrobial activity against MDR Salmonella 

spp. obtained from fecal samples of the ruminants suffering from mastitis, respiratory signs, and diarrhea (Abdalhamed et 

al., 2021). The combination therapy including an antibiotic such as cefixime and a variety of NPs including Silver, Zinc 

oxide, Copper, and Nickel has shown antimicrobial activity against Salmonella Infections (Kapadia et al., 2021). 

Scientific evidence demonstrated the potential of ZnO NPs as an alternative to conventional antibiotics in livestock 

farming (Yausheva et al., 2018). The effects of exposure to ZnO nanoparticles on the gut microbiota have been researched 

in various animal models (Zhu et al., 2023). Zinc Oxide NPs enhance the production of the reactive oxygen species which 

leads to abnormal metabolism in food pathogens including Salmonella. It has also been found that the exposed cells with 

ZnO NPs produce a high level of malondialdehyde disintegrating the bacterial cell membrane. It would also allow the ZnO 

NPs to enter into the cytosol to interact with cytoplasmic proteins and enzymes, producing more reactive oxygen and 

leading to protein aggregation and enzyme inhibition. (Krishnamoorthy et al., 2022). 

The biosynthesized Selenium NPs have also demonstrated an antibacterial potential against Salmonella typhimurium 

both in vitro and in vivo experiments (Saleh et al., 2023). Selenium NPs improve the growth performance, feed conversion 

ratio, and meat production through their antimicrobial activity and stimulating the thyroid glands to produce the thyroid 

hormones in poultry. It also improves the intestinal membrane integrity and enhances the production of beneficial 

intestinal bacteria. Supplementation of the Selenium NPs in the laying hen's diet improves the egg production and the 

egg-laying capacity of the hens (Ahmad et al., 2022). 

With the size of 2-350nm and increased uptake from the GIT, the Copper NPs have inhibited the growth of Salmonella 

choleraesuis. (Scott et al, 2018). However, it is reported that CuO NPs require higher concentrations to show an 

antimicrobial effect against Salmonella as tested by MIC (Duffy et al., 2018). A recent study shows that CuO NPs 

synthesized via the green route by using Cassia fistula revealed that the peace antibacterial activity was demonstrated at 

280nm through UV spectrometry against S. typhimurium. It produces the ROS by following the type II mechanism for the 

production of reactive oxygen species (Rahim et al., 2024)  

 

Conclusion 

The use of nanoparticles is increasing day by day due to the wide range of their applications in diagnosis and 

therapeutic areas. The discussions in our book chapter include the antibacterial action of nanoparticles against 

salmonellosis. These nanoparticles have potential advantages against enteric pathogens and advanced research must be 

done to determine the applications of nanoparticles against salmonellosis on an industrial level in poultry. Salmonellosis 

plays a key role in mortality and morbidity in the poultry sector all over the world. There is a need to undergo further 

research to understand the potential application of NPs to get adopted in poultry. 
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ABSTRACT   

This chapter gives us details about the complex role of nanoparticles in dealing with bacteria and viruses as antimicrobial 

agents. Nanoparticles are tiny particles with a size of 1- 100 nm. Their properties are very unique so a lot of research is 

carried out on these revolutionary particles. They are present in nature and have a very ancient history. The evolution of 

these particles from ancient history to Michael Faraday's work is tracked which can elaborate their importance in modern 

medicine and industry fields. The classification of these particles into various types such as organic and inorganic 

nanoparticles helps us to study their antimicrobial activity in detail. Further, this chapter explores the antibacterial 

properties of nanoparticles. Organic nanoparticles such as liposomes and inorganic nanoparticles such as gold and silver 

nanoparticles destroy the cell walls of bacteria by different mechanisms of action. The importance of nanoparticles 

increases more because they can be an alternative to antibiotics in case of AMR which is a big threat to the world 

nowadays. This chapter also delves into the antiviral properties of nanoparticles. Viral infections are a big threat to 

society and unfortunately, they have no specific treatments but nanoparticles can be used to prepare vaccination that 

can be used against these viruses with more precise targeting mechanisms. 
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INTRODUCTION 
 

Nanoparticles are matter particles (Griffin et al., 2017), have a small size of 1-100 nanometers (Paulami et al., 2023; 

Tripathi et al., 2023), and can't be seen with the naked human eye or even with the compound microscope. (Diaspro et al., 

2022; M. Ismail et al., 2019) The electron microscope is required to see nanoparticles (Dahy et al., 2023). They are also 

called ultrafine particles (Li et al., 2016; Burtscher et al., 2012). Nanoparticles are widely present in nature (Suhag et al., 

2023; Niu et al., 2023). They play an important role in modern medicines (Joseph et al., 2023; Munir et al., 2020) and are 

present in many industrial products (Litter et al., 2023; Malik et al., 2023) like plastic (Majeed et al., 2024, Calovi et al. 2023), 

paints, metallic (Santos et al., 2015) and magnetic products (Zerkani and Abbodi, 2023). Their roles are very deeply studied 

in different sciences such as chemistry, physics, and even in medical science to treat different diseases (Zahin et al. 2020). 

They are generated through a lot of naturally occurring events in the Universe (Buzea et al., 2007) e.g. volcanic 

eruptions (Ermulin et al., 2023; Fedotov et al., 2023), microbial processes (Milani et al., 2023), forest fires (Nim et al., 2023), 

etc. There is a very unique history of Nanoparticles. Artists have used nanoparticles in their crafts but they didn't know 

their properties since prehistory (Montanarella and Kovalenko, 2022). Many artifacts of ancient times showed that tiny 

metal particles were mixed with different materials to make them unique. The example of the Lycurgus Cup is perfect in 

which nanoparticles were used for their color-changing characteristics but at that time artists didn't know about it (Babu et 

al., 2023; Khatun and Predeep, 2023). The unique visual was obtained by mixing silver and gold nanoparticles in glass 

which interact with light and give beautiful visions (Litter and Ahmad, 2023). Similarly, Mesopotamia lusterware pottery 

shows a beautiful metallic shine due to metallic nanoparticles of copper and silver in the glass. (Jayalatha and Rayappan, 

https://doi.org/10.47278/book.CAM/2024.309
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2015; Mirguet et al., 2015). The ancient artist manipulated things at the nano level, making remarkable achievements in 

their creations. (Heiligtag and Niederberger, 2013). In the 19th century, Michael Faraday gave scientific knowledge of 

nanoparticle-scale metal properties in his paper in 1857 (Merupa et al., 2023; Norton et al., 2023). He observed that 

heating mounted gold or silver thin leaves on the glass below red heat changes their properties, it changes light 

transmission and reflection in these metals and their electricity resistivity also increases (Stempski et al., 2019; Parveen et 

al., 2016). The interaction of light with nanoparticles was described by Mie in 1908 (Dorodnayy et al., 2023; Talapin and 

Shevchenko, 2016). 

In the 1970s and 80s, proper studies started in America and Japan (Litter and Ahmad, 2023; Ma, 2022). In the 

beginning, they called them ultrafine particles, but by the 1990s the term nanoparticle became more common. The 

National Nanotechnology Initiative started in America officially in 2000 (Roco, 2023; Hashmin et al., 2022). 

Nanoparticles are very useful in all science subjects but our topic is related to the use of nanoparticles in antimicrobial 

resistance and control. Nanoparticles are classified into different types based on physiochemical compositions (Khan, 2019; 

Stone et al., 2010) e.g. Organic based nanoparticles (nanocapsule, nanosphere, liposomes, dendrimers), Inorganic based 

nanoparticles (silver, gold, magnetic and alloy nanoparticles.), carbon-based Nps, semiconductor-based nanoparticles, etc. 

Organic Nanoparticle is the type of nanoparticle used in drug delivery systems (Natesan and Kim, 2023; Ulises and 

Sharma, 2023; Mitragotri et al., 2014). Following are some organic nanoparticles. Nanocapsule are hollow spheres (Vasilaki 

et al., 2023; Panigrahi et al., 2022) in which the drug is confined in the inner cavity with a polymer coating (Anis et al. 2023; 

Li et al., 2023) their size is 50-300 nm (Verma et al., 2016). They have low density but higher loading capacity (Wu et al., 

2020; Geothals et al., 2013). Nanospheres are a matrix system of drug delivery in which the drug is spread uniformly 

(Purabisaha et al., 2021). Their size ranges from 100-200 nm (Barcelo et al., 2012). In many studies, they are used to treat 

influenza (Cho et al., 2015), Hepatitis B (Wen et al., 2019), and Herpes Simplex Virus (Shen et al., 2019). 

Liposomes (Li et al., 2023) are a type of Organic NP that is very important. They are spherical carriers with tiny sizes of 

20-30 nm (Nsairat et al., 2022). They are made up of a phospholipid bilayer that surrounds the aqueous core (Rai et al., 

2014). Phospholipid bilayer gives them a very unique quality. They can mimic cell membranes and easily fuse with 

microbial cell membranes (Fang et al., 2015). Drugs can be mixed in the inner core for targeted drug delivery. They are 

non-toxic and biodegradable (Farid et al., 2020; Singh et al, 2017) Inorganic nanoparticles are smaller than organic 

nanoparticles but have More efficacy.  

Silver nanoparticles are a Great role of nanoparticles these days in different fields but among all of the types, silver NP 

are a more widely used type. They are used in large quantities in the industry to make home appliances, water treatment 

plants, and disinfectants used in the medical field (Saifuddin et al., 2017). They are also used in biosensing and imaging 

technology due to their unique properties (Garg et al., 2020; Siromani and Daniel, 2011). AG NP is also very effective in 

treating many diseases by targeting specific cells (Franci et al., 2015) e.g. Ag NP targets the HIV-1 virus by stopping it from 

binding with host cells in vitro (Alarcon and Udekwu, 2015; Tsai et al., 2019) 

Gold nanoparticles are synthesized in large quantities because they are used in many medical treatments e.g. 

treatment of PPR in ruminants (Bisht et al., 2023). They have a very important role in the medication of different infections. 

They are made from Tetra chloroauric acid (HAuCl4) and Trisodium citrate by a reduction process in an aqueous solution 

(Hammami et al., 2021). Their surface plasmon resonance properties make them suitable for imaging techniques and 

biomedical tools (Verma and Singh, 2014). They are used to detect DNA in a sample as a lab tracer. They can be used to 

detect aminoglycoside antibiotics. They are used to detect cancer stem cells which are very useful in cancer diagnosis 

(Hasan, 2015). 

Magnetic nanoparticles are also a very important type. They are made up of metallic elements like iron, cobalt, and 

nickel and their oxides under an external magnetic field (Selim et al., 2023). They are used in MRI and targeted drug and 

gene delivery (Shen et al., 2018; Shubayev et al, 2009). 
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Nanoparticle: Tiny Warriors against Microbes 

Nanoparticles are the modern and ting fighters that fight against microbes (Mobeen et al., 2021). They can solve many 

problems caused by bacterial and viral infections (Baptista et al., 2018). They can target the pathogens very accurately and 

kill them in different ways even if they develop resistance to antibiotics (Natan and Banin, 2017). This seems very fictional 

but it's reality now.  

In present days, bacterial infections are treated with antibiotics which is a very useful way to overcome infections 

which is very good but we need these futuristic technologies. The reason behind this is microbial resistance against these 

antibiotics. Microbial resistance is a big threat these days (Muteeb et al., 2023; Tang et al., 2023). Many antibiotics are not 

useful for many bacterial infections nowadays because bacteria develop resistance against these antibiotics and they aren't 

able to kill these bacteria anymore (Costanzo and Roviello, 2023). Superbugs and multidrug-resistant bacteria are endemic 

in many parts of the world (Aslam et al., 2023; Panuli et al., 2023). This is the start of resistance as time proceeds all bacteria 

may develop resistance and infections become untreatable. Before this happens, we have to develop alternatives to these 

antibiotics. (Christaki, Marcou, and Tofarides, 2020)  

Nanoparticles can easily alternate these conventional antibiotics (Kanwar et al., 2023). They can not only work against 

bacterial infection but also against viral infections, which is the best thing about them (Teirumnieks et al., 2023; Aguilera et 

al., 2021). Nanoparticles have a high surface area-to-volume ratio, tailored surface properties, and customizable 

composition (Schneider et al., 2021). These properties make nanoparticles act against the pathogen. Nanoparticles can also 

be designed to specifically target microbial cells while minimizing adverse effects on host cells (Sethu et al. 2017). They are 

also concerned with toxicity, scalability, and regulatory factors.  

They can be used in wound dressing (Kalantari et al., 2020), coating for medical devices (Marassi et al. 2018), and as 

delivery systems for antimicrobial drugs (Canaparo et al., 2019). Nanoparticles play a role in water purification systems by 

effectively eliminating bacteria eliminating bacterial contaminants (Joseph et al., 2023). Future research aims to optimize 

nanoparticles for improved efficacy, biocompatibility, and scalability.  

 

Nanoparticles as Precision Tools against Bacterial Infection 

Nanoparticles have emerged as strong candidates for fighting against bacterial infections with unique properties and 

applications (Khan and Rasool, 2023). By functionalizing the surface of nanoparticles, scientists can design them to 

recognize and bind selectively to bacterial cell surfaces (Ho et al. 2004). This gives a specific targeting approach to 

nanoparticles. Nanoparticles have a different way of interacting with bacteria. Some penetrate bacterial cell walls (Mei et 

al., 2013), destroy cell wall integrity, and cause cell death. Some release antimicrobial compounds or generate reactive 

oxygen species which stop bacterial growth and interact with important cellular processes, making them effective 

antibacterial agents (Karanwal et al. 2023). 

The rise of antibiotic-resistant bacteria can be treated with nanoparticle solutions. Nanoparticles can fight against 

resistance strains through multiple MOA making them effective against multidrug-resistant bacteria. (Cui and Zhang, 

2012). In bacterial infection, vascular permeability increases due to the release of bacterial components which trigger an 

inflammatory response and malfunction in the body's defense system. Nanoparticles take advantage of it and enhance 

permeation and retention for targeted antibiotic delivery to the site of infection (Gao et al., 2014). Bacteria usually maintain 

a negative surface charge, nanoparticles that are positively charged are designed to bind to bacteria through electrostatic 

interaction and neutralize the bacteria (Tan and Onur, 2018; Wang and Shao, 2017). 

Nanoparticles can be functionalized with a pathogen-binding ligand such as small molecules e.g. lectins, antibiotics, or 

bacteriophage proteins. These ligands help in specific binding to bacteria which increases the precision of nanoparticles to 

target specific pathogens (Yeh et al., 2020). Macrophages can take the nanoparticle to the targeted site through passive or 

ligand-mediated mechanisms which improves antibiotic therapy, particularly for intracellular bacterial infections (Gao et al., 

2014). Some nanoparticle-based vaccines are also made which can treat and produce immunity against bacterial infections 

(Lin et al., 2018). 

Nanoparticles provide us with a solution to problems faced by traditional vaccines. By conjugating antigen to the 

nanoparticle surface, b-cell activation is facilitated due to increased antigen delivery to antigen-presenting cells. modern 

fabrication methods like layer-by-layer and cellular membrane-coated nanoparticles increase antigen loading and immune 

modulation (Bezbaruah et al., 2022). Nanoparticles allow for the parallel delivery of antigens and adjuvants that mimic 

natural microbes (Gao et al., 2014). Toll-like receptor ligands can be delivered using nanoparticles that boost the immune 

response (Haegebaert et al., 2022).  

Nanoparticles can be delivered very specifically at specific sites safely and effectively. For example, pH-responsive 

nanoparticles protect antigens in the stomach and release them in lower GIT for translocation across in intestinal 

epithelium (Gao and Zhang, 2014). Nanoparticles are also used in the detection of bacterial infections in different parts of 

the body (Aflakian et al., 2023). Silica nanoparticles which have various fluorescent molecules enable ultrasensitive bacterial 

infection at single cell level (Gao et al., 2014). Semiconductor dots are used for sensitive bacterial detection and help in 

identifying different strains of bacteria (Zhang et al., 2023). Iron oxide nanoparticles are used to isolate bacteria from blood 

samples (Al-Rawi et al., 2021). Microfluidic systems with these nanoparticles allow high-throughput bacterial detection 

(Zhou et al., 2019). Paramagnetic iron oxide nanoparticles help in the detection of ultra-sensitive bacteria by using an MRI 

system (Gao et al., 2014). 
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Gold nanoparticles have unique properties that help in the detection of bacterial infections aggregation of gold 

nanoparticles due to changes in the plasmon resonance spectrum is used to detect bacterial DNAs and proteins (Mehrabi 

et al, 2023). 

 

 
 

Mechanism of Action: 

Nanoparticles interact differentially with different organisms (Deng et al., 2017). The nanoparticles also have different 

modes of action. Some nanoparticles bind with the cell wall. Some are attached to the protein of the cell. Silver NPs 

damage the membrane (Duran et al., 2016), bind protein to inactive it (Banerjee and Das, 2013), and stop the replication of 

DNA (Abbas et al., 2019). In E. coli, Ag NPs accumulate the enveloped protein in the cytoplasm by disappearing the proton 

motive force (Rao et al., 2022). This accumulation stops the proper functioning of protein in the membrane. In 

Staphylococcus aureus, AG NPs elevate the formate acetyltransferase which forms an anaerobic condition and reduces 

recombinase A which is related to DNA repair in this species (Cui et al., 2012). 

TiO2 and ZnO NPs kill bacteria by producing reactive oxygen species (hydroxyl radical and hydrogen peroxide) under 

exposure to UV radiation (Leung et al. 2016). Gold NPs have a very unique mode of action. They disorganize the cell 

membrane, attach to nucleic acid, and stop the production of protein (Cui et al., 2012). Thus, they kill bacteria. They have 

bactericidal properties against E. coli (Hameed et al. 2020; Cui et al., 2012). Gold NPs exert their antimicrobial action in two 

ways: one is to change the potential of the membrane and stop the production of ATP Synthase due to which synthesis of 

ATP stops and general metabolism decreases. The other is they stop the subunit of Ribosome from binding with tRNA. AU 

NPs also increase the chemotaxis in early-phase reactions (Cui and Zhang, 2012).  

 

Nanotechnology's Role In Combating Viral Infections 

Nanoparticles play an important role in fighting against viral infections (Rai et al., 2016). It helps in the detection, 

diagnosis, treatment, and prevention of viral infections (Yadavalli and Shukla et al., 2017). Nanoparticles can be used to 

detect viral infections. It helps in the development of highly sensitive and specific diagnostic tools for viral infections 

(Koudelka et al. 2015). Nanoparticle-based assays such as quantum dots and gold nanoparticles increase the sensitivity of 

PCR and immunoassay to detect viral infections easily (Banerjee et al., 2018). 

Nanoparticles are an effective carrier for antiviral drugs to be delivered at targeted sites (Maus et al., 2021). Lipid-

based nanoparticles, polymeric nanoparticles, and dendrimers enable controlled release and increased bioavailability of 

antiviral agents (Chakraverty and Vora, 2021). This targeted delivery can minimize the adverse effects of drugs and 

maximize the therapeutic effects against viral infections. Nanoparticles are also used in important vaccines against viral 

infection (Szulczewski et al., 2018). Nanoparticles are used to boost the immune system by mimicking viral agents (Li et al., 

2021). Nanoparticle-based vaccines are more stable and have more efficacy against infections (Diaz-Arevalo et al., 2020). 

They promote immune responses and help in targeted approaches to immune cells. 
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Nanoparticle types MOA Average size  Bacterial strains Reference 

Au Damage Cell membrane 20-30 nm Drug-Resistant S. aureus, k. 

pnueumoniae and E. coli 

Predeepa et al., 2016 

Ag Stop replication of DNA 12-15 nm S. aureus, E. coli, S. typhimurium Bajaj et al., 2017 

Fe3O4-Ag Increased hydrophilicity 20-25 nm S. aureus, E. coli Zomorodian et al., 2018 

MnFe2O4 Inhibit the growth 17 nm S. aureus, E. coli Pu et al., 2016 

Chitosan Stop DNA replication 200 nm Staphylococcus Silva et al. 2015 

Heparin  Inactivate thrombin  250 nm  E. coli  Kumar et al., 2016 

PMLA Hydrolytic Degradation 302 nm S. aureus, E. coli Arif et al., 2018 

SLNs Defuse In Cell Membrane 133 nm MRSA Kalhapure et al.,2017 

PEG Reduce protein and small 

molecule interaction 

180 nm P. aeruginosa Yin et al., 2017 

NLCS Improve Drug Permeability 175-330 nm S. epidermidis Lewies et al., 2017 

Dendritic MSNs Growth Inhibition 79-160 nm E. coli Wang et al. 2016 

 

Nanoparticles are used to design material that can stop the attachment of the virus to the host cell (Rai et al., 2016). 

They can also stop the entry of viruses into host cells. They can interfere with their replication process and stop them from 

spreading in the body (Goharshadi et al., 2020). They can neutralize viruses directly and increase the traditional antiviral 

treatments. 

Nanotechnology contributes to the development of antiviral coating for personal protective equipment (Phuna et al., 

2023), surfaces (Erkoc et al., 2021), and medical equipment. Nanomaterials with virucidal properties are designed to 

prevent the transmission of viral infections. 

Nanoparticles are used to prepare many vaccines to treat viral infections (Kuczenski et al., 2018). The benefit of 

Nanovaccines is that they can deliver peptides or proteins to very specific cells which help boost the immune response and 

no booster dose is required (Gheibi Hayat et al., 2019). Nps also protect vaccines from enzymatic degradation, especially 

for mucosal vaccinations (Jin et al., 2019). They are easy to produce and have great biocompatibility and biodegradability 

which improve the bioavailability of antigens in vivo and influence the immune system. Memory cells are generated 

through these vaccines which make them successful against viral infections (Sulcuzewski, Liszbinski, Romao and Rodrigues, 

2018). 

AIDS is a very dangerous viral disease caused by HIV (Bekker et al., 2023). Its cure is very hard to find. Currently, in 

advanced medication, there are six medicine classes used to attack different stages of the virus. But these medicines are 

not easy to take. They have a heavy pill burden, toxicity, and other side effects. Moreover, AIDS is chronic so medication 

remains the whole life. So, there is a big need to develop modern technology. And nanoparticles can be used. ARV drug 

delivery with nanoparticles can decrease the pill's burden and toxicity of drugs. NPs can also be used to prepare vaccines 

against HIV (Jampilek and kralova, 2022). There are many studies conducted to evaluate the result of nanoparticles as a 

drug delivery system in AIDS and those studies have very good results. E.g. studies by Chioda et al (2014), Jayant et al 

(2015) Jaramillo-Ruiz et al (2016), and Parbossing et al (2017). 

HBV is the cause of inflammation of the liver. It causes liver failure and cirrhosis, and the treatment of very high cost 

moreover toxicity by anti-HBV drugs is very high. To overcome these problems, many nano-therapy (interferon, pegylated 

IFN, lamivudine, adefovir, entecavir, telvivudine, and tenofovir) are available that have very good results. (Singh, Kruger, 

Maguire, Govender and Parboosing, 2017). 

 

Virus Nanoparticle type Size Mechanism Of Action 

HIV-1 Silver (Ag)  1-10 nm Interaction with gp 120 

Gold (Au) 2-20 Bind with Viral envelope glycoprotein 

Polymeric  50 nm Inhibition of TAK-779 receptor 

HSV-1 Ag 4nm Competition for the binding of the virus to cell 

Au 

HBV Ag  10-50 nm Interact with DNA 

Monkeypox virus Ag 10-80 nm  Block host- virus-cell binding and penetration 

Influenza Virus   Au  5-10 nm Inhibition of virus binding to plasma membrane 
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ABSTRACT   

Modern cropping systems mostly rely on synthetic or chemical fertilizers to improve yields; however, persistent, long-

term use of these fertilizers can have negative impacts on soil fertility, soil biota, and the environment. These problems 

highlight the need for extremely economical, highly effective fertilizers that can raise yields and have the least amount of 

harm to the environment. To maintain bio-safety in agriculture, bio- and nano-fertilizers are chosen over synthetic 

(chemical) fertilizers since they are non-toxic and environmentally benign. Regarding this, Nanotechnology has become 

a potentially game-changing invention in the twenty-first century. In light of population growth, this chapter focuses on 

the coupling of nanoparticles with biofertilizers to act as nano-biofertilizers (NBFs), which could guarantee global food 

security. When plants are injected with NBFs, their growth and stress tolerance are enhanced. NBFs that are based on 

microorganisms and metallic nanoparticles get over the restrictions of traditional chemical fertilizers. While the NBF 

application is still in its early stages, it appears to have greater potential than other methods for transforming traditional 

farming into high-tech, "smart" farming. This chapter examines the innovative application of nanotechnology in 

agriculture, which leverages the special properties of materials at the nanoscale to solve pressing issues including crop 

protection, nutrient delivery, and sustainable agricultural practices. Future directions and recent advancements in field 

farming with NBF formulations are also discussed. 
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INTRODUCTION 
 

 The global economy has been built on agriculture, which is under great stress and cries for new answers to sustainable 

development. Food production must be increased by around 70% while conserving the environment in order to meet the 

requirements of an increasing population, projected to hit nine billion by the year 2050 (Godfray et al., 2010). Worse still, 

climate change affects crop yields negatively leading to reduced food security and a depreciating soil quality. Additionally, 

these challenges are again made worse by resource depletion with poor water quality, soil erosion and loss of arable land 

as a result of unsustainable agricultural practices. Chemicals from pesticides and synthetics fertilizers degrade soil health, 

reduce fertility and contaminate food with hazardous residues. This means that, for sure, we have to address socio-

economic inequalities by dealing with rural poverty, limited resources, and bad infrastructures to make sure we achieve 

sustainable agriculture (Kopittke et al., 2019). 

 Sustainable agriculture pays main attention to biodiversity and maintenance of the ecosystem. Approaches like crop 

rotation, agroforestry, and integrated pest control not only guarantee soil fertility and biodiversity but also decrease 

dependence upon external inputs. Climate-resilient techniques—the use of drought-tolerant crops and water-efficient 

irrigation systems, in particular would help in limiting the consequences related to climate change while conserving the 

resources. It enhances soil health and ecosystem services through practices like cover cropping and reduced tillage, by 

improving fertility, carbon sequestration, and water retention. Organic farming, apart from producing better food with less 

synthetic chemicals, also protects biodiversity by minimizing environmental pollution (Thrupp et al., 2000). In rural areas it 

is important to invest in infrastructure reforms that will support farmers at small scale level or subsistence farming. This 

includes resource access fairness among others that help improve economic stability in rural communities towards a more 

food-secure region. 

 Agricultural practices have been transformed by conventional chemical fertilizers through increasing yields and food 

security. Growth and development can be enhanced through the instant release of nutrients that correct crop deficiencies. 

The use of chemical fertilizers in poor countries, mainly during the Green Revolution has led to increased agricultural 

output. They work towards precision agriculture through efficient utilization of resources as well as endorsing prevailing 

trends such as highly dense planting and modern irrigation systems (Pahalvi et al., 2021). Improved fertilizer formulation is 
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aimed at enhancing efficiency while minimizing environmental pollution; however, misuse of this product leads to water 

pollution, soil degradation, and disarray in microbial community within soils. Mitigating these concerns involves accurate 

nutrient management strategies, sustainable farming methods and innovative technologies with biological and 

nanotechnology alternatives pointing to positive approaches for escalating agricultural adaptability and ecological 

conservationism. 

 

Biofertilizers: Exploiting the Potential of Nature 

 Biofertilizers are the living microorganisms that contain natural compounds which improve development by increasing 

the provision or accessibility of essential nutrients to the host plant upon application to seeds, plants, or soil. Biofertilizers 

consist of different types of useful microorganisms such as nitrogen-fixing bacteria, phosphate-solubilizing microbes and 

growth promoting agents like enzymes and hormones. This rich composition promotes symbiotic connections between 

bacteria and plants, which improves soil fertility and nutrient uptake. Biofertilizers improve the quality of the soil by 

improving its texture, porosity, and soil moisture-holding capacity. They also enhance the formation of soil aggregates, 

promote organic matter decomposition, and foster improvement in soil fertility and plant growth. Besides, biofertilizers are 

environmentally friendly because they decompose and break down to non-toxic materials, leaving no harmful residues 

(Brahmaprakash and Sahu, 2012). 

 

Mechanisms of Biofertilizers 

 Biofertilizers promote plant and soil health through several processes. They form associations like the Rhizobium-

legume association, which are symbiotic in nature and enhance nutrient uptake and soil fertility. Auxins and other growth 

hormones like cytokinins secreted by microorganisms in the biofertilizers lead to root development and hence overall 

plant health. Apart from this, these biofertilizers excrete bioactive compounds that exert influence on plant development 

and microbial populations, hence enhancing the fertility of the soil and health of the plants, as reported by Hofmann et al. 

(2023). In addition to this, the products strengthen the constitutive immunity of the plants, rendering them resistant to 

infection by the induction of defense-related proteins and chemicals through a process called induced systemic resistance 

(Kannojia et al., 2019). 

 Furthermore, biofertilizers purify heavy metals through biosorption and chelation done by some bacteria and fungi to 

ensure overall soil health and safety of crops. They are capable of degrading certain pollutants in an effort to use plants for 

remediation; this is able to enhance the capacity of plants to absorb harmful substances. 

 According to Anli et al. (2020), biofertilizers produce osmoprotectants that help the plants to balance the cells under 

dry and saline conditions, hence improving the stress tolerance. Through all these mechanisms, biofertilizers contribute to 

sustainable agriculture by improving soil fertility, promoting healthy crops, and creating a clean environment. 

 

Application of Biofertilizers 

 In the present methodology, various modes of application may be involved in enriching the fertility of the soil and 

promoting plant growth by using biofertilizers. (Anand and Kamaraj, 2017). 

a) Seed treatment: The seed treatment with bio-fertilizers will enhance faster colonisation of beneficial microorganisms 

which helps in developing healthy seedlings. Soil application: The inoculation of bio-fertilizers into the soil during the 

preparation of the field enriches microbial diversity and availability of nutrients resulting in enriched soil quality. 

a) Exposing the roots in bio-fertilizer solutions prior to planting can stimulate microbial colonization, reduce transplanting 

shock and can enhance root growth. The foliar application promotes nutrition absorption through leaves by misting the 

moisture content on the plants that enhances nutrition uptake and also systematic disease resistance. 

c) Drip irrigation of fertilizers economizes water while dispensing the fertilizers to the root zone in exactly the required 

quantity. 

 Inoculation of biofertilizers combined with irrigation as a method of application, namely fertigation, improves nutrient 

availability and enhances microbes' activity, resulting in enhanced plant growth and higher yield. 

 The environment-friendly nature of the biofertilizers is followed by the disadvantages such as slow release, variable 

quality feed due to environmental factors, special storage conditions, high upfront investment, contamination, narrow 

nutritional spectrum, and skill requirement make them less attractive for general use. 

 Nanozyme-based biofertilizers are far better than their traditional counterparts. Nanozymes act as enzyme mimics and 

provide the formulation of biofertilizers with enhanced activity and stability but do not compromise the good microbes. 

Therefore, such formulations ensure a controlled and slow release of nutrients, thereby increasing their uptake by plants, 

encouraging plant growth, and raising their resistance to the environment. Besides, nanozymes enhance nutrient delivery 

and absorption at the cellular level, thereby increasing the crop yield with less extra fertilizer application. This method is 

eco-friendly because it reduces the requirements of chemical fertilizers by not allowing them to runoff and promotes 

efficient use of the natural resource, hence fit for sustainable agriculture. 

 

Nanozyme Coupled Biofertilizers  

 Such nanozymes, which can be considered as nanomaterials endowed with catalytic properties similar to enzymes, 

have been in the limelight for several applications, including agricultural. Among the most important characteristics that 
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make nanozymes highly applicable in agriculture are their size-dependent catalytic activity, tunable surface functionalities, 

and biocompatibility. In comparison with natural enzymes, nanozymes exhibit enhanced stability, catalytic efficiency, and 

adaptability and can replicate a number of enzymatic functions involved in agricultural applications. It includes the 

functions of these genes in the areas of soil remediation, nitrogen management, pest control, improvement of the plant 

growth, and stress tolerance (Manjunatha et al., 2016).  

 

Characteristics of Nanozymes 

 These nanozymes will offer a number of properties that make them act as active catalysts in many biological 

processes, mimicking the activities of peroxidase, catalase, and superoxide dismutase. They are more stable to the harsh 

conditions like a wide pH range or high temperatures, and thus can be used for longer (Ma et al., 2023). One way through 

which the adaptability of nanozymes can be understood is that changes in their composition, variations in size, surface 

functionalization, and structure can fine-tune their catalytic activities so that they are efficient and selective for certain 

processes (Ali et al., 2021). In this context, many types of nanozymes have been compatible with biological systems or 

degradable after use, making them very suitable for biomedical applications where low cytotoxicity and minimal 

environmental impact are desired. These dimensional modifications can, in turn, modulate the size-dependent activities of 

these catalysts. 

 Also, they are substrate-specific and selective and may be adjusted in composition or structure, making them more 

adapted for the process of catalysis (Huang et al., 2019). Nanozymes are also robust to stand up to shoals in drastic 

conditions, be stable in catalyzing across pH and thermally stable in high temperature (Zhao et al., 2022). Hence, owing to 

their stability and reprocessability, they make very good materials for long-term operation in a wide range of applications, 

from the development of biomimetic systems to bio-inspired technology (Jiang et al., 2019). If it were possible to 

functionalize their surfaces to interact differently with substrates or a target system, then their value in biological and 

medical applications would be correspondingly increased (Liu and Liu, 2017).  

 

Classification of Nanozymes 

 These nanozymes differ in composition and functionalities, hence portray their ability to be versatile in acting as 

different catalysts.  

A) Metal-based nanozymes, including AuNPs, AgNPs, and FeNPs, have different capabilities as enzymes because they have 

different surface topographies and catalytic abilities. These get the same things done as peroxidase, catalase or oxidase 

that’s why they are called the mimetic enzymes (Liu et al., 2021). Hence the reason why their resistance and flexible 

catalytic properties have fascinated people from medicine to ecology to industry (Huang et al., 2019). 

B) Based on Zhu et al. (2022), carbon-based nanozymes like CNTs and graphene-based structures act in a similar manner 

as natural enzymes. Thus the electron transfer based on redox reactions can occur using these compounds that resemble 

oxidoreductases, peroxidases and hydrolases therefore useful for biosensing, drug delivery systems and environmental 

remediation (Lee and Kamruzzaman, 2023).Polymeric nanozymes made out of organic polymers or polymer based 

nanoparticles take advantage of their forms and surfaces to mimic enzymatic activities. Dendrimers such as polymer-

coated nanoparticles suggest certain features of catalytic activities exhibited by proteases or even by peroxidases acts 

catalytically like polymer coated NPs which means it works like any other enzyme in human bodies. In such fields as 

biomedicine, sensing, and therapy, these materials have a lot of potential due to their biocompatibility, ease of production, 

and variable catalytic properties (Huang et al., 2023). 

C) Quantum dot nanozymes (QDs) demonstrate peroxidase and catalase functions mimicking enzymes. These 

semiconducting nanoparticles have flexible dimensions for light-induced degradation resistant with effective catalytic 

capabilities enabling them to detect biological materials, visualize structure and deliver targeted drugs (Devi et al., 2021). 

D) Liposomes and lipid-coated nanoparticles are structurally similar to cell membranes which are the same as enzymes 

such as lipases, phosphatases, esterases. Their bio-compatibility features and simplicity in terms of functionalization make 

them appropriate for drug delivery systems (Wang et al., 2023). 

E) Nanozymes made from proteins resemble natural enzymes and they enable one to regulate catalytic processes with 

precision through their adjustable activity levels. There is an application of protein folding principles in nanomedicine as 

well as biotechnology and synthetic biology inspired nanostructures (Wang et al., 2023). 

F) DNAzymes are artificial DNA sequences with different types of enzyme activities like nuclease or ligase that can include 

peroxidase.Their programmability, chemical resistance, and potential for biosensing, diagnostics, and nanotechnology-

based treatments make them versatile tools in biomedical research and analytical chemistry (Zhou et al., 2023). 

 

Nanozyme Mechanisms 

 Nanozymes work like redox catalysts through the imitation of peroxidases, catalases, and oxidases that help in 

breaking down reactive oxygen species (ROS) as well as promoting oxidation-reduction reactions. Some nanozymes also 

have hydrolytic properties and can break chemical bonds like hydrolases (Huang et al., 2019). This size dependence arises 

from quantum confinement effects (quantum size control); the changes in electronic states with sizes govern their 

distinctive intrinsic catalytic activity. An increased surface area to volume ratios leads to more active sites for catalytic 

activity relative solid-state of the materials. Some metallic nanozymes show LSPR (Localized Surface Plasmon Resonance) 
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because the migration of unbound electrons increases catalytic activity due to the concentration of electromagnetic fields 

and facilitation of electron transfer processes (Wang et al., 2023). Bimetallic nanozymes exhibit synergistic interactions 

between the two metals that make up the system, which leads to increased catalytic capabilities or substrate selectivities 

(Zhou et al., 2023). Additionally, under different environmental conditions, the structure of nanozyme surfaces can undergo 

changes, which can positively impact catalytic activity by altering the surface (Pietrzak and Ivanova, 2021). When placed in 

external magnetic fields, magnetic nanozymes display modified catalytic behaviors, allowing for remote-controlled or 

magnet-directed catalysis (Afzal et al., 2021). The catalytic activity heavily depends on surface characteristics like shape and 

size, which strongly influence adsorption and reaction kinetics, especially near edges and corners (Dong et al., 2022). By 

incorporating nanozymes, it can overcome the limitation of heterogeneous nutrient release and poor absorption of the 

biofertilizer by encapsulating/modifying its components to ensure highly accurate nutrient release at a target point. A 

controlled release system reduces leaching and volatilization of the nutrients, thereby improving nutrient uptake and 

reducing environmental pollution. The nanozymes act as catalyzers, much like enzymes, breaking down complex organic 

compounds to simple ones, increasing nutrient availability in the biofertilizer. They are also known to stabilize the 

components of the biofertilizer, in effect acting as preservatives that maintain the effectiveness till use (Attia and Saad, 

2001). Coupled nanozymes with biofertilizers thus can make farming much more ecofriendly, reducing environmental 

pollution, providing easier nutrient uptake, improving soil fertility, and promoting eco-friendly agriculture (Al-Mamun et 

al., 2021). 

 

Synergistic Approach: Nanozymes with Biofertilizers 

 Such a combination of nanozymes and biofertilizers can exert a synergistic effect; that is, the digestion of organic 

molecules by nanozymes can increase the bioavailability of nutrients for the beneficial microorganisms in the biofertilizer. 

Therefore, this collaborative effect helps further strengthen the cycling of elements to create the most favorable soil 

environment for the growth and activities of microorganisms, hence enhancing nutrient uptake by plants. Nanozymes 

accelerate the conversion of complex chemical molecules into simpler forms that can be easily absorbed by the plants. 

Application of biofertilizers containing potent microorganisms could enhance nutrient mobilization and uptake in 

improving plant growth and yield. The combination of nanozymes and biofertilizers is a green strategy over conventional 

agrochemicals, and offers a solution to environmental pollution and soil degradation. High technology in sustainable 

agriculture supports the preservation of fertility and biodiversity in soils while reducing the negative impacts related to 

synthetic inputs on ecosystems. 

 

Applications of Nanozyme-Coupled Biofertilizers 

The Catalytic Potential of Nanoenzymes 

 Because of their gigantic catalytic properties, nanozymes can improve the efficiency of applied biofertilizers. For 

instance, nanozymes synthesized from metal NPs such as iron or copper oxides will take on the activity of enzymes and 

increase the speed at which important nutrients are available to plants in growth. Such nanomaterials increase the 

decomposition of organic matter, increasing the release of nutrients into the soil, therefore releasing more significant 

amounts of crucial elements such as nitrogen, phosphorus, and potassium. (Patel et al., 2023). Having an extremely high 

catalytic efficiency, these nanomaterials facilitate enzymatic reactions in the soil, stimulate microbial activity, and finally 

create a nutrient-rich environment that helps promote plant well-being. 

 

Controlled Release Systems 

 On association with biofertilizers, nanozymes develop intricate mechanisms of controlled release. Nanozymes involve 

the trapping of the bioactive substances, enzymes, or growth regulators within the nanostructures with tunable features 

that enable controlled release over a longer period of time. For instance, the silica-based nanozymes loaded with plant 

growth-promoting substances, upon mixing with biofertilizers, release the growth stimulants into the soil in a steady and 

sustained manner. This will ensure that the plants grow steadily and progressively for a longer period of time (Vejan et al., 

2021). 

 

Manipulation of Soil Microbiota 

 The combination of nanozymes with biofertilizers alters the soil microbiome for the better, and this has a positive 

effect on plant health. Nanostructures, mainly composed of carbon-based nanotubes or graphene oxide in biofertilizers, 

influence microbial activity and diversity. According to Sambangi et al. (2022), these nanomaterials enhance the interaction 

between bacteria and root exudates, thus showing their positive effect on microbial populations. They can enhance the 

multiplication of microorganisms that are beneficial in enhancing the sharing of nutrients within the soil, improving soil 

structure, and increasing resistance to plant diseases by colonizing the rhizosphere. 

 

Improved Resilience to Stress 

 The nanozymes' embedding into the biofertilizer is a very effective way to improve plants' resistance to stressful 

conditions. These nanoparticles contain antioxidants capable of reducing oxidative stress induced by a number of 

environmental factors such as drought, salinity, or metal ions. For instance, selenium or ceria nanozymes, when 
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incorporated into bio-fertilizers, can function as antioxidants by clearing reactive oxygen species and alleviating stress-

induced harm in plants (Husen et al., 2021) 

 

Environmental Sustainability 

 Such combined applications of nanozymes and biofertilizers lower chemical dependencies, environmental 

contaminations, and promote sustainable practices of farming for better soil quality and productivity. Interactions of 

nanozymes and biofertilizers decrease the burden of applying synthetic fertilizers and agrochemicals, thereby solving 

environmental pollution, soil erosion, and other connected ecological risks. This is an integrated approach toward viable 

soil management, as it changes the structure of the soil, nutrient cycling, and the diversity of microbes. This reduces the 

quantity of chemicals used, hence their adverse effects on the health of the general ecosystem, and preserves the fertility 

of the soil in the long term (Zulfiqar et al., 2019).  

 

Sustainable Precision Agriculture 

 In case of biofertilizers, nanozymes represent a more environment-friendly and it involves a very accurate form of 

farming called precision farming. It makes use of nanotechnology's precision and catalytic features to ensure efficiency in 

resource use, hence not overdosing on nutrients. This might make it possible for nanozyme-based biofertilizers to deliver 

in a tailored way, ecological footprint reduction, and sustainable agriculture with crop production balanced against 

environmental conservation. This new technique is part of the changing times of farming. It provides accurate, efficient, 

and environmentally sensitive solutions to the current challenges facing agriculture. 

 

Sequential Synthesis of Nanozyme-Coupled Biofertilizers 

Nanozymes and Biofertilizer Matrix Selection 

 The integration of nanotechnology with agronomic research is implemented in formulating 

 nanozyme conjugated biofertilizers through approaches that combine nanostructures with biofertilizer supports. 

Those nanozymes, as metal nanoparticles and carbon-based nanostructures, are chosen for their ability to replicate the 

essential enzymatic catalytic mechanisms that occur in nutrient transformation. The surface is then modified superbly 

towards enhancing stability by mimicking enzymes and corresponds to the carrier of biofertilizers. The matrix, usually 

composed of biopolymers or natural substrates, is formulated to favor the efficient incorporation of the nanozymes, which 

in turn assures that they perform in the best way possible in agricultural settings. 

 

Synthesis and Modification of Nanozymes 

 By utilizing techniques of encapsulation, such as emulsion, co-precipitation, or layer-by-layer, the nanozymes 

assembly process with the carrier matrix is a crucial task. These methods ensure homogeneous dispersion and long-term 

entrapment of nanostructures within the biofertilizer matrix. Strategic optimization at this stage can guarantee precise 

control over it. This would further regulate the nanozymes' release rate and prevent possible inadvertent loss or 

aggregation (Sarkar et al., 2023). 

 

Characterization and Quality Control 

 After synthesis, detailed investigation using advanced spectroscopic and imaging methods—including transmission 

electron microscopy, scanning electron microscopy, Fourier-transform infrared spectroscopy, and so on— enables one to 

obtain all the detailed information about physical and chemical characteristics, distribution, and interaction kinetics of 

obtained compounds, which are products of the interaction of nanozymes and biofertilizers. Strict control at all stages of 

their production ensures uniformity and structural soundness, which is required to be a batch of effectiveness and 

upscaling potential for the formulation. 

 After performing a reduction reaction detailed assessment at this stage with the aid of state-of-the-art spectroscopic 

and imaging tools including TEM, SEM, and FTIR will be possible which allows us to explore their interaction with the 

biofertilizers and their physical-chemical features. 

 Nanozyme complexes will require an extensive QC program that will prove consistency, uniformity, and structural 

integrity for each batch. This factor is key to the securing of stability and scalability of a formulation. 

 

Expansion and Implementation 

 Compatibility tests indicate that nanozymes retain their catalytic activity throughout the biofertilizer matrix and are 

resistant to some type of environmental stress. In addition, stability studies in different conditions will answer how robust 

the formulation is in terms of agricultural longevity. Therefore, field trials are so important to evaluate the real efficiency of 

enzyme-enhanced biofertilizers. These trials assess their effect on crop yields, soil health, and environmental sustainability 

to refine formulations for best performance across multiple sites. 

 

Working of NBF Application, and Its Uptake and Translocation in Plants 

 NBFs can be applied by seed priming, foliar spraying, or soil (Sharma et al., 2023). Applying NBFs to the soil can 

increase plant growth and replenish soil fertility. Heterogeneous aggregation between NPs and soil particles substantially 
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limits the activity, mobility, and bioavailability of NBF in soil. Foliar spraying NBF would be a more effective way to enable 

NPs to enter plant tissues quickly (Bairwa et al., 2023). A pre-planting technique called "seed priming" entails soaking 

seeds in NBFs to hasten seed germination, increase seedling growth, and use less fertilizer. Stress resistance genes are 

upregulated, and chemicals that reduce reactive oxygen species and promote plant development are stimulated (Nile et 

al., 2022). 

 After coming into touch with the surfaces of seeds, roots, and leaves, nanoparticles cling to plant surfaces by 

hydrophobic, electrostatic, and Vander Waals forces (Bashir et al., 2022). NPs are mostly absorbed by roots through 

physiologically active lateral roots and root hairs, as opposed to the leaf, where they enter largely through stomata but 

also through trichomes. After entering roots and leaves, NPs move upward through the xylem (apoplastic transport) and 

downward through phloem tissues (symplastic transport). NPs enter plant cells and travel between cells by a variety of 

pathways, including plasmodesmata, endocytosis, ion transporters, and cell wall pores (Rani et al., 2023). The processes 

that control NPs' entry and migration into plant cells are greatly influenced by their chemical makeup, size, shape, and 

aggregation state. Since different plants have different receptors, it also depends on the species of plant. A plant can act as 

an accumulator for some types of NP and as an excluder for others (Masarovicova and Kralova 2013). 

 

Significance of NBFs 

 To throw a light on the significance of NBFs in the agrochemical systems, following are the three case studies that 

carried out in three different region of the world on three different plants. These studies reveal that plants show a better 

growth when they are exposed to NBFs. 

 

Peanut (Arachis hypogea L.)  

 Peanut (Arachis hypogea L.) is an essential and inexpensive crop with high oil, protein-based content as well 

carbohydrate in its multiple grown tropical subtropical regions of the world (Shahid et al. 2010). Plants need Boron (B) and 

Calcium (Ca) from peg emergence to pod fill, since B is necessary for protein synthesis, and meristematic tissue growth/cell 

elongation/maturity. Ca and B deficiencies result in a high rate of aborted seeds and underfilled pods, greatly lowering 

yields and shelling percentages (Walker, 1975; Yang et al., 2020). Abdelghani et al. (2022) investigated the effect of B and 

Ca nanoparticles (NPs) and biofertilizers on nutrient uptake in 2020 and 2021. The study assessed the impact of these 

treatments on nitrogen, phosphorous and potassium (NPK) uptake from sandy soil along with peanut seed oil and protein 

yield. Mycorrhiza and combination of nano-B with mycorrhiza had the highest percentage of nitrogen (3.9%) and 

phosphorus (1.4%), respectively as shown in Table 1, for two seasons. In the first season, mycorrhiza and nano-Ca or 

phosphorine and nano-Ca had the highest potassium concentration (0.3%), followed by mycorrhiza and nano-B in the 

second season (0.4%). In the first season, phosphorine and foliar nano Ca+B yielded the maximum oil content (45.6%), 

followed by mycorrhiza and nano-B in the second season (48.9%). Mycorrhiza and nano-B produced the highest protein 

content in both seasons (25.1% and 25.2%), respectively. Mycorrhizal distribution enhances plant growth and nutrient 

absorption. (Moradi et al., 2020). 

 

Table 1: Effects of interaction between biofertilizer and nanoparticle treatments on peanut seed biochemical traits across 

season 2021(Abdelghani et al., 2022). 

Bio 

fertilizers 

Nano 

Particles 

Nitrogen Phosphorous Potassium Oil Protein 

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 

 

Control 

Control 

Ca 

B 

Ca+B 

2.2e 

2.2e 

2.6de 

2.3e 

2.6d 

3.4abc 

3.7ab 

3.5abc 

1.1d 

1.2bcd 

1.1d 

1.3ab 

1.1f 

1.2def 

1.1ef 

1.3abc 

0.1cde 

0.1cde 

0.3a 

0.1cde 

0.1c 

0.1bc 

0.2c 

0.1c 

29.1d 

33.6c 
Cd 

32.4cd 

29.1f 

32.6ef 

38.6cd 

32.4ef 

18.3f 

20.6def 

19.3ef 

21.6cde 

18.3f 

19.4f 

20.5cdef 

19.9def 

 

Mychorrihza 

Control 

Ca 

B 

Ca+B 

3.0cd 

3.2bcd 

3.9a 

3.7ab 

3.0cd 

3.2bc 

3.9a 

3.6abc 

1.1cd 

1.3ab 

1.4a 

1.4a 

1.1f 

1.2def 

1.4ab 

1.4a 

0.1fg 

0.3a 

0.1def 

0.1c 

0.1c 

0.3a 

0.4a 

0.1c 

35.1c 

39.8b 

39.2b 

44.9a 

35.1de 

41.5bc 

48.9a 

47.2a 

20.9de 

22.2bcd 

25.1a 

23.6abc 

20.3cdef 

24.1ab 

25.1a 

23.0abc 

 

Phosphorine 

Control 

Ca 

B 

Ca+B 

3.5abc 

3.2bcd 

3.8a 

3.5abc 

3.0cd 

3.2bcd 

3.8a 

3.5abc 

1.1d 

1.3ab 

1.1d 

1.3bc 

1.1f 

1.3bcd 

1.2def 

1.2cde 

0.1cd 

0.3b 

0.1efg 

0.1g 

0.1c 

0.3ab 

0.1c 

0.1c 

32.9cd 

33.9c 

39.6b 

45.6a 

32.9ef 

33.6e 

39.6c 

45.6ab 

19.3ef 

21.0de 

24.3ab 

22.7bcd 

19.3ef 

21.4de 

24.3ab 

22.7abcd 

 

 Different lowercase letters on error bars indicate statistically significant differences between treatments (p ≤ 0.05), as 

performed by the least significant difference (Fisher’s LSD) test. 

 

Cotton (GossypiumhirsutumL.) 

 Plant-eating insects are major global threats to world crop production, Spodoptera littoralis one among them feeds on 

cotton and other crops substantially. Metwally et al. (2022) explored the combination of Beauvaria bassiana silicon 

nanoparticles (Si NPs), arbuscular mycorrhizal (AM) fungus as novel approaches to enhance defense in cotton against S. 
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littoralis. Table 2 shows how S. littoralis infestation affected cotton plant growth parameters. Under regulated conditions, 

AM cotton plants had a considerably greater shoot fresh weight (Fwt) (4.9 g/plant) than non-AM plants (3.6 g/plant). 

Cotton plants infected with S. littoralis were treated with AM fungi and either B. bassiana Si NPs or Chlorpyrifos insecticide, 

resulting in an increase in both shoot Fwt and root dry weight. This revealed that AM fungi would improve immunity when 

challenged with pests by triggering the nitrogen uptake and boosting immunological responses in comparison to non-AM 

plants (Abdelhameed et al., 2021). On the other side, phenotypic traits of cotton plants treated with Chlorpyrifos 

manifested as a slight decrease suggesting stress and also changes in cellular activity The edible residues for male C. 

medinalis are according to FAO from 0-2 days (summer) or >1 day (winter). These data indicated that AM fungi potentially 

promoted the development of cotton and resistance against insect, which magnified their application in IPM. 

 

Table 2: Fresh (Fwt) and dry weights (Dwt) of mycorrhizal (AM) and non-mycorrhizal shoots and roots of cotton plants 

reared with (+) or without (−) S. littoralis under different treatments (Metwally et al., 2022) 

 

Treatments 

Fwt (g/plant) Dwt (g/plant) MD% 

Shoot Root Total Shoot Root Total 

-S. littoralis 3.638bc 0.539ab 4.178bc 1.044ab 0.145b 1.189ab 23.07c 

-S. littoralis + AM 4.906a 0.674a 5.581a 1.342a 0.204ab 1.546a  

+S. littoralis 3.020c 0.520ab 3.540c 0.710bc 0.113b 0.823bc 24.48b 

+S. littoralis + AM 4.501ab 0.591ab 5.092ab 0.950abc 0.140b 1.090abc  

+S. littoralis + B. bassiana Si NPs 2.953c 0.360b 3.313c 0.675bc 0.072b 0.747bc 34.50a 

+S. littoralis +B. bassiana Si NPs +AM 4.43ab 0.413b 4.843ab 0.700bc 0.440a 1.140abc  

+S. littoralis + Chlorpyrifos 2.961c 0.450ab 3.411c 0.590c 0.104b 0.694c 22.31d 

+S. littoralis + Chlorpyrifos+ AM 4.303ab 0.492ab 4.795ab 0.651bc 0.243ab 0.894bc  

 

Wheat (Triticum aestivum L.)  

 Drought stress in plants causes lower grain yield and oxidative damage from reactive oxygen species (ROS). Sharifi et 

al. used a combination of nanofertilizers (nano zinc oxide, nano iron oxide, and nano Zn-Fe oxide at 1.5 g L−1) and 

biofertilizers (Azotobacter, Azosperilium, and Pseudomonas) on wheat (Triticum aestivum L.) at different irrigation levels to 

offset these impacts. Table 3 reveals that under extreme water constraints, Azotobacter with nano Zn-Fe oxide boosted 

grain production by 88%. Normal watering produced the maximum yield (331.7 g/m−2). Azotobacter inoculation and nano 

Zn-Fe oxide resulted in the lowest yield (98.5 g m−2) under severe water scarcity without fertilizer. The applications of oxide 

nanoparticles in plants raised peroxidase activity by 27%. Under normal irrigation, the supplementation of azotobacter and 

nano Zn-Fe oxide results in the highest level of chlorophyll, 4.59 mg g −1 FW, while the lowest under severe water scarcity 

conditions, 1.43 mg g −1 FW, in the absence of fertilizers. This mixture increases ROS scavenging and improves plants’ 

tolerance to stress. 

 

Table 3: Effects of irrigation, biofertilizer, and nanooxide on grain yield, chlorophyll and peroxidase production. (Sharifi et 

al., 2020) 

Treatment Grain Yield (gm-2) Chlorophyll Peroxidase  

I B No N1 N2 N3 No N1 N2 N3 No N1 N2 N3 

I1 Fo 158.33no 205.41ghi 194.16g-k 225ef 2.05pq 2.65jkl 2.91hi 3.21efg 2.36w 2.43vw 2.55uvw 2.76t-w 

 F1 230.41de 285.41b 256.66 c 331.66a 3.52d 3.80c 4.30b 4.59a 3.18q-t 3.42 n-s 4.25ijk 4.56i 

 F2 204.16ghi 246.25 cd 210.00fg 288.33b 3.23efg 3.50d 3.78c 3.90c 3.12rst 3.06stu 3.68 i-q 3.79k-p 

 F3 162.91no 244.16 cd 199.16 g-j 279.16b 2.61jkl 3.15fgh 3.43de 3.42de 3.31o−s 2.94s-v 3.82 k-o 4.14i-l 

I2 Fo 127.08stu 155.83nop 146.66opq 172.50lmn 1.77Rst 1.91Rq 2.31no 2.58klm 3.13rst 3.30p-s 4.27ijk 4.00j-m 

 F1 186.25jkl 210.00fg 209.16fgh 243.75cd 2.57klm 2.83Ij 3.11gh 3.37def 5.22 g 5.19 g 6.18de 6.27de 

 F2 166.66mn 192.08 h-k 190.41ijk 225.00ef 2.34mn 2.50Lmn 2.81ijk 2.83ij 4.61Hi 5.09Gh 5.34 g 5.98ef 

 F3 147.91opq 181.25klm 155.83nop 199.58g-j 2.08opq 2.20nop 2.43lmn 2.79ijk 3.91 k-n 4.44Ij 4.56I 3.87k-n 

I3 Fo 98.95w 109.89uvw 104.79vw 119.37tuv 1.43u 1.50u 1.49u 1.63stu 3.62m-q 3.79 k-p 3.20df 6.04ef 

 F1 140.00p-s 182.91 j-m 146.25o-r 186.25jkl 2.35mn 2.50lmn 3.13fgh 3.33d-g 6.92 c 7.00bc 7.50b 8.89a 

 F2 121.66tuv 132.91q-t 129.16rst 170.83lmn 1.86Qrs 2.02q 2.32no 2.85ij 6.62 cd 6.84 c 6.85 c 7.06bc 

 F3 109.58vw 128.75st 120.83tuv 161.25no 1.50stu 1.61tu 2.06pq 2.57klm 5.53fg 5.99ef 6.67 cd 6.67cd 

 

 I1, I2, and I3 are normal irrigation, moderate water limitation, and severe water limitation respectively. F0, F1, F2 and F3 

indicate noninoculation, inoculation with Azotobacter, Azosperilium, Pseudomonas respectively. N0: without nanofertilizer 

(as control), N1: nano Fe oxide; N2: nano Zn oxide; N3: nano Zn-Fe oxide. Means followed by different alphabets indicate 

significant difference between treatments at P ≤ 0.05 by using the Least Significant Difference test. 

 

Potential Risks Associated with NBFs in Agriculture 

 The persistent nature of nanomaterials and their potential to accumulate in soil and water system makes them a 

concern for ecological sustainability. Thus, they can change soil microbial composition and impair plant growth and 
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development, therefore altering ecological equilibrium. Hence, their long-term environmental distribution and 

bioaccumulation and potential toxicity need to be thoroughly investigated. Moreover, humans could be exposed to such 

materials during synthesis, application, or food chains ingestion, leading to potential health problems after inhalation or 

skin contact due to cutaneous sensitivity or respiratory problems. Finally, the production of ROS and non-selective cellular 

death that occasionally results in apoptosis, exhibited by nanomaterials may be harmful to plant growth aspect. Therefore, 

they need to be assessed for dosage reaction and their effects if mortality mechanisms in biological systems are not 

comprehended. Several dosage metrics can reduce the adverse reactions of such nanoparticles, e.g. particle charge, 

concentration, and surface area and dimension size and toxicity. Furthermore, some nanoparticles may alter the optimal 

configuration of beneficial soil bacteria. Some of these nanoparticles, such as AgNPs, will impair the viability of essential 

soil bacteria at lower doses, directly affecting plant growth. Therefore, to prevent environmental degradation when using 

nanoparticles as biofertilizers, compatibility is among the key selection criterions. 

 Although ecotoxicological aspects of various biofertilizers can be studied using post-nano formulations, there is 

significant potential for these technologies in agriculture, from processing to final delivery. 

 Nanotechnology is addressing environmental challenges with innovative solutions. Despite recent advances in 

nanotechnology improving biomedical diagnostics and treatments, understanding plant interactions with nanomaterials is 

still emerging. Research on developing environmentally friendly biofertilizers is limited. Further investigation into key 

parameters will enable biofertilizers to support sustainable agriculture and become a cutting-edge tool for promoting 

agricultural development. 

 

Future Perspective 

 Nanotechnology presents immense potential to revolutionize agriculture but necessitates a cautious approach due to 

inherent risks. Rigorous risk assessment, standardized monitoring protocols, robust regulations, and ongoing research are 

paramount to harness the benefits of nanomaterials while mitigating potential environmental and health risks associated 

with their use in agriculture. A balanced approach, involving collaboration among researchers, policymakers, industry, and 

the public, is crucial to ensure the responsible and sustainable integration of nanotechnology into agricultural practices. 

Following are some points through which the potential of nanotechnology in agrochemical system can be enhanced. 

i. A versatile NBF appropriate for a variety of crops must be developed. 

ii. Cutting-edge technology, protocols, machine learning, and artificial intelligence (AI) must be combined to produce NBF 

that is of the highest quality, has a longer shelf life, is inexpensive, and is easy to use. 

iv. NBF needs to be carefully investigated to ascertain how they affect human health and the environment. 

v. Further research is needed to determine how NBF affects the physicochemical, biochemical, and molecular systems of 

plants at the cellular and molecular levels in both ambient and stressful environments. 

vi. Research is required to determine how NBFs affect the agricultural ecology over the course of their long life cycle. 

vii. Farmers need to be informed about the disadvantages of chemical fertilizers and the ways in which NBFs can save 

expenses and yield long-term gains. 

 

Table 4: Comparison of Nanofertilizers and Conventional Fertilizers Applications (Nagula and Usha, 2016) 

 Properties Nano fertilizers Conventional fertilizers 

1 Solubility and 

dispersion of 

‘mineral 

micronutrients 

Reduce soil absorption and fixation, increase soil 

bioavailability, and improve the solubility and 

dispersion of insoluble nutrients. 

Reduced solubility and big particle size 

resulting in decreased bioavailability for 

plants 

2 Nutrient uptake 

efficiency 

Might improve the absorption ratio of soil 

nutrients and fertiliser efficiency in crop production 

while conserving fertiliser resources. 

For roots, bulk composite is unavailable 

and reduces efficiency. 

3 Controlled-release 

modes 

Encapsulating water soluble fertilizers in envelope 

forms allows for fine control over the release 

pattern and rate of nutrients. 

Overuse of fertilizers can lead to toxicity 

and upset the soil's natural equilibrium. 

4 Effective duration of 

nutrient release 

The effective time that fertilizers give nutrients to 

the soil can be increased with nanofertilizers. 

Utilised by the plants at the time of 

delivery, the remainder is transformed by 

the soil into insoluble salts. 

5 Loss rate of fertilizer 

nutrients 

Lower the rate at which fertilizers nutrients seep or 

drain into the soil. 

High rate of loss due to drift, rain, and 

leaching. 

 

Conclusion 

 Nanotechnology is unique because of its new ways to solve agriculture problems. Because they show enhanced plant 

growth, targeted nutrient delivery in soils and a strong systemic resistance compared to NPs or biofertilizers alone, these 

crop sustainability effects may make an NBF open up new possibilities. NBFs have a lot to offer agriculture; hence it is 

imperative that they be manufactured industrially using stable formulas and eco-friendly methods. The green synthesis of 

NBFs is an intriguing endeavor since a lot of work is being done to use natural resources and biological synthesis 
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processes, which have several established advantages including being easy to scale up, affordable, and ecologically 

beneficial. However, we really do not understand how plants sense and interact with nanoparticles. Nanobiofertilizer 

Formulations could also be a solution to make agriculture sustainable. These also are non-toxic nanocarriers for efficient 

nano biofertilizer formulations. Still, further research is required to know the effect of NMs on the growth meantime need 

for strength and rationality in nanotechnology that could be used better fertilizers for maximum agricultural production. 

Although NMs have a lot of positive effects on plants, phytotoxicity is one major problem. Further investigations of NMs' 

functions in both normal and stressed plant environments are required to provide a better understanding because they 

can modulate the cellular and molecular levels on plants. Even though the exact process that NMs interact with plants is 

not known, it can be helpful for future studying in this area. A fruitful and necessary enhancement of interdisciplinary 

collaboration strategies will fill the gap of knowledge on NMs applications in agriculture, especially for plant science-

related issues. Ilotan and Regep are key NBFs because they could help usher in a thriving agro-economy through better 

output, efficient resource savings, increased safety of the environment from pollutants (which is an ongoing challenge) as 

well deal with unpredictable weather due to climate change. 
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ABSTRACT   

Nanotechnology involves the creation of nanomaterials, including nanoparticles, which exhibit unique properties 

because of their nanoscale size (1-100nm). These particles differ significantly from bulk materials in their chemical, 

optical, physical, and electrical characteristics, primarily because of their large surface area-to-volume ratio and quantum 

mechanical effects. Nanoparticles can be synthesized using various techniques, including chemical methods (sol-gel, 

hydrothermal, solvothermal, vapor synthesis), biological methods (microbial, plant-based synthesis), mechanical 

methods (milling, mechanical alloying), and both top-down and bottom-up approaches. The characterization of 

nanoparticles deals with determining their morphology, structure optics, and physiochemical properties by means such 

as electron microscopy, X-ray diffraction spectroscopy (XRD) BET(Brunner-Emmet-Teller) surface area analysis to 

calculate particle size, shape crystalline structure, and elemental composition. From cancer therapy to drug delivery, 

environmental cleanup, and even energy devices, nanoparticles have a wide scope of uses because of their unique 

characteristics and ability to be manipulated. Nanoparticles also have some benefits and threats to health and the 

environment, which can be overcome by using the techniques of green synthesis that include non-toxic eco-friendly 

reagents. Nanoparticles are classified, synthesized, and characterized and their application in various fields along with 

prospects have been included in this chapter. 
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INTRODUCTION 
 

 Nanotechnology is the creation and formation of nanomaterials that are functionalized in less than or equal to 100nm 

range (Adil et al., 2023). Because of their small size, between one and a hundred nanometers (nm) in diameter, these 

particles have unique chemical, optical, physical, and electrical properties (Bhattacharjee and Bose, 2021). Nanoparticles 

themselves are synthesized and developed by nanotechnology. Nanoparticles mainly consist of a core that is encapsulated 

by several layers of nanomaterials and, as a result, shell form with an exterior surface that is commonly functionalized 

(Bolokang et al., 2015). Nanoparticles are substantially different from bulk materials in terms of their surface-area-to-

volume ratio, interfacial layer, solubility into the solvent phase, type of coating quantum mechanical effects, diffusion rate, 

and last modifiers such as metal ions (Bhoi et al., 2016). Surfactants act as modifiers for nanoparticle properties for all kinds 

of applications (Fanhoefer et al., 2004). 

 

Synthesis Techniques of Nanoparticles 

Chemical Methods 

 Nanoparticles can be synthesized through different chemical methods, such as sol-gel, precipitation, hydrothermal, 

thermal breakdown, solvothermal, and vapor synthesis methods (Rane et al., 2018). The sol-gel technique is very 

fundamental in creating nanostructures. Here, the precursors are dissolved in a solvent to solve with characteristics like a 

gel. It is then heated to produce nanoparticles, and the solvent is also evaporated through gelation (Bokov et al., 2021). 

The wet chemical precipitation technique is still another method that one can use; it is quite fast and efficient. High 

https://doi.org/10.47278/book.CAM/2024.237
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pressure and temperature, especially in aqueous solvents such as water, led to heterogeneous treatment known as 

hydrothermal treatment. The nanoparticle properties can therefore be controlled by the pressure, pH, and temperature 

that are used to synthesize the nanoparticles (Darr et al., 2017). These nanoparticles are hydrophilic and, therefore, 

appropriate for the biotechnological field. Thermal breakdown involves the heating of a solid material until it melts, that is 

the release of binding forces, the formation of molecules, and a gaseous effect. Solvothermal synthesis involves the 

utilization of solvents with medium to high pressure to create materials like metals, semiconductors, and polymers 

(Sasikala et al., 2017). The solvothermal method comparatively works at controlled temperature, leading to the formation 

of stable nanoparticles. Different surfactant stabilizers enhance nanodot formation from cationic precursor kinds (Li et al., 

2021). Zinc oxide, zinc selenide, and cadmium selenide obtained by this process are used in biotech and magnetic 

corporations (Balakrishnan and Kadam, 2021). In vapor synthesis, the gaseous state of the material carries out a chemical 

reaction and forms a phase that condenses to induce particle growth, and, in this phase, the temperature has a direct 

influence on the process. The methods of condensing inert gases, vaporizing supersaturated material by using a pulsed 

laser, sputtering by unreactive gaseous ions, spark discharge, and chemical methods including Chemical Vapor Deposition, 

Photothermal Method, Flame Synthesis, and Spray Pyrolysis are some ways which can cause homogeneous nucleation 

(Danielson et al., 2020). Titania, carbon, and silica nanoparticles can be produced using this method, although the process 

can be time-consuming. Flame synthesis is applied in the commercial synthesis of silica, carbon black, optical fibers, and 

titania. While it may be possible to obtain agglomerated particles, the ones derived from the conversion of gases in the 

furnace reactors or hot walls are rather clean (Zhao et al., 2024). 

 

Biological Methods 

  Biological nanoparticle synthesis using microorganisms represents a clean, uncontaminated, and environmentally 

sustainable method (Samrot et al., 2021). This approach has produced various nanoparticles, particularly oxides that 

include ferrous, silver, nickel, copper, and zinc (Ezealigo et al., 2021). The synthesis site depends on whether the  

production occurs extracellularly or intracellularly (Chan et al., 2022). For intracellular nanoparticle synthesis, the ions 

are transported into microbial cells through the action of enzymes and the nanoparticles are synthesized within the 

cells (Rana et al., 2020). Extracellular fungi with large secretion glands located outside the cell wall are used in this 

method. Microorganisms such as bacteria and fungi are highly effective in the synthesis of nanomaterials due to their 

cost effectiveness, non-toxicity, and ability as scavengers. Plant-based nanoparticles suitable for biological systems 

make use of abundant and stable natural resources by excluding the use of toxic synthetic agents (George et al., 2021). 

The pH variations affect the geometric aspects of plants, binding capability, and the concentration of metal ions for 

biosynthesis. The sources, synthesis methods, and applications of nanoparticles are shown in Fig. 1 (Jamkhande et al., 

2019). Generating nanoparticles by using Biogenic methods such as utilizing microorganisms and waste materials is 

both eco-friendly and cost-effective (Mughal et al., 2021). 

 

Mechanical Methods 

 Mechanical techniques are used for making nanoparticles, such as mechanical alloying, milling, and mechanochemical 

processes (Yadav et al., 2012). When contacting for a chemical reaction, the milled sample should be improved, and this 

should especially apply to cases where the milling was done at low temperatures. Using continuous welding processes to 

help select milling materials and minimize occurrences of agglomerations here will again use mechanochemical methods. 

The source material stoichiometry, thermal treatment conditions, reaction mechanism, and milling parameters should be 

optimally controlled for high production. Mechanical techniques are used to make oxide, iron, nickel, silver, and cobalt 

nanoparticles (Iqbal et al., 2016). 

 

Top-Down Approach 

 The top-down method of preparing nanoparticles comprises the fission of large particles and converting them into 

particles of the required size (Priyadarshana et al., 2016). It is detrimental and uses enhanced breakdown techniques like 

Physical Vapor Deposition (PVD), grinding, and Chemical Vapor Deposition (CVD) (Abid et al., 2022). Milling was also 

engrossed to extract the nanoparticles from coconut resemblance shells and the crystallite size was decreased with time. 

This process is used to synthesize nanoparticles of cobalt (III) oxide, carbon, iron oxide, and dichalcogenides (Harish et al., 

2022). 

 

Bottom-up Approach 

 The bottom-up approach involves the assemblage of nanoparticles from fundamental elements, and this procedure is 

slow. This technique is quite accurate, inexpensive, relatively safe for humans and the bio of insects, and safe for the 

environment (Modan and Plăișu, 2020). The methods comprise spin coat-ting, green synthesis, biochemical synthesis, sol-

gel synthesis, and other reduction and sedimentation methods. Through this approach, titanium dioxide, gold, and 

bismuth nanoparticles are synthesized (Ambre et al., 2023). 

 Nanoparticle synthesis can also involve biological or chemical procedures. Chemical synthesis processes consist of 

microwave methods, wet chemical synthesis, sol-gel, hydrothermal methods, and thermal decomposition (Hachem et al., 

2022). Conversely, biological methods utilize enzymes, microbes, plant extracts, and fungi. 
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Characterization Methods for Nanoparticles 

 Thorough characterization of nanoparticles is essential to determine their shape, size, surface morphology, crystalline 

nature, light absorption, and other properties (Cuenya, 2010). Some of the methods used to characterize nanoparticles 

include: 

 
 

Fig. 1: Methods of Synthesis of Nanoparticles 

 

Morphological Features 

 An important factor influencing the characteristics that nanoparticles exhibit is their shape. Particularly scanning 

probes or electron microscopy are used on nanoparticles (Ngoi et al., 2021). The dispersion and shape of nanoparticles can 

be studied at the nanoscale and surface using a scanning electron microscope (SEM) (Tang et al., 2020). Measurements of 

individual particles are made using destructive microscopy techniques. Utilizing electron transmittance, transmission 

electron microscopy (TEM) may obtain large amounts of data at both high and low magnifications (Zhang et al., 2020). 

Because nanoparticles are smaller than the limit of light diffraction, the optical microscopic approach does not apply to 

them. Combining electron microscopes and spectroscopic methods would be possible for elemental studies (Taghavi 

Fardood et al., 2020). 

 

Optical Studies 

 Optical methods are innovative techniques used to characterize the photochemical, luminescence, transmittance, and 

reflectance characteristics of nanoparticles that unmask these properties. Spectroscopy is a method that apprises the 

density of nanoparticles and their size and shape by monitoring how they react to electromagnetic waves or light (Gudkov 

et al., 2023). Nanoparticle spectroscopies are more prominent as IR, UV–VIS, NIR, and PL DRS (photoluminescence) than 

MRI (Mmelesi et al., 2024). The band gap energy can be achieved by using the method of DRS (diffuse reflectance 

spectroscopy) and this could only be done via specialized, high-sensitivity instrumentation. PL studies show that the 

excitability of photons, half-life and charge results produced by recombination work differently due to emissivity and 

absorptivity. The size-mobilized optical properties and application aspects of nanoparticles incorporated into bioimaging 

tools (Wang et al., 2020). 

 

Structural Analysis 

 In this technique, the nanoparticles are directly linked through the type of inter-atomic bond and this crystal structure 
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projects, onto a nanoscale level within bulk material so that distinctive qualities of bulk are shown.  Through this technique 

characterization of nanoparticles like the composition and structure of the synthesized selenium nanoparticles was done 

by X-ray diffraction (XRD), infrared (IR) spectroscopy, Brunauer-Emmett-Teller (BET) surface area measurements, and other 

electron microscopy imaging techniques. Findings on the phases, size, and type of nanoparticles will be characterized by 

powdered crystal X-ray diffractograms (Khan et al., 2020). 

Elemental Studies 

 The elemental composition of nanoparticle techniques for characterization are Energy dispersive X-ray (EDX), Raman 

Spectroscopy, and Fourier transform infrared (FT-IR) spectroscopy, are included. This technique provides information about 

the nanoparticles present in the powder form (Patil et al., 2022). The exact composition of elemental particles can be 

studied with their proper ratios. In this regard, X-ray photoelectron spectroscopy (XPS) is the most sensitive method for 

finding out all dimensional characterizations. The vibrational effect of Raman and FTIR, respectively, shows the 

functionalization of those peaks and provides particle information (Castro and Zuazo, 2024). 

 

Size Estimation 

 Scanning Electron Microscopes, X-ray diffraction instruments, Transmission Electron Microscopy, Atomic Force 

Microscopes, and so on can be used to measure the sizes of the nanoparticles (Selvan et al., 2021). Sizing distribution curves 

are employed in the process of measuring the sizes of particles, and the value of such magnitudes becomes correct when 

they are merged with the digital models. Adsorption and desorption processes are the procedures making use of BET to 

characterize the surface area, which has been pointed out by (Hou et al., 2020). 

 

Physiochemical Characteristics  

 The physicochemical features of nanoparticles that make them appropriate for industrial applications include their 

mechanical character flexibility and their optical activity to absorb sunlight. While lighting, electrons on the surface of 

nanoparticles become much free. Therefore, their motion is very active, and they can lose congregation (Kishore et al., 

2023). Magnets are characterized by magnetism at the nanoscale because crystalline planes of the materials where NPs 

have a random orientation. This orientation is regulated by the synthesis method used. They are abundant in catalytic 

machines, biomedicine, and nucleotide resonance imaging (Roostaee and Sheikhshoaie, 2020). The mechanical properties 

of nanoparticles, including stress, adhesiveness, friction, hardness, strain, and surface coatings, are crucial for 

understanding their behavior and significantly affect surface quality (Mehmood et al., 2023). Nanoparticles, especially 

those on their surfaces, demonstrate superior thermal conduction. 

 

Application Areas of Nanoparticles 

 Because of their unique properties, nanoparticles are used in a variety of fields, including cancer treatments, vaccines, 

disease management, cancer detection, mechanical industries, electronics, optical devices, energy harvesting, 

manufacturing, cell imaging, and delivery systems (Aghebati‐Maleki et al., 2020). They also play a role in environmental 

protection by helping to remove toxins from water during purification (Pooja et al., 2020). 

The application areas of nanoparticles have been given in Table 1 (Singh et al., 2021). 

 

Table 1: Application areas of some nanoparticles. 

Nanoparticles Application areas 

Silver Fitness centers, medicine, electronics, automotive, agriculture, food packaging, textile industries, clothing 

Gold Medicine, food, environmental products, cosmetics 

Carbon 

nanotubes 

Cosmetics, construction, medicine, electronic components, textiles, integrated circuits. 

Titanium dioxide Skin coatings, H2O purifiers, paints 

Zinc oxide Food, cosmetics, agriculture, automotive, home appliances 

Cerium oxide Applying in biomedical equipment, electronic and energy devices 

Nickel oxide Gas sensing devices, water treatment and catalytic systems, supercapacitors, dye-sensitized solar cells, 

batteries 

Iron (Fe++) Applying in optics instruments, H2O purifiers 

Calcium (Ca++) Applying in agronomy, automotive, and nutrition 

 

 Although nanoparticles (NPs) are extensively used, their introduction into the body through various pathways or their 

release into the environment can cause toxic and adverse effects. Furthermore, organic compounds can interact with 

nanoparticles, resulting in their agglomeration. Using green synthesis techniques can reduce the toxic affects of NP 

synthesis, particularly when creating nanoparticles of gold, silver, iron, and copper, among other metals (Dikshit et al., 

2021). Green synthesis uses a variety of capping materials, including polysaccharides and biomolecules. Utilizing reagents 

such as sugars, polymers, vitamins, and plant extracts, green procedures are non-toxic, eco-friendly, and compatible with 

biological systems (Ahmed et al., 2022). Due to their low cost, simplicity, ease of replication, and high stability, plant-based 

extracts such as latex, leaves, seeds, roots, or stems are better suited for bioprocesses. By calculating the rates at which the 
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particles nucleate, models can be created to reduce the challenges related to dispersing the particle size and NP formation 

(Shrestha et al., 2020). 

 

Classification of Nanoparticles 

 Nanoparticles can be categorized into artificial, engineered, metallic, non-metallic, organic, or inorganic types. Non-

metallic nanoparticles encompass materials such as silica and carbon nanotubes, whereas nanoparticles that are metallic in 

nature include elements like copper, magnesium, zinc, gold, titanium, and silver (Khan et al., 2022). Anthropogenic 

nanoparticles arise as by-products from industrial processes, while engineered nanoparticles are specifically produced 

through manufacturing techniques (Barhoum et al., 2022). Table 2 provides a summary of various nanoparticles and their 

characteristics (Khan et al., 2019; Khan and Hossain, 2022). 

 

Table 1: Nanoparticles and their implications  

Nanoparticles Features 

Silver Extremely potent, excellent antibacterial activity, wide use 

Gold Effective for diagnosing cancer and other microorganisms, good at detecting protein interactions, helpful 

in tracking fingerprints, and able to detect antibiotics and malignant cells. 

Iron Suitable for medication administration, gene analysis, cancer treatment, and stem cell sorting, 

biocompatible 

Quantum dot less than 10 nm in diameter, semiconducting, and size-dependent 

Carbon 

nanotubes 

Strong electron bonds, excellent electrical conductivity, sp2 hybridized carbon atoms, and effective 

catalysts. 

Copper Good-quality nanoparticles are produced by a broad absorption spectrum and unique optical 

characteristics. 

Ceramics Inorganic amorphous solids are widely used in photocatalysis, imaging devices, and other fields. They can 

be polycrystalline, porous, amorphous, or dense. 

Semiconductor Excellent for electronic equipment and water splitting due to its large and adjustable band gap nature. 

Polymeric Mostly organic materials that can readily be operational. 

Fat-type Include components like fat and employ surface-active agents as central stables. 

 

Conclusion and Future Perspective 

 Researchers are actively working on developing nanoparticles in response to the growing need for eco-friendly or 

green materials that can be simultaneously utilized in biological systems. At the nanoscale, nanoparticles are prevalent due 

to their potential as stable, eco-friendly materials that can integrate harmoniously with biological systems. This chapter 

commences by detailing the classification, advantages, and limitations of nanoparticles, followed by an overview of 

synthesis and characterization methods. Numerous cost-effective and efficient techniques for synthesizing nanoparticles 

exist, including chemical and biological synthesis, top-down and bottom-up approaches, as well as mechanical methods. 

Multiple approaches for characterizing nanoparticles are developed to extract information about their shape, structure, 

optical characteristics, mechanical properties, and physiochemical properties. The most important aspects of nanoparticles 

depend on the synthesis and characterization techniques used. In the areas of medicine, drug delivery, cosmetics, optics, 

electronics, and solar energy devices, nanoparticles prove to be beneficial specifically. 
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ABSTRACT   
Osteoarthritis is a chronic and long-lasting disease that puts a heavy burden on healthcare providers, individuals, and 

society at large. This kind of arthritis is more frequent among the elderly age people and mostly affects them. Mono- or 

oligo osteoarthritis may develop in those affected with this degenerative condition, it is described by the dynamic 

damage to articular cartilage. Injections of intra-articular corticosteroids are among the most well-known 

pharmacological treatment used to decrease inflammation, stop pain, and further develop and improved function. Such 

injections are becoming the preferred technique of local medication administration because to their many benefits, 

including greater bioavailability, lower systemic exposure, and reduced chances of adverse responses. There are a variety 

of intra-articular therapies that may alleviate osteoarthritis symptoms, and there are also new disease-modifying 

medicines (DMOADs) that are making headway in phase 3 clinical studies. 
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INTRODUCTION 
 

Definition of Osteoarthritis (OA) 

 Osteoarthritis, a degenerative joint condition defined by the degradation of articular cartilage, promotes inflammation 

in the surrounding soft tissues. It is the most prevalent kind of arthritis, and it mostly affects those who are 65 and older. 

This chronic illness commonly causes discomfort and stiffness in the joints, particularly during or after activity, caused by 

persistent irritation of the cartilage. Osteoarthritis is a severe health burden, with considerable effect on individuals, 

communities, and health care systems. Its prevalence, affecting 10-15% of adults over the age of 60, highlights its position 

as a widespread and chronic illness. Joint inflammation, cartilage deterioration, and bone remodeling synergistically lead to 

the expression of persistent pain, restricted mobility, and functional restrictions. As a prominent cause of joint pain 

globally, the incidence of osteoarthritis continues to grow, paralleling increases in life expectancy and risk factors such as 

obesity. Related pain and disability incredibly trouble communities and medical care frameworks, with osteoarthritis of the 

hip and knee arising as a critical supporter of overall handicap (Allen, 2022). 

 Osteoarthritis occurs as a condition defined by a mix of degraded and degenerative changes inside the articular 

cartilage, accompanied by alterations in the subchondral bone, modest osteophyte development, and low-grade 

inflammation and irritation. This state commonly affects the hips, knees, spine and interphalangeal joints, osteoarthritis 

generally manifests clinically in a monoarticular or oligoarticular fashion, with severity and location noticed with time 

(Kudashev et al., 2023). 

 Osteoarthritis (OA) stands apart as the most regular and dynamic musculoskeletal disease or infection, influencing 

generally 10% of men and 13% of ladies beyond 60 years. This disorder exerts a tremendous pressure on health, well-

being and the economy. Until to date, conservative therapies have demonstrated little efficacy in lowering symptoms, with 

no existing medication able to restore cartilage degradation or alter the normal development of the condition. Knee joints 

mailto:tasawariqbal177@gmail.com
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are commonly affected by OA, and intra-articular drugs, for example, glucocorticoids are generally used in its treatment. 

Although these medicines are regularly used to improve function and diminish pain, their safety and efficacy keep on 

being addressed. Safety concerns have been raised throughout development, with certain studies revealing undesirable 

results, including rapid progression of osteoarthritis and quick joint degradation, involving bone loss, perhaps pre-existing 

osteonecrosis increases (Wittenauer et al., 2013)Osteoarthritis stands as an essential and widespread joint infection, which 

offers a substantial difficulty and hurdle in the Western world. It creates as an ongoing, chronic, and degenerative problem 

that influences the entire joint, causing damage to both bone and cartilage. Osteoarthritis affects more than 10% of the 

worldwide population owing to variable inflammation and structural abnormalities in subchondral bone as well as damage 

to the protecting articular cartilage. In particular, women between the ages of 50 and 60 are significantly impacted. It 

stands as a primary cause of impairment in people over the age of 65, with the incidence of joint pain and persistent 

symptoms rising with age. osteoarthritis arises in two basic forms, each with its own specific features and consequences: 

 Idiopathic, some of the times named fundamental or essential osteoarthritis, which might be associated with lifestyles 

factors or age. Secondary osteoarthritis, which may occur from a number of pathological situations, including 

developmental or metabolic problems, illnesses, or joint infections.  Although osteoarthritis may potentially affect any 

joint. Joints that are regularly engaged in weight-bearing activities, such as the knee, are more vulnerable (Maqbool et al., 

2021). 

 

 

A. Normal knee joint.                                             B. Osteoarthritic knee joint  
{Allen, 2022 #58} 

 

Prevalence and Impact on Patients  

 Osteoarthritis (OA), the most prevalent type of joint pain or arthritis, stands out as a key contributor to functional 

restrictions and reduced mobility in adults. Among people or groups whose age are above 50- 65years are mostly affected. 

osteoarthritis of the knees and hips are rated as the two essential drivers of pain and physical disability. Additionally, 

symptomatic hand osteoarthritis is a prevalent disorder in the elderly, considerably impairing hand function, usually owing 

to discomfort. As with other chronic illnesses, the etiology of osteoarthritis is complicated, with several local and systemic 

risk factors recognized. Discrepancies in the frequency of osteoarthritis may be due to a mix of genetic predisposition and 

lifestyle factors. Osteoarthritis affects roughly 25% of the wilder population, with a growing incidence in the elderly 

population osteoarthritis affects women more than males, particularly those under the age of 50. However, beyond the age 

of 50, women are more affected by osteoarthritis than males (Cui et al., 2020). 

 In Pakistan, osteoarthritis affects approximately 3.6% of the rural population and 4.6% of those residing in northern areas 

{Ghaznavi, 2017 #59}. With no treatment availability, the worldwide burden of osteoarthritis is on the increase, with an 

estimated 28% of the adult population (aged over 60) afflicted by the osteoarthritis. As indicated by the 2017 Worldwide 

Weight of Sickness (GBD) review, hip and knee osteoarthritis appraised as the eleventh most prominent reason for inability 

universally and the 23rd most significant commitment to incapacity changed life years (DALYs) Steinmetz, 2023 #60}. 

 Further researches and studies show that with increased life expectancy and an older population, osteoarthritis will 

become the fourth largest cause of disability by 2023. There has already been a considerable rise in DALYs due to 

osteoarthritis since 2007.estimated prevalence of osteoarthritis worldwide has varied, ranging from a low of 14.6 per 

osteoarthritis correspondence and republish demands of increasing in osteoarthritis {Safiri, 2020 #61}. 

 According to Osteoarthritis and cartilage (2020), the normality of osteoarthritis increases from 10.0 to 40.5 per 1000 

man lives in Canada and the UK, independently. Although three countries have archived developing patterns in the 

frequency of osteoarthritis, none have given detailed pattern of information. In Sweden, age-normalized hospitalization 

rates because of hip and knee osteoarthritis rose from 1998 to 2014. Basically, in Canada, gathered rate rates created from 

11.8 to 14.2 per 1000 man-years in men a while in folks and from 15.7 to 18.5 per 1000 man-years a while in women from 

2000 to 2008. Be that as it may, a UK research utilizing the Clinical Practice Exploration Datalink (CPRD) uncovered no 
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adjustment of examples of doctor analyzed osteoarthritis from 1992 to 2013. Meeting data from seven years till 2010 

showed that over 8.75 million individuals in the UK have searched therapy for osteoarthritis at any clinical benefits 

establishment. By 2035, it is guessed that 8.3 million people grown-ups in the UK having age 45 years or above could have 

suggestive knee osteoarthritis (Cui et al., 2020; Felson et al., 2000). 

 The investigation assessed around the world, nearby, and public event, disability, and years lived with illness for 354 

disorders and wounds across 195 nations and areas from 1990 to 2017. effective assessment of the Worldwide Weight of 

Infection Study 2017 (Breedveld, 2004). 

 Osteoarthritis is the most prevalent kind of joint pain, with around 25% of persons aged over 65 globally having pain 

and impairment linked with this illness, according to the World Health Organization. While osteoarthritis influences people 

of any age, its recurrence perceptibly ascends past the age of 50 in males and 40 in females. In 1997, somewhere in the 

range of 1.3 and 1.7 million people in England and Grains were burdened with osteoarthritis, while in France in the mid-

1990s, 6 million new cases were recorded yearly. These figures are probably going to climb attributable to an extending 

old populace. The assembled countries extends that the portion of the western European populace matured north of 65 

will develop from 20% in 1995 to 25% in 2010 (Swain et al., 2020). 

 

Social and Economic Impact of Osteoarthritis 

 The social and economic consequences of osteoarthritis is enormous. As the most frequent kind of arthritis, 

osteoarthritis is among the primary causes of physical impairment in the old age population outside of institutional 

settings. While the condition typically presents as physical symptoms, it may also lead to despair or anxiety. A research 

done in 1998 explored the association between knee pain and its influence on depression, anxiety, and physical function 

among osteoarthritis patients. It discovered that knee discomfort was substantially linked with reduced quadriceps 

strength, radiographic abnormalities, and depression. Disability was also connected with diminished quadriceps strength 

and depression, but not with radiographic scores. One more exploration in the US researched the wellbeing related 

personal satisfaction of osteoarthritis patients utilizing an overall personal satisfaction measure. The findings revealed that 

the quality of life of these individuals was poorer compared to a community-matched sample and was comparable to 

ratings reported in patients with depression or advanced disease. The monetary effect of osteoarthritis incorporates both 

direct consumptions associated with drugs, clinical therapy, facilities, and exploration, as well as aberrant costs, for 

example, lost efficiency attributable to chronic and short term disability. While treatment might ease side effects and may 

limit the social impact and certain aberrant expenses of the condition, the consumptions associated with treatment and 

the consideration of conceivable unfriendly medication reactions can be extensive. A few investigations have assessed the 

expense viability of pharmacological treatments for osteoarthritis, including standard non-steroidal calming meds (NSAIDs) 

and specific cyclooxygenase (COX)- 2 inhibitors. Although, irregularities in the cost appraisal techniques and little 

information on asset used in specific exploration make it hard to reach clear determinations in regards to the most 

practical treatments. Moreover, an Australian exploration demonstrated that people having osteoarthritis experience high 

private uses related to treatment. More established females with osteoarthritis burned through 25% more on local area 

administrations contrasted with more young age females with the disease. Higher sickness related spending was 

connected with bigger torment levels, lower social and mental working, and longer illness term (Swain et al., 2020). 

 

Background of Intra-Articular Steroid Injections  

 Corticosteroids are phenomenally convincing medications. Intra-articular injections of corticosteroids have been used 

for almost fifty years the symptomatic treatment of osteoarthritis. An examination done among rheumatologists in the US 

showed that over 95% of them use this medicine in certain conditions, with over half utilizing it frequently. Moreover, intra-

articular corticosteroids are proposed in the continuous ideas from the American School of Rheumatology for the treatment 

of serious knee infection in individuals with osteoarthritis. Corticosteroids apply their calming activities by altering the 

incendiary and immunological fountain at a few phases, including (Williams, 2018).Corticosteroids decrease antigen 

opsonization, stop the adhesion and migration of inflammatory cells across the vascular endothelium, disrupt cell-cell 

communication by changing cytokine production, or antagonize cytokines such as interleukin-1, leukotrienes, and 

prostaglandins. Disrupts synthesis, metalloproxes, inhibits metal processes, superlute processes. activator (plasminogen 

activator), and reduces immunoglobulin production. Past examinations have uncovered that corticosteroid infusions might 

diminish cartilage proteoglycan creation, harm ligament, or even produce degenerative changes in sound cartilage. In later 

distributions, utilizing creature models of osteoarthritis (bunny and guinea pig), different agents have shown that low-portion 

intra-articular corticosteroids (adequate to restrict catabolism) reestablish cartilage proteoglycan creation. more, significantly 

bring down the recurrence and seriousness of cartilage corruption, osteophyte advancement (Chacon Arenas, 2020). 

 Treatment options for knee osteoarthritis differ based on the severity of the condition. In mild situations, modest pain 

management measures and lifestyle adjustments may serve to reduce symptoms. However, in chronic stages of the 

condition, knee substitution medical procedure is a safe and practical treatment for decreasing pain and reestablishing 

actual disability. For knee discomfort associated with moderate osteoarthritis, intra-articular injections might be targeted. 

Steroid-based injections, typically mixed with local anesthetics, are routinely used to control acute flare-ups of the 

condition. Their usefulness originates from their significant anti-inflammatorycharacteristics, which help ease pain 

produced by synovitis, a typical occurrence in osteoarthritis. Lately, viscosupplementation has created as a treatment 

procedure for tending to knee osteoarthritis. This therapy includes injecting hyaluronic acid (HA) into the joint, based on its 
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physiological qualities inside the synovial joint (Williams, 2018). 

 

Rationale for use in Osteoarthritic Patients 

 While certain individuals arise with generalized osteoarthritis, which is thought to be altogether influenced by 

hereditary factors, most osteoarthritis influencing weight-bearing joints is instigated by distorted mechanical powers. 

Osteoarthritis, in contrast to numerous different problems, is delicate to both local intra-articular treatment and systematic 

treatment. Although most endeavors have focused on making systematic drugs, these methodologies incorporate more 

serious dangers of systemic adverse effects, like cardiovascular occasions and gastrointestinal unfavorable impacts, 

contrasted with most non-steroidal joint pain medicines. Related with mitigating medications and cyclooxygenase-2 

inhibitors. Given the persistent idea of the infection, the need to deliver drugs fitting for long systematic therapy with most 

reduced unfavorable impacts is an intense endeavor. The utilization of local medications, for example, infusing drugs 

straightforwardly into the impacted joints, is a procedure for the treatment of osteoarthritis that is currently consistently 

utilized and brings the ability to provide the ideal profile. In the outline, the improvement and movement of knee 

osteoarthritis is driven by local factors, including aggravation of the synovial film, chondrocyte actuation, and bone 

rebuilding. Consequently, it looks reasonable to pick an intra-articular strategy to the treatment of knee (as well as hip) 

osteoarthritis (Allen et al., 2022; Wang et al., 2022). 

 

Table 1: Information About Intra-Articular Injection of Corticosteroids 

 Agent   Anti-Inflammatory 

Potency 

Action 

Time  

Dose: From Small 

Joint to Large Joint  

Serum 

Half-Life  

Fluorinated References  

 

Hydrocortisone acetate I S  10–25 (mg)  2h  No {Zhang, 2020 #62} 

Triamcinolone acetate  5 I 2.5–15 (mg) 88min Yes {Conaghan, 2018 #63} 

Triamcinolone hexacetonide 5 I 2–20 (mg) 88min YES {Rubin, 2022 #64} 

Methyl prednisone acetate 5 I 4–80 (mg) 18–26h No  {Zhang, 2020 #65} 

Dexamethasone 25 L 0.8–4 (mg) 36–54h Yes {Najm, 2021 #66} 

Betamethasone acetate 25 L 0.25–2 (mL) 6.5h Yes  {Liu, 2018 #67} 

Abbreviations: S, short = 8–12h biologic half-life; I, intermediate = 12–36h biologic half-life; L, long = 36–72h biologic half-life.  

 

Evidence Supporting Intra-Articular Steroid Injections  

 Regardless of the fact that intra-articular corticosteroid injections are routinely and broadly used in the management 

of osteoarthritis of the knee, and having brief advantages. Moreover, Tenoxicam is additionally utilized as an intra-articular 

treatment which is a helpful choice to reduce the gastrointestinal adverse effects related with NSAIDs when taken orally. 

Clinically it’s proved and recommended that the synchronous utilization of NSAIDs and corticosteroids is synergistic, 

especially in conditions like retinal edema after cataract procedure in ophthalmology. Accordingly, the reason for this study 

is to recognize whether the blend of intra-articular steroid and tenoxicam is more successful than tenoxicam alone or 

steroid injections in the treatment of osteoarthritis (Primorac et al., 2021). 

 

Meta-analyses and Systematic Reviews 

 40 randomized controlled preliminaries (RCTs) evaluated, 38 gave satisfactory information to be remembered for the 

meta-analysis. In examinations where intra-articular saline was utilized, it cut down knee pain in 32 assessments influencing 

1705 people (SMD = - 0.68; 95% CI: - 0.78 to - 0.57; p < 0.001; I2 = 50). On a very basic level dealt with short term span%). 

Basically, 19 assessments wrapping 1445 patients (SMD = - 0.61; 95% CI: - 0.76 to - 0.45; p < 0.001) showed a huge 

reduction in long span knee pain after intra-articular saline mixture, however an outstandingly serious degree of 

irregularity. (I2 = 74%).the included investigations, 29 have reported side effects none of which distinguished any serious 

treatment-related unfavorable conditions after intra-articular saline infusion. Examination of meta-analyses comparing 

intra-articular hyaluronic acid treatment with other intra-articular therapies and oral NSAIDs found that hyaluronic acid is a 

potential therapeutic option for knee osteoarthritis. It was shown to cause benefits in pain and function that lasted up to 

26 weeks, with a positive safety profile (Wang et al., 2022). 

 

Comparison with other Treatment Modalities 

 Intra-articular medication dispersion gives various benefits over systematic organization. Nonetheless, over the course 

of recent years, restorative and management choices for knee osteoarthritis have been compelled to analgesics, 

glucocorticoids, hyaluronic corrosive (HA) and few trial alternative medications. Despite the fact that HA and 

glucocorticoids might convey clinically significant enhancements to numerous patients, new exploration uncovers that 

their efficacy is generally affected by attributes, for example, a placebo treatment. Biologic medications focusing on 

provocative pathways have been fruitful in the administration of rheumatoid joint pain yet have not been as powerful in 

osteoarthritis. A shortage of facts and high level information and strategic limitations block how we might interpret "stem" 

cell treatments. Despite the fact that intra-articular cell medicines, for example, platelet-rich plasma and bone marrow 

suction concentrate are regularly utilized off-mark, high quality evidence and top notch clinical information are essential 

before these treatments might be given or advised. A few potential intra-articular medicines are under observation and in 

clinical improvement in the US, including unassuming synthetic and organic treatments, gadgets and quality treatments. 
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although the possibility of new nonsurgical treatment for osteoarthritis is tempting, the advantages of these new 

medications should be painstakingly evaluated against their cost and potential risks (Su et al., 2018). 

 

Mechanisms of Action  

 Intra-articular corticosteroids have been already consistently used in the treatment of osteoarthritis of the knee for 

fifty years. The aim behind its usage is to minimize joint inflammation and discomfort by local administration of a powerful 

anti-inflammatory drug. Triamcinolone preparations are frequently used and authorized by the US FDA and in Europe as 

crystalline suspensions. However, important limitations of intra-articular corticosteroids include their short duration of 

action and safety issues that restrict their frequent usage. Knee intra-articular steroid infusions are helpful for short-to 

medium-term the board of joint infection. By lessening aggrecans and collagenases, specialists/modulators of 

proinflammatory middle people and mononuclear cells, corticosteroids decrease synovial irritation (Stone et al., 2021). 

 

Table 2: Indications, Contraindications and Adverse Reactions of the Intra-Articular Injection of Corticosteroid, and the 

Methods to Reduce the Incidence of Adverse Reactions 

Indications Contraindications Adverse 

Reactions 

References  

Osteoarthritis. Intra-articular or 

osteochondral 

fracture at the injection site 

Injection site pain and 

local 

swelling 

{Zhang, 2020 #68} 

Rheumatoid arthritis Uncontrolled coagulopathy Atrophic changes of skin {Compagnoni, 2024 #69} 

Traumatic arthritis 

 

Severe joint destruction (e.g., 

Charcot joint) and skin breakdown 

Septic arthritis 

 

{Testa, 2021 #70} 

Shoulder perarthritis 

 

Local infection: septic arthritis, 

periarticular sepsis and 

bacteremia 

Chondrotoxicity 

 

{Zhang, 2020 #71} 

Crystalline arthropathies reactions Hypersensitivity to the injection  Anaphylactic reactions {Mandell, #73} 

Seronegative arthropathies Osteomyelitis  Soft tissue calcinosis {Al Khayyat, 2023 #74} 

Mixed connective tissue disease Joint prosthesis  Crystal-induced erythema {Zhang, 2020 #75} 

{Testa, 2021 #76} 

 

 
 

Injection Sites and routes which are commonly used in clinical practice. Panel A shows the super medial and superolateral 

injection sites. These injections are performed with the knee extended. Panel B shows the lateral joint line injection site, 

with the right knee flexed 90 degrees. {Testa, 2021 #76}. 

 

Anti-inflammatory Effects 

 Recent investigations have suggested that corticosteroids may produce a substantially more dramatic loss in cartilage 

volume than intra-articular saline. A systematic study of the effects of corticosteroids on articular cartilage demonstrated 

that at high dosages and during extended therapy, intra-articular corticosteroids were related with chondrotoxicity. As a 

consequence, many doctors restrict the use of corticosteroids to 3-4 intra-articular injections per year in any particular 

joint. It has been proposed that corticosteroids may be more beneficial in particular patient subpopulations, such as those 

with joint effusion or patients who are resting rather than ambulatory. However, there is no clinical agreement on these 

results or the safety of corticosteroids for these instances. Further meta-analyses have demonstrated short-term relief in 

osteoarthritis symptoms using intra-articular corticosteroids. However, little data is available for long-term benefits 
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(greater than 4 weeks after injection). Additionally, concerns have been expressed that continuous exposure to intra-

articular corticosteroids may have a deleterious impact on articular cartilage and hasten the onset of osteoarthritis. In a 

recent research, corticosteroids induced a substantially more dramatic loss in cartilage volume than intra-articular saline 

(Jones et al., 2019). 

 

Analgesic Properties 

  Intra-articular corticosteroid injections are regularly used in the treatment of tireless osteoarthritis of the knee and 

stay standard practice among a huge number. These injections are primarily aimed to relieve pain and inflammation in 

arthritic knee joints. However, there is substantial variety among health care personnel about the procedures utilized to 

execute the treatment, including the injection location, medications administered, and degree of sterility. 

 Steroid injections have been demonstrated to be useful in lowering arthritic knee pain for a short span of time. They 

give relief from discomfort and help decline irritation, accordingly working on joint capability. Different particles used to 

treat the signs and side effects of osteoarthritis incorporate hyaluronic corrosive (HA) and platelet-rich plasma (PRP). 

Corticosteroids act by decreasing aggrecans and collagenases, which are specialists/modulators of proinflammatory 

arbiters and mononuclear cells. This prompts a decrease in synovial irritation. The instrument of activity is perplexing and 

includes diminished synovial blood stream, exhaustion of leukocytes, and concealment of provocative middle people (Allen 

et al., 2022) 

 

Impact on Joint Structure and Function 

 In osteoarthritis, inflammation inside the knee joint is associated with increasing cartilage deterioration.Intra-articular 

injections may help delay the duration of the infection. There are different corticosteroid infusions commonly available, 

including triamcinolone acetonide (Canalog), dexamethasone (Decadron) LA, betamethasone (Celestone), and 

methylprednisolone acetic acid derivation (Depomedrol). The most generally used injection are methylprednisolone acetic 

acid derivation (Depomedrol) and triamcinolone acetonide (Cenalog). Minor side effects of intra-articular injection include 

local discomfort and edema at the injection site. However, other findings reveal the existence of minor atrophic lesions, 

subcutaneous tissue atrophy, and peri-articular or intra-articular calcification during follow-up of >18 months following 

intra-articular steroid injection. About forty percent of patients reports flushing following intra-articular steroid injection, 

whereas fifteen percent experience severe flushing. It normally appears approximately 19 hours after injection, lasts up to 

36 hours, and is more prevalent in women and more severe in those who have taken a greater dosage. If intra-articular 

injections are administered too often, problems such as temporary hyperglycemia and cushionoid appearance may arise. 

Furthermore, up to 25% of patients might experience a fleeting effect on the hypothalamic-pituitary-adrenal (HPA) hub 

following intra-articular corticosteroid infusion, driving in a decrease in blood cortisol levels, which is by and large yet 

recuperates to standard inside 1-4 month (Clynes et al., 2019). 

 

Safety and Adverse Effects 

 Intra-articular corticosteroid injections are regularly used in the treatment of essential and optional osteoarthritis in 

patients who having chronic pain that isn't successfully eased by regular analgesics. This therapy method is validated by 

several studies indicating that single steroid injections considerably decrease pain and enhance function, particularly in the 

short term. These injections are commonly used in more severe forms of osteoarthritis, including "end-stage" 

osteoarthritis, particularly in joints that exhibit clinical symptoms of inflammation such as effusion, before surgical 

intervention is contemplated. If the injection effectively cures the pain but the symptoms increase over time, the injection 

may be repeated, although generally no more than four times a year for a specific joint. An inflammatory component is 

considered to be involved in the development of osteoarthritis. Therefore, one of the aims of intra-articular injection is to 

minimize inflammation and prevent articular injury (Allen et al., 2022). 

 

Impact on Cartilage Integrity 

 It was previously assumed that intra-articular injections would have a good impact on cartilage health and 

integrity. In any case, new and creating research shows that continuous injections might reduce cartilage volume. In 

clinical practice, irregular intra-articular infusions are usually used to ease patients' side effects. To address the 

viability and wellbeing of various intra-articular infusions for osteoarthritis conditions an orderly survey was finished 

to dissect the writing. Two main clinically relevant issues were addressed: Are numerous intra-articular injections 

beneficial for osteoarthritis pain and are they safe? Accelerated advancement, rapid progressive osteoarthritis 

(RPOA), commonly known as acute osteoarthritis, has been researched by several authors. Type 1 RPOA is described 

by speedy loss of joint space on radiographs, at a surprisingly extraordinary rate. This strategy was described in 

clinical trials in which nerve growth factor inhibitors, potent analgesics, are regularly provided by subcutaneous 

injection. Early examinations uncovered that a minority of patients created sped up OA, requiring joint substitution 

sooner than anticipated. The particular meaning of RPOA type 1 is dubious, albeit a few distributions say that joint 

space misfortune more prominent than 2 mm north of a year time span is demonstrative of quick joint space 

restricting. Joint space loss on radiographs often reflects cartilage loss or meniscal tears and effusions, as revealed 

on MRI scans. Notwithstanding, unobtrusive changes in quiet situation during radiography could prompt changes in 

joint space estimations without genuine primary changes, requesting thorough examination for span changes. 
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Discoveries associated with RPOA type 1, distinguished radiographically, may incorporate joint combination, 

synovitis, encompassing delicate tissue adjustments, and subosseous changes, for example, significant bone marrow 

edema and sore like changes on following X-ray checks (Bricca et al., 2019). 

 

Factors Influencing Effectiveness 

Patient Selection 

 Today, doctors and health care professionals generally reassure patients that even if an intra-articular injection does 

not give symptomatic relief, there is no risk. However, based on clinical findings, this may not be true for other people. 

Short-term consequences may include joint discomfort, edema, and stiffness along the needle route, as well as injury to 

intra-articular and peri-articular structures. There are other possible long-term consequences of which patients should be 

warned, which might be straightforwardly associated with the genuine intra-articular infusion. These results incorporate 

rapidly moderate osteoarthritis type 1 and quickly moderate osteoarthritis type 2, which may lead to fast joint destruction 

with subchondral insufficiency fractures, articular collapse, osteonecrosis, and bone loss is single institution findings 

implying that such occurrences may occur in up to 10% of patients having hip and knee injections. It is not always obvious 

whether these outcomes were noticeable before or after the injection. Therefore, in addition to describing these possible 

dangers throughout the informed consent process, it is crucial to tell patients that if they suffer increasing joint pain 

following intra-articular injection, they should seek emergency medical assistance should get attention and perhaps 

undergo follow-up imaging. Osteoarthritis is a prominent source of impairment, with the knee being the most usually 

afflicted joint. Key treatment techniques for osteoarthritis of the knee often involve illness information, exercise therapy, 

weight reduction, and pain medicines. Among these medications, intra-articular glucocorticoid infusions are normally used 

and have been demonstrated in clinical examinations to effectively assuage moderate to serious knee torment temporarily. 

A few expert proposals support the utilization of intra-articular glucocorticoid infusions for people with osteoarthritis of 

the knee who have not answered oral or skin torment treatment. Be that as it may, there is rising worry among specialists 

in regards to the security of infusing glucocorticoids into the knee. A 2-year randomized clinical trial showed that intra-

articular glucocorticoid infusion brought about extensively higher ligament debasement. Also, while phenomenal, intra-

articular infusions are connected with an expanded gamble of septic joint pain and postoperative joint disease. Hence, a 

time frame least 3 months is proposed among infusions and extra medical procedures. Another hurdle to the deployment 

of intra-articular injections is that general practitioners (GPs) in primary care may not feel able to conduct the process of 

placing the needle into the knee joint (Wang et al., 2022) 

 

Controversies and Limitations  

 Repeated intra-articular injections may enhance possible harmful effects, according to some studies. However, cohort 

data fail to clarify confounding factors, including the likelihood to obtain more injections for those with severe or resistant 

symptoms, perhaps contributing to rapid progression to joint replacement. Further work is expected to assess the 

underlying trustworthiness and adequacy of rehashed intra-articular infusions gave in clinical work on as per individual 

prerequisites as opposed to at foreordained spans paying little heed to side effect force. Suggestions propose a tailored 

and varied injection schedule, with a prudent restriction of no more than four injections per year for individuals receiving 

considerable alleviation after first therapy. Intra-articular medication delivery has various benefits over systemic 

administration, notably in the therapy of knee osteoarthritis during the last two decades. Traditional therapy strategies 

have concentrated on analgesics, glucocorticoids, hyaluronic acid, and a number of dubious alternatives. Although 

hyaluronic acid and glucocorticoids generate substantial benefits for many patients, growing data underscores the 

relevance of placebo effects in their perceived effectiveness. Biologic medications focusing on the provocative pathway 

have showed guarantee in the treatment of rheumatoid joint pain yet have not yet demonstrated identical outcomes in 

that frame of mind of osteoarthritis. The effectiveness of the suggested 'stem' cell treatment is unknown, needing 

convincing clinical evidence before general acceptance. Despite continuous research in the United States on novel intra-

articular medicines, including small compounds, biologics, devices, and gene therapies, the adoption of such therapies 

must be prudently balanced against the associated costs and possible dangers (Guermazi et al., 2020). 

 

Future Directions and Research Needs 

 Given the shortfall of compelling and okay pain relieving treatment for osteoarthritis (OA), upgrading the adequacy of 

intra-articular corticosteroid (IACS) infusions while restricting conceivable harm is significant. There are numerous serious 

problems about this frequently utilized therapy: What is the genuine effectiveness of IACS injections? What is the best 

frequency and duration of administration? What patient variables impact treatment efficacy? What are the related dangers 

of IACS injection, and how probable are they? Who is most prone to bad events? Can pre-injection imaging or radiography 

assist lessen risk? Are there additional strategies to diminish risk, for example, upgrading joint biomechanics or limiting 

weight-bearing following treatment? Are there extra potential perils connected with intra-articular infusions? What are the 

dangers implied with customary strategies of joint relief from discomfort? Future research will need large-scale long-term 

examinations to resolve these problems. Extensive clinical experience with repeated intra-articular injections in certain 

joints does not show a preponderance of acute structural adverse effects, nor is quick worsening of symptoms usually 

noted {Kompel, 2019 #77}. 
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Conclusion  

 As osteoarthritis (OA) continues to develop worldwide, the cost on the health care system is rising, compounded by 

the lack of disease-modifying osteoarthritis medications (DMOADs) that minimize the risk of joint destruction having the 

power to arrest or reverse cartilage deterioration. Intra-articular therapies provide an innovative therapy strategy, seeking 

to avoid systemic side effects while benefitting from local treatment advantages. Intra articular injections provide the best 

local treatment for osteoarthritis which reduces the adverse effects and improve therapeutic effects and functions. Given 

the unknown etiopathogenesis of OA and the broad variety of symptoms it presents, identification of the appropriate 

patient group for effective intra-articular treatment with minimum side effects is crucial. Therefore, thorough research, 

cost-effectiveness analysis, and accurate reporting of side-effect profiles are necessary. 

 Intra-articular therapies have potential for avoiding undesirable systemic responses as well as having significant local 

therapeutic benefits, especially with certain regenerative medicine agents. This minimally invasive method provides an 

effective and promising way of controlling patient pain, warranting further investigation and advancement. 

 Notwithstanding, careful assessments incorporate randomized controlled trials (RCTs) that use repeated intra-articular 

corticosteroid (IACS) infusions, utilize fluctuated steroid regimens and target different joint areas, ordinarily with every 

infusion. Diagnosed with occasional pain just before technique precludes conclusive conclusions concerning the 

effectiveness of recurrent IACS injections in real-world clinical settings. 
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ABSTRACT   

Advanced wound healing techniques have shown considerable potential for hydrogel-based nanoparticles. Hydrogels, 

due to their substantial water content and ability to interact well with living organisms, are highly suitable for 

administering medicinal substances. Drug loading, mechanical strength, and stability are improved by nanoparticles in 

hydrogel matrices. These nanoparticles can be engineered to systematically release bioactive compounds, such as 

growth factors, antibacterial agents, and anti-inflammatory medications, in a regulated manner. This controlled release 

method can effectively target different stages of the wound healing process. Moreover, the adjustable properties of 

hydrogels enable accurate manipulation of the rate at which enclosed medicines are released. The integration of 

hydrogel matrices and nanoparticles fosters a milieu that enhances cellular proliferation, migration, and tissue 

regeneration. Incorporating stimuli-responsive features allows for the controlled release of drugs in response to certain 

physiological signals, enhancing the therapeutic efficacy. In summary, hydrogel-based nanoparticles provide an 

adaptable platform for creating advanced wound healing treatments that have enhanced effectiveness and accuracy.  
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INTRODUCTION 
 

Hydrogel nanoparticles are vital in the fields of biomedical engineering and materials science, specifically in improving 

the process of wound healing. This novel method utilizes the distinct characteristics of hydrogels, which are composed of 

polymer networks that are highly hydrated and three-dimensional, and nanoparticles, which are minuscule particles with 

dimensions on the nanometer scale (Chakraborty et al., 2021). By amalgamating these two components, a potent synergy 

is produced, promoting effective and enhanced wound healing. 

Wound healing is a key physiological process after tissue injury. This process involves a sequence of intricate 

biochemical events, such as hemostasis, inflammation, proliferation, and remodeling (Rodrigues et al., 2019). Historically, 

wound care techniques mostly involved simple bandages, stitches, and antibacterial substances. Nevertheless, these 

methods frequently demonstrate insufficiency in effectively handling intricate wounds such as diabetic ulcers, burns, and 

vast surgical sites. Fortunately, the advancement of hydrogel-based nanoparticles has arisen as an innovative answer. 

These nanoparticles are designed to overcome the limitations of traditional therapies by improving effectiveness, 

shortening recovery periods, and limiting the formation of scars.  

Hydrogels are very suitable for wound healing applications due to their abundant water content, which closely mimics 

normal tissue (Ho et al., 2022). They provide a humid environment that promotes the movement and growth of cells, which 

is essential for the process of healing. Moreover, hydrogels can be precisely customized to fit the tissue at the wound site 

by adjusting their physical characteristics such as porosity and mechanical strength (Vedadghavami et al., 2017). This 

customization not only enhances the structural integrity of the wound but also allows for the regulated release of 

medicinal drugs. Integrating nanoparticles into hydrogels results in a distinct enhancement of functionality (Jiang et al., 

2020). To improve the administration and effectiveness of medications, growth factors, and other bioactive compounds 

directly at the site of a wound, these particles can tightly interact with biological molecules due to their minute size 

(Rajendran et al., 2018). This allows the particles to improve the transport of these substances. This feature enables the use 

of precise therapy, where therapeutic substances are supplied in a regulated manner, minimizing general side effects and 

focusing treatment on the specific areas that require it the most. The utilization of nanocomposite hydrogels demonstrates 

the capacity to combine hydrogels with nanoparticles. These polymers serve as both carriers of drugs and reinforce the 

mailto:fuhl.sicau@163.com
mailto:fuhl.sicau@163.com
https://doi.org/10.47278/book.CAM/2024.479
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hydrogel matrix (Lavrador et al., 2021). By integrating silver nanoparticles, the hydrogel can obtain antibacterial 

characteristics, which are crucial for preventing infections in exposed wounds (Pangli et al., 2021). Moreover, bioactive 

nanoparticles can be utilized for the purpose of administering targeted growth factors, hence facilitating tissue 

regeneration and assisting in the process of healing. The synthesis of hydrogel-based nanoparticles is an intricate 

procedure that guarantees the durability, compatibility with organisms, and effectiveness of the result. Hydrogels are 

typically formed via different methods, including ionic cross-linking, covalent bonding, and freeze-thaw cycles (Hassan and 

Peppas, 2000). Nanoparticles can be included by either in situ polymerization or physical mixing (Li et al., 2017). It is 

imperative to carefully regulate these processes to create a composite that is not only safe for medical use but also 

efficient in delivering therapeutic outcomes. When it comes to the field of clinical applications, nanoparticles based on 

hydrogel have demonstrated promising results in the treatment of a variety of wounds. Regarding diabetic ulcers, which 

have poor healing, these composites can efficiently administer insulin or growth hormones to reinstate the normal healing 

process (Duarte et al., 2024). In burn instances, hydrogel-nanoparticle systems are utilized to provide cooling agents, pain-

relieving drugs, and facilitate tissue regeneration (Mishra et al., 2017).  

In addition to treating wounds, nanoparticles based on hydrogel have the potential to perform additional functions. 

These devices can be specifically engineered to incorporate sensors that observe various characteristics of the wound 

environment, such as the pH level and temperature (Dong and Guo, 2021). These sensors offer crucial data regarding the 

advancement of the healing process or the existence of an infection. The incorporation of diagnostic capabilities into a 

treatment matrix signifies a notable progress in personalized medicine for wound care. Nevertheless, despite the multitude 

of benefits and encouraging studies, there are obstacles and factors that must be dealt with as these materials go from the 

experimental stage to practical application in medical settings. Important considerations include the biocompatibility and 

biodegradability of materials used in the body, as they should not elicit negative immunological reactions or leave behind 

toxic substances after fulfilling their intended function. Furthermore, it is crucial to consider the potential to expand 

production and achieve cost efficiency to guarantee universal acceptance in clinical settings.  

 

Section 1: Fundamentals of Wound Healing 

Phases of Wound Healing 

Wound healing is a complex and ever-changing process that takes place in multiple stages, including hemostasis, 

inflammation, proliferation, and remodeling (Rodrigues et al., 2019). Every stage is essential in the process of healing 

injured tissue and regaining its functionality. The procedure commences with hemostasis, which promptly takes place 

following the occurrence of skin injury. During this stage, the body's main objective is to stop the flow of blood. Blood 

arteries undergo vasoconstriction to decrease the volume of blood flowing through them, while platelets aggregate at the 

site of injury to form a clot (Hickman et al., 2018). This blood clot not only ceases additional blood loss but also serves as a 

temporary barrier against infection.  

The inflammatory phase, which usually lasts for a few days, follows hemostasis. Pain, redness, and swelling at the 

location of the wound are the characteristics that define this phase. Neutrophils and macrophages, which are types of 

white blood cells, travel to the wound site to eliminate waste, bacteria, and injured tissue. These immune cells secrete 

many cytokines and growth factors that are crucial for the process of healing, thereby preparing for the subsequent phase 

(Matar et al., 2023).  

The proliferation phase is the period during which the wound initiates the process of regenerating new tissue, typically 

commencing within a few days of the damage and enduring for several weeks. During this phase, important processes 

include angiogenesis, which is the development of new blood vessels, the generation of collagen and extracellular matrix 

by fibroblasts, and the growth of new epithelial tissue to cover the wound (Reinke and Sorg, 2012). The appearance of pink 

or red granulation tissue suggests a healthy healing process.  

Ultimately, the remodeling phase can endure for a significant duration, ranging from several months to even years. 

During this phase, the recently developed tissue undergoes a gradual process of maturation and recovers its strength. 

Collagen fibers, which were originally deposited in a disorganized manner, undergo reorganization and cross-linking to 

enhance the skin's ability to withstand tension (Beldon, 2010). Consequently, the scar eventually becomes more even and 

less conspicuous, but it usually maintains a distinct texture and quality compared to the surrounding skin. These stages of 

wound healing collectively allow the efficient recovery of the skin from injury. Nevertheless, the efficacy and success of the 

treatment may differ based on factors such as the severity of the damage, the individual's overall health, and the quality of 

wound care provided. 

 

Challenges in Wound Healing 

Wound healing can be complicated by several circumstances, one of which is that of infection. Infections have the 

potential to extend the duration of the inflammatory phase and give rise to consequences, such as sepsis (Delano and 

Ward, 2016). Chronic diseases such as diabetes and vascular disorders can hinder the flow of blood, which is crucial for 

supplying the necessary oxygen and nutrients for tissue regeneration (Baltzis et al., 2014). Furthermore, inadequate 

nourishment can lead to insufficiencies in essential vitamins and proteins necessary for cellular regeneration, hence 

exacerbating the challenges of healing. Addressing wounds in elderly people is a notable difficulty due to their skin's 

diminished flexibility and cellular activity, which hampers the rate of healing. Inadequate wound care, including insufficient 
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cleansing and dressing, might introduce or exacerbate issues. This underscores the significance of adequate medical 

supervision and patient instruction in the management of wounds. 

 

Section 2: Overview of Hydrogels and Nanoparticles 

Overview of Hydrogels 

The ability of hydrogels, a versatile form of polymeric material, to retain considerable volumes of water within their 

three-dimensional networks is one of the most recognized characteristics of hydrogels. Consisting primarily of hydrophilic 

polymer chains, these gels can soak up water and retain a significant amount of fluid relative to their weight when dry, 

which makes them extremely absorbent (Guo et al., 2020). Hydrogels are created by either physically or chemically 

connecting molecules together, resulting in a structure that is stable and yet retains a soft and flexible nature, resembling 

natural tissue (Khandan et al., 2017). The distinctive amalgamation of these characteristics has resulted in a diverse array of 

uses in various domains, including biomedical engineering, drug delivery systems, tissue engineering, and agricultural 

goods. Moreover, their ability to interact harmoniously with living organisms and their ability to react to changes in their 

surroundings make them well-suited for developing highly sensitive and adaptable materials for a wide range of scientific 

and industrial applications. 

 

Overview of Nanoparticles 

The size of a nanoparticle is measured in nanometers, or billionths of a meter. Nanoparticles, which are usually 

between 1 and 100 nanometers in size, have distinct physical and chemical characteristics that significantly deviate from 

those of bigger materials (Tsuzuki, 2013). An example of a characteristic possessed by these entities is their heightened 

surface area to volume ratio, which amplifies their reactivity and strength. These characteristics make nanoparticles 

beneficial in health, electronics, and the environment (Singh et al., 2021). Nanoparticles are utilized in medicine for the 

purpose of delivering drugs to specific targets and for diagnostic imaging (Parveen et al., 2017). When it comes to 

environmental applications, nanoparticles help in the control of pollution and the purification of water (Pinto et al., 2020). 

In the field of electronics, they contribute to the creation of more efficient6 batteries and enhanced display technologies 

(Abdin et al., 2013). Scientific research is currently focused on manipulating and integrating nanoparticles into goods and 

processes. The aim is to utilize their potential while also addressing safety and environmental concerns.  

Hydrogel nanoparticles, which are gaining popularity in biomedical fields like drug delivery, tissue engineering, and 

bio-sensing, exhibit distinct characteristics. Among these characteristics are a high-water content, biocompatibility, and 

environmental stimuli response capability. These nanoparticles can be synthesized using a range of materials, each 

possessing distinct benefits and difficulties. The main materials utilized comprise both organic and artificial polymers. 

 

Section 3: Hydrogel based Nanoparticles in Wound Healing 

 

Table 1: Composition and types of hydrogels forming polymers 

Polymers Types Source Properties  Applications References 

Natural 

Polymers 

 

 

 

Natural 

Polymers 

 

 

 

Synthetic 

Polymers 

 

Synthetic 

Polymers 

Alginate, 

 

 

 

 

Chitosan 

 

 

 

 

Polyethylene 

Glycol (PEG) 

 

Polylactic-co-

glycolic Acid 

(PLGA): 

Extracted 

from brown 

seaweed 

 

 

Derived from 

Chitin 

 

 

 

 

 

 

 

Highly biocompatible, gel-

forming ability through ionic 

cross-linking with calcium 

ions. 

Positively charged, 

biodegradable, and has 

antimicrobial properties 

 

 

 

Non-toxic, non-

immunogenic, and 

hydrophilic, which helps in 

evading the immune system 

It is biodegradable and the 

degradation rate can be 

adjusted by varying the ratio 

of PLA to PGA 

Ideal for encapsulating proteins, cells, 

and drugs due to its mild gelation 

conditions. 

 

Its cationic nature allows it to form 

hydrogels through interactions with 

negatively charged molecules and 

polymers, useful in mucosal drug 

delivery. 

Often used as a hydrogel matrix or 

coating to enhance biocompatibility 

and reduce protein adsorption and cell 

adhesion. 

Widely used in drug delivery systems 

due to its FDA-approved status and 

ability to degrade into lactic and 

glycolic acids, which are naturally 

metabolized by the body 

(Tavakoli et 

al., 2023) 

 

 

(Tavakoli et 

al., 2023) 

 

 

 

(Xu et al., 

2023) 

 

 

(Xu et al., 

2023) 

 

a) Natural polymer, in general being more biocompatible than synthetic ones, can still change in composition and goods 

due to their natural origins (Bhatia and Bhatia, 2016). 

b) Manipulation of Properties: Synthetic polymers provide greater precision in controlling the characteristics of 

nanoparticles, such as their degradation rates and mechanical strength. This control is essential for particular applications 

(Bhatia and Bhatia, 2016).  
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c) Immunogenicity and Toxicity: Synthetic polymers, particularly those that are not precisely engineered, may elicit an 

immunological reaction or exhibit hazardous effects. Conversely, natural polymers often have a reduced likelihood of 

causing an immune response (Bhatia and Bhatia, 2016). 

d) Functionalization: Both types of polymers can be chemically modified to incorporate functional groups that can be used 

for targeting, imaging, or therapeutic applications.  

The application and the features that are wanted are two of the most important factors to consider when choosing 

materials for nanoparticles based on hydrogel. Natural polymers are well-suited for applications that require sensitivity to 

biological systems, whereas synthetic polymers offer variety and durability for applications centered on engineering (Bhatia 

and Bhatia, 2016). 

 

Mechanism of Action 

Hydrogel nanoparticles have demonstrated significant potential around wound healing because of their distinct 

characteristics and mode of operation. The nanoparticles are predominantly composed of hydrophilic polymers that 

could absorb and hold substantial quantities of water, thereby generating an optimal moist environment for the healing 

of wounds (Stoica et al., 2020). The presence of moisture in this environment not only aids in maintaining cleanliness of 

the wound, but also facilitates the natural healing processes, such as the movement and growth of cells. The method by 

which hydrogel-based nanoparticles promote wound healing is complex and includes multiple factors. Firstly, they 

create a defensive barrier that covers the wound, protecting it from outside pollutants while yet allowing for the flow of 

gases, which is essential for cellular respiration and metabolism. Furthermore, these nanoparticles can be designed 

specifically to gradually release therapeutic medicines at the location of the wound (Choudhury et al., 2020). The 

controlled release mechanism can incorporate antibiotics to prevent infection, growth factors to facilitate tissue 

regeneration, or anti-inflammatory agents to diminish swelling and pain. Additionally, hydrogel-based nanoparticles 

possess the ability to react to environmental stimuli, such as variations in pH or temperature, thereby augmenting their 

efficacy (Lavrador et al., 2021). Inflamed wounds with decreased pH can cause nanoparticles to release more 

medication. This approach customizes the treatment to address the precise requirements of the wound, eliminating the 

need for any external interference. Finally, the physical characteristics of hydrogels enable them to conform to the 

wound surface, guaranteeing a uniform dispersion of the therapeutic substances. This adaptability also helps in 

absorbing wound exudate, which has a high concentration of proteolytic enzymes that might hinder the healing 

process. Hydrogel-based nanoparticles expedite and enhance the healing process by absorbing surplus fluids and 

inhibiting enzyme activity. Hydrogel-based nanoparticles greatly improve the healing process, making them a vital tool 

in advanced wound care management. 

 

Section 4: Applications of Hydrogels Nanoparticles 

Drug Delivery 

Hydrogel nanoparticles offer an advanced method to wound management by enhancing the healing process by 

precise administration of medication. The nanoparticles are composed of polymeric networks that swell in water and 

enclose different medicinal substances, such as antibiotics, anti-inflammatory medicines, and analgesics. The hydrogel's 

structure is beneficial for wound healing because of its high concentration of water. It creates a damp environment 

which encourages tissue regeneration and minimizes scar formation. When administered to a wound, these 

nanoparticles slowly release their payload in reaction to stimuli at the wound site, such as changes in pH, fluctuations in 

temperature, or enzymes generated by bacteria during infections. The focused administration of this release optimizes 

the therapeutic impact of the medications while reducing overall contact and any adverse reactions (Divyashri et al., 

2022). Hydrogel-based delivery of antibiotics efficiently targets and eliminates infection-causing bacteria at the location 

of the wound, hence facilitating the healing process. The local swelling and irritation that are caused by anti -

inflammatory medications are reduced, which allows for stronger tissue repair. In addition, analgesic drugs can be 

targeted to the specific wounded location, offering both instant and long-lasting pain relief as the wound undergoes 

healing. This approach not only boosts the effectiveness of drug administration but also improves patient comfort and 

treatment results. 

 

Growth Factor Delivery 

Growth factors are vital for tissue regeneration. They facilitate the growth, specialization, and movement of cells, all of 

which are crucial for the restoration of injured tissues. These proteins function as signaling molecules that selectively attach 

to certain receptors on the surfaces of cells. This interaction triggers a series of biological reactions, ultimately resulting in 

the restoration and renewal of the tissue. The utilization of nanoparticles for the delivery of growth factors represents a 

notable breakthrough in the field of wound healing treatments. These nanoparticles can be manipulated to systematically 

release growth factors in a regulated manner. This guarantees the sustained presence of growth factors at the wound site 

for a longer duration. This targeted delivery system not only optimizes the utilization of growth factors but also mitigates 

their systemic exposure, thereby minimizing potential adverse effects (Gainza et al., 2015). Furthermore, nanoparticles can 

be engineered to safeguard growth ingredients against deterioration prior to reaching their intended destination. This 

enhances the overall therapeutic results. The use of nanoparticles facilitates the expedited distribution of growth factors, 

hence enhancing the process of wound healing. Consequently, it exhibits significant potential in the realm of regenerative 

medicine and tissue engineering. 
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Gene Therapy 

Hydrogel-based nanoparticles show great potential in the field of gene therapy, specifically in improving wound 

healing processes by accurately managing gene expression. These nanoparticles are ideal for this purpose since they are 

biocompatible, have a high-water content, and can imitate the natural extracellular matrix. These conditions create an 

optimal environment for cellular contact and tissue integration. Hydrogel-based nanoparticles are designed to encapsulate 

different gene vectors, such as DNA, siRNA, or mRNA (Mo et al., 2021). Targeting genes that promote tissue regeneration, 

angiogenesis, and inflammation with these vectors is possible. 

 

Section 5: Current Research and Case Studies 

Recent Innovations 

Hydrogel nanoparticles have made notable progress in wound healing because of their distinctive characteristics, 

which facilitate effective administration of drugs and regeneration of tissue. Recent investigations illustrate these materials' 

adaptability and efficacy. Aldakheel et al. (2023) formulated a hydrogel containing silver nanoparticles, which exhibited 

antibacterial characteristics and enhanced rates of wound closure. The study demonstrated that the hydrogel not only 

inhibited infection but also facilitated collagen deposition, a crucial process for tissue regeneration. (Liu et al., 2022) 

proposed a novel methodology employing temperature-responsive hydrogels. These hydrogels are designed to release 

therapeutic chemicals when exposed to the body's natural heat at the wound site, which helps improve the effectiveness of 

the healing process. The hydrogels demonstrated the ability to conform to the wound environment, retaining moisture 

and promoting expedited tissue regeneration. Furthermore, studies on hydrogels with dual functionality have 

demonstrated encouraging outcomes in diminishing inflammation and improving the healing process in persistent 

wounds. The hydrogels could provide growth factors and anti-inflammatory medicines at the same time. In summary, 

these improvements showcase the capacity of hydrogel-based nanoparticles to transform wound treatment. Their 

therapeutic options are focused, adaptable, and versatile. 

 

Case Studies 

Nanoparticles have been extensively studied for their ability to promote wound healing. They exhibit distinctive 

characteristics that enable the precise release of medications, safeguarding of active components, and focused 

administration. For example, silver nanoparticles have well-established antimicrobial properties that play a crucial role in 

preventing infections and facilitating the healing process. A study conducted by Paladini and Pollini in 2019 showed that 

dressings containing silver nanoparticles effectively decreased the presence of bacteria in chronic wounds. As a result, this 

resulted in accelerated wound healing and reduced healing durations in comparison to conventional dressings. Chitosan 

nanoparticles have been researched for their capacity to enhance blood clotting and support crucial cellular processes 

involved in wound healing. According to Yang et al.'s research from 2020, chitosan nanoparticles loaded with growth 

factors could boost the proliferation of fibroblasts and facilitate the deposition of collagen. Consequently, this results in 

accelerated healing of diabetic ulcers. Furthermore, the potential anti-inflammatory capabilities of gold nanoparticles have 

been investigated in the context of wound healing. (Leu et al., 2012) documented that the combination of gold 

nanoparticles with peptides promotes the polarization of macrophages towards a regenerative phenotype, which is 

essential for healing without scarring. This study also emphasized that these nanoparticles effectively decrease 

inflammation and promote tissue regeneration in acute wounds. 

These case studies demonstrate the therapeutic efficacy of nanoparticles in the treatment of different types of 

wounds. They provide cutting-edge remedies by utilizing their antibacterial, anti-inflammatory, and regenerative 

characteristics. The safety profiles documented in these trials demonstrate little adverse responses, affirming that they are 

appropriate for usage in clinical settings. Every category of nanoparticle has demonstrated the ability to accelerate the 

healing process and enhance the quality of the recovered tissue. These factors indicate a positive outlook for the 

advancement of wound care management. 

 

Section 6: Challenges and Future Perspectives 

Biocompatibility and Toxicity 

The introduction of nanoparticles into clinical applications poses substantial obstacles in terms of biocompatibility and 

potential toxicity, which might severely limit their practical utilization in the field of medicine. Nanoparticles, owing to their 

little size and substantial surface area in proportion to their volume, have the capacity to engage with biological systems in 

complicated manners that remain incompletely comprehended. These interactions can lead to unforeseen toxicological 

consequences, such as oxidative stress, inflammation, and even genotoxicity. Specifically, some metal oxide nanoparticles 

could generate reactive oxygen species, which can cause damage to biological structures, DNA, and proteins.  

Additionally, because of their small size, nanoparticles can cross biological barriers including the placental and blood-

brain barriers. The propensity of these substances to traverse barriers raises concerns over their potential systemic 

dissemination and accumulation in non-target tissues, hence emphasizing concerns about long-term toxicity. Another 

obstacle arises from the fluctuation in the physical and chemical characteristics of nanoparticles, encompassing 

dimensions, morphology, electrostatic charge, and surface covering. These characteristics can influence the 

biocompatibility of nanoparticles. Furthermore, a significant number of nanoparticles tend to clump or interact with serum 
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proteins, resulting in modifications in their intended function and distribution within the body. Hence, it is imperative to 

conduct meticulous evaluations of the safety characteristics of nanoparticles via extensive preclinical investigations prior to 

considering them appropriate for clinical use. The requirement for customized toxicity assessment techniques adds extra 

complexity to the process of incorporating nanoparticles into clinical practice, highlighting the intricacies required in 

utilizing their promise in medicine. 

 

Future Prospect 

Hydrogel nanoparticles exhibit significant potential in the field of medicine, particularly in targeted drug 

administration, regenerative medicine, and biosensing. However, in order to maximize their potential, future research 

should prioritize enhancing the accuracy and regulation of drug release mechanisms. The advancement of stimuli-

responsive hydrogels capable of reacting to specific biological signals has the potential to enhance the effectiveness of 

treatment while minimizing adverse reactions. Furthermore, it is imperative to improve the biocompatibility and 

biodegradability of hydrogel nanoparticles to guarantee their secure incorporation into the body. Another potential 

avenue is the incorporation of hydrogel nanoparticles into medical imaging systems, allowing for the live monitoring of 

drug administration and tissue regeneration procedures. Research should also investigate the scalability of the production 

process to enable the transfer from laboratory research to clinical and commercial applications. Understanding the 

interactions between hydrogel nanoparticles and the immune system has the potential to enable the development of 

nanoparticles that can either avoid being detected by the immune system or regulate immunological responses for 

therapeutic applications. The exploration of these research lines has the potential to greatly broaden the range of uses for 

hydrogel-based nanoparticles in the field of medicine, resulting in the development of more advanced therapies for 

various diseases. 

 

Conclusion 

Hydrogel-based nanoparticles hold significant potential in the field of enhanced wound healing technology. These 

nanocomposites combine hydrogels' biocompatibility, moisture retention, and mechanical support with nanoparticles' 

targeted drug delivery, antibacterial activity, and increased cellular interactions. Preclinical investigations have shown that 

advanced formulations have a considerable capacity to stimulate angiogenesis, regulate inflammatory responses, and 

improve cellular proliferation and migration. It has proven possible to produce significant improvements in wound closure 

rates, decreased infection risks, and quicker tissue regeneration with the incorporation of bioactive molecules into these 

matrices. Furthermore, the hydrogel-nanoparticle systems could be customized, enabling the creation of specific 

therapeutic strategies for various types and levels of wound severity. Future research should prioritize the optimization of 

these systems for clinical application, assuring scalability, and undertaking comprehensive in vivo investigations to evaluate 

their usefulness and safety. This novel strategy has the potential to revolutionize wound care and improve patient 

outcomes, and it has a great deal of promise in this department. 
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ABSTRACT   

The emergence of antibiotic-resistant mastitogens exacerbates the serious problems being faced by dairy industry 

from mastitis, an inflammatory illness of the mammary glands. This chapter offers an in-depth analysis of mastitis, 

covering its etiology, pathophysiology, prevalence, and the difficulties involved in using traditional therapeutic 

approaches. Alternative therapeutic techniques are essential considering the ever-present problem of antibiotic 

resistance because traditional treatments are becoming less and less effective against these pathogens. In the fight 

against antibiotic resistance in mastitis, nanoparticles have shown promising results. The potential of nanoparticles to 

defeat antibiotic-resistant mastitogens is thoroughly reviewed in this chapter. The chapter delves into the intriguing 

possibilities of using nanoparticles to treat mastitis, explaining how their antibacterial, drug-delivery, and 

immunomodulatory properties work. It highlights the value of interdisciplinary cooperation and technological 

innovation in efficiently treating mastitis through a synthesis of recent research findings and prospective viewpoints. 

Nanoparticles offer a step-up in mastitis therapy, overcoming the shortcomings of traditional antibiotics by 

destroying biofilms and improving medication efficacy. This chapter offers insightful data on the changing mastitis 

control scenario and emphasizes the need for preventative actions to protect animal welfare and the sustainability of 

the dairy business from antibiotic-resistant mastitogens.  
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INTRODUCTION 
 

 Mastitis is an inflammatory disorder of the mammary gland that continues to pose a major issue in veterinary and 

human medicine, resulting in substantial global health and economic burdens (Paramasivam et al., 2023). Even with the 

significant efforts made to treat mastitis, the effectiveness of traditional antibiotic therapy has been weakened by the 

appearance and dissemination of antibiotic-resistant mastitogens (Abdi et al., 2021). The emergence of nanotechnology 

presents a viable approach to overcome antibiotic resistance and augment the effectiveness of mastitis treatment (He et 

al., 2017). 

 Mastitogens' increasing incidence of antibiotic resistance presents a serious danger to livestock production systems 

and public health (Banza, 2020). Various reasons, including genetic mutations, horizontal gene transfer, and indiscriminate 

antibiotic usage, have contributed to the spread of resistant strains and the inefficacy of conventional antibiotic treatments 

(Mbindyo et al., 2021). Furthermore, since biofilms give improved resistance to antibiotics and host immunological defense 

(Guliy et al., 2023), the persistence of biofilm-associated mastitogens further complicates therapeutic methods. 

 Nanoparticles have become effective tools in the fight against antibiotic-resistant mastitogens due to their distinct 

physicochemical characteristics and high surface-to-volume ratio (Jampilek and Kralova, 2022). Nanoparticles provide a 

versatile strategy to treating mastitis by targeting resistant bacterial populations and avoiding conventional resistance 

mechanisms by taking advantage of their innate antibacterial activity (Jamil, Bokhari, and Imran, 2017). Furthermore, 

because of the design flexibility of nanoparticles, customized formulations optimized for particular antimicrobial 
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applications are possible, encompassing anything from wound dressings and diagnostic imaging agents to drug delivery 

systems (Paladini and Pollini, 2019). 

 In this chapter a thorough review of the mechanisms of action, kinds, applications, difficulties, and potential uses of 

nanoparticles in combating antibiotic-resistant mastitogens is given (Paramasivam et al., 2023). By synthesizing recent 

research findings and upcoming trends, we hope to shed light on the potential of nanoparticles as a game-changing 

weapon against antibiotic-resistant mastitis and develop long-term plans for preserving both animal and human health 

(Algharib, Dawood, and Xie, 2020). 

 

Etiology of Mastitis 

Bacterial Pathogens 

 The primary cause of mastitis in dairy cattle is the invasion of mammary gland tissue by bacterial infections. The 

pathogens in concern can be broadly classified into two groups: infectious and environmental bacteria. The environment 

surrounding cows is frequently home to environmental infections including Streptococcus uberis and Staphylococcus 

aureus, which can enter the udder through damage to the teat or through the teat canal during milking. Mycoplasma 

species and Staphylococcus aureus are two examples of contagious diseases that are commonly spread from diseased cows 

to healthy ones by milking or contaminated milking equipment. For effective management and treatment, it is imperative 

to comprehend the wide range of bacterial pathogens involved in mastitis (Schunig et al., 2024). 

 

Non-Bacterial Causes 

 In addition to the main cause of mastitis, other variables could play a role in its development. The non-bacterial 

reasons include immune-mediated reactions, physical trauma to the udder and chemical irritants. Harsh teat disinfectants 

and incorrect intramammary antibiotic use are examples of chemical irritants that can harm the mammary gland's sensitive 

tissues, making the cow more susceptible to infection. Physical trauma such as cuts sustained during hard handling or by 

using incorrect milking methods can increase inflammation and provide bacterial entry routes. Moreover, inflammation 

and tissue damage within the udder can result from immune-mediated reactions, such as those observed in allergic 

reactions or autoimmune illnesses. Non-bacterial causes of mastitis are less frequent than bacterial infections however, 

they still emphasize the significance of thorough management techniques for the illness' prevention and treatment 

(Hogeveen, Huijps, and Lam, 2011). 

 

Prevalence of Mastitis 

Epidemiological Studies  

 Epidemiological studies plays an important role in understanding the efficacy of mastitis management and the 

prevalence as well as spatial distribution of mastitis in dairy cattle herds, identifying risk factors linked to the onset of the 

disease (De Jong, 2024). Epidemiologists can detect patterns across time, evaluate how management strategies affect 

illness outcomes, and develop evidence-based interventions to lessen the burden of mastitis by gathering and evaluating 

data on mastitis incidence, prevalence, and etiology. To precisely identify mastitis cases and the organisms causing them, 

these studies use a variety of designs and methodologies, including cross-sectional and longitudinal approaches, and 

diagnostic tools such bacteriological culture, genetic techniques, and somatic cell count (SCC) analysis (Kabui et al., 2024). 

The prevalence of mastitis varies significantly amongst different geographic regions, herd sizes, and management 

approaches, according to epidemiological data. Mastitis risk has been found to be significantly influenced by a number of 

factors, including living conditions, hygiene standards for milking, and cleanliness of milking equipment. Furthermore, 

herd-level variables that affect disease prevalence and transmission dynamics include herd size, breed mix, and production 

system. Epidemiological investigations have additionally emphasized the significance of particular bacterial pathogens in 

the etiology of mastitis, with prevalent causal agents being identified as Staphylococcus aureus, Streptococcus agalactiae, 

and Escherichia coli. The prevalence of mastitis varies significantly amongst different geographic regions, herd sizes and 

management approaches, according to epidemiological data (Jesse, Bitrus, Peter, Chung, and Tukiran, 2023). 

 

Economic Impact  

 Mastitis not only affects the health and welfare of animals but also causes significant financial losses for the dairy 

sector. These losses are the result of decreased milk yield, lower milk quality (i.e., due to elevated somatic cell counts), 

higher veterinary expenses, and the culling of afflicted animals. The financial impact of mastitis on dairy farms has been 

quantified using economic modeling studies, emphasizing the necessity of putting in place affordable mastitis control 

measures to lessen these losses (Hogeveen et al., 2011). 

 

Pathogenesis of Mastitis 

Infection and Inflammation 

 The pathophysiology of mastitis is caused by pathogenic bacteria invading the tissue of the mammary gland 

triggering off a cascade of inflammatory and immunological reactions. Bacteria adhere themselves and then penetrate 

mammary epithelial cells upon entering the udder, where they multiply and release poisons. The cow's immune system is 

triggered by this invasion, which causes neutrophils and other immune cells to be drawn to the infection site. These 
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immune cells cause tissue damage by increasing the inflammatory response and releasing pro-inflammatory cytokines and 

chemokines. As the inflammatory process worsens, the udder may swell, turn red, hurt, and may produce a decrease in 

milk production. Necrosis or the formation of an abscess may result from severe tissue injury. For effective treatment and 

control mastitis, one must comprehend the intricate interactions between bacterial infections and the animal immune 

system (Meng et al., 2022). 

 

Biofilm Formation 

 Bacterial ailments linked to mastitis possess a propensity of producing biofilms, which are intricate bacterial 

populations wrapped in an extracellular polymeric material matrix. Biofilms are a major cause of the chronicity and 

recurrence of mastitis because they offer defense against both host immune responses and antimicrobial therapies. 

Bacteria can grow into biofilms on the surface of the mammary epithelial cells or inside the ducts within the mammary 

gland, producing infection reservoirs that are challenging to clear up. Furthermore, biofilms can let bacteria exchange 

genetic material, which can propagate genes that confer resistance to antibiotics. Improving the results of mastitis requires 

methods to prevent biofilm development and increase the effectiveness of antimicrobial therapies (Nourbakhsh, 

Nasrollahzadeh, Tajani, Soheili, and Hadizadeh, 2022). 

 

Antibiotic Resistance in Mastitis 

 Antibiotics have been the mainstay of care for mastitis affected animals since a long time. They are essential in 

reducing symptoms and managing bacterial infections in the mammary gland. Antibiotic-resistant mastitogens have 

emerged as a result of the indiscriminate and frequently overuse of antibiotics in both agricultural and medical settings 

(Abdi et al., 2021). For the purpose of developing efficient treatment plans and preventing the spread of resistant strains, it 

is essential to comprehend the mechanisms behind antibiotic resistance in mastitis. 

 

Emergence of Antibiotic Resistance  

 Antibiotic resistance is a growing concern in the management of mastitis, posing significant challenges to treatment 

efficacy and animal welfare. The widespread use of antibiotics in both human medicine and agriculture has contributed to 

the emergence and spread of antibiotic-resistant bacteria, including those associated with mastitis. Over time, bacteria can 

develop various mechanisms to evade the effects of antibiotics, such as the production of antibiotic-degrading enzymes, 

efflux pumps to expel antibiotics from the cell, and mutations in target sites to prevent antibiotic binding. This evolution of 

resistance is accelerated by factors such as inappropriate antibiotic use, suboptimal dosing regimens, and the use of 

broad-spectrum antibiotics, which exert selective pressure on bacterial populations. As a result, antibiotic-resistant mastitis 

pathogens have become increasingly prevalent in dairy herds, complicating treatment decisions and necessitating 

alternative therapeutic approaches (Bradley, 2002).  

 

Causes of Antibiotic Resistance 

Overuse and Misuse of Antibiotics 

 Antibiotics have been used for mastitis treatment for a long time and substantially, which has put selection pressure 

on bacterial populations and encouraged the emergence of resistance (Banza, 2020). Concerns about antibiotic resistance 

are becoming more widespread in the management of mastitis, which presents serious obstacles to both animal welfare 

and therapeutic effectiveness. Antibiotic-resistant bacteria, such as those linked to mastitis, have emerged and proliferated 

as a result of the extensive use of antibiotics in both human health and agriculture. Bacteria can produce enzymes that 

degrade drugs, efflux pumps that remove medications from the cell, and target site mutations that stop antibiotic binding 

are just a few of the ways they can evolve resistance to antibiotics over time. Inappropriate use of antibiotics, inadequate 

dosage schedules, and the use of broad-spectrum antibiotics, which place selective pressure on bacterial populations, all 

contribute to the acceleration of this evolution of resistance. Antibiotic-resistant mastitis bacteria have therefore 

proliferated in dairy herds, making treatment choices more difficult and requiring the use of other therapeutic modalities 

(Bradley, 2002).  

 

Horizontal Gene Transfer 

 The transmission of resistance traits within microbial communities is accelerated by the horizontal transfer of 

resistance genes between bacterial strains, which promotes the spread of antibiotic resistance (Mbindyo et al., 2021). 

 

Genetic Mutations 

 Antibiotic-resistant bacteria can survive and proliferate in the presence of antimicrobial drugs due to spontaneous 

mutations in their genomes (Jamil et al., 2017).  

 

Consequences of Antibiotic Resistance 

Treatment Failure 

 Antibiotic-resistant mastitogens frequently resist standard antibiotic treatments, which leads to treatment failure and 

an extended course of the illness (Paramasivam et al., 2023). Treatment results and clinical response can be significantly 
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influenced by the presence of antibiotic-resistant bacteria in mastitis infections. Treatment failure, prolonged infection, and 

illness recurrence can result from resistant microorganisms that do not react to conventional antibiotic therapy. This raises 

the danger of transmission to other members of the herd and the spread of resistance within the farm environment, in 

addition to lengthening the illness's duration in the affected animals. In severe circumstances, systemic disease, septicemia 

and even death can result from untreated or inadequately managed mastitis. Furthermore, milk from treated animals may 

include antibiotic residues, which could jeopardize the safety and quality of the milk and raise concerns from consumers 

and regulatory bodies. Thus, the development of alternative treatment techniques and responsible antibiotic therapeutic 

practices are required in light of the enormous threat that the establishment of antibiotic resistance in mastitis poses to 

public health and the economy (Yang et al., 2023). 

 

Increased Morbidity and Mortality 

 Antibiotic-resistant mastitogens infection are associated to increased rates of morbidity and mortality, presenting 

significant health risks to cattle and afflicted humans (Algharib et al., 2020). 

 

Economic Impact 

 Antibiotic-resistant mastitis leads to significant financial losses due to reduced milk yield, medical costs and the costs 

of culling affected animals (Paramasivam et al., 2023). 

 

Mechanisms of Resistance 

 Antibiotic resistance is exhibited by mastitis pathogens via a range of genetic and molecular mechanisms that confer 

resistance to certain antibiotic classes. A few examples of these techniques include the activation of efflux pumps to 

remove medications from the bacterial cell, chromosomal mutations that change the targets or metabolic pathways of 

antibiotics, and the horizontal gene transfer acquisition of resistance genes. Antibiotic-resistant bacteria are additionally 

provided with a safe haven by bacterial biofilms, which are often associated with recurrent and chronic mastitis infections. 

This allows the bacteria to evade the host's immune system and antibiotic therapies. Understanding the processes of 

antibiotic resistance in mastitis pathogens is essential for antimicrobial stewardship programs and focused therapeutic 

approaches that maintain the efficacy of current medications and curb the spread of resistance (Seixas et al., 2014).  

 

Current Challenges in Mastitis Treatment 

Limited Treatment Options 

 Alternative treatment modalities must be devised due to the decreasing supply of antibiotics that are effective against 

antibiotic-resistant mastitogens (Abdi et al., 2021).  

 

Biofilm-Mediated Resistance 

 Biofilm formation by mastitogenic bacteria confers enhanced resistance to antibiotics, reducing the effectiveness of 

antibiotics and complicating treatment approaches (Paramasivam et al., 2023). 

 

One Health Perspective 

 A comprehensive One Health approach encompassing animal medicine, human health, agriculture, and environmental 

stewardship is necessary to address antibiotic resistance in mastitis (Paramasivam et al., 2023). 

 

Nanoparticles: An Emerging Approach 

 Nanoparticles have become a viable strategy against antibiotic-resistant mastitogens with certain advantages over 

conventional antibiotic treatments. This section examines the properties of nanoparticles, their function in medicine, and 

possible uses in the management of mastitis. 

 

Introduction to Nanoparticles 

 Nanoparticles are particles with dimensions have sizes from 1 to 100 nanometers, exhibiting distinct physicochemical 

properties compared to their bulk counterparts (Ali et al., 2021). High surface area-to-volume ratio, configurable surface 

chemistry, and size-dependent behavior are some of the characteristics that enable nanoparticles' multiple application in a 

wide range of industries, including biomedicine. 

 

Properties of Nanoparticles 

(a). Antimicrobial Activity 

 The inherent antibacterial properties of nanoparticles began from their capacity to rupture bacterial membranes, 

impede cellular functions, and trigger oxidative stress (Jampilek and Kralova, 2022). 

 

(b). Biocompatibility 

 Biomedical applications such as medication administration and tissue engineering may advance with using of 

biocompatible nanoparticles due to their minimal cytotoxicity and immunogenicity (Paladini and Pollini, 2019). 
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(c). Surface Modification 

 By precisely modifying the characteristics of nanoparticles through surface functionalization, one may attain targeted 

delivery, increased stability, and a decrease in nonspecific interactions in biological contexts (Song et al., 2024). 

 

Role of Nanoparticles in Medicine  

 By providing cutting-edge methods for illness diagnosis, treatment, and monitoring, nanoparticles have completely 

transformed the medical industry. the confines of medicine, nanoparticles serve a key role in; 

 

(a). Drug Delivery System  

 By means of nanoparticles, therapeutic medications are carried to certain regions of infection or inflammation, which 

also allow for enhanced bioavailability, controlled release, and targeted administration (Jampilek and Kralova, 2022). 

 

(b). Diagnostic Imaging Agents 

 Nanoparticle-based contrast agents make high-resolution imaging modalities attainable, including computed 

tomography (CT), magnetic resonance imaging (MRI), and fluorescence imaging, which helps with early disease 

identification and monitoring (Paladini and Pollini, 2019). 

 

Advantages of Nanoparticles over Traditional Antibiotics  

(a). Overcoming Antibiotic Resistance 

 With a goal to cure mastitis, nanoparticles impart an versatile approach that can target resistant bacterial populations 

and get beyond traditional resistance mechanisms (Jamil et al., 2017). 

 

(b). Enhanced Bioavailability  

 By improving an antimicrobial agent's solubility, stability, and residence frequency in biological systems, nanoparticles 

enhanced the pharmacokinetic profile of the drug and increase its therapeutic efficacy (Jampilek and Kralova, 2022).  

 

(c). Versatility and Customization  

 Nanoparticles' adaptable nature allows for customized formulations that have the greatest potential for certain 

antimicrobial applications, such as drug delivery systems, wound dressings, and diagnostic imaging agents (Song et al., 

2024).  

 

Applications of Nanoparticles in Mastitis Treatment  

(a). Nanoparticles as Antimicrobial Agents  

 Nanoparticles have appeared as prospective antibacterial agents for the treatment of mastitis, in light of their 

distinctive physicochemical characteristics along with their ability to interact with bacterial cells.  Many kinds of 

nanoparticles have shown strong antibacterial action against mastitis pathogens (Rai et al., 2016), including metal 

nanoparticles (such as silver, copper), metal oxide nanoparticles (such as zinc oxide, titanium dioxide), and polymer -

based nanoparticles. These particles have the ability to damage bacterial cell membranes, obstruct vital enzyme 

routes, and cause oxidative stress, all of which can result in the death of bacterial cells. Moreover, nanoparticles have 

the ability to break through bacterial biofilms, eliminating resistance mechanisms and boosting the ef fectiveness of 

antibiotic therapies. In addition, it is possible to create nanoparticles to specifically target virulence factors or 

particular species of bacteria, hence reducing off-target effects and maintaining the host microbiota (Shariatinia and 

Zahraee, 2017). 

 

(b). Drug Delivery Systems  

 Nanoparticles impart additional advantages as methods to deliver drugs for the treatment of mastitis and by enabling 

the targeted and regulated release of antimicrobial drugs directly to the site of infection (Liew et al., 2022). Antimicrobial 

medication encapsulation in nanoparticle carriers can increase the medication's bioavailability, prevent it from degrading, 

and extend its duration in the mammary gland (Ranch et al., 2021). Furthermore, antimicrobial medications with a higher 

therapeutic index can have fewer systemic side effects and lessen the emergence of antibiotic resistance when delivered 

via nanoparticle-based drug delivery systems. Moreover, site-specific drug delivery and regulated release kinetics can be 

achieved by functionalizing nanoparticles with stimuli-responsive moieties or targeting ligands (Lee et al., 2012). This 

maximizes therapeutic benefits while reducing side effects. 

 

(c). Immunomodulatory Effects  

 Moreover, nanoparticles have been demonstrated to have immunomodulatory effects, which strengthen the host 

immune response against mastitis infection (Amiri, Alavi, Taran, and Kahrizi, 2022). Enhancement in phagocytosis, cytokine 

generation, and antigen presentation can result from the modulation of immune cell function by some nanoparticles, such 

as liposomal and gold nanoparticles, which can affect neutrophils, dendritic cells, and macrophages. In the afflicted 

mammary gland, this immunostimulatory impact can mitigate inflammation, expedite the removal of bacterial infections, 
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and encourage tissue regeneration. Furthermore, immunomodulatory drugs, including cytokines or immunomodulatory 

peptides, can be delivered directly to the infection site via tailored nanoparticles, boosting mastitis clearance and 

strengthening the host immune response (Dobrovolskaia and McNeil, 2007). 

 

(d). Biofilm Disruption  

 Bacterial biofilms present a substantial problem in the treatment of mastitis since they are more resistant to 

antimicrobial drugs and immunological clearance systems (Flemming et al., 2016). Nanoparticles present intriguing 

strategies for the eradication of biofilms due to their capacity to infiltrate biofilm matrix, sever bacterial adhesion, and 

prevent biofilm formation. (Meeker et al., 2016). By interfering with quorum sensing pathways, preventing the formation of 

extracellular matrix, and encouraging the dispersal of biofilms, metal nanoparticles in particular have demonstrated potent 

antibiofilm activity. Moreover, the combination of nanoparticle-based tactics, like photothermal therapy and sonochemical 

treatment, might improve antimicrobial efficiency and biofilm breakup, offering new ways to treat biofilm-associated 

mastitis infections (Khatun, Bonala, Pogu, and Rengan, 2022). 

 

Challenges and Future Perspectives  

 Notwithstanding the intriguing potential of nanoparticles in the management of mastitis, a number of obstacles need 

to be overcome before these developments may be implemented in clinical settings. The use of nanoparticles in the 

treatment of mastitis is discussed in this section along with its present and potential future applications. 

 

(a). Resistance and Adaptation  

 Antibiotic-resistant mastitis bacteria present serious obstacles to animal welfare and treatment effectiveness 

(Bradley, 2002). Antibiotic resistance restricts the therapeutic options for treating mastitis, which might result in 

treatment failures, longer illness, and higher medical expenses. Antibiotic resistance in mastitis calls for a multimodal 

response that includes prudent antibiotic usage, alternate treatment plans, and efficient in fection prevention and 

control methods (Hogeveen et al., 2011). Moreover, it is imperative that scientists, veterinarians, dairy farmers, and 

legislators work together to prevent antibiotic resistance and maintain the effectiveness of antimicrobial treatments 

for mastitis (Yang et al., 2023).  

 

(b). Biofilm Formation 

 A significant barrier to the effective treatment of mastitis is the presence of bacterial biofilms, which can lead to 

treatment failure, recurrence of the disease, and persistent infections (Flemming et al., 2016). Pathogens linked to biofilm-

associated mastitis are more resistant to antimicrobial treatments and host immunological responses, which makes them 

challenging to eliminate. Improving biofilm susceptibility to antibiotic treatments and preventing biofilm development are 

essential goals for bettering mastitis outcomes. Research endeavors aimed at comprehending the molecular mechanisms 

underlying biofilm formation, pinpointing unique antibiofilm agents, and creating inventive treatment approaches like 

photodynamic therapy and quorum sensing inhibitors exhibit potential in surmounting biofilm-related obstacles in the 

management of mastitis (Meeker et al., 2016).  

 

(c). One Health Approach  

 Mastitis is a multifaceted disease with a complex etiology that affects human and animal health in significant ways 

(Erkyihun and Alemayehu, 2022). Addressing the issues raised by mastitis requires a One Health strategy that 

acknowledges the connections between animal, human, and environmental health. To address common health challenges, 

such as antimicrobial resistance and zoonotic infections, this multidisciplinary approach prioritizes collaboration and 

coordination amongst veterinary medicine, human medicine, environmental science, and public health disciplines 

(Queenan, Häsler, and Rushton, 2016). Through the integration of knowledge and skills from several sectors, the One 

Health approach may safeguard the health and well-being of humans, animals, and ecosystems, promote sustainable 

agriculture practices, and inform evidence-based solutions. 

 

(d). Technological Advances 

 Innovation and technological advancements offer novel opportunities to enhance mastitis prevention, diagnosis, and 

treatment (Redding et al., 2013). Novel technology, like early identification of mastitis, real-time udder health monitoring, 

wearable sensors, and precision farming technologies, allow for targeted therapies, and point-of-care diagnostic tools. 

Furthermore, breakthroughs in immunology, genetics, and nanotechnology offer fresh perspectives on how to create 

vaccines, antimicrobial drugs, and diagnostic instruments that are specific to mastitis bacteria and host immune responses 

(Lee et al., 2012). Leveraging these technical advancements can help dairy production systems remain sustainable in the 

face of changing difficulties, improve disease management methods, and maximize treatment outcomes. Innovative 

methods for prevention, diagnosis, and treatment of antibiotic-resistant mastitis can be addressed through the potential 

use of nanoparticles. This chapter summarizes the main conclusions and offers some insights into the potential future 

directions of nanoparticle-based mastitis treatment medicines. 
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Summary of Key Findings  

(a). Antimicrobial Efficacy 

 Enhanced antibacterial activity of nanoparticles against mastitogenic bacteria provides a versatile strategy to 

counteract antibiotic resistance and prevent the production of biofilms.  

 

(b). Diagnostic Imaging 

 Contrast agents based on nanoparticles allow for high-resolution imaging of lesions linked to mastitis, which helps 

with early diagnosis and treatment monitoring.  

 

(c). Wound Healing 

 Nanoparticle-loaded wound care dressings provide a multipurpose method of treating wounds related to mastitis by 

accelerating wound healing and tissue regeneration.  

 

(d). Targeted Drug Delivery 

 Antimicrobial medicines can be specifically delivered to mastitis-affected mammary glands using nanoparticles, 

reducing systemic adverse effects and increasing therapeutic efficacy. 

 

(e). Challenges and Future Perspectives 

 For nanoparticle-based therapeutics for mastitis to reach their full potential, several obstacles must be overcome, 

including regulatory barriers, biocompatibility issues, resistance development, and translation to clinical practice. 

 

Conclusion  

 There is a critical need for novel strategies to combat dairy cattle mastitis because of the financial costs and increasing 

incidence of antibiotic resistance associated with mastitis. The chapter focused on a number of mastitis-related aspects, 

such as the etiology, frequency, and therapeutic potential of nanoparticles. It drew attention to the drawbacks of 

traditional antibiotic treatments and emphasized the significance of implementing substitute tactics, like treatments based 

on nanoparticles. It also emphasized on how important it is to work together and incorporate cutting-edge technologies in 

order to effectively prevent mastitis. Although mastitis poses significant obstacles, yet the investigation of nanoparticle-

based treatments gives encouraging opportunities for transforming mastitis management and enhancing the general 

health of dairy herds. 
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ABSTRACT   

The immune system is the body’s defense system that protects it from any foreign pathogen. This defense system has 

two main components; the innate immunity which is the first line of defense and the adaptive immunity which retains 

the memory of all the past infections. With time and evolving microbes, the immune system has also developed 

mechanisms to control and combat a wide array of pathogens using body’s both lines of defenses. Many people believe 

in using traditional immune boosting methods by consuming herbs and spices that include garlic, mushroom, ginger etc. 

but all of these methods are not really backed by strong scientific evidence. Nanotechnology is a promising new 

approach for targeted and enhanced immune responses. It has introduced improved and better ways to make immune 

system stronger. Use of nanotechnology in improved vaccine delivery and efficacy can be seen through the example of 

nano vaccine created by Novavax®. On the other hand, nanotechnology in cancer immunotherapy is also being 

recognized as a valuable tool for drug delivery in cancer treatments. Moreover, use of nanomaterials have also given 

hope to the researchers as a promising tool for managing various autoimmune diseases and allergic reactions as well. 
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INTRODUCTION 
 

 The body has its unique and specialized system through which it protects itself against the harmful invaders. This is 

known as immune system of the body. It can be thought as a team made up of different components which includes 

organs, specialized cells, proteins and even chemicals, all of which work together to protect the body. This defense team 

has two main components that unite against the invaders to protect the body: Innate immunity and adaptive immunity. 

Innate immunity is body’s first line of defense and guards the body against all the pathogens without remembering the 

specific threats and responds right away. On the other hand, the adaptive immunity is like body’s special force which takes 

some time to respond but since remembers the past encounters, the response by adaptive immunity is more precise and 

targeted (Marshal et al., 2018). The immune system provides the body the necessary protection against a lot of dangers 

that range from harmful substances to all those microorganisms that may cause a disease. One of the main job is to 

protect the body against germs and foreign invaders, and prevent from the illness that they might bring. Moreover, the 

immune system monitors the body constantly for any changes inside the cells that could lead to illness. When and if 

something goes wrong and the body gets sick, the immune system steps in to helps the body heal and feel better (Marshal 

et al., 2018). The immune system has some special cells that include white blood cells, antibodies, complement proteins, 

and interferon etc. that act as frontline soldiers and play an important role in the body's defense and in maintaining the 

overall health by fighting any infections away. 

  

Recognition and Response to Pathogens 

 When a pathogen invades the body, the immune system starts the response by first identifying the pathogen and 

mailto:dr.mazafar@uaar.edu.pk
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then it initiates a response against the invaders by initiating a complex set of actions to neutralize them. One of the 

important role of the immune system is its ability to differentiate and distinguish between body’s own self and foreign/ 

non-self-entities in order to start a targeted defense mechanism against allergens, or any infectious agent. This ability to 

differentiate between self and non-self-entities is important for the immune system to ensure that it provides an accurate, 

efficient, and timely defense against foreign threats. The cells, proteins and chemicals in innate immunity and adaptive 

immunity work together as a team to detect and remove the infections. Antibodies also have an important role in finding 

and labeling the antigens by identifying and recognizing the microbes, hence making it easier for the immune system to 

destroy them (Chaplin, 2010). 

 

 
 

 On the other hand, pathogens have evolved and have developed various strategies to bypass the body’s defense 

responses, including techniques that allow them to evade detection and elimination by the body. Mycobacterium 

tuberculosis is an example where we see that the bacteria have developed a complex cell wall resistance for the digestive 

enzymes of macrophages, which makes its eradication challenging for the immune system (Betts et al., 2013). The immune 

system has developed mechanisms to control and combat a wide array of pathogens using the body's both line of 

defenses, innate and adaptive, to detect and eliminate pathogenic threats effectively. (Betts et al, 2013 and Chaplin 2010).  

 Moreover, the immune system has a significant feature to retain the memory of past infections which, upon 

reinfection, enables it to generate a targeted response. This immune memory, along with the vaccination process, plays a 

vital role in providing a long-term protection and helps strengthen the ability of the immune system's to prevent 

pathogens without causing harm to self-tissues (Nicholson, 2016). 

  

Common Traditionally Used Immune - Boosting Methods and Their Effectiveness 

 Many people are interested in traditional immune-boosting techniques that improve the immune system's memory-

based reaction to antigens. Consumption of herbs such as garlic, mushrooms, ginger, soups, etc. that are traditionally 

thought to have immune-boosting qualities, is one of the popular strategies. But it should be kept in mind that the 

effectiveness of all these herbs and spices etc. is only backed by low quality evidence and traditional medicine, and not 

primarily based on medical advice (Cassa et al., 2019 and Wagner et al., 2020). Vitamin C is another traditional and 

common method which is used and believed to enhance one’s immunity and prevent the body from infections. 

Vaccination, on the other hand, is one of the most effective methods and which is scientifically proven to develop 

antibodies against specific pathogens boosting up the immunity (Cassa et al., 2019 and Wagner et al., 2020). Scientific 
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evidence favors and supports vaccination, unlike traditional methods, and is considered a gold standard to prevent 

infections and enhance immunity in the long run (Wagner et al., 2020 and Cassa et al., 2019).  

 Multiple strategies and dietary modifications, including lifestyle improvements, are generally included in traditional 

treatments for boosting immunity and have even shown effectiveness in strengthening of the immune responses. It is 

important to establish an antioxidant balance in the immune cells to help them remain functional and protect them from 

oxidative stress, also making it sure that they receive enough nutrients for their sustenance (Mitra et al., 2022).  

 It has been proved through studies that when nutritional deficiencies are rectified through dietary adjustments and 

supplementations, the immune system might get the required strength to help the body fight off the disease. Moreover, 

vitamin like substances like coenzyme Q, choline, carnitine and inositol have been proved to play a huge role in regulating 

immune responses resulting in enhanced immunity. Additionally, experimental studies provide evidence that favors the 

effectiveness of vitamins and minerals in boosting immune functions and strengthening of the immune system (Mitra et 

al., 2022). Furthermore, immunity is significantly enhanced by physical activity. Exercise on a daily basis improves 

circulation and increases immune cell mobility, which allows them to actively reach for dangers and develop more robust 

and effective defenses (the guardian, 2016). 

 

Introduction to Nanotechnology as a Promising New Approach for Targeted and Enhanced Immune Responses 

Nanotechnology and its Scope in Immunology 

 Nanotechnology has expanded and opened new paths in the field of immunology. It has introduced improved and 

better ways to make our immune system stronger and create treatments that are specific to the problem. These 

nanoparticles filled with the right blend of cytokines and antigens not just give the body a quick boost against the diseases 

but also help it fight off the illness. Nanotechnology, through passive immunity, delivers immunoglobulin genes through 

nanoparticles which strengthen the immune system by making target specific antibodies without the body having to do 

much. These nanoparticles have different shapes, sizes, charge and other properties, and can be used to generate 

customized immune responses in unprecedented ways. This could not only help the body to prevent infections but also 

helps the body to fight off the disease before it occurs (Smith et al., 2013). Moreover, the science of nanotechnology helps 

the scientists to design and make synthetic materials that are proficient in delivering the drugs and biological treatments 

to the targeted immune cells, enhancing the effectiveness of gene and drug delivery, making the treatment work better. 

(Chuang et al., 2022) 
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Nanotechnology and Improved Targeted Immune Responses 

 Emergence of nanotechnology has revolutionized the field of immunology in multiple ways by offering creative 

approaches to strengthen the immune system. Nanogels, cationic liposomes and other nanoparticles act as carriers for the 

antigens and a guide for innate and adaptive immune responses to fight off the illness. (Smith et al., 2013 and Chehelgerdi 

et al., 2023). These nanoparticles, when acting as carriers, have the special ability to affect the immune responses, in a 

dose-dependent way, to activate the complement system, enhance antigen presentation and stimulate the toll-like 

receptor (Chehelgerdi et al., 2023). Moreover, the arrangement of antigens on the nanoparticle’s surface can also 

encourage B-cell activation leading to efficient antibody production. (Smith et al., 2013 and Chehelgerdi et al., 2023). 

Additionally, these nanoparticles, by antigen cross presentation and signaling toll-like receptors, can also boost and 

influence the innate immune system positively. Nanoparticles also have the ability to release mediating substances like 

cytokines and chemokines and other immunomodulation substances to enhance the cytotoxic activity of T lymphocytes 

(Smith et al., 2013). 

 Nanotechnology, through these methods show a significant potential in areas like cancer immunotherapy, vaccine 

design, targeted drug delivery etc. opening new opportunities for fine-tuning the immune system and developing effective 

treatment plans (Chehelgerdi et al., 2023). 

 

Nano Immunology - Interaction between Nanomaterials and Immune System 

 The interaction between nanoparticles and our immune cells depends highly upon their physicochemical properties 

like size, shape, charge, hydrophobicity etc. These factors play a pivotal role in deciding how nanoparticles will interact with 

different immune cells. This interaction sometimes may lead to immune toxicity which makes it important for the 

researchers to study how exactly these nanoparticles work in the body. This understanding will make sure they are safe for 

medical use minimizing the undesirable reactions. Moreover, nanoparticles can also interact with the immune system’s 

soluble components like complement components further emphasize the complex relationship between nanoparticles and 

immune responses. Engineered nanoparticles have the ability to interact with different types of immune cells like 

monocytes/macrophages, neutrophils, granulocytes, dendritic cells etc. which sometimes may result into direct cytotoxicity 

or modulation of immune responses (Boraschi et al., 2017). Moreover, nanoparticles can also sometimes suppress some of 

the immune effector cells while activating the immune regulatory cells highlighting their effects on immune system. This 

might prove to be useful for vaccine delivery and increasing the efficacies of anti-inflammatory, antiviral and anticancer 

treatments (Dobrovolskaia et al., 2016). 

 

 
 

Fig. 1: Generic illustration of Nanomaterials multicolored circles, depicting their interaction with different cells in the 

Immune system. The image was generated by BioRender. 
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Nanotechnology and Immune Boosting Methods 

Vaccine Development 

Nanoparticles and Improved Vaccine Delivery 

 Nanoparticles are tiny but mighty tools that have distinct properties and capabilities, and bring opportunities for 

improving the vaccination process. They are custom-made miniature delivery vehicles specifically designed to carry the 

vaccine, so small and mirroring the structure of the pathogen, without causing any harm to the body. The nanoparticles 

can be tweaked to include the adjuvants that make the vaccines more effective resulting in better immunity. This 

customization allows controlled delivery and release of antigens, helping the immune system do its job in a better fashion. 

Nanoparticles also have the special ability to enter the cell and deliver the antigens to APCs which results in enhanced 

insusceptibility to disease (Panda, 2012). 

 

Role of Nanomaterials in Vaccine Efficacy 

 Scientists and researchers use nanoparticles as special tools to make the vaccines work more effectively and efficiently. 

Researchers, with the help of nanotechnology, are learning more and more about the immune system and the way it 

responds to vaccines, making innovations for prevention and treatment of diseases. This is not only focused on just 

creating and developing new vaccines but also about making those vaccines that we already have, much better and 

effective. Nanoparticles like virus-like particles and protein nano-cages etc. mimic the look and apparent functioning of the 

pathogens, efficiently delivering the vaccine without causing any harm to the body. These nanoparticles also interact 

closely with the body’s defense system helping it build a stronger immunity against diseases (Smith et al., 2013). Taking the 

example of nano vaccine created by Novavax®, it uses the spike protein of SARS-Cov-2. This vaccine has demonstrated 

effectiveness in triggering a strong immune response, showing the potential of nano vaccines in strengthening the body's 

ability to build immunity. 

 

Nanotechnology and Cancer Immunotherapy 

Utilization of Nanoparticles in Cancer Immunotherapy 

 Nanoparticles are now being recognized as valuable tools in cancer treatments. These tiny particles act as superheroes 

with special abilities and features that could bring about a significant change in ways cancer is treated. These super small 

materials are designed in a way that makes cancer treatment more effective along with reduction in side effects (Shams et 

al., 2022 and Dang et al., 2024). Nanoparticles play a very important role in cancer therapy by transporting the therapeutic 

agents directly to the targeted cells. This target delivery helps in the distribution and release of immune components at 

tumor location, eventually enhancing the effectiveness of treatment while reinforcing the immune system to fight off the 

cancer (Dang et al., 2024 and Shams et al., 2022). Besides all that, the transport of adjuvants and antigens to the antigen 

presenting cells is greatly enhanced by the nanoparticles, which in turn induce the specific immune response that is 

needed to fight off cancer (Shams et al., 2022). In this regard, cancer immunotherapy that is based on nanotechnology, not 

only just increases the treatment efficacy but also makes it more effectiveness (Dang et al., 2024). Furthermore, these 

nanoparticles can also pass through the body’s natural defense barriers and get into the tumor environment, thus helping 

and allowing the treatment to go directly right where it is needed without being accumulated in any other parts of the 

body (Dang et al., 2024). Thus, nanoparticles can be considered as a multifunctional tool in cancer immunotherapy which 

includes their ability to transport the immunotherapeutic agents, act as immune-modulators and even help the vaccines to 

strengthen up the body’s immune system against cancer etc, ultimately making them extremely useful in increasing the 

treatment efficacy in cancer (Debele et al., 2020). 

 

 
 

Fig. 2: Schematic illustration of nanoparticles interacting with Immune system A) Immunostimulation of dendritic cells 

through nanoparticles B) Priming of T cells by dendritic cells C) Release of drug into the tumor cells 
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Nanotechnology based Drug Delivery System and Immunotherapy 

Nanoparticles and Delivery of Immunotherapeutic agents  

 Nanoparticles are emerging as an important and popular tool for delivering immunotherapeutic treatments and offer 

ways to make the treatments work better. These nanoparticles, after radiation or chemotherapy, grab the antigens shed by 

tumors and carry molecules, either immune stimulant or immune modulant in nature, to enhance the immune response. 

Moreover, vaccines that are based on nanoparticles are crafted in a way to trigger a strong response from T cells by 

delivering the adjuvants and antigens together, activating the dendritic cells and ensure that antigens are released 

constantly (NCI, 2023). Another method is the combined treatment of immunotherapy and phototherapy, done by putting 

the photo-dermal substances and immunotherapy drugs together inside the nanoparticle (Zhao et al., 2022). Furthermore, 

nanoparticles can be customized to target the specific cells and molecules within the tumor, bringing change in 

immunosuppressive conditions, to improve the treatment outcomes. The abilities of nanoparticles have a huge potential to 

make cancer treatment better by efficient drug delivery and enhanced immune responses. However, further studies are still 

needed necessarily to completely understand the actual effectiveness of using such method for the transportation and 

delivery of immunotherapeutic agents could be (Wu et al., 2022). 

 

Targeted Drug Delivery and Advantages of using Nanocarriers in Immunotherapy  

 Nanocarriers serve as delivery vehicles that carry the drugs to the diseased cells with fewer side effects and offer a lot 

of advantages and effectiveness in drug delivery in immunotherapy (Kumbhar et al., 2023): 

1. Nanocarriers can be custom designed to respond to the specific conditions of tumors, making sure that the drugs 

delivered are right where they are needed and enhancing the treatment efficacy at shrinking the tumor.  

2. The encapsulation of antigens and adjuvants together inside the nanocarriers helps to create a long lasting immune 

response by activating the antigen presenting cells (APCs) effectively.  

3. Specific cells like dendritic cells (DCs) etc. can be targeted by using customized nanocarriers resulting in enhanced 

antigen presentation and improved immune response (Kumbhar et al., 2023). 

4. These nanocarriers, through special pH sensitive methods, can even cause lysosomes to rupture and trigger the 

production of reactive oxygen species (ROS) in dendritic cells. This results in boosting proteasome activity, making the 

immune system stronger. 

5. Nanocarriers that are loaded with CD80 antibodies, bind to receptors on dendritic cells which further enhance the 

immune response (Kumbhar et al., 2023). 

6. The use of nanocarriers in immunotherapy not only just delivers the drugs but also helps to target the blood vessels 

that are present around the tumor. This plays a role to overcome the resistance to the treatment. (NCI, 2023 and Wu et al., 

2022). 

7. Nanocarriers can even possess the ability to shift the cell-behavior in tumor from supporting the tumor growth to 

fighting against it (from pro-tumor to anti-tumor) (Kumbhar et al., 2023). 

 

Nanotechnology and Autoimmune Diseases 

Nanotechnology and Modulation of Immune Responses in Autoimmune Diseases 

 Researchers are hopeful that using nanotechnology they could be able to change or modulate how our immune 

system behaves in diseases like autoimmune disorders. The special abilities and features of nanotherapeutics, scientists can 

aim and stop the harmful immune reactions that occur in autoimmune diseases, leading to new and creative ways to deal 

and treat these conditions. Nanotechnology also helps us understand more about the working of the immune system in 

such diseases which is essential to find ways from their prevention and treatment (Smith et al., 2013). Also, nanomaterials 

have shown that they have the ability to either boost up or calm down the body’s defense system which could be highly 

helpful for treating the diseases in which the immune system mistakenly attacks healthy tissues. Additionally, these 

particles can also serve as delivery vehicles and effectively carry the medicines directly to the problem causing cells that are 

involved in autoimmunity, thus, making the treatment more effective. Gold nanoparticles especially, have given hope to 

the researchers as a promising tool for managing various diseases like joint inflammation and nerve damage, indicating 

that this technology could be a huge help in treating such conditions (Chountoulesi and Demetzos, 2020). Furthermore, 

the intricate relations of the characteristics of nanoparticles, for example their size, shape, composition, surface properties 

etc, is what determines how they influence the immune system in autoimmune diseases. This also shows how essential it is 

to know what these factors are in order to effectively control the immune response (Mitarotonda et al., 2022). 

 

Nanoscale Strategies to Target Autoimmune Cells and Induction of Immune Tolerance 

 In today’s time and age, where autoimmune diseases are on rise, the use of nanotechnology has been a source of 

hope to many. Through the development of smart nano devices, researchers could be able to attain targeted drug delivery 

to those specific cells that cause the autoimmune inflammation, through which a more personalized treatment approach 

will be possible. Nanotechnology hold the potential to change the way how autoimmune diseases are managed by 

introducing new and improved therapeutic methods that are not only effective but also less invasive at the same time (Zhu 

et al., 2022). 

 The ability of nanoparticles to act as helpers by protecting, stabilizing and displaying antigens to APCs is significant for 
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inducing immune tolerance. The release of antigens into the bloodstream and surrounding tissues in a regulated manner, 

these nanoparticles can organize a targeted and effective immune response making them valuable in autoimmune 

treatments. However, it should also be kept in mind that these nanoparticles having all these unique properties to 

stimulate immunity could also, possibly, lead to their elimination or rejection by the body’s defenses (Mobeen et al., 2022). 

 

Nanotechnology and Allergic Diseases 

Nanotechnology and Diagnosis and Treatment of Allergic Diseases 

 Nanotechnology has a great potential to change the ways practitioners deal with allergies. Scientists are now using 

nanoparticles to aim at the cells causing allergic reactions. This could mean there can be more accurate ways through 

which we can now figure out the allergies and treat them effectively (Paris et al., 2021). For example, nanoparticles made 

up of polymers when combined with CpG ODNs show that they can help in treating allergic reactions that are triggered by 

house dust mites. This is done by bringing and activating more dendritic cells to the airways resulting in a helpful and 

positive response to fight off the allergies (Johnson et al., 2020). Moreover, nanoparticles that contain protein or peptide 

antigens are more likely to stop and counteract the harmful immune reactions in allergies, which might be considered a 

new way to treat allergies. One of the major advantages of using nanotechnology in the management of allergic diseases 

is their ability to create immune tolerance that is antigen specific. This means it can help and control the way our immune 

system reacts and responds to the unwanted reactions that are commonly noticed in current treatments (Johnson et al., 

2020). Also, when we use delivery systems based on nanotechnology, it helps make food allergens more available in the 

body and delivers them right where they're needed. This makes allergy diagnosis and treatment more effective because it 

targets the delivery exactly where it's needed (Rai et al., 2023). 

 

Nanoparticles and Prevention from Allergic Reactions through Immunomodulation 

 Nanoparticles possess the ability to prevent allergies by changing how the immune system works through 

immunomodulation. The size of these antigen loaded nanoparticles, being so small and minute, helps to increase their 

permeability hence they are able to enter the tissue, facilitating the delivery to the target areas like blood vessels and 

lymph nodes. Some nanoparticles made up of amorphous silica have been noted to be even more efficient at penetration 

through skin and localized lymph nodes. Research has also shown that nanoparticles can boost up the potential of 

immunomodulation. For example, amorphous silicon dioxide nanoparticles when delivered through the skin in an allergy 

model help control the immune system way better. Hence, we can easily say that they are effective in preventing allergic 

reactions through immunomodulation. The physicochemical properties of nanoparticles, including their composition, size, 

charge etc. actually makes them useful for treating the allergies. They have the ability to activate and differentiate T-cells 

which makes them better to fight off the allergies. Nanoparticles also strengthen the immune system for the allergen 

uptake of allergens responsible to trigger allergies. 

 

Conclusion 

 Incorporating the traditional immune-boosting methods with the improvements in nanotechnology presents a new 

approach to enhancing immune responses and effective management of immune-related diseases. The target specific 

abilities of nanotechnology, mostly in drug delivery and immune modulation is a huge step in the field of medical science. 

These improvements are impactful mainly in the fields of cancer immunotherapy and management of autoimmune and 

allergic conditions. These are the areas where targeted treatments can improve outcomes to a great extent and where 

precise modulation of the immune system is important. As nanotechnology makes progress, deep understanding of the 

complex interactions between nanomaterials and the immune system is necessary. This understanding of interactions will 

allow us to use this technology to great extent while also ensure that it remains safe and effective. Combining these 

advanced technologies with traditional methods may transform the approaches for addressing immune-related health 

challenges, laying foundations for more effective and personalized treatments in the future. 
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ABSTRACT   

In this modern technological era, it is becoming a hot topic of interest, and it is exciting to see new applications of 

nanoscience and technology in medical practice. NPs hold a tremendous ability as an effective drug delivery system 

because of their unaccountable properties. In this chapter, we have tried to overcome recent developments in 

nanotechnology and their use in medicine. It also presents the concepts and philosophy of precise medicine distribution. 

It goes on to explain and explore recent studies on nanoparticles and their materials in practice and how different 

therapeutic amalgams can be encapsulated to develop effective drug delivery systems.). It is important to understand 

how nanomaterials intermingle with the target cell-surface receptors and biological environment, release drugs, maintain 

therapeutic agent stability, administer multiple medicines, and comprehend the molecular mechanisms of cell signaling 

involved in the pathobiology of the disease under consideration. 
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INTRODUCTION 
 

 The first big innovation that would lead to a momentous shift in the future of medicine was made more than 150 years 

ago by Michael Faraday, who formed gold particles on a nanoscale. Eventually, scientists combined these colloidal gold 

particles with antibodies to create an immune-gold mark, a target-specific staining technique. This can be seen as the 

forerunner of the more modern use of nanotechnology in drug delivery. Although liposomes and polymer micelles were 

initially created in the 1960s, the term "nanoparticle" (NP) did not appear until 2000. Dendrimers and NPs were initially 

introduced in the 1970s. In 1980, it was stated that micelles had been successfully developed as a drug delivery system (DDS). 

Block copolymers of polyethylene glycol (PEG), known as PEG-Polylysine, were developed in the 1990s. The United States 

National Nanotechnology project is the foundation of the submission of nanotechnology in the delivery of drugs in the 

current era. The optimal NP medication distribution strategy should maintain patient devotion, diminution side effects, 

increase competence, and lower inclusive costs through tailored delivery.  

 Drugs located on the inside of the nano-carriers include traditional chemotherapy agents and nucleic acids, indicating 

that they can play a role in both cytotoxic and gene therapy (Chen, 2015) 

 Nanoparticles are defined as edifices with at least one dimension and sizes ranging from 1 to 100 nm by the National 

Nanotechnology Ingenuity. However, for particles up to several hundred nanometers in size, the prefix "nano" is frequently 

active. Because they are more spontaneously absorbed by cells than bigger molecules, nanocarriers with ideal biophysical 

and biological properties can be efficiently employed as delivery systems for formerly accessible bioactive 

substances.(Wilczewska et al., 2012). 

 "Pharmaceutical nanotechnology," the rapidly growing field in pharmaceutical sciences, eventually offers innovative 

gadgets, predictions, and an extensive variety of uses that are projected to have a diagnosis of disease and their 

treatment(Bhatia, 2016). Recently, Nanopharmaceuticals have shown massive capacity for drug delivery systems, because 

mailto:farah.ijaz@uvas.edu.pk
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they act as a vehicle for the progressive and spatial supply of bioactive substances along with medicine and it is also effective 

for diagnostics. For this, it also shows a great concern for the supply of intelligent materials for tissue engineering. Through 

the practice of its nanoengineered gadgets, this field has become reputable for medication administration, finding, 

prognosis, and handling of diseases(Wagner et al., 2006). Therapeutic nanotechnology is the use of nanoscale items that can 

be improved in a variety of ways to boost their possessions.  

 The distinctive belongings that medicines with nanoscale modifications offer include extended circulation, better drug 

localization, increased medication efficacy, etc. Drug delivery and the entire medical services system have undergone 

revolutionary changes thanks to a variety of pharmacological nanotechnology classifications that are also recognized as 

nanopharmaceuticals. These systems have yielded polymeric nanoparticles, liposomes, magnetic nanoparticles, quantum 

dots, dendrimers, carbon nanotubes, metallic nanoparticles, and polymeric nanoparticles.  

 Pharmacological nanotechnology can significantly impact infection treatment and open new visions in the treatment of 

diseases at the molecular level through the use of nanopharmaceuticals (Wagner et al., 2006). 

 

 
 

 Nevertheless, recent discoveries on healthiness jeopardize their use in the therapeutic profession. Researchers can 

determine numerous disquieting matters, with safety, bioethical anxieties, noxiousness fears, and functional and 

pharmacologic encounters. There is still a shortage of evidences and approvals for the harmless submission of these materials 

and skills based on nanotechnology amid investigators nowadays. Subsequently, the field of therapeutic nanotechnology is 

in the beginning. The types of nanopharmaceuticals with their maximum substantial claims and the acquaintance presently 

accessible on the health risks connected with nanoparticles are abridged in this chapter. 

 

Manufacturing of Nanoparticles 

There are many methods to create nanoparticles which can be produced chemically or biologically. 

 Chemical synthesis procedures have presented some undesirable influences because sometimes they include 

destructive elements that are adsorbed onto their surface. Biologically justifiable alternates for chemical and physical 

processes in the manufacture of nanoparticles (Konishi et al., 2007) Include biological methods that employ microbes, 

enzymes, fungi, plants, or plant extracts(Ahmad et al., 2011) . The construction of these ecologically adequate techniques for 

the synthesis of nanoparticles is becoming an important area of nanotechnology, especially for the formation of Silver 

nanoparticles (Dubchak et al., 2010).  

There are 3 widely used methods for synthesis of Nano Particles. 

 

Physical 

 Various techniques, such as gas-phase statement, electron ray lithography, pulsed laser excision, laser-induced pyrolysis, 

precipitate ball grinding, and aerosol, all are the part of physical process (Rane et al., 2018). In laser ablation synthesis, a 

commanding laser beam attacks the target material to produce nanomaterials. The preliminary material or precursor 

vaporizes and crops nanoparticles because of the intense irradiation of the laser during the ablation process of the laser. 

Abundant nanomaterials, such as oxide amalgams, metal nanoparticles, carbon nanomaterials, and ceramics, can be formed 

using this method (Zhang et al., 2017). One method for manufacturing nanoscale gadgets at low cost from huge particles to 
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smaller ones is machine-driven grinding. It is an operative way to associate different phases and a good technique for 

producing nanocomposites at a big scale in less time (Zhuang et al., 2016). Another important skill in this regard is 

Lithography. It uses electrons/ focused light to generate nanoarchitectures. Lithography is further divided into two types i.e., 

maskless and mask-based lithography. The technique of masked nanolithography distributes nanopatterns over a large 

surface area by using an encoded mask or template. Techniques included in this are photolithography, soft lithography, and 

nanoimprint lithography (Xu and Chen, 2020). 

 Another special kind of nanomaterial manufacturing method is Ball-milled carbon nanoparticles that are related to the 

utilization of energy that can be applied to energy adaptation, energy storage, and environmental cleaning (Lyu et al., 2017). 

Electrospinning is one of the most central methods for producing nanostructured materials this method is widely utilized to 

create nanofibers from a diversity of different materials and most frequently from polymers. The method of electrospinning 

has been used to create hollow polymers and core-shell, organic, inorganic, and hybrid compounds (P. S. Kumar et al., 2014). 

Miniature atom clusters are materially homeless during splattering statements because the goal surface is inundated with 

strong ions of gas (Son et al., 2017). The splattering method is additional attractive and reasonable than electron-beam 

lithography because it produces nanomaterials with a prearrangement closer to the targeted element and fewer impurities 

(Nie et al., 2009). 

 

 

Fig: Methods For synthesis of Nano 

Particles 

 

 

Chemical 

 In therapeutic imaging applications, magnetic nanoparticles are shaped using a variety of chemical processes, such as 

micro-level emulsions, sol-gel amalgamations, sonochemical reactions, hydrothermal reactions, precursor hydrolysis and 

thermolysis, flow injection syntheses, and electrospray blends (Elfeky et al., 2020). Chemical vapor deposition techniques are 

essential in the synthesis of carbon-based nanomaterials. A precursor is considered excellent for chemical vapor deposition 

if it has a long shelf life, low cost, strong evaporation stability, high chemical purity, and no hazards. Moreover, no pollutants 

should be left behind after it break down (Malandrino, 2009). Several techniques are used in the chemical pathway, such as 

thermal breakdown, coprecipitation, microemulsion, hydrothermal, electrochemical deposition, and sonochemical (Ijaz et al., 

2020). Using the organic cloud deposition method, two types of graphene are produced one is formed from Ni and Co 

catalysts called complex graphene catalysts, and the other is formed from Cu catalysts called monolayer graphene. 

 One mutual wet chemical practice used in the growth of nanomaterials is the sol-gel system. A big range of superior 

nanomaterials which are based on metal-oxides are formed using this method. In addition to its many benefits, the sol-gel 

process is quite inexpensive. It produces homogenous material, requires moderate dispensation temperatures, and offers a 

straightforward method for creating complex nanostructures and composites(Parashar et al., 2020). One popular method for 

creating two-dimensional nanomaterials is the chemical vapor statement, which is also a useful technique for creating high-

quality nanomaterials in general (Wu et al., 2016). Recently, there has been a lot of interest in engineering nanomaterials in 

which the hydrothermal technique, which is microwave-assisted, is used to associate the advantages of both microwave and 

hydrothermal developments (Nie et al., 2009). The utilization of the reverse micelle technique to create magnetic-based 

lipase-immobilized used Nanoparticles is highlighted by the NPs that are produced, which are incredibly small and 
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monodispersed in nature (Yi et al., 2017). It is possible to modify the diameters of the pores of nanoporous materials by 

adding more pore-expanding agents or varying the length of the carbon chain in the surfactant. Many nanostructured 

materials, including mesoporous polymers, carbonaceous nanospheres, porous alumina, single-crystal nanorods, and 

mesoporous N-doped graphene, can be created using the soft template technique (Baig et al., 2021) It is intriguing and 

useful to use solvothermal and hydrothermal techniques to make a lot of nano-geometries of ingredients, including 

nanowires, and nanorods. Nanospheres and nanosheets (Dong et al., 2020).. 

 

Biosynthesis 

 He biological or Biosynthesis process incorporates several elements, such as fungus-, algae-, bacteria-, yeast-, and yeast-

mediated processes (Saravanan et al., 2021). Microorganisms can biosynthesize nanoparticles is a biologically generous 

technology. These microorganisms consist of algae, fungi, bacteria, and Actinomycetes. Depending on where the 

nanoparticles are located, the creation of the particles might be either extracellular or intracellular..(Hulkoti and Taranath, 

2014). 

 In several ways, biogenic enzymatic nanoparticles are vastly superior to chemically produced nanoparticles (Iqbal et al., 

2020). ). The latter techniques, while capable of producing large amounts of nanoparticles (NPs) with a specified shape and 

size in a short period, are complex, antiquated, costly, and ineffective. They also produce potentially dangerous toxic wastes 

that are bad for human health as well as the environment (S. Khan et al., 2021). 

 The formation of biological nanoparticles is further divided according to the use of microorganisms. 

 

Synthesis of Nanoparticles using Fungi 

 The majority of germs are called fungi, and they are employed in many fields of study, including bioremediation, the 

synthesis of enzymes, nanotechnology, and more (Mohmed et al., 2017). Due to their many advantages over bacteria in the 

formation of nanoparticles, fungi have a lot of attractiveness and attention in producing nanoparticles made up of metal 

(Shaheen et al., 2021). Significant advantages include the ease of downstream processing and scaling up, the viability from 

an economic standpoint, and the presence of mycelia, which offers a greater surface area (Mohmed et al., 2017). Fungal-

based NP is produced by a biomineralization mechanism that includes the reduction of different ions of metal by internal 

and external enzymes and biomolecules. Fungi generate a vast number of nanoparticles in comparison to bacteria. More 

proteins are secreted by fungi, which increases the formation of nanoparticles (Danaraj et al., 2022). 

 

Synthesis of Nanoparticles using Yeast 

 Yeast cell mass extracellular synthesis of nanoparticles may be advantageous for simple downstream processing and 

large-scale manufacture. Significant changes in size, particle location, monodispersity, and features are produced by distinct 

methods that yeast strains of various genera adopt to generate nanoparticles (Sivaraj et al., 2020). In most of the yeast 

species under investigation, these molecules stabilize the complexes and define the mechanism underlying the production 

of nanoparticles. The capability of a yeast cell to transform ingested metallic ions into intricate polymer molecules that are 

not harmful to the cell is known as resistance (Shu et al., 2020). 

 

Synthesis of Nanoparticles using Bacteria 

 Bacteria are suited for study because they are more abundant in the environment and can cope with adversative 

circumstances. They can also grow quickly, are reasonable to raise, and require little management. It is simple to control 

growth parameters including temperature, oxygenation, and incubation period. It is also known that bacteria can generate 

many inorganic compounds both within and outside of cells. For instance, the bioreduction technique is used to create Ag-

NPs utilizing microorganisms (Marooufpour et al., 2019). By using the bioreduction process, bacteria are therefore potentially 

used as a biological workshop for creating NPs such as different metallic nanoparticles like silver, gold, zirconium, titanium 

oxide, cadmium, magnetite, selenium, palladium, platinum, magnetite, titanium dioxide, and other metal NPs (Hashem et al., 

2021) . 

 

Synthesis of Nanoparticles using Actinomycetes 

 As minor metabolites, these Actinomycetes are very capable of producing antibiotics and work against different gems 

(Jagannathan et al., 2021) . ). It has been discovered that Actinomycetes play a major part in the synthesis of metal 

nanoparticles( (Hassan et al., 2019) . It has been discovered that Actinomycetes play a major part in the synthesis of metal 

nanoparticles (Gupta et al., 2019) . Actinomycetes generate stable, well-polydisperse nanoparticles that have strong 

antimicrobial effectiveness in contradiction of a lot of illnesses (Mabrouk et al., 2021). 

 Synthesis of nanoparticles using the plant. 

Successful nanoparticle synthesis has been achieved using plant materials such as flowers, leaves, shoots, roots stems, barks, 

seeds, and their metabolites (Sibuyi et al., 2021). Highly intelligent and helpful to human needs are low-cost, environmentally 

friendly plants. 

 

Types of Nano-Particles  

 The form, size, and chemical properties of nanoparticles (NPs) determine their classification into multiple classes. 
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According to their physical and chemical characteristics, the most well-known and widely used kinds of nanoparticles are 

described in this literature (I. Khan et al., 2019). 

 NPs derived from carbon. The two primary classes of carbon-based NPs are carbon nanotubes (CNTs) and fullerenes. 

Round carbon molecules known as fullerenes (C60) are made up of carbon atoms joined via sp2 hybridization. About 28 to 

1500 carbon atoms are used to make the spherical structure, and the diameters of single layers range from 8.2 nm to 4–36 

nm for multi-layered fullerenes (I. Khan et al., 2019). Fullerenes contain many nanomaterials made of round void cages, 

including allotropic shapes of carbon. Commercial concentration has been piqued by their electrical permeability, high 

strength, framework, electron attraction, and flexibility (Mallikarjunaiah et al., 2020).  

 

Nanotubes of carbon (CNT) 

 Carbon nanotubes (CNTs) are as tiny as 0.7 nm but only for single-layered CNTs and for more than 100 nm for 

complicated/multi-layered CNTs. Their lengths mostly vary between a few microns to several millimeters. CNTs are created 

from graphene foil with a honeycomb-like structure of atoms that are divided into muffled coils. These look like a graphite 

coat developing on top of itself in structure (Song et al., 2018) . The rolled pieces are called single-walled (SWNTs), double-

walled (DWNTs), or multi-walled carbon nanotubes (MWNTs) since they can have one, two, or more walls. To synthesize 

them, carbon precursors—especially the atomic ones—are frequently deposited. Using an electric arch or laser, carbons are 

evaporated from graphite and placed on metallic particles. They have recently been made by the chemical vapor deposition 

(CVD) technique (Mohamed and Mohamed, 2020). 

 

Metal Nanoparticles 

 Metals are converted into nanometric scales to create metal-based nanoparticles by either constructive or destructive 

methods. It is possible to produce nanoparticles from almost any metal. For the synthesis of nanoparticles, cadmium, 

aluminum, copper, cobalt, gold, lead, iron, silver, and zinc are frequently utilized (Ijaz et al., 2020). The scope variety of 10 to 

100 nm, as well as surface features such as hole size, it's high superficial-to-capacity ratio, their superficial charge with 

thickness, sparkling assemblies, spherical forms, color, reactivity, and sensitivity, are some of the unique characteristics of 

nanoparticles (Kankala et al., 2020). ). Metal NPs are synthesized using metal precursors. These Nano Particles have distinct 

optoelectrical goods unpaid to restricted surface plasmon resonance (SPR)(Fouda et al., 2018) . Cu, Au, and Ag are examples 

of noble metal and alkali NPs that display a discernible fascination band in the solar electromagnetic spectrum. 

 

Metal Oxide Nanoparticles Synthesis 

 In extremely small amounts, metals like Copper and silver, for instance, can be extremely toxic to microorganisms 

(Martínez-Alcalá and Bernal, 2020). Metals have been widely used as antimicrobial agents in a diversity of contexts in industry, 

medical services, and agribusiness in general because of their biocidal effect. 

 Metals can be utilized as additions because, in contrast to other antibacterial agents, they remain viable under current 

manufacturing settings(Karim et al., 2020). These days, these metal-based additions originate in a diversity of forms, for 

example, salts, particles, and ions exchanged or absorbed in different carriers, hybrid structures, and more (Silbernagel et al., 

2020). Numerous metallic oxide nanoparticles have been investigated for the electrochemical identification of biomolecules, 

including ZnO, NiO, MnO2, TiO2, Fe2O3, and Co3O4 (Immanuel et al., 2019) . 

 Due to their special qualities, CuO-NPs are valuable in an extensive range of submissions, such as compounds, 

antibacterial materials, sensors, and extremely strong materials. Can also come into contact and interface with other 

nanoparticles because of the high external area-to-volume ratio (Hasanin et al., 2022). ). It was recently discovered that CuO-

NPs outperformed Ag-NPs in their antibacterial activity against B subtilis and E. coli. Because CuO-NPs are polymer-coated, 

they are frequently used as antibacterial agents in paints and textiles (Wang et al., 2015). Owing to their photolytic properties, 

ZnO and TiO2 are frequently utilized. MoO3, Bi2O3, LiCoO2, CeO2, and CrO2 are the bases for more intriguing metal-oxide 

nanoparticles. 

 Diesel fuels are increasingly using CeO2 as the combustion catalyst to improve the quality of the emissions (Farré and 

Barceló, 2012). ). For iron oxide nanoparticles (IO-NPs) to provide high magnetization values, repeatable quality, and 

acceptable biocompatibility in biological settings, they need to be extremely crystalline, monodisperse, and soluble in water 

(Wallyn et al., 2019) The two forms of superparamagnetic IONP-based nanoparticles are superparamagnetic iron oxide (SPIO) 

nanoparticles with a usual crystal dimension ranging from 50–100 nm and ultra-small superparamagnetic iron oxide (USPIO) 

nanoparticles with a size below 50 nm. The medical community has given these two families of IO-NPs a lot of attention, 

particularly since they could represent the subsequent generation of MRI contrast managers. They are also being investigated 

as potential vectors for gene and drug delivery (Frantellizzi et al., 2020). The biodistribution of these nanoparticles can be 

transformed by applying an outside magnetic field. When SPIO-NPs with the right surface chemistry are used in vivo, they 

can be used for drug administration, tissue regeneration, immunoassay, biological fluid detoxification, hyperthermia, MRI 

contrast enhancement, and cell departure. For all of these biomedical claims, nanoparticles with high magnetic induction 

values sizes less than 100 nm, and thin particle diameter distributions are necessary (Elkhenany et al., 2020) . Generally, 

SPIONs are composed of two structural configurations: (i) a biocompatible polymer coated around a core of magnetic 

particles (maghemite, γ-Fe2O3), or (ii) SPIO-NPs placed inside the holes of a permeable biocompatible polymer (Chen et al., 

2020). 
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Ceramic Nanoparticles 

 Nonmetallic inorganic solids, or ceramic NPs, are produced by heating and cooling. 

 They are dense, formless, porous, polycrystalline, and hollow, among other sizes and forms. Scholars are showing more 

interest in nanoparticles of this kind because of their usage in the process of photo-degradation of different dyes, catalysis, 

imaging implications, and photocatalysis (Ayode Otitoju et al., 2020). 

 

NPs in Semiconductors 

 Semiconductor materials are widely used in the literature due to their characteristics, which lie in between those of 

metals and nonmetals (Terna et al., 2021). Semiconductor NPs have large bandgaps, hence bandgap tuning significantly 

altered their characteristics. They are therefore essential to electronic devices, photocatalysis, and photo optics. Numerous 

semiconductor nanoparticles (NPs) are especially effective in water-piercing claims because of their ideal bandgap and band-

edge placements (Abdullah, 2022). 

 

Polymeric Nanoparticles 

 In the literature, these are known as polymer nanoparticles (PNPs) and are often based on organic materials (Madkour, 

2019). Their forms are usually either nano-spherical or nano-capular. The other molecules are adsorbed at the external edge 

of the round superficial, while the earlier are overall solid mass containing matrix particles. In the latter instance, the unit 

comprises an entirely dense mass (Saifullah et al., 2019). PNPs have several applications in the literature because they are 

easy to functionalize. There is another specialist field named Lipid nanotechnology that deals with the creation and 

production of sterol nanoparticles for many uses, including cancer treatment delivery and RNA release (Husen, 2020). 

 Alloy: Compared to their bulk samples, alloy nanoparticles display distinct structural characteristics. Ag flakes are most 

frequently employed because Sliver has the best electrical conductivity of all metallic fillers and, in contrast to many other 

metallic substances, their also oxides have comparatively greater conductivity. The features of bimetallic alloy nanoparticles 

are impacted by both metals and biological organisms and they have more benefits than regular metallic NPs.(Mohl et al., 

2011) 

 

Drug Distribution and the Role of Nanotechnology 

 Conventional DDS distribute medications to bodily cells in an indifferent manner, potentially resulting in detrimental 

outcomes such as adverse reactions, drug resistance, and decreased drug concentration at the intended site. By regulating 

the rate, duration, and location of a drug's release in the body, DDS enhances efficiency and safety when medicinal chemicals 

are introduced into the body, according to the definition provided by the National Institute of Health in the United States. 

The shortcomings of conventional DDSs are numerous and include low therapeutic effectiveness, side effects, low drug 

loading capacity, plasma drug level fluctuations, poor bioavailability, and lack of target delivery. 

 For illustration, the traditional method of delivering drugs to the tumor cells may have adverse effects on healthy tissues, 

such as nephrotoxicity, neurotoxicity, and cardiotoxicity this all is explained when while treating cancer. These shortcomings 

have stimulated scientists to learn more about novel Drug Delivery Systems. A brief note about the fact that how 

nanotechnology can resolve these problems can be initiated in the way that medicines are brought into use and 

nanoparticles (NP). The use of the medication or therapeutic product; the release of the medication's active ingredient; and 

the transportation of the active ingredient across the biological membrane to the intended site of action comprise the three 

primary divisions of the drug delivery process. 

 Utilizing NPs to help deliver and target medicinal, therapeutic, and diagnostic substances to the cells is one way that 

nanotechnology is used in DDS. Drug delivery to the target site should be possible with the drug-NP combination without 

causing gastrointestinal tract degradation or lowering drug activity. Second, it should decrease side effects and attack the 

targeted cells without harming other cells. 

 

Why does NPS Enhance Medication Delivery? 

 Because of their unique chemical and physical characteristics, NPs are effective drug delivery systems (DDSs) with the 

potential to enhance the bioavailability of drugs, drug-carrying capacity, drug stability inside the organism, controlled 

absorption, and specialized administration (Grady, 2005). 

 Because nanoparticles have unique absorption mechanisms including absorptive endocytosis and can withstand 

breakdown in the gastrointestinal tract, they boost the bioavailability of medicines. Biological membranes allow the 

medication included in the NP to diffuse readily. Drug permeability, hydrophobicity, and solubility are all altered by drug-

polymer attachment. Reducing solubility, boosting ionic interactions between the drug and matrix, and optimizing drug load 

absorption can all increase the drug loading capacity. 

 Moreover, the NPs have a lengthy half-life in the blood. Because the drug-attached NP has a particle surface covered in 

hydrophilic, biodegradable copolymers, the immune system cannot assault it. Surface decoration commonly uses poly-lactic 

acid (PLA), poly-glycolic acid (PGA), and related co-polymers (Stylios et al., 2005). 

 The self-regulating mechanism of medication release contributes to lessening adverse effects and plasma fluctuation. 

Polymers, which are biodegradable and can break down in a controlled manner to release drugs at the site, are one method 

for controlling the release of pharmaceuticals in specific areas. 2) The pores of the polymer can be changed to control how 
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quickly or slowly drugs diffuse; 3) The surface area and fusion distance of the NPs can be altered by adjusting their size. 

Smaller sizes have a larger surface area and faster drug release and dissolution.  

 Using swelling, diffusion, degradation, or erosion, the medicines are free by the matrix. Mechanical pumping, osmotic 

pressure, and electrokinetic transportation all regulate the drug's release. 

 Drugs are delivered to particular sites by DDS, which is based on nanotechnology, through ligand attraction. Ligands 

can be added to the NP surface, and through biorecognition, these ligands can bind to specific areas on the surface of the 

targeted cell. Through receptor-mediated endocytosis, the NPs penetrate the target cells. NPs grow into endosomes inside 

the cell. Subsequently, endosomes combine to generate big endosomes, also known as lysosomes. Lastly, by breaking down 

the polymeric NP shell, medicinal medications can be dispensed in a controlled manner in reaction to enzymes or an acidic 

pH  

 In the end, NPs in DDS improve patient comfort by enabling the use of extremely harmful, poorly soluble, unstable 

medications. 

 

Conclusion 

 Abundant research on the use of NPs as a food crop has been shown, and these educations significantly assist in our 

understanding of the NPs' pathway, predominantly with affection to safety anxieties and possible impacts on tissue 

gathering. Evaluating the GIT tract's chemical and biological activity is crucial during the product development process. To 

aid in the creation of new products, these investigations might initially be carried out in vitro, particularly about the stability 

of the materials and their resistance to typical digestive circumstances. 

 It is crucial to assess the bio-accessibility and bioavailability of NPs, understand their route through the GIT, from the 

mouth to the colon, evaluate chemical changes that occur during digestion and the effective quantities that reach the 

intestine and will be available for absorption, before conducting gut microbiota studies. The various phases of digestion, 

variations in pH, and the presence of enzymes will cause chemical and physical changes that could result in changes to the 

chemical and physical characteristics of NPs (agglomeration, dissolution, etc.). The best model to test NPs might be a 

standardized one that incorporates all phases of digestion, like the INFOGEST protocol. 

 Research has been done on the relationship between various NP kinds and the gut to better understand their effects 

and determine how best to apply them to promote human health and well-being. Testing NPs' impact on single bacteria or 

species that are representative of the gut microbiome is the first strategy. The microorganisms that are screened may be 

species associated with infectious illnesses or representative of helpful bacteria. A significant portion of these investigations 

replicate the conditions found in the colon by performing fermentation trials using human feces as substrates. The testing 

of various doses and conditions, including modifications to the morphology of the bacteria, is made possible by the use of 

fecal samples. 

 Animal models may be employed after cell line toxicity has been confirmed. In fact, in vivo research is a great way to 

learn more about the potential uses of NPs. It makes it possible to gather biochemical information, track the encapsulated 

compound's routes of absorption and secretion, and determine whether NPs are present in organs. Additionally, it makes it 

possible to gather animal feces for analysis during the trial and characterize changes in the diversity and metabolic chemicals 

produced by the gut microbiota. Furthermore, it is possible to evaluate prebiotic activity, growth-promoting properties, 

antibacterial activity, and inhibition of particular microbiota groups. The literature indicates that the gut microbiota can be 

impacted by NPs' physical format and dose, although there is no clear pattern in terms of size. 

 However, it is clear that dosage matters because excessive dosages cause significant changes in the microbiota and/or 

elicit clinical symptoms that may result in dysbiosis of the microbiota. Furthermore, NPs may exacerbate symptoms brought 

on by dysbiosis of the microbiota. The most researched NPs are inorganic ones (TiO2, Ag, and SiO2), which have been shown 

to have a modest to significant effect on the makeup and activity of the gut microbiota.  

 It is important to conduct additional research to enhance in vitro models and closely resemble in vivo settings to prevent 

in vivo animal studies that involve animal sacrifice. By the INFOGEST protocol, our research team has optimized a continuous 

GIT process that comprises an absorption stage following stomach and intestinal digestion. Following absorption, research 

is being done on how the molecules interact with blood cells and how to include other significant cell lines to mimic the 

tissues of other significant organs and forecast the full pharmacokinetic pathway of the metabolized compounds. 
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ABSTRACT   

Sepsis is an extreme host response to microbial invasion that is characterized by excessive release of cytokines, reactive 

oxygen species, and coagulopathies, leading to multiple organ failure and mortality. Sepsis remained the most common 

cause of mortalities throughout the world for centuries. Conventional sepsis management includes antibiotic therapy, 

anti-inflammatory drugs, and fluid therapy. However, due to the extensive application of antibiotics, most microorganisms 

are resistant to commercially available antimicrobial drugs, demanding new methods to control sepsis. Nanomedicines 

and other nanoparticles hold a promising potential in sepsis theragnostic due to their drug carrying, site targeting, and 

sustained release of the drugs. Scientists have successfully applied these nanomedicines to overcome tissue damage due 

to the excessive release of cytokines and reactive oxygen species and eliminate the microbes from the body. 

Nanomedicines have also shown their action against antibiotic resistance by targeting microbial biofilms. Similarly, several 

nanoplatforms have been discovered to detect and quantify sepsis-associated biomarkers, such as pro-inflammatory 

cytokines, PCT, and CRP. Although nanotechnology offers several opportunities to reduce sepsis-associated mortalities, 

toxicity and other complications associated with nanomedicines and nanoparticles can be a major hurdle in their clinical 

applications. Thus, scientists should explore the natural sources for the preparation of nanomedicines and prepare 

guidelines for their safe applications. 
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INTRODUCTION 
 

Sepsis is defined as a life-threatening extreme host response to infectious agents, leading to multiple organ failure due 

to the release of inflammatory mediators into the circulation. Sepsis is characterized by the disruption in a finely tuned 

immunological balance between the inflammatory and anti-inflammatory mediators, cytokines, and pathogen-related 

molecules, resulting in the activation of coagulation and complement cascades (Jarczak et al., 2021). Despite the 

improvement in therapeutic algorithms and an increase in research to understand the pathophysiological mechanisms, sepsis 

is still considered the major global health issue, responsible for 2.8 million deaths annually (Maneta et al., 2023). According 

to a report published by Vincent et al. (2014), mortality rates with sepsis are higher than those of myocardial infarction and 

stroke. Bacteria are considered the most common cause of sepsis in an intensive care unit (ICU). According to a study 

conducted with 7,000 sepsis patients, gram-negative bacteria are a major cause of sepsis (62.2%), followed by Gram-positive 

bacteria (46.8%) and fungi 19.4%) (Esparza et al., 2023). The release of microbial products, such as endotoxins from gram-

negative bacteria, activates toll-like receptors (TLR) on monocytes and other antigen-presenting cells, leading to the 

upregulation of pro and anti-inflammatory pathways. The storm of pro-inflammatory cytokines (IL-1, IL-12, IL-18, and TNF-

α) and other inflammatory mediators leads to tissue damage, an aberration in the coagulation cascade, and irreversible 

damage to vital organs (Hollenberg and Singer, 2021).  

Early diagnosis of sepsis and timely therapeutic interventions are necessary to reduce mortality and improve clinical 

outcomes. Conventionally, sepsis can be managed with broad-spectrum antibiotics, fluid therapy, and end-organ support 

through mechanical ventilation and stabilization of hemodynamics (Gauer, 2013). However, due to the irrational use of 

https://doi.org/10.47278/book.CAM/2024.373
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antibiotics in both human and veterinary medicine, most pathogens are resistant to antibiotics, demanding new 

therapeutical approaches to manage the severity of sepsis. Furthermore, due to the complex pathophysiology of sepsis, 

the targeted delivery of antibiotics and other drugs is generally not achieved. Similarly, due to non-specific signs and 

symptoms and a lack of guidelines, sepsis diagnosis can be challenging for clinicians. The standard methods to diagnose 

sepsis include microbial culture, isothermal amplification methods, and molecular techniques, such as PCR. These 

conventional methods for sepsis diagnosis are time-consuming, require trained personnel, and are multi-step and 

resource intensive, with a restricted limit of detection (LOD) and specificity. Hence the complications associated with 

sepsis treatment and diagnosis demands advanced platforms and therapeutic strategies for sepsis management (Claxton 

et al., 2020; Pant et al., 2021).  

The advancement in the field of nanotechnology and drug delivery system has revolutionized the diagnostic and 

treatment of life-threatening diseases. Nanotechnology and nanomedicines have now enabled clinicians to diagnose and 

treat sepsis more easily, providing an innovative solution to longstanding challenges. Nanoparticles, with their unique 

properties, enable more sensitive and specific detection of sepsis biomarkers, improving early diagnosis and timely 

intervention. Furthermore, nano-based drug delivery systems enhance the targeted delivery of therapeutics, optimizing 

treatment and efficacy while minimizing side effects. These advancements hold promising potential to transform sepsis 

management, offering hope for improved patient outcomes and reduced mortality rates (Claxton, Papafilippou, 

Hadjidemetriou, Kostarelos, and Dark, 2020). 

 

Pathophysiology of Sepsis 

Sepsis is an overwhelming hyperinflammatory and immunosuppressive stage characterized by a "cytokine storm" 

resulting in fever, refractory shock followed by multiple organ failure and death. The triggering event of sepsis starts with 

the recognition of pathogen-associated molecular patterns (PAMPs) or Danger-associated molecular patterns, such as LPS 

in the case of gram-negative bacteria and Polysaccharides in the case of gram-positive bacteria. The recognition of these 

microbial products by the body's innate immune system leads to the activation of complex intracellular signaling pathways, 

leading to the release of inflammatory mediators. The signaling molecules pathways and microbially derived molecules 

determined the intensity of inflammatory response. For example, recognition of LPS by Toll-like receptors (TLR-4) of 

macrophages activates nuclear factor-κB (NF-κB) pathways, resulting in the release of inflammation-active mediators (such 

as IL-1, IL-6, IL-18, TNF-α to clear microbial invasion. However, excessive activation of macrophages causes a "cytokine storm" 

that impairs the host immune system, leading to tissue damage. This hyperinflammatory stage also causes the activation of 

the complement system and the release of vasoactive molecules from endothelial cells and chemoattractant, thus switching 

from an anticoagulant to a procoagulant state. The activation of the complement system also causes the generation of 

Reactive Oxygen Species (ROS) and the release of granular enzymes, leading to more tissue damage (Hotchkiss et al., 2016; 

Luo et al., 2021).  

Along with the hyper-inflammatory stage, sepsis also causes long-term immunosuppression in surviving patients, 

leading to persistent catabolism syndrome. This clinical syndrome is characterized by markedly increased C-reactive protein 

(CRP) concentrations, neutrophilia, and the release of immature myeloid cells. The release of immature myeloid cells into the 

circulation has defective antimicrobial activity and releases anti-inflammatory cytokines. The exact etiology of immature 

myeloid cells is still unknown. However, it is likely driven by DAMPs produced by injured tissues and organs (Gentile et al., 

2012; Hawkins et al., 2018). 

 

 
 

Fig. 1: Pathophysiology of sepsis from recognition of microbes to multiple organ failure  

 

 

 

1 

2 

3 

Recognition of bacterial 

products by Immune cells 

Cytokine storm effect endothelial cells 

leading to coagulopathies 

Systemic Inflammation leads to 

multiple organ failure 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

304 

Pathway  Description Reference  

TREM  Upregulate pro-inflammatory cytokines and chemokines, leading to amplification of 

inflammatory cascades.  

 Blocking TREM1 signaling pathways can prevent Polymicrobial and LPS induced sepsis.  

(Cohen, 2001; 

Siskind et al., 

2022) 

S1PR  S1PR2 member of this pathway prevent phagocytic activity of macrophages, triggers 

macrophages proptosis, and stimulates complications associated with gram negative sepsis.  

Luo et al., 2021 

P2X  P2X7 riggers macrophages proptosis and activates caspase-1 when interacting with HNP1, 

worsening the sepsis.  

 Inhibition of this pathway can prevent septic renal damage and improve sepsis outcomes.  

(Antonioli et al., 

2019; Savio, 

2022) 

 

TRPM  TRPM2 of this pathway causes clearance of invaded microbes and their products. 

 TRPM2 deletion leads to microbial load, organ damage, systemic inflammation, resulting in 

increased mortality.  

(Liu et al., 2019) 

 

 

Decoding Sepsis: Nanomedicine's Promising Frontier 

The emergence and rapid progression of nanotechnology in recent eras have allowed clinicians and researchers to 

manage life-threatening diseases and overcome the serious adverse effects and resistance of drugs. Nanomaterials are now 

being used in the medical field for targeted drug delivery and diagnosis of several life-threatening conditions, including 

sepsis and other hyperinflammatory disorders. The smaller size of the nanoparticles enables them to cross the small 

capillaries and actively targeting the target site, proving a more effective option to treat sepsis compared to conventional 

method of sepsis management. For example, nanomedicine with the size of 0.5μm to 5μm can easily cross the pulmonary 

capillaries and prevent lung injury. Similarly, a nanocarrier drug-delivery system with a particle size of 70-90nm (size smaller 

than endothelial fenestration) can pass glomerulus membrane and endothelial fenestrations. Fabrication or encapsulation 

of active drugs modulates the pharmacokinetics of the drug, improving its bioavailability, efficacy, and stability. 

Nanomedicines have a characteristic dimension of 1 to 100 nm and are designed based on the desired biological properties 

and functions with specific physical (Vasconcelos and Santos, 2023). Chemical and surface properties. Generally, 

nanoparticles can be classified into two categories: 

1. Organic Nanoparticles 

2. Inorganic nanoparticles. 

 

Organic Nanoparticles 

Organic nanoparticles usually contain carbon skeletons and are classified as lipid bases or synthetic polymeric 

nanoparticles. Common types of organic nanomedicines include chitosan, protein-based, polysaccharides, liposomes, 

polymeric micelles, and poly-amidoamine. Organic nanomedicines are usually less toxic, with excellent biocompatibility, and 

do not elicit immune responses due to the presence of bio-elements such as carbon, oxygen, and nitrogen in their structure. 

Several studies have proved their effectiveness in sepsis (Abdelkader et al., 2017; Wu et al., 2021; Guo et al., 2023). Organic 

nanoparticles are also currently being used for vaccine development, immunotherapy, and diagnostics.  

 

Inorganic Nanoparticles 

Inorganic nanoparticles can be prepared by using inorganic metals such as zinc, copper, gold, and aluminum and 

semiconductors such as cadmium selenide, zinc oxide, and carbon nanotubes. Iron oxide and Calcium phosphate can also 

be used to synthesize inorganic nanoparticles. Due to their tunable properties, inorganic nanoparticles have been used for 

the diagnosis and treatment of several infectious diseases, inflammatory disorders, cancers, and wound healing. Inorganic 

metal-based nanoparticles also have high drug-loading ability and long circulation and cause the sustained release of the 

encapsulated drug. In sepsis, metallic nanomedicines show their action according to the microenvironment, such as pH, 

H2O2, and O2, resulting in the removal of dangerous signals and lowering the severity of sepsis (Yang et al., 2019; Luo et al., 

2021).  

 

Nanomedicines as a Potential Sepsis Treatment 

The conventional methods of sepsis early diagnosis, antimicrobial therapy, and sepsis response regulation. Antimicrobial 

therapy with antibiotics is the standard in clinical guidelines for sepsis. However, due to increased antibiotic resistance and 

a lack of effective antibiotics, treatment of persistent sepsis is a significant challenge for clinicians. According to a study, E-

coli, the most common cause of sepsis, is resistance to β-lactam antibiotics and aminoglycosides. Similarly, Staphylococcus 

aureus vancomycin and methicillin. This drug resistance is a significant cause of sepsis-associated mortalities, especially in 

neonates (Chauhan et al., 2017). 

Additionally, most antibiotics are ineffective against the systemic release of various cytokines, ROS, and 

other biomolecules triggered by sepsis. This storm of pro-inflammatory mediators can cause death due to multiple organ 

damage and long-term immunosuppression in surviving patients. Therefore, new adjuvant therapies, including anti-

inflammatory drugs, antioxidant agents, and immunomodulators, are being explored by the researchers. However, these 

therapeutical options have limitations such as low solubility, poor bioavailability, short half-life, and lack of cell-specific 
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targeting ability. The emergence of nanomedicine in the past few decades has opened up new pathways to overcome drug 

resistance, improved the pharmacokinetics of potential drugs, and improved the cell-targeting ability of medicines. 

Nanomedicines can actively target the sepsis microenvironment, providing a novel avenue for precision treatment and early 

diagnosis. The below points highlight the major applications of nanomedicines in sepsis treatment. 

 

Nanocarriers and Targeted Drug Delivery for Sepsis Treatment 

Conventional medicines have poor pharmacokinetics due to either their larger size, which makes their solubility and 

membrane crossing ability poor, or smaller size, which results in rapid clearance, high toxicity, and side effects. Similarly, 

most antimicrobial, and anti-inflammatory drugs do not actively reach the target site. Properties, such as surface charge and 

size of nanoparticles, can be used to overcome this challenge. For example, the short half-life of the meropenem makes the 

drug ineffective against sepsis. To overcome this challenge, scientists have successfully encapsulated Meropenem into 

chiston nanoparticles, dramatically improving these antibiotics’ pharmacokinetic properties (Abdelkad et al., 2017). 

Furthermore, these encapsulated nanomedicines can easily cross the cell membrane, leading to their accumulation in specific 

tissues or organ preferentially. Similarly, many antimicrobial peptides, a promising theragnostic option to manage sepsis, 

have poor solubility, bioavailability and pharmacokinetic properties. Studies have shown that these antimicrobial peptides 

can be successfully encapsulated into a methacrylate nanocarrier. This fabrication of AMPs have successfully rescued 100% 

of the sublethal experimentally induced sepsis (Qian et al., 2022; Meng et al., 2023). A study published by Falciani et al. (2020) 

have shown the successful fabrication of these AMPs into single-chain dextran nanoparticl3es to eliminate P. aeruginosa in 

acute lung sepsis.  

Another common hallmark of sepsis is the excessive generation of reactive oxygen species (ROS) and reactive nitrogen 

species (RNS). These ROS and RNS can module a series of intracellular signaling pathways and alter the function of different 

enzymes and ion channels. Thus, reducing the mitochondrial ROS and RNS can reduce the abnormal inflammatory response. 

Conventional antioxidants have poor ROS and RNS scavenging activity and structural stability. Several researchers have 

proved that the application of various nanoparticles (nanosheets) and nanomedicines in sepsis patients can successfully 

remove mitochondrial ROS and RNS (Yim et al., 2020).  

In sepsis, most of the damage is caused by excessive release of pro-inflammatory cytokines. Most antibiotics are 

ineffective against this excessive release of inflammatory mediators and demand some alternate sources to alter the 

pathways that cause the release of pro-inflammatory cytokines. Scientists have successfully utilized the green nano-synthesis 

approach to convert the natural green agents, especially plants and fungi, to reduce the release of cytokines during sepsis 

(Beg et al., 2020; Elbagory, 2019; Phukan et al., 2021). Wang et al. (2015) have successfully prepared curcumin-loaded solid 

lipid nanoparticles to reduce and evaluate their therapeutic potential for LPS-induced sepsis. The results of an enzyme-linked 

immunosorbent assay showed that the curcumin-loaded solid lipid nanoparticles can successfully reduce the secretion of 

IL-6 and TNF-α inflammatory factors in the serum and increase the release of anti-inflammatory cytokines.  

 

Modulating the Host Immune Response 

Immunomodulation is one of the most effective strategies to treat sepsis. Studies have shown that the administration 

of nicotinamide adenine dinucleotide (NAD+) in sepsis patients can prevent oxidative stress and multiple organ 

failure. Loading the NAD and NADH into the liposomes and zeolitic imidazolate frameworks improves the cell oxygen supply, 

reduces inflammation-induced cell pyroptosis and apoptosis, and decreases the extent of inflammation. The application of 

these nanomedicine in CLP and P. Aeruginosa induced sepsis has shown improved therapeutic outcomes, indicating their 

promising ability to trat and diagnose sepsis (Grahnert et al., 2011; Ye et al., 2022). 

Studies have proved that different types of nanoparticles modulate the host immune response to improve antibiotic 

therapy. For instance, the use of polymeric nanoparticles has shown their action against the release of pro-inflammatory 

cytokine, reducing the chance of tissue damage and multiple organ failure. Nanoparticles neutralize the endotoxins released 

by bacteria and sequestering cytokines released by host immune response dur to these endotoxins. Another innovative 

approach to manage sepsis is the application of a nano trap, also known as Tele-dendrimer, along with antibiotic therapy. 

These telodendrimer effectively absorbs septic molecules due to the different charges of pro and anti-inflammatory 

cytokines (Shi et al., 2020). It is also believed that nanomedicines actively target the macrophages, altering their pro-

inflammatory function and reducing the release of cytokines.  

 

Targeting the Macrophages 

Macrophages or monocytes, as an important member of the host’s immune response, play an important role in the 

pathophysiology of the sepsis, including the killing of microbes, and release of cytokines and chemokines. During sepsis, 

over activation of the macrophages results in the release of cytokine storm, which worsen the pathophysiological status of 

clinical patients, leading to poor response of the conventional sepsis therapy. Nanomedicines are important tool to alter the 

pro-inflammatory activity of the macrophages. Macrophages binds with the plasma protein, acquiring the new biological 

property, known as protein corona (PC), which changes the physiochemical properties of nanomedicines (Boraschi et al., 

2017). Binding of nanoparticles with plasma protein results in the uptake of NPs by monocytes (Corbo et al., 2017). Other 
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mechanism to target the macrophages and preventing the release of pro-inflammatory cytokines include altering the 

activation of pathogen-associated molecular pattern and directly effecting the release of pro-inflammatory signals (Song et 

al., 2022). 

 

Nanomedicines with Anti-microbial Properties 

Biofabrication of different naturally derived metal-based nanoparticles can be effectively used as antimicrobial agents. 

Furthermore, studies have shown that the positive charged nanoparticles interact with microbial cell, leading to direct killing. 

Positive charged nanoparticles bind with negatively charged microbial cell membrane, leading to membrane disruption and 

desensitization, which causes loss of membrane integrity, leakage of cellular content, and cell death (Lam t al., 2016). Another 

mechanism responsible for the antimicrobial activity of nanomedicines is its electrostatic attraction, which causes the uptake 

of nanomedicine by the bacteria. Once internalized, nanomedicines disturb the normal metabolic pathway and induce cell 

death (Xie at al., 2019). Studies have shown that several nanoparticles result in the generation of reactive oxygen species 

(ROS), which facilitates the killing of invaded bacteria. Positive charged nanoparticles cause the generation of hydrogen 

peroxide or hydroxyl radicals, leading to oxidative stress in the bacterial cell. Along with generation of ROS, nanomedicines 

also interact with biofilm, a component that play a key role in antibiotic resistance in bacteria (Jiang et al., 2022). Biofilm 

matrix contain negative charge that interact with positively charged nanoparticles, increasing the susceptibility of the bacteria 

to antimicrobial agents (Koo et al., 2017). Although nanomedicines hold a promising potential to manage sepsis, some 

challenges need to be addressed to increase the efficacy of the drugs. These include size, surface charge, and composition 

of nanoparticles. Incorporating the metal-based greenly synthesized nanomedicines for antimicrobial therapy is one of the 

best options to lower the toxicity associated with nanoparticles (Saratale et al., 2021; Zhu et al., 2019).  

 

Nanoparticles for Early Detection of Bacterial Sepsis 

Early diagnosis of the sepsis is essential to prevent the disease progression and effective treatment. Along with their 

therapeutic potential, nanomedicines are also being used in sepsis diagnosis. The conventional methods of sepsis diagnosis 

are expensive and demand intricate procedure, altering the diagnosis of sepsis. Nanoparticles have been applied in the 

biomedical field to detect the specie of bacteria and guide the proper antibiotic administration. These nanoplatforms has 

now enabled clinicians to overcome the challenges associated with conventional methods of sepsis theragnostic.  

Below few points highlight the application of nanomedicines in sepsis diagnosis: 

 

Detection of Bacteria 

Scientists have successfully used gold nanoparticles as a novel diagnostic tool for sepsis diagnosis. Biofabricated 

antibodies or Gold nanoparticles (AuNPs) binds with bacterial products such as LPS or peptidoglycans, resulting in color 

change in face plasma resonance. This technique has been successfully used for the detection of E. coli, P. aeruginosa, and 

S. aureus. Similarly, magnetic nanoparticles have also been investigated for the detection of bacteria (Fu et al., 2018; Rocha-

Santos, 2014).  

Carbon nanotubes are another important tool to detect the bacteria responsible for induction of sepsis. Binding 

of these nanotubes with bacterial cell membrane results in the change in electric conductivity of the CNTs, which can 

be detected by field effect transistor (FET). Nanomaterial-based detection of the bacteria has several advantages over 

conventional methods, such as PCR and ELISA, due to small amount of sample and rapid detection (Munzer at al., 

2013). 

 

Detection of Sepsis Biomarkers 

Sepsis biomarkers, including ROS, Cytokine, C-reactive protein, CRP, and OCT, are commonly used in clinical setting for 

the early diagnosis of the sepsis. However, limitations and sensitivity associated with traditional methods demand more 

sensitive tool for the sepsis diagnosis. The application of nanosensors has now made the sepsis diagnosis more accurate and 

accessible. For examples, scientists have successfully applied nanotubes for the detection of C-reactive protein (Luo et al., 

2021). Furthermore, Gold nanoparticles have also been used for the detection of pro-inflammatory cytokines (Khan and 

Mujahid; 2020). 

The table below summarize the different types of biosensors used for sepsis diagnosis. Data is extracted from the review 

published by Luo et al., (2021). 

Biomarker Nanoparticles Mechanism 

E. coli Azide fabricated AuNPs Biomimetic strategy based on bacterial metabolic pathway 

Polymicrobes PMNs-derived microvesicles Agglutination of bacteria due to microvesicles 

S. aureus Silica NPs Antibody detection 

CRP Magnetic NPs Antibody detection 

CRP  Iron oxide nanocrystal Antibody detection 

CRP Gold nanorod Antibody detection 

PCT Ferrocene encapsulated AuNPs Electrochemistry 
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PCT Streptavidin-coated AuNPs Immune sensing 

PCT Fluorescent microspheres Immune sensing 

IL-6 ZnS nanocrystals Immune; optical 

TNF-α Axoplasmic AuNPs Immune detection 

 
Challenges and Opportunities 

Nanotechnology holds promising potential for the therapy of sepsis. Several studies have shown the efficacy of 

nanomedicines against sepsis due to their site-targeting and antimicrobial properties. For example, liposomes loaded with 

vancomycin have been investigated to improve the survival rate and reduce the bacterial load in sepsis induced by 

methicillin-resistant Staphylococcus aureus (Nwabuife et al.,2021). Similarly, polymeric nanoparticles have shown their action 

against pro-inflammatory cytokines in experimentally induced sepsis. 

Despite these promising results in sepsis, nanoparticles also have some limitations that must be addressed before their 

application in clinical practice. Formulation of the nanomedicines and nanoparticles for the theragnostic of sepsis requires 

diverse materials, e.g., supramolecular nanomaterials organic and inorganic nanocomposite. Safety considerations and 

regulatory requirements are essential for the clinical application of nanomedicines. Since most of these nanomaterials are 

not approved by FDA as pharmaceutically acceptable vehicles, these can be toxic for both the environment and the individual. 

Thus, it is essential to consider the pharmacokinetics properties, such as absorption, distribution, and elimination from the 

body.  

Studies have shown that nanoparticles can cause oxidative stress and cause damage to tissues when applied in large 

quantities. Thus, researchers should consider the dose of nanomedicines before their application in living organisms. Another 

major challenge in the application of nanomedicines in clinical practices is their optimizing the design and formulation of 

NPs to maximize drug delivery and efficacy while minimizing off-target effects. The efficacy of the nanomedicines against a 

specific disease depends upon their size, pH, and surface charge. Thus, these conditions should be considered to maximize 

the results of nanomedicines. 

In the recent era, nanosynthesis has gained more interest due to less toxicity and environmentally friendly properties, 

providing an opportunity to treat sepsis and other inflammatory conditions more effectively. The unique biomarkers in 

plants, fungi, and other green agents have been extensively studied due to their anti-inflammatory, anti-microbial, and 

antioxidant properties. Thus, researchers should focus on the application of these green agents for drug nanosynthesis. 

Furthermore, safety assessments of nanomedicines should include comprehensive toxicity studies to evaluate potential 

adverse effects on human health Zhai et al., 2022). 

 

Conclusion 

In the past few decades, the extensive use of antibiotics and the increased toxicity of conventional sepsis therapy have 

compelled researchers to explore alternative and novel theragnostic approaches for sepsis management. Due to targeted 

drug delivery and antimicrobial, antioxidant, and anti-inflammatory properties, nanomedicines provide an opportunity for 

clinicians to overcome the applications associated with conventional sepsis therapy. 

Several types of nanomedicines have been studied to enhance the target drug delivery and lower the release of 

cytokines, oxidative stress, and sepsis-associated mortalities. However, due to a lack of regulatory and safety guidelines, 

several nanomaterials are toxic to living organisms and the environment when exposed in large quantities. Thus, researchers 

should design guidelines to minimize the complications and enhance the opportunities offered by these nanomedicines. 

Furthermore, extensive study is needed to study the factors that can affect the efficacy of nanomedicines when administered 

in living organisms. 
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ABSTRACT   

Anthelmintic resistance poses a significant threat to global animal health and agricultural sustainability. This chapter 

investigates the emerging field of Nanoanthelmintics as a possible solution to anthelmintic resistance in ruminants. 

Beginning with an overview of the current state of anthelmintic resistance, its widespread impact on livestock industries, 

and the urgent need for novel interventions. Nanoanthelmintics is a novel approach that uses nanotechnology to design 

and deliver anthelmintic agents with increased efficacy and lower risk of resistance development. The chapter discusses 

the fundamental principles of nanotechnology and explains how it can be used to develop anthelmintic drugs with 

improved properties. Key topics include nanoparticle synthesis methodologies, anthelmintic compound encapsulation 

techniques, and drug delivery strategies to parasite sites. It provides various benefits, including improved drug 

bioavailability, sustained release kinetics, and reduced adverse effects. Furthermore, the chapter investigates how 

resistance mechanisms are found in traditional anthelmintics, thereby providing a pathway to restore sensitivity in 

resistant parasite populations. The review of case studies and experimental evidence highlights the efficacy of 

nanoanthelmintics against resistant parasites, indicating their potential to revolutionize parasite control strategies. 

Furthermore, nanoanthelmintics show promise for improving animal welfare and reducing environmental contamination 

caused by conventional anthelmintic use. The chapter concludes by outlining future directions and challenges in 

nanoanthelmintic development and implementation, emphasizing their critical role in ensuring long-term parasite 

control in the face of increasing anthelmintic resistance. 
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INTRODUCTION 
 

Helminth Infection and Animal Health 

 Parasitism is the most species-rich mode of animal life on earth with majority of species is still undiscovered (Chacon 

et al., 2023). The global diversity and distribution of parasites up to 149 tropical and subtropical climatic conditions is a 

topic of particular concern, in the light of the accelerating rate of disease emergence in livestock, humans, companion 

animals and wildlife (Teixeira et al., 2020). Helminth parasites are one of the most significant polyphyletic groups of 

parasitic worms showing immense diversity and tremendous ecological and epidemiological significance (Beesley et al., 

2017). They are one of the most important concerns for animal health and welfare. Grazing livestock nearly 350 million 

cattle and 250 million sheep is at a permanent risk of trichostrongylide infection, particularly with nematode, trematode 

and cestodes (Esteban et al., 2002). 

 

Economic Losses Caused by Helminth Infection 

 Helminth usually causes hemorrhagic anemia, edema, diarrhea, stunted growth and death of severely affected 

animals. Livestock is the backbone of the poorest and most marginalized communities living in regions of Asia and Africa. 

These health losses affect millions of animals annually, resulting in substantial economic losses in terms of meat, milk, 
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decrease wool production and cost of treatment (Fleming et al., 2015). Globally 941 million dollars economic losses are 

caused by this infection of which 38 million dollar is associated to handle anthelmintic resistance (Charlier et al., 2020). 

 In addition to their veterinary significance, several helminthes have public health significance (e.g Fasciola spp, Taenia 

spp, Paragonimus spp, Clonorchis spp, Echinococuss and Ascaris ) may also be transmitted to and cause diseases in humans 

,which make their prevention and control a priority from a public health perspective as well (Lustigman et al., 2012). 

 

Use of Anthelmintic Drug against Helminth 

 Pharmacotherapy has become the most popular approach for controlling helminths over the last 40 years, though 

other strategies are also available. An anthelmintic dose is easily available, requires minimal management, provides 

immediate results and is relatively inexpensive. Benzimidazoles are safe and effective against a wide range of worms but 

ivermectin was a game changer because it effectively treated both helminths and ectoparasites, it is one of the most 

successful veterinary products ever. Levamisole and other organophosphate groups are also used against nematode as 

regular dewormers (Ali et al., 2018). 

 

Anthelmintic Resistance and its Mechanism 

 Resistance is the loss of sensitivity of an anthelmintic in a parasite population that was previously susceptible to the 

same anthelmintic, this may be because the parasites change their drug target site, or another drug selection with the 

same mechanism (Ali et al., 2018). The extensive use of anthelmintic in small and large ruminants has led to a serious and 

dramatic level of anthelmintic resistance (Potarniche et al., 2021). Presently, the three kinds of anthelmintic that are most 

frequently used in small ruminants are cholinergic agonists’ imidothiazoles (levamisole), macrocyclic lactones (ivermectin, 

mobemectin) and benzimidazole. Resistance against Benzimidazole is mostly due to single nucleotide polymorphism in 

beta-tubulin protein (Espinoza et al., 2018). In ivermectin resistance parasite change their specific site (ligand-gated 

chloride channels), the drug is designed to bind with them, while the mechanism of resistance against levamisole is related 

to changes in Nicotinic acetylcholine receptors (Fissiha et al., 2021) as shown in the Figure (a) 

 

Factors behind Resistance Development 

 The most resilient portion of the population is made up of a tiny number of tolerant parasites. These parasites that 

survive are released into the environment, contaminating the pasture, transferring genes to the next generations and are 

responsible for resistant generations (Kaplan et al., 2004). Furthermore, as a result of selection pressure, frequency of 

treatment which accelerate the process of resistance development and genetic diversity/variation the ability of rapid 

reproduction which allow them to adapt quickly against drug exposure (Jabbar et al., 2006). 

 

Hurdles in the Way of New Anthelmintic Formation 

 Millions of dollars must be invested and years of research are needed to develop a novel anthelmintic before a 

commercial formulation is made accessible. Nevertheless, anthelmintic resistance has developed in innovative products 

even after only a few years of usage, limiting their economic life as shown in the figure (b) (Sepúlveda and Crespo, 2020). 

Monepantel, for example, was introduced as a novel chemical against sheep worms in 2009. However a study from New 

Zealand only three years later detailed the first instances of resistance in sheep and goats against this drug (Bartley et al., 

2015).Therefore, it is important to develop alternate methods and improve existing anthelmintic by using novel techniques 

in nanotechnology. 
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Fig. (a): Mechanism of Resistance against anthelmintic 

Nanotechnology as a Solution to Combat Anthelmintic Resistance 

 Nanotechnology brought up a new approach, by modification of the already existing drugs. Organic nanoparticles 

(NPs) especially chitosan are mostly used with anthelmintic, they are a potential source to improve existing drugs (Real et 

al., 2018). 

 

 
 

Fig. (b): Hurdles and challenges in the way of new anthelmintic development  

 

Nanoparticle Definition 

 Nanoparticles are usually 1 to 100nm in size, also known as “zero-dimensional” nanomaterials with catalytic and 

absorptive properties, show unprecedented growth in different research areas such as nanomedicine, nanoelectronics and 
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energy production areas, especially in pharmaceuticals and medicine in terms of diagnosis, treatment and diseases 

prevention (Modena et al., 2019) They are the new game player in field of modern medicine from basic drug delivery 

system to genetic level changes such as gene manipulation for the treatment of genetic and inherited diseases such as 

thalassemia to tumor treatment (Liu et al., 2023). 

 

Role of Nanoparticles in Drug Delivery 

 Nanotechnology helps us to create an object by manipulating the individual atoms of matter and creation of modified 

molecular structures. They possess an ability to serve as drug delivery system or implants by supplying organic and 

inorganic biologically compatible polymers, help researchers to understand molecular basis of disease and supply of active 

drug (Nasibova et al., 2023). They proved as novel therapeutics and drug delivery systems for various drugs (Najahi et al., 

2020). 

 In the pharmaceutical industry, Nano-delivery structures or nanotechnology-based drug carriers have shown 

promising results by enhancing the effectiveness of anthelmintic drugs and reducing resistance by improving the drug 

kinetics by several mechanisms for example targeted delivery, increased drug solubility, synergistic and 

Immunomodulatory effect and increase in bioavailability of drug as shown in the figure (c). 

 

Targeted Drug Delivery  

 Small size of nanoparticles allow direct contact with subcellular compartment to target specific cells that can 

effectively pass through physiological barriers, which provides an opportunity to interfere with intracellular processes and 

makes them good drug delivery systems (Fan et al., 2017). They can improve the therapeutic efficiency of drug deliveries 

by conjugating cell-specific ligands onto the nanoparticle surface which binds to specific receptors which only expressed in 

affected cells (Lu et al., 2012).  

 

For Example 

 Levamisole causes spastic paralysis in worms by binding to the nicotinic acetylcholine receptors which are activated 

after binding with the drug. The alteration in the target site receptors are the mechanism of resistance to the imidothiazole 

group (Sarai et al., 2015). Nanoparticles aid in the tight adhesion of drugs with binding surfaces and multiple interactions 

with cell surfaces to confer a receptor-mediated uptake of nanoparticles by the cell (Wang et al., 2020). 

 

Increased Drug Bioavailability  

 Oral administration has been the most common and reliable method of drug delivery for ages because of its 

compliance and convenience. Despite of its advantages, it faces some issues regarding bioavailability like premature 

degradation, pre-systemic metabolism and poor permeability in the gastrointestinal tract and liver (Han et al., 2017).The 

combination of these drugs with nanoparticles increases their bioavailability (Rehman et al., 2019). 

 

Nanoparticle-assisted Drug Delivery 

 Nanomaterial due to their physicoshemistry and small size can cross the body barriers and cause significant changes 

in drug interaction with biological pathways and alter efficacy. They increase the adherence of the drug with the mucus 

surface and in this way; improve drug stability and solubility (Singhvi et al., 2018). 

 For example, a drug Nano carrier ethylene glycol of size 200 nm is more absorbed by the GI tract, reducing interaction 

with both luminal components and mucus in the gut (Zhao et al., 2019). 

 

Synergistic and Immunomodulatory Effects  

 Immunomodulatory nanosytems can improve the therapeutic effects of drugs through various mechanisms like 

molecular targeted therapy, immune cell activation etc and molecular targeted drugs (Feng et al., 2019). In this way, 

it removes many obstacles in the way of treatment such as inadequate immune stimulation, unable to reach the 

targeted site and bioactivity loss of immune agents during blood circulation. They improve efficacy of drugs by 

protection of antigen and adjuvant, reprogramming of immune cells and efficient delivery to antigen presenting cells 

(Lafuento et al., 2022). 

 Nanomaterial’s, such as PLGA, iron oxide nanoparticle and conjugated polymers, could enhance the cell uptake by 

APCs and stimulate an immune response (Hammadi et al., 2022). In the past few years, pharmaceutical development in 

veterinary has benefited greatly from nanotechnology.  

 Nanoparticles are synthesized from various methods like green synthesis, chemical precipitation sol gel method and 

nanoemulsions. 

 

Approaches for Synthesis of Nanoparticles 

 Nanostructures can be synthesized by using a variety of methods from chemical precipitation to green synthesis of 

nanoparticles. There are two basic ways to create nanoparticles, building from atoms or shrinking from microparticle to 

nanoparticle size is ways to create nanostructures. Here are few methods used for nanoparticle synthesis, that can be used 

as a drug carrier for anthelmintic (Zahoor et al., 2021). 
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Chemical Precipitation 

 Chemical precipitation is an ideal method for achieving nanoparticles of uniform size and shape (Yang et al., 2006). 

Particle size is the main controlling factor for choosing this method, size of nanostructures affects many properties for 

example the particle size in the range of 30 to 50nm, which can easily pass through a capillary, can bind with DNA to make 

mutations and use as a drug carrier for targeted delivery (Hu et al., 2006). 

 A spherical form with particles smaller than 25 nm is produced by chemical co-precipitation (Ealia et al., 2017). 

Moreover, magnetite nanoparticles' surface modification can influence interfacial characteristics, inhibit particle 

aggregation and increase the particles' stability in the solvent (Oh et al., 2011). For biotechnology applications, the surface 

coating of nanoparticles is therefore especially crucial. However, the naturally occurring fatty acid with the carboxylic group 

found in animal fats can be utilized to coat the magnetite (Lassoued et al., 2017). 

 

Green Synthesis of Nanoparticles 

 Green synthesis is the synthesis of nanoparticle from plant or microorganisms, most effective, low cost and safe 

method for nanoparticle synthesis. Plant-based NP synthesis is undoubtedly more suitable process; using plant extract. In 

green synthesis, a metal salt is created and the reaction takes only a few hours to several minutes at room temperature 

(Varma et al., 2012).The last ten years have seen a significant increase of interest in this technique, especially for silver (Ag) 

and gold (Au) NPs, which are safer than other synthetically prepared metallic NPs as shown in the figure (d). Green 

approaches for producing nanoparticles are not only economically wise but also easily scalable, manageable and 

achievable (Gour et al., 2019). 

 

The Activity of Green Synthesized Silver Nanoparticle as Anthelmintic 

 Ag nanoparticles are known to exhibit anthelmintic activity when synthesized through green synthesis. The positive 

charge on the surface of silver particles attracts the negatively charged cell membranes of parasites through electrostatic 

interaction. In this way, phytochemicals attach with free proteins present in the gastrointestinal tract and cause cuticle lysis 

of the parasite (Dibrov et al., 2001). 

 The anthelmintic effect of silver nanoparticles is more pronounced when AgNPs are combined with Momordica 

Charantia extract, these two-show synergism and proved as excellent anthelmintic drugs (Rashid et al., 2016).  

 

 
 

Fig. (c): Role of Nanoparticles in Drug delivery 
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Fig. (d): Green Synthesis of Nanoparticles 

 

The Activity of Green Synthesized ZnO and MGo NPs as Anthelmintic 

 Zinc oxide and Magnesium oxide nanoparticles synthesized from dragon fruit by green method show significant 

anthelmintic activity against earthworm and gastrointestinal nematode. A higher concentration of zinc oxide shows 

paralysis of muscles by increasing hyperpolarization and reduced excitability of worm (Puttaraju et al., 2021; Kavitha et al., 

2023). 

 

Application of Nanotechnology to Improve Anthelmintic Resistance 

 Nanotechnology plays a significant role in improving pharmacological drugs and research. Various nanoparticles such 

as silver, magnesium and zinc show anthelmintic activities. By keeping in mind these properties and their significance 

against parasites we can combine these nanoparticles with different anthelmintic drugs to solve the problem of drug 

resistance in parasite. For this purpose Encapsulation methods are ideal.  

 

Nano Encapsulation to Combine Drug with Anthelmintic 

 Nanoencapsulation technique is the development of particles having a core and material of interest like drug coated 

by a secondary material and make Nano sized encapsulated composite as shown in the figure (F).The core provide 

protection to coated material, controlled release ,ease in handling and ideal for pharmaceutical and medical industry (Azar 

et al., 2022). For drugs, nanoencapsulated particles shows better efficiencies as sustained release of drug, targeted delivery, 

bioavailibilty and stability of solution .Various methods are used for encapsulation of drugs such as sol gel method, 

nanoemulsions etc. 

 

Nanoemuslions 

 Submicron-sized emulsions known as nanoemulsions are use as drug carriers to enhance the delivery of medicines to 

target site.By uing the right surfactants, two imiscible liquids (oil and water) are combined to produce a single phase in a 

thermodynamically stable isotropic system called a nanoemulsion (Jadhav et al., 2020).The normal range of nanoemulsion 

droplet size is 20–200 nm (Soni et al., 2021). 

 

Ablendazole Nanoemuslions with Lipid Particle 

 Solid lipid nanoparticles loaded with albendazole by double emulsion technique, the drug was loaded in the lipid 

matrix (Sarmento et al., 2007).As a result, ablendazole loaded lipid nanoparticle are prepared which shows high mortality 

against Haemonchus by causing paralysis and nerve depolarization. Nanoparticles help in sustained release of drug by 

overcome the hydrophobic nature of ablendazole (Sharma et al., 2023). 
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Sol Gel Method 

 Compared to other current approaches, the sol-gel method is more popular and has more industrial applications 

(Esposito et al., 2023). This process can produce high-quality nanoparticles of the same size on an industrial scale because 

of its special qualities and traits (Chang et al., 2021). This process can create two or more kinds of nanoparticles at the 

same time, which means that alloy products can be created in a single step by combining two or more metal (or metal 

oxide) precursors in a specific ratio.  

 Highly homogenous composites with a very high purity (99.99% purity), particularly the need of pharmacological 

industry can be produced using this method (Khurana et al., 2021). Another advantage of this method compared to 

conventional methods is the lower temperature range between 70 and 320°C while other methods produce nanomaterial 

in the temperature range of 1400–3600°C (Li et al., 2003; Verma et al., 2015). 

 

Nano Technological Improvement of Anthelmintics 

 Nanoparticles like liposomes, polysaccharides, dendrimers and metals are used to assist drugs. These groups of 

nanoparticles are used with almost all groups of anthelmintics as shown in the table 1. 

 

Lipid Based Nanoparticles 

 Lipid nanoparticles or liposomes are designed for delivery of lipophilic drugs and composed by a lipid matrix made of 

glycerides, waxes and triglycerides. Liposomes formulations are used to reduce toxic effects of potent drugs provide high 

stability, control release, specific site targeting and protection from degradation (XU et al., 2022).  

 

Liposomes Entrapped Ablendazole against Rats 

 In one of the earliest publications on liposomes, albendazole was entrapped with lipid nanoparticle to enhance its 

absorption in rats following oral co-administration of cimetidine. The tested preparation in this experiment enhanced the 

amounts of albendazole and its primary metabolites in the plasma and decreased the biomass of cysts by up to 94% 

(Gamboa et al., 2016). 

 In another study, Schistosoma mansoni-infected mice were given liposomes containing praziquantel .Compared to 

standard praziquantel therapy; the authors saw a decrease in adult worms, eggs, and hepatic cysts (Frezza et al., 2013). 

Macrocylical Nanoformulation against Echinococcus Granuloses 

 Ivermectin shows efficacy against E.granulosus but when the researcher compared the pure ivemectin with the 

nanoformulation of ivermection with lipsomoes,the later demonstrated a greater efficacy in terms of scolicidal activity and 

DNA damage (Ahmadpour et al., 2019). While ivermectin is the recommended treatment for hydatid disease, the 

nanaoformulation of ivermectin mixture produced encouraging outcomes which shows that lipid particles make significant 

improvement to enhance pharmacokinetics of ivermectin.  

 

 
 

Fig. (e): Different type of nanoparticle used to assist drug. 
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Fig. (F): Encapsulated drug with nanoparticles 

 

Liposome Diethylcarbamazine against Filarial Nematodes 

 A liposome-diethylcarbamazine formulation co-administered with immunomodulator tufts, was used to treat a filarial 

infection caused by Brugia malayi and the treatment was successful for up to 60 days after the initial administration (Owais 

et al., 2003). Another study reported, SLN formulation intended for the treatment of echinococcosis was reported to 

increase the half-life and scarce solubility of praziquantel. The formulation avoided the negative consequences of long 

term medication (Xie et al., 2011). 

 

Polysaccharide Based Nanoparticles 

 Polymeric structures are of two type natural polysaccharide and synthetic like polyethylene glycol. Natural 

biopolymers exhibit favorable characteristics such as low toxicity, biodegradability, abundance and compatibility (Prasher 

et al., 2021).Polysaccharides such as dextran, agarose and chitosan. 

 

Table 1: An overview of recent anthelminthic treatment in combination with nanoparticle 

Anthelmintic Nanoparticle Targeted Parasite Targeted Effect Reference 

Benzimidazole 

Group 

Albendazole 

Flubendazole 

Triclabendazole 

Natural polymers Echinococcus 

granulosis 

Significant increase in solubility of drug and  

deleterious effect 

against cysts. 

Pensel (2014) 

Synthetic polymers Trichinella spirallis Dissolution rate improved Ceballos (2018) 

Natural Polymer Echinococcus 

granulosus 

Reduction of weight and no of cysts Farhadi (2018) 

Dendrimers - Increased half-life duration and mean 

residence time. 

Mansuri (2016) 

Micellar - Increased solubility Vinarov (2018) 

Lipid Nanoparticle Echinococcus 

granulosis 

94 percent reduction of cyst biomass. Wen (1996) 

Polymer Fasciola Hepatica Increased solubility of triclabendazole Real (2018) 

Ivermectin Lipid Nanoparticle E. granulosus 

protoescoleces 

Structural and DNA damage of scolex of 

E.granulosus 

Farhadi (2018) 

Liposomes - Enhance plasmatic concentration Gamboa (2016) 

Synthetic polymers Brugia malayi Improved efficacy and 50 percent dose 

reduction 

Ali (2014) 

Praziquantel Lipid nanoparticles Schistosoma 

mansoni 

Adult worms, eggs and hepatic cysts 

reduction. 

Frezza (2013) 

Lipid nanoparticles E. granulosus 5 fold increased bioability and the mean 

residence time. 10 fold reduction of the 

standard dose 

Xie (2011) 
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Micellar - Increased solubility and peak 

concentration, time. 

Vinarov (2011) 

Diethylcarbamazine Lipid nanoparticles Brugia malayi High filaricidal efficacy up to sixty days 

post-treatment. 

Owais (2011) 

Niclosamide Dendrimers - Enhanced solubility and prolonged release. Devarakonda 

(2005) 

 

Chitosan the Safest Nanoparticle for Drugs 

 Chitosan is a hydrophilic linear polysaccharide consisting of [(1 → 4)-β-linked 2-amino-2-deoxy-d-glucose]. Chitosan is 

regarded as a flexible biopolymer that may be modified in a number of ways, making it appropriate for a number of 

worthwhile uses. Chitosan has demonstrated its superiority as a biopolymer shell material for encasing several active 

components (Narmani et al., 2021). 

 The usage of chitosan-coated microcapsules shields active components from environmental elements such pH 

changes and temperature fluctuations. Chitosan can be used as the shell material to microencapsulate a variety of 

core components, including active medicinal compounds, food products, catalysts, oils and pigments (Sun et al., 

2019).  

 Drugs with chitosan microcapsules as an active ingredient enable a drug's gradual release to the targeted spot in the 

body under particular circumstances. For instance, lipophilic medications were encapsulated in chitosan so that they may 

be released later on in the human digestive system (Lang et al., 2020).  

 

Chitosan Encapsulated Bromelain aginst Haemonchus Contortus 

 Bromelain that has been extracted from pineapple fruits are utilized as a supplemental therapy for treating dogs, 

birds, intestinal parasite-infected people and pigs in underdeveloped nations. Because bromelain is an enzymatic 

substance, its catalytic activity is limited to a pH range of 5.5 to 8.0 (Wang et al., 2020). Chitosan nanoparticles loaded with 

bromelain have demonstrated anthelmintic effect on Haemonchus contortus eggs, larvae, and adult worms. The 

effectiveness of bromelain encapsulation as a novel anthelmintic medication for the control of Haemonchosis in ruminants 

(Hunduza et al., 2022).  

 

Nanoformulation of Triclabendazole against Fasciola 

 Triclabendazole is a poorly-water soluble drug and commonly used to treat fasccioliosis. The triclabendazole and 

chitosan-based nanocapsules and nanoemulsions were thoroughly studied in terms of their stability in biological medium, 

in-vitro release and polydispersity index and zeta potential. The drug's average hydrodynamic size was found to be 

approximately 160 nm for empty nanoemulsions, while it rose significantly to approximately 190 nm for loaded ones. On 

the other hand, when triclabendazole was added to the nanocapsules, their average hydrodynamic size rose from about 

160 nm to about 400 nm. As a result, the availability of drug was increased (Real et al., 2018). 

 

Polyethylene Glycol and Albendazole 

 An additional investigation sought to enhance albendazole low solubility, which restricts the drug's absorption via the 

digestive system. To do this, mice were used to test formulations containing poloxamer and polyethylene glycol in 

addition to albendazole, as contrast to pure albendazole. Albendazole's solubility and the peak concentration of its 

primary metabolite, albendazole sulphoxide, were both markedly enhanced in mice(Castro et al., 2013).In another study, a 

methoxy polyethylene glycol polycaprolactone formulation loaded with flubendazole shown encouraging outcomes 

against the Echinococcus (Farhadi et al., 2018) 

 

Dendrimers and Micellar Nanostructures 

 Dendrimers and anthelmintic combinations are exemplified. The solubility of this medication was enhanced in vitro by 

a Poly amidoamine-albendazole linked structure, indicating that amidoamines may enhance drug absorption in vivo 

(Fernández et al., 2011). Similarly, albendazole oral tables combined with fifth generation PPI dendrimer linked to chitosan 

(muco-dendrimer) were developed in a mouse model. This formulation resulted in an increase in albendazole's half-life 

and mean residence time when compared to the free medication (Mansuri et al., 2016). 

 

Dendrimer Assisted Niclosamide 

 Dendrimers were used to boost the hydro solubility of niclosamide, a salicylanilide anthelmintic intended for the 

treatment of trematodes and cestodes. The authors observed that the medication's solubility had increased and that a 

prolonged drug release was caused by niclosamide's strong binding to Poly amidamine which increase drug bioavailability 

and biocompatibility (Devarakonda et al., 2005). 

 

Micellar Nanostructure as Anthelmintic Carrier 

 Micellar nanostructures are incredibly adaptable units, which range in size from 8 to 125 nm, may carry either water 

soluble or insoluble substances and are good for large medication loads. A few studies on anthelmintic and micellar 
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nanostructures are available (Bai et al., 2018). They shows promising results in lowering the dose of praziquantel which is 

highly dissoluble drug. (Cioli et al., 2003). In order to get around these negative consequences, the combination of 

praziquantel micellar nanoformulation based on glycyrrhizic acid was prepared in one of the study .The drug's solubility 

was significantly boosted (up to 3.5 times) by this combination, as were certain pharmacokinetic properties (Meteleva et 

al., 2019). 

 

Metallic Nanoparticle 

 These are synthetic particles with a size range of 1 to 100 nm that can be used to pair medications, proteins, 

antibodies, and medicinal compounds. In addition to the medications' defense against potential immunological responses, 

the drug-metal nanoparticle combination provides an additional benefit (Aderibigbe et al., 2015). Furthermore, certain 

metallic nanoparticles themselves exhibit antioxidant and antibacterial properties and anthelmintic effects. In combination 

with other anthelmintic drugs nanoparticle shows new therapeutic advantages. For example, In vitro tests were conducted 

by Kar et al. using gold nanoparticles generated in Nigrospora oryzae cultures against the chicken tapeworm Raillietina sp. 

(Kar et al., 2014) .The authors observed a detrimental structural impact in worms exposed to particles as comparison to a 

control group. 

 In additional studies, the effects of silver nanoparticles and a phytochemical extract of Tribulus terrestris were 

combined and examined .In opposition to the water buffalo's amphistome Gigantocotyle explanatum (Khan et al., 2015). 

The Pasrasite exposed to the corresponding nanoparticles, shows physical damage, decreased motility, increases in 

reactive oxygen species and a decrease in superoxide dismutase and glutathione activities, suggesting oxidative damage 

to the flukes (Dorostkar et al., 2017). 

 

Conclusion 

 In conclusion, Overreliance on traditional anthelmintic drugs has fueled the evolution of resistant parasite strains, 

making many treatment options ineffective. In this context nanoanthelmintics represent a significant advancement in the 

fight against anthelmintic resistance.The development of nanoanthelmintics represents a paradigm shift in the approach to 

parasite control, emphasizing the importance of innovation and interdisciplinary collaboration in dealing with complex 

biological problems Nano-scale drug delivery systems have the potential to revolutionize parasite control strategies by 

protecting human and animal health and reducing the spread of drug-resistant parasites. However, while 

nanoanthelmintics show great promise, several challenges remain. This includes the need for additional research into the 

long-term safety and environmental impacts. 

 As we move forward, we must remain vigilant in our efforts to combat anthelmintic resistance, adopting new 

technologies and approaches to ensure a long-term future for parasite control. 
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ABSTRACT   

Nanoparticles, are ultrafine particles with unique properties and have a variety of applications throughout medicine, 

electronics and environmental remediation. The origins of nanoparticles date back to ancient times, but modern 

exploration started in the late 20th century. Field of health and medicine is facilitated by dendrimers, liposomes, 

carbon-based nanoparticles and other types, nanoparticles are developing capabilities for targeted delivery of 

pharmaceutical agents through the blood-brain barrier, specifically to cancer cells, alternatively to diseased arteries, 

or to disease signals they emit. Additionally, a multitude of nanoparticles promise to revolutionize medical imaging, 

by boosting contrast and sensitivity. Inspired by this, gold nanoparticles and quantum dots have transformed 

diagnostic capabilities by targeting only those tissues or cells of interest with minimal background effects. 

Therapeutically, nanoparticles have changed the landscape of innovative strategies in cancer therapy, infectious 

diseases, neurological disorders, and cardiovascular diseases by allowing for the delivery of therapeutic agents 

selectively to diseased cells with concomitant minimum systemic side effects, opening the avenues for curing these 

disorders. In biosensing, they have served as labels or signal enhancers and amplified the sensitivity of detection for a 

variety of biomolecules. Gold nanoparticle sensors, magnetic nanoparticle sensors, and as in case of this study iron 

oxide nanoparticles sensors contributed to highly sensitive and reliable biosensing platforms . The journey of 

nanoparticles to the clinic, however, remains challenging, with issues such as safety, regulatory, and biological barriers 

needing to be overcome before the biomedical applications of nanoparticles.  
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INTRODUCTION 
 

 Nanoparticles are very tiny particles that generally range between 1 to 100 nanometers (nm), with one nanometer 

equaling one billionth of a meter. These particles can be made of a variety of materials, including metals, metal oxides, 

polymers, and biological molecules (Anselmo and Mitragotri, 2016). They find uses in a variety of sectors, including 

medicine, electronics, and remediation of the environment. Engineered nanoparticles provide specialized functions and 

promise advances in targeted medication administration, imaging agents, and catalysis (Astruc, 2020; Xia et al., 2021). 

 Their modern exploration began in the 20th century with advances in microscopy and synthesis, and national 

research centers for nanotechnology were established by mid-century (Leon et al., 2020; Raza et al., 2018). 

Nanoparticles' small size gives them a high surface area-to-volume ratio, enhancing their optical, electrical, and 

magnetic properties (Verma and Stellacci, 2010; Xia et al., 2021). In biomedicine, nanoparticles enable precise drug 

delivery and functionalization for diagnostics and therapy (Shin et al., 2015). In environmental science, they aid in 

pollution prevention and toxin detection. Overall, nanoparticles drive innovation across various fields and address 

critical societal issues (Khan et al., 2019). 

 

Nanoparticle in Medicine 

 Nanoparticles have transformed the field of medicine by providing targeted drug delivery, imaging, and therapy at a 

molecular level. In medicine they can encapsulate drugs, ensuring specific delivery to targeted cells or tissues while 
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minimizing overall side effects (Hofmann-Amtenbrink et al., 2015). Nanoparticles also play a vital role in imaging 

technologies such as MRI and CT scans, improving contrast and enabling early disease detection (Martins et al., 2021).  

 Their application also extends to therapeutics, where they can directly target cancer cells or pathogens, enhancing 

treatment effectiveness and minimizing damage to healthy tissues (Anselmo and Mitragotri, 2016). In biomedicine, 

nanoparticles are used as medication delivery agents because of their capacity to cross biological barriers and target 

specific cells or tissues. Furthermore, their customised surface chemistry enables precise functionalization, enhancing 

interactions with biomolecules for diagnostic or therapeutic applications (Shin et al., 2015). 

 

Importance of Nanoparticles in Modern Medicine 

  In recent years, nanoparticles have been used in a variety of therapeutic applications. Nanoparticles have been 

designed to overcome the restrictions associated with free therapies and to effectively cross biological barriers (Anselmo 

and Mitragotri, 2016). Nanoparticles play a vital role in modern medicine because of their unique features and multiple 

applications. They provide tremendous potential in medication administration, diagnostics, imaging, and therapies. 

(Hofmann-Amtenbrink et al., 2015). Their tiny size enables precise targeting of certain cells or tissues, increasing 

therapeutic efficiency while lowering adverse effects (Anselmo and Mitragotri, 2016). Furthermore, nanoparticles can 

encapsulate pharmaceuticals, preventing degradation and assuring regulated release at the target spot. 

 In diagnostics, they provide very sensitive detection methods, allowing for early disease identification and surveillance. 

In addition, nanoparticles act as contrast agents in medical imaging techniques such as MRI, CT scans, and fluorescence 

imaging, providing detailed functional and anatomical information (Kostevšek, 2020).  

 

II. Targeted Drug Delivery Systems 

Overview of Conventional Drug Delivery Methods 

 Conventional methods of drug delivery include a broad range of approaches designed for distributing medications to 

target sites within the body. One of the most common approaches, oral administration, involves swallowing pills or liquid 

formulations, allowing systemic distribution through the digestive tract (Kumaran et al., 2010). Injectables, including 

intravenous, intramuscular, and subcutaneous routes, enable rapid drug absorption (Alqahtani et al., 2021). 

 Drugs can be applied directly to the skin (topical application) or inhaled (inhalation route) for local or systemic effects, 

while inhalation routes deliver medications directly to the respiratory tract for rapid absorption into the bloodstream (Jain, 

2020). Additionally, drugs can be administered rectally or vaginally for systemic or localized drug delivery. Common drug 

delivery methods involve using formulations like tablets, capsules, solutions, suspensions, creams, and gels to maintain 

proper dosage and administration (Rathi et al., 2022). These methods are easy to use, boost patient compliance, and offer 

predictable pharmacokinetics. 

 

Limitations of Conventional Drug Delivery Methods 

 In spite of being effective, traditional drug administration ways have potential pitfalls to hinder their therapeutic 

efficiency. The first case is oral administration that is faced with issues like enzymatic degradation in the gastrointestinal 

tract as well as poor absorption causing reduced bioavailability of drugs (2019; Astruc, 2020). Furthermore, injections for 

drug delivery may also cause pain to patients; they should be administered by somebody who has skills and there may be 

risks of infection or harm to tissue. Last but not least, non-specific targeting during systemic distribution of drugs through 

these means can result in harmful effects on normal tissues (Homayun et al., 2019). 

 Drug release kinetics can be poorly controlled by traditional drug delivery techniques, which produce less than 

optimum therapeutic results and necessitate frequent dosing. These methods also face problems delivering drugs directly 

to some areas in the body such as inaccessible parts of the brain and tumors because of barriers like the blood-brain 

barrier or heterogeneity of tumor microenvironments (Jumelle et al., 2020) 

 

Role of Nanoparticles in Drug Delivery for Disease Treatment 

 Nanoparticles offer an efficient means of delivering therapeutic drugs due to their high surface area-to-volume ratio. 

Their compact size allows them to penetrate biological barriers, like cell membranes, facilitating drug uptake by targeted 

cells and tissues (Astruc, 2020). Nanoparticles can be tailored to encapsulate diverse types of drugs, shielding them from 

degradation and premature release within the body. This controlled release mechanism ensures prolonged drug action, 

reducing the frequency of administration and minimizing potential adverse effects as per showed in firgure1.  

 Surface modifications of nanoparticles with various ligands or targeting moieties can increase their affinity toward 

diseased tissues or particular cells. This, in turn, enhances the effectiveness of the treatment while reducing side effects 

(Dang and Guan, 2020). Additionally, nanoparticles can be designed to respond to specific stimuli, such as pH, 

temperature, or enzymatic activity, triggering the release of drugs precisely at the site of action. This controlled release 

enhances the treatment precision and improves overall outcomes. This approach minimizes off-target effects, reduces 

systemic toxicity, and improves patient compliance (Yu et al., 2020).  

 

Examples of Nanoparticles used in Targeted Drug Delivery 

 Nanoparticles are gaining popularity as promising drug delivery vehicles due to their unique features, such as 

tiny size and high surface area-to-volume ratio. Here are some examples of nanoparticles widely utilised in targeted 

drug delivery: 
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Dendrimers 

 Dendrimers are highly branched macromolecules having a unique structure. They can be synthesised with 

precise control over their dimension, size shape and surface properties. Dendrimers have been investigated for 

targeted drug delivery due to their ability to encapsulate pharmaceuticals and combine with targeting moieties 

(Najafi et al., 2021). 

 

 
 

 

Fig. 1: Mechanisms 

of Delivery of 

Medicine to 

Targeted Cancerous 

Cells 

 

 

Liposomes 

 Liposomes consist of a structure similar to cells, composed of two layers of lipids that form small spheres filled with a 

watery fluid. These vesicles can hold both water-soluble and fat-soluble drugs, in their core and between the lipid layers, 

respectively. Liposomes have been widely researched as a way to deliver drugs in a targeted manner, especially in the 

treatment of cancer (Liu et al., 2021). 

 

Inorganic Nanoparticles 

 Inorganic nanoparticles possess distinctive optical, magnetic, and electrical characteristics. These nanoparticles, like 

gold, iron oxide, and quantum dots, have potential applications in targeted drug delivery and imaging. By attaching 

targeting molecules and drugs to their surfaces, these nanoparticles can be precisely directed towards certain diseases (Shi 

et al., 2020). 

 

Polymeric Nanoparticles 

 Polymeric nanoparticles made of bio-friendly polymers, like poly(lactic-co-glycolic acid) (PLGA) and chitosan, have 

gained significance in drug delivery. These nanoparticles offer controlled drug release and can be customized with specific 

ligands to target diseased tissues or cells, improving drug delivery efficiency and reducing side effects (Castro et al., 2022). 

 

Carbon-based Nanoparticles 

 Carbon-based nanoparticles, Carbon nanotubes and graphene oxide nanoparticles have shown promising potential in 

targeted drug delivery due to their vast surface area and distinct physicochemical properties. These nanomaterials can be 

tailored with targeting ligands to guide them to specific sites in the body, while also being loaded with therapeutic agents 

for localized drug delivery (Sajjadi et al., 2021). 

 Table 1 provides a brief overview of common types of nanoparticles utilized in various medicines. The data presented in 

Table 1 is derived from research studies on the applications of nanoparticles in medicine (Shi et al., 2020; Najafi et al., 2021). 

 

Table 1: Brief overview of common types of Nanoparticles utilized in various Medicines  

Type of Nanoparticle Description 

Dendrimers Highly branched, tree-like structures used for drug delivery and imaging. 

Liposomes Spherical vesicles composed of lipid bilayers, used for drug delivery and imaging. 

Inorganic Nanoparticles Nanoparticles composed of metals or metal oxides, utilized in drug delivery, imaging, and 

therapy. 

Polymeric Nanoparticles Nanoparticles made from polymers, employed for drug delivery and imaging purposes. 

Carbon-based 

Nanoparticles 

Nanoparticles based on carbon structures like nanotubes or graphene, used for drug delivery, 

imaging, and biosensing applications. 
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III. Imaging and Diagnosis 

Introduction to Medical Imaging Techniques 

 Medical imaging tools help diagnose and monitor a variety of medical disorders by giving precise pictures of the 

human body's interior structures and processes. These medical imaging methods provide vital insights into the structure 

and function of the human body, allowing healthcare practitioners to provide precise diagnoses and personalised 

treatment regimens to patients (Lee et al., 2017). Here's an overview of several common medical imaging techniques: 

 

X-ray 

 X-ray imaging is a commonly used medical technique that employs a small amount of radiation to generate images of 

internal body structures. It is widely used for diagnosing conditions related to bones, such as fractures, and for identifying 

abnormalities in the lungs and chest. Additionally, X-rays can detect tumors and monitor changes in internal organs over 

time. (Larue et al., 2018) 

 

Computed Tomography (CT) 

 CT (computed tomography) scans employ a combination of X-rays and computer processing to create intricate cross-

sectional images of the body. These scans yield high-resolution visuals of bones, organs, and soft tissues, proving valuable 

in diagnosing various medical conditions. Notably, CT scans are used to identify and assess cancers, injuries from trauma, 

and vascular (blood vessel) ailments (Ginat and Gupta, 2014) 

 

Magnetic Resonance Imaging (MRI) 

 Magnetic Resonance Imaging (MRI) is a cutting-edge technology that uses powerful magnets and radio waves to 

provide detailed, three-dimensional images of the body's inner workings (Yang et al., 2020). Unlike X-rays, which primarily 

visualize bones, MRI excels at producing high-resolution images of soft tissues, intricate organs, muscles, the brain, and 

the intricate neural network of the spinal cord. (Glover, 2011; Grover et al., 2015). 

 

Ultrasound 

 Ultrasound imaging utilizes high-frequency sound waves to generate real-time visualizations of internal organs, blood 

flow, and fetal development. Its non-invasive nature, portability, and lack of ionizing radiation render it safe for use in 

various medical applications, including during pregnancy (Miller et al., 2012). 

 

Role of Nanoparticles in Medical Imaging 

 Nanoparticles revolutionize medical imaging by serving as contrast agents. Their unique properties enable them to 

selectively target specific tissues or cells, resulting in improved sensitivity and accuracy of imaging techniques (Pellico et 

al., 2021). Advanced nanoparticles play a crucial role in enhancing the performance of various imaging modalities such as 

magnetic resonance imaging (MRI), computed tomography (CT), and positron emission tomography (PET) (Fang and 

Zhang, 2009). 

 Engineered nanoparticles can be used as imaging tools to locate specific areas of the body with abnormalities like 

tumors or inflamed tissues. Conventional imaging techniques are improved with the use of nanoparticles (Xie et al., 2011). 

These particles allow for multiple imaging techniques to be combined, providing more comprehensive information about a 

biological process or structure. For example, nanoparticles can emit fluorescence for optical imaging and possess magnetic 

properties for MRI, enabling a more thorough diagnosis (Huang and Davis, 2011).. 

 

Examples of Nanoparticles used for Imaging and Diagnosis 

 Nanoparticles have revolutionised medical imaging and diagnostics by providing unique features that improve 

diagnostic accuracy and sensitivity. Figure 2 provides a brief overview of application of different nanoparticles for targeted 

therapies. Here are some noteworthy examples of nanoparticles used in imaging and diagnosis: 

 

Gold Nanoparticles (GNPs) 

 These are commonly used in imaging due to their remarkable optical characteristics. They can improve contrast in a 

variety of imaging modalities, including computed tomography (CT), magnetic resonance imaging (MRI), and 

photoacoustic imaging, because to their excellent optical characteristics and biocompatibility. Their surfaces can also be 

functionalized with ligands that target certain tissues or cells (Li et al., 2020; Pellico et al., 2021; Singh and Amiji, 2022).  

 

Iron Oxide Nanoparticles 

 Iron oxides, particularly superparamagnetic iron oxide nanoparticles (SPIONs), have been utilized in MRI extensively. Their 

high contrast signal makes iron oxide nanoparticles well-suited for imaging of tissues, tumors, and organs, particularly in the 

liver and spleen. In addition, they have been explored for targeted drug delivery (Elahi and Rizwan, 2021). 

 

Quantum Dots 

 These are nanoparticles made of semiconductor materials, which emit particular wavelengths of light dependant on 
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the size, and are therefore valuable for fluorescence imaging (Elahi and Rizwan, 2021). Quantum dots provide a stable and 

bright signal that is crucial in applications such as live-cell imaging, and the multiplexed sensing of biomolecules. They are 

essential for fluorescence imaging by labeling and tracking biomolecules, cells, and tissues with excellent specificity (Wang 

et al., 2020). 

 

Silica Nanoparticles 

 Silica nanoparticles serve as diverse substrates for imaging and diagnosis.They are imaging agents that can be loaded 

with fluorescents, contrast agents, or drugs, for targeted delivery of drugs to tumors or other diseases. They can make use 

of contrast agents or drugs and can be directed towards particular tissues to serve as agents for imaging or medication 

(Gubala et al., 2020; Yang et al., 2020). 

 

Carbon Nanotubes 

 Carbon nanostructures have unique optical and electrical features that make them ideal for imaging applications. 

Functionalized carbon nanotubes may target specific cells and tissues, making them useful for both imaging and 

medication administration. They can be modified with targeting ligands and imaging agents to enable imaging and 

detection of specific biomolecules and cells (Nekoueian et al., 2019; Sajjadi et al., 2021). 

 

Liposomes/Lipid Nanoparticles 

 Lipid nanoparticles like liposomes and lipid-based micelles carrying imaging agents or drugs are used for imaging and 

drug delivery. Their ability to encapsulate hydrophobic substances and flexibility to incorporate targeting ligands makes 

them effective in specific imaging and therapeutic applications. They are valuable in nuclear medicine and fluorescence 

imaging due to their easy surface modification for targeted delivery (Liu et al., 2021). 

 

 

Fig. 2: Application of 

Different 

Nanoparticles for 

Targeted Therapies 

and Advanced 

 

 

Diagnostics in Human Health 

IV. Therapeutic Applications 

Nanoparticles in cancer therapy 

 Nanoparticles, due to their unique properties, offer innovative diagnostic, imaging, and treatment strategies in cancer 

therapy (Xia et al., 2021). These structures can target cancer cells specifically while minimizing harm to healthy tissues. They 

can transport therapeutic agents like chemotherapy drugs, antibodies, and nucleic acids directly to tumor sites via the 

enhanced permeability and retention (EPR) effect (Dang and Guan, 2020). Their small size allows deep tissue penetration 

and navigation through faulty blood vessels. Tumors often have leaky blood vessels and poor lymphatic drainage, enabling 

selective nanoparticle accumulation (Sajjadi et al., 2021). 

 Nanoparticles can be tailored with specific molecules that selectively bind to targeted receptors on cancer cells. They 

can also be engineered to respond to changes in the tumor microenvironment, precisely releasing therapeutic drugs within 

the tumor (Fries et al., 2021). Additionally, nanoparticles can be equipped with imaging agents, enabling detailed 

visualization of tumor properties using techniques like MRI, CT, or fluorescence imaging, aiding in diagnosis and treatment 

monitoring (Yang et al., 2020). 

 Nanoparticles regulate and sustain the controlled release of therapeutic agents, such as chemotherapeutic drugs and 

imaging agents. By packaging these agents, nanoparticles shield them from degradation, extend circulation time, and 

release them gradually at the tumor site (Xie et al., 2011). This maintains optimal therapeutic concentrations, improving 

treatment outcomes. Additionally, nanoparticles enable triggered drug release within the tumor, enhancing treatment 

effectiveness and reducing systemic toxicity (Homayun et al., 2019). 
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Nanoparticles in Treatment of other Diseases 

Infectious Diseases 

 Nanoparticles, with their exceptional properties, are promising agents against infectious diseases, effectively targeting 

bacteria, viruses, and fungi (Zazo et al., 2016). Their high surface-to-volume ratio allows efficient encapsulation and 

targeted delivery of antimicrobial agents (Kumaran et al., 2010). By protecting these agents from degradation, 

nanoparticles ensure precise delivery to infection sites, minimizing unintended effects and reducing antimicrobial 

resistance (Astruc, 2020). 

 Nanoparticles modified with antibodies can precisely target and attach to disease-causing microorganisms, 

concentrating treatments at infection sites and minimizing impact on healthy tissues (Fries et al., 2021). Silver nanoparticles 

disrupt microbial cell membranes, offering potent antimicrobial properties (Aderibigbe, 2017). Additionally, nanoparticles 

coated with antimicrobial peptides or essential oils effectively kill pathogens and can be tailored to enhance the host 

immune response (Orosco, 2024). Overall, nanoparticles offer innovative therapies for infectious diseases, improving 

efficacy and reducing adverse effects (Zazo et al., 2016). 

 

Neurological Disorders 

 Nanoparticles are promising in treating neurological disorders due to their ability to traverse the blood-brain barrier, 

delivering drugs, genes, or imaging agents directly to targeted brain areas (Asefy et al., 2021).They increase drug solubility, 

stability, and bioavailability while reducing systemic side effects. Their small size allows efficient penetration of brain tissue 

and targeting of specific cell types, such as neurons or glial cells (Ceña and Játiva, 2018). Nanoparticles facilitate gene therapy 

by delivering therapeutic genes to afflicted brain cells, potentially treating genetic neurological disorders (Flores et al., 2019). 

 

Cardiovascular Diseases 

 Nanoparticles hold significant potential for treating cardiovascular diseases (CVDs) due to their unique properties. 

They enable precise drug delivery to atherosclerotic plaques or damaged blood vessels, enhancing treatment efficacy 

(Jiang et al., 2017; Nasra et al., 2022). Nanoparticles are also used in gene therapy to transfer beneficial genes to damaged 

tissues, correcting cellular dysfunctions caused by CVDs (Flores et al., 2019). They can deliver anti-inflammatory drugs, 

antioxidants, or genetic material specifically to targeted sites, reducing systemic side effects and maximizing therapeutic 

benefits (Pala et al., 2020; Castro et al., 2022). 

 

V. Nanoparticles in Biomedical Sensing and Monitoring 

 Nanoparticles have revolutionized biosensor technology by enhancing signal strength and improving detection 

capabilities (McNamara and Tofail, 2017). They are used as markers or enhancers to increase sensor sensitivity and 

accuracy by attaching specifically to target molecules like proteins, DNA, or antigens (Maduraiveeran et al., 2018). 

Nanoparticles can be integrated into transduction methods, such as electrochemical and magnetic platforms, to convert 

biological interactions into detectable signals. For example, gold nanoparticles in surface plasmon resonance (SPR) 

biosensors enable real-time tracking of biomolecular interactions with high sensitivity (Elahi et al., 2018). 

 

Examples of Nanoparticle-based Sensors for Medical Applications 

 Nanoparticle-based sensors are getting a lot of focus in the field because of their sensitivity, specificity and ability to 

monitor in real time. Some of the examples are listed below: 

 

Gold Nanoparticle Sensors 

 Gold particles modified with chemicals can identify biological substances, like DNA, proteins and small molecules. 

When these particles come into contact with target molecules, their characteristics, such as surface plasmon resonance 

change, allowing for detection. These sensors are used in applications like identifying microorganisms, cancer markers and 

genetic changes (Elahi et al., 2018; Shi et al., 2020). 

 

Magnetic Nanoparticle Sensors 

 Magnetic particles coated with chemicals or antibodies can attach to molecules making it possible to detect them 

using magnetic resonance imaging (MRI) or magnetic relaxation methods. These sensors are essential, for spotting cancer 

cells tracking drug delivery processes and diagnosing illnesses (Grover et al., 2015; Yang et al., 2020). 

 

Carbon Nanotube Sensors 

 Functionalized carbon nanotubes possess high surface area-to-volume ratios and excellent electrical conductivity, 

making them suitable for detecting various analytes such as glucose, neurotransmitters, and gases. Changes in electrical 

conductivity upon binding to target molecules enable sensitive detection with applications in diabetes management and 

neurochemical monitoring (Nekoueian et al., 2019). 

 

Quantum Dot Sensors 

 Quantum dots are semiconductor nanoparticles with tunable optical properties. They can be functionalized to 
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selectively bind to target molecules, leading to changes in fluorescence emission spectra. Quantum dot-based sensors 

offer high sensitivity and multiplexing capabilities for detecting biomolecules, pathogens, and cancer markers. 

 

Silica Nanoparticle Sensors 

 Silica nanoparticles functionalized with fluorescent dyes or targeting molecules can detect specific analytes by 

changes in fluorescence intensity or resonance energy transfer. These sensors are versatile and find applications in point-

of-care diagnostics, drug delivery monitoring, and environmental sensing (Yang et al., 2020). 

 

VI. Challenges and Future Directions 

Safety Concerns of Nanoparticles in Medicine 

 Nanoparticles afety issues related to their use in medicine are raised by their potential toxicity, biodistribution, and 

long-term effects. Small size makes them able to penetrate readily into cell and the misuse or accumulation in vital organs 

can be noticed (Asefy et al., 2021). Furthermore, nanoparticles may cause inflammations or immune responses which result 

in undesirable complication of patients. Also, opinions are still disputable in relation to the environmental component of 

the problem as well as to bioaccumulation within the ecosystems (Su et al., 2018). Another biggest safety concerns 

associated with nanoparticles is that they can cause inflammation and oxidative stress among the body's cells. 

Nanoparticles can interact with a variety of biological systems, including cells, proteins, and DNA, which can lead to the 

generation of reactive oxygen species (ROS) and other inflammatory mediators. It causes cell damage, tissue inflammation, 

and, in severe cases, organ failure (Horie and Tabei, 2021). 

 

Regulatory Challenges and Approval Processes 

 Regulating nanoparticles in medicine involves rigorous approval processes due to their unique properties. Regulatory 

bodies like the FDA and EMA require thorough safety, efficacy, and manufacturing assessments (Namiot et al., 2023). This 

includes evaluating toxicity profiles, pharmacokinetics, and environmental impact. Standardized characterization and risk 

assessment protocols are crucial. Collaboration among researchers, regulatory agencies, and industry members is essential 

to ensure safe and effective nanoparticle-based therapies while addressing biological reactions and long-term impacts 

(Araújo et al., 2015). 

 

Future Prospects and Emerging Trends in Nanoparticle Research 

 Nanoparticles, with their small size and unique properties, hold significant promise in scientific research, especially in 

medicine. Their applications include drug delivery systems, diagnostic imaging, and therapeutic treatments (Patra et al., 

2018). Multifunctional nanoparticles are particularly exciting as they can combine imaging, drug delivery, and therapeutic 

activities, targeting specific cells or tissues for personalized therapies with fewer side effects (Rathi et al., 2022). 

 Advances in nanoparticle synthesis and surface modification enhance control over their physicochemical properties, 

ensuring better biocompatibility and stability. Innovations include RNA interference (RNAi) and DNA editing for precise 

disease management (Moazzam et al., 2024). Nanoparticles can deliver DNA to target sites, potentially curing genetic 

disorders, cancer, and infectious diseases. Furthermore, integrating nanoscience with immunotherapy shows potential 

for enhancing immune system function to combat cancer, leading to more effective and personalized treatments (Kong 

et al., 2023). 

 

VII. Conclusion 

 In summary, nanoparticles have the potential to revolutionize healthcare by introducing innovative treatments and 

diagnostics. Their precise drug delivery capabilities enhance effectiveness and minimize side effects by targeting specific 

cells or tissues. Additionally, nanoparticles improve imaging techniques, facilitating earlier disease detection and enabling 

personalized medicine tailored to individual patient needs.  

 The impact of nanoparticles on healthcare is profound, offering advancements in disease diagnosis, treatment, and 

prevention. Their role in transforming medical industry practices includes more effective medication delivery, reduced 

adverse effects, and improved therapeutic outcomes. Ongoing innovation and interdisciplinary collaboration will be crucial 

to optimizing nanoparticle compositions, enhancing biocompatibility, and ensuring long-term safety and efficacy in clinical 

applications. Continued research in these areas promises to address significant health concerns and improve patient 

outcomes. 
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ABSTRACT   

Rheumatoid arthritis is a severe autoimmune condition marked by persistent joint inflammation that significantly impacts 

those affected by it. Traditional methods of treatment frequently have restrictions, requiring the investigation of new and 

creative healing approaches. Platelet-coated nanoparticles have become a hopeful method for treating rheumatoid 

arthritis, taking advantage of the special characteristics of platelets to improve focused drug delivery. This review offers a 

thorough examination of how platelet membrane-coated nanoparticles can help overcome the obstacles of treating 

rheumatoid arthritis. The platelet membranes' inherent biocompatibility and targeting capabilities, along with their 

composition and structure, make them a perfect choice for coating nanoparticles. This method mimics nature by using 

the innate ability of platelets to target inflamed joints, resulting in accurate and targeted drug delivery. The way in which 

nanoparticles work involves targeted interactions with synovial cells, modulation of the immune system, and continued 

release of medication in the inflamed area. In order to overcome these challenges, it is crucial to develop surface 

modification methods and incorporate them with additional therapeutic methods. In the future, improvements in 

designing nanoparticles, such as creating smart and versatile platforms, combined with personalized medicine 

approaches, offer the potential for customizing treatments for each patient. This new method represents a significant 

change in the way medicine is practiced, focusing on precision and customization. It provides optimism for improved and 

personalized therapies for those dealing with rheumatoid arthritis. 
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INTRODUCTION 
 

Overview of Rheumatoid Arthritis (RA) 

 Rheumatoid arthritis is a long-term disease where the lining of our joints gets swollen and causes pain. It is caused by 

our immune system attacking our body. This condition causes pain, and swelling, and can damage the joints over time 

(Finckh et al., 2022). Rheumatoid arthritis can harm many joints, changing their shape and making it hard to live a normal 

life. We don't know exactly what causes RA, but it's related to the immune system attacking the body's tissues (Zou, 2020). 

Controlling RA usually means using different types of medicine like pain relievers, drugs that can change the course of the 

disease, and stronger medicine in severe cases. Although these treatments can help with symptoms and slow down the 

disease, they may not work completely, have bad side effects, and need to be taken for a long time (Akram et al., 2021). Also, 

some patients may not get better with current treatments, so we need new and better ways to treat them. Tiny particles used 

in medicine look hopeful for helping with the problems of regular RA treatments. Nanoparticles are very tiny and have special 

qualities (Gisbert-Garzarán et al., 2020). They can be used to send medicine to a specific place in the body, make medicines 

work better, and lower the side effects on the body. Platelets wrapped around tiny particles are a new and hopeful way to 

help in this situation. 

 

Platelet Membrane Coated Nanoparticles for RA Treatment 

Rationale for Platelet Membrane Coating 

 Platelets are very important for the body's defenses and responses to injury. The surface of their cells has special parts 

mailto:tasawariqbal177@gmail.com
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that help them communicate with injured areas and places with inflammation (Portier & Campbell, 2021). Covering tiny 

particles with platelet membranes helps them act like natural cells, making them better at finding and treating inflamed 

joints (Hu et al., 2015). Platelet-covered nanoparticles can use the body's natural way of finding specific places. The proteins 

on the outside of platelets help the nanoparticles go to the swollen joints of people with rheumatoid arthritis. This method 

helps drugs work better and causes less harm to healthy tissues (Jiménez-Jiménez et al., 2020a). 

 

Mechanisms of Action 

 Nanoparticles covered with platelet membranes might be able to help control the abnormal immune response seen in 

RA. These tiny particles can help calm down swelling in the joints by working with the body's immune cells. The platelet 

coating on nanoparticles helps them reduce inflammation and deliver medicine (Deng et al., 2022). This can help reduce 

swelling and pain in the joints for people with RA. 

 

Current Research and Future Prospects 

 Many tests in animals have shown that coating nanoparticles with platelet membranes could help treat rheumatoid 

arthritis. These studies have found that treatment works better, has fewer side effects, and can get to swollen joints more 

easily (Kunde and Wairkar, 2021). Platelet-coated nanoparticles show potential, but we need to figure out how to make them 

in large quantities, make sure they are safe for a long time, and follow the rules before we can use them in medicine (Adhalrao 

et al., 2024). Current research is working to make these tiny particles better and check how they affect animals over a long 

time (Sekhon et al., 2022). The creation of tiny particles covered in platelet membranes for treating rheumatoid arthritis is a 

new and interesting area of study in medicine using very small particles (Gisbert-Garzarán et al., 2020). More study is needed 

to make sure that this new treatment works well, is safe, and is made in the best way. If they work, platelet-coated 

nanoparticles could change the way doctors treat rheumatoid arthritis. They would be a precise, effective, and well-tolerated 

treatment for patients with this serious autoimmune disease. 

 

Platelet Membrane-Coated Nanoparticles 

A. Platelet Membrane Structure and composition 

 Platelets are tiny, round blood cells that are important for stopping bleeding and fighting off infections. Covering very 

tiny particles with the outer layer of cells to make them look like cells. The structure of a platelet membrane is made up of 

two layers of fats with proteins and receptors in them. These things are like bricks that make up the membrane. They come 

together in two layers to make the membrane strong. The surface of platelet membranes has glycoproteins that help them 

stick to other cells and tissues and send signals to them. Platelet walls have receptors that help them stick to other things 

and respond to signals (Robier, 2020). Different proteins on the outside of platelets help them do their job in fighting off 

germs, reducing swelling, and healing cuts and injuries. Covering tiny particles with platelet membranes uses the natural 

abilities of these components to stick to and target inflamed tissues, like the synovium in rheumatoid arthritis. 

 

Table 1: Role of platelet membrane coated nanoparticles Core Materials 

Sr.No Platelet Membrane-

Coated Nanoparticles 

Nanoparticle 

Core Material 

Target Site Benefits References 

1 Platelet Membrane Lipids, 

Polymers 

Inflamed Joints, Synovial 

Tissue, Inflammatory Sites 

Biocompatibility, Enhanced Targeting, 

Prolonged Circulation Time, Reduced 

Immune Response 

(Y. Song et 

al., 2019) 

2 Platelet Membrane Inorganic 

Nanoparticles 

Inflamed Joints, Synovial 

Tissue, Inflammatory Sites 

Biocompatibility Enhanced Targeting, 

Reduced Immune Response, Prolonged 

Circulation Time 

(W. Song 

et al., 

2022) 

3 Platelet Membrane Hybrid 

Materials 

Inflamed Joints, Synovial 

Tissue, Inflammatory Sites 

Prolonged Circulation Time, Reduced 

Immune Response, Enhanced Targeting, 

Biocompatibility 

(Chen et 

al., 2020) 

 

Nanoparticle Core Material 

 Nanoparticles have a middle part that holds the medicine. Choosing the right materials is very important for making sure 

the medicine is delivered properly. Some commonly used materials for the small particles in the center include (Joseph et al., 

2023). Lipid-based tiny particles like liposomes or lipid nanoparticles are commonly used as the main material. These fats can 

trap drugs that don't dissolve in water inside their fatty layers (García-Pinel et al., 2019). Polymer materials that are safe for the 

body, like PLGA or chitosan, are often used for the center of the material. These substances can wrap up both water-fearing 

and water-loving medications (Liu et al., 2021). Silica or gold particles can be used as the center. Inorganic tiny particles have 

special abilities and can be designed to release medicine in a planned way (Moreira et al., 2018) Mixing different materials 

together can make tiny particles that are really strong because each material brings its own strengths. 

 

Advantages of Platelet Membrane Coating 

 Platelet-coated nanoparticles are very safe and work well in the body because they are made from platelet membranes. 

Platelets are a part of blood that works with the body without causing any problems. Covering tiny particles with platelet 
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membranes reduces the chance of our bodies reacting to them, so they can be used for medical treatments. Platelet 

membrane-coated nanoparticles can hit their target better. Platelets are good at finding their way to areas of the body that 

are inflamed. The proteins and receptors on the outside of platelets help the nanoparticles find and go to specific inflamed 

tissues, like the synovium in people with rheumatoid arthritis(Iqbal, Altaf, Salma, et al., 2024). This special delivery helps drugs 

work better in certain places and reduces their side effects in other areas. The covering on the outside of platelets helps 

them stay in the bloodstream longer. Platelets can avoid being cleared by the immune system, and they pass this ability on 

to the nanoparticles they coat. The stealth effect makes it harder for the body to remove the nanoparticles quickly, so they 

can stay in the body for longer. The nanoparticles stay in the body longer, which makes it more likely they will reach and 

build up at the inflamed areas we want to target. Covering tiny particles with platelet membranes can help reduce the body's 

reaction to the particles. The platelet membrane acts like a shield that makes it harder for the immune system to notice the 

nanoparticles (C.-M. J. Hu et al., 2015). This is really helpful for long-term conditions like rheumatoid arthritis, where people 

often need to take medicine regularly. Reducing the body's reactions to the treatment makes it safer and more effective, 

which helps patients get better results (He et al., n.d.). 

 

Mechanisms of Action 

Targeting Inflamed Joints and Platelet Membrane Interaction with Inflammatory Sites 

 Platelet-covered nanoparticles go to inflamed joints in conditions like rheumatoid arthritis by interacting with the 

inflamed areas in a specific way. Platelets have special parts on their surface that help them stick to inflamed cells in blood 

vessels near sore joints. These parts are called adhesion molecules and receptors. This recognition is increased because 

adhesion molecules are turned up when there is inflammation. Platelets can react to signals released when the body is 

inflamed(Altaf & Iqbal, 2023). The platelet membrane-coated nanoparticles can use the signals released in the synovium of 

rheumatoid joints. When the swollen joints are nearby, tiny particles covered with platelets stick to them and go through the 

body's barrier. This process, called extravasation, lets the tiny particles get into the synovial tissue and reach the inflamed 

area. When platelets interact with nanoparticles, they gather in rheumatoid joints using special methods. The EPR effect 

means nanoparticles collect in areas with leaky blood vessels, like inflamed tissues. In rheumatoid arthritis, the blood vessels 

and synovial membrane in the joints are not working well. This allows platelet-coated nanoparticles to build up in the affected 

joints. The outside of platelet-covered nanoparticles can attach specifically to cells in swollen joints. Platelet receptors 

connect with molecules on the surface of cells that cause inflammation or are found in joint tissues. This particular attachment 

helps nanoparticles get inside the right cells and release the medicine they contain. After entering the swollen joints, the tiny 

particles slowly let out the enclosed medicine. The slow release of the medicine makes it last a long time, which helps with 

the long-term treatment of rheumatoid arthritis(Iqbal & Altaf, 2024). This special way of giving medicine to the body helps 

to lower the amount of medicine in the whole body and reduces the side effects of treatment (He et al., n.d.). 

 

Modulation of Immune Response and Inhibition of Inflammatory Cytokines 

 Platelet-covered particles can help control the immune response in rheumatoid arthritis by stopping the production and 

activity of harmful substances. Tiny particles covered in platelet membranes can capture inflammatory molecules like TNF-

α, IL-1β, and IL-6. The platelet membrane's ability to attract these cytokines allows the nanoparticles to attach to and stop 

them from causing harm during inflammation. Platelet parts on tiny particles can stop inflammation signals. This problem 

might make important signals in the body slow down, which can reduce inflammation in the joints. Platelet membrane-

coated nanoparticles have anti-inflammatory drugs inside them. These medicines stop the production or action of 

inflammation-causing substances in the affected area, which reduces the immune system's reaction. Tiny particles covered 

with platelet membranes also help control immune cells that cause rheumatoid arthritis. Macrophages are a key part of the 

body's inflammatory response in RA. Tiny particles covered with platelet membranes can change the way certain immune 

cells behave, making them less inflamed and more helpful (Muhammad et al., 2020). This change helps make a setting that 

is not good for ongoing swelling. T cells, especially T helper cells, play a part in the autoimmune reaction in rheumatoid 

arthritis. Tiny particles covered with platelet membranes can affect T cells, changing how they work and develop. This rule 

can stop the too-strong immune response that causes harm to the joints. Abnormal activation of certain cells in the joints 

makes rheumatoid arthritis more damaging and aggressive. Platelet-covered tiny particles might stop synovial fibroblasts 

from causing harm to joint tissues (Lin et al., 2023). 

 

Experimental Studies 

In vitro Studies and Interaction with Synovial Cells 

 Scientists have done experiments in a lab on platelet membrane-coated nanoparticles interacting with synovial cells. 

This helps us understand how these nanoparticles could be used to treat rheumatoid arthritis. They used special 

nanoparticles that glow to the cells and take them in. These studies want to learn how well nanoparticles get inside cells, 

especially how receptors and mechanisms on platelets and synovial cells work together. Scientists studied what happens to 

nanoparticles covered with platelet membranes inside synovial cells. By watching the tiny particles for a while, they can see 

if the covered particles stay in certain parts of the cell, like endosomes or lysosomes, and check if the medicine keeps coming 

out for a long time. In lab research, scientists are also testing if platelet membrane-coated nanoparticles are harmful to 

synovial cells (Zhou et al., 2023). We test the nanoparticles to make sure they won't harm cells. We check if the cells are alive 

if they're dying, and for other signs of their health. 
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Evaluation of Anti-Inflammatory Effects  

 In the lab, we are studying platelet-covered nanoparticles can reduce inflammation. Scientists are checking that certain 

chemicals in joints change when they are treated with tiny particles covered in platelet membranes. These chemicals are 

important in causing inflammation. This shows nanoparticles can change the levels of inflammation in rheumatoid arthritis. 

Laboratory tests are looking at tiny particles covered with platelet membranes that affect certain enzymes and substances 

that cause inflammation in the body. This includes looking at the effects on enzymes like COX-2 and MMPs. These studies 

are trying to figure out how nanoparticles help reduce inflammation(Umair et al., 2022). Scientists study platelet membrane-

coated nanoparticles affect the body's inflammation pathways within cells. This involves studying proteins are changed, how 

a factor called NF-κB becomes active, and other signals that control the way genes that because inflammation is turned on. 

 

In vivo Studies and Animal Models of Rheumatoid Arthritis 

 Studying animals with arthritis is important for testing if platelet-coated nanoparticles can help treat the disease and if they 

are safe to use. Animal models that are often used include. CIA is a common way to imitate many parts of human rheumatoid 

arthritis in research. In this model, animals like mice or rats are given collagen to make their immune system attack their own 

body and cause joint swelling. Doctors will check how bad the arthritis is and examine the damage to the joints as time goes 

on (Floris et al., 2020). AIA models use adjuvants like complete Freund's adjuvant to make animals show symptoms similar to 

arthritis (Jones et al., 2018). This model is often used to study how arthritis develops and how new treatments might work. This 

model includes taking serum from mice with arthritis and giving it to other mice, which causes joint inflammation. Researchers 

can use it to learn about how arthritis affects the whole body and to see if treatments work. 

 

Therapeutic Efficacy of Platelet Membrane-Coated Nanoparticles 

 In live animal tests, researchers are studying if platelet membrane-coated nanoparticles can be effective in treating 

rheumatoid arthritis (Deng et al., 2022). Scientists are coating tiny particles with platelet membranes can help make arthritis 

symptoms and joint damage less severe. This assessment looks at the joints by looking at them, using special pictures, and 

examining their tissues under a microscope. We are checking the levels of certain substances in the blood and joint fluid to 

see if platelet-coated nanoparticles can help reduce inflammation in the joints. Scientists are studying how platelet 

membrane-coated nanoparticles affect the immune cells in the joints (Zhu et al., 2021). This involves immune cell change 

and reaction in rheumatoid arthritis. This means looking at how certain types of immune cells are affected in the disease. In 

vivo studies also look at how platelet-covered nanoparticles move through the body as long they stay in the bloodstream 

(Zhu et al., 2021), where they go into the body, and are removed from the body. It is important to carefully study the possible 

negative effects and long-term safety of using platelet membrane-coated nanoparticles to make sure they are a good 

treatment option (Han et al., 2022). This includes checking organs are working, evaluating whether the body is being harmed, 

and looking for any signs of immune system reactions. 

 

Challenges and Solutions 

Potential Obstacles in Clinical Translation and Immunogenicity Concerns 

 Nanomaterials, like platelet membrane-coated nanoparticles, could cause they might affect the immune system. The 

immune system might see these tiny particles as invaders and launch an attack, which could make them less effective or safe 

for medical treatment. We need to do careful tests before using platelet membrane-coated nanoparticles they affect the 

immune system. This means checking to see if the body's immune system reacts to the nanoparticles by making antibodies 

or activating specific pathways(Iqbal, Altaf, Fatima, et al., 2024). We can look at changing the surface or adding a coating to 

reduce the body's immune response. Careful watching during medical trials will help find and deal with any unexpected 

immune reactions in people (Ernst et al., 2021). Moving from making a small amount of something in a laboratory to making 

a lot of it for use in hospitals and clinics can be difficult. It is important to keep the platelet membrane-coated nanoparticles 

consistent and reliable when making them in large amounts for medical use. It is very important to have strong 

manufacturing methods and good checks to control quality. Using advanced technology to make things in a better and 

faster way can help make more of them. "Working with industry partners are familiar with making lots of tiny particles can 

give us helpful information. " Furthermore, following the rules for making things well and the government's guidelines is 

very important to make sure nanoparticles for medical use are consistent and high-quality (Isaac et al., 2022). 

 

Strategies to Overcome Challenges and Surface Modification Techniques 

Addressing Immunogenicity 

 Using stealth coatings like polyethylene glycol (PEG) on the surface of platelet membrane-coated nanoparticles can 

make them less likely to cause an immune response. PEGylation makes nanoparticles hard for the immune system to notice 

and helps them stay in the body for longer (Fam et al., 2020). Modifying the surface of platelet membrane-coated 

nanoparticles to make them more like natural membranes can help them avoid detection by the immune system. This means 

making the coating better so it works well with the body and doesn't cause a bad reaction (Wang et al., 2020). Using cross-

linking techniques to make the platelet membrane coating stronger can make nanoparticles more stable. Cross-linking 

agents help make the membrane components stronger, so the coated nanoparticles can last longer when they are moving 

around in the body or being stored (C. Hu et al., 2020). Adding specific molecules to the outside of platelet-covered 
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nanoparticles can help them stick better to inflamed tissues. This change makes sure that medicine goes to the right place 

in the body better (Pires et al., 2021). 

Integration with other Therapeutic Approaches and Combination Therapies 

 Combining different treatments and putting them inside platelet capsules helps in delivering multiple therapies at once 

(Wilkins et al., 2024). This method can work together to target many different parts of rheumatoid arthritis, making the 

treatment work better. Platelet membrane-coated nanoparticles can be created to help improve current treatments for 

rheumatoid arthritis. Mixing these tiny particles with regular DMARDs or biologics may lead to a better and more powerful 

treatment plan (Radu & Bungau, 2021). Adding imaging dyes to platelet-covered nanoparticles lets us see where they go in 

the body and how well they hit their target. This combination helps doctors make special treatment plans by giving them 

information about the disease and how well the treatment is working. Creating tiny particles covered in platelet membranes 

that release medicine in a certain way when they sense certain signals like pH or inflammation (Jiménez-Jiménez et al., 

2020b). This makes it easier to deliver medicine to the right place and reduces any unwanted effects. 

 

Future Directions 

Emerging Technologies, Innovations and Advancements in Nanoparticle Design 

 Future studies might look at making tiny particles that can release drugs in response to something. These tiny particles 

can be made to release medicine when certain things happen in the body, like a change in pH or temperature, or when there 

are signs of inflammation in the joints. This would make delivering drugs more accurate and controlled (Mitchell et al., 2021). 

Developments in making tiny particles could mean creating versatile platforms that can carry several treatments at once. 

Combining different medicines or treatments into one tiny particle could help treat different parts of rheumatoid arthritis, 

and make the treatment work better. In the future, tiny particles could be made with other biological parts like enzymes or 

proteins to make medicines work better (Pandit et al., 2022). Nano-biohybrids could use the combined effects of man-made 

tiny particles and natural molecules to better target specific areas and help the immune system (Guo et al., 2020). 

 

Integration with Personalized Medicine Approaches and Patient-specific Formulations 

 Personalized medicine means making tiny particles that are coated with material from a patient's blood cells (Vaz & 

Kumar, 2021). These particles can be customized based on each patient's specific traits. Many things, like sick someone is, 

their genes, they react to treatment, can affect how nanoparticles are made to help each patient the most. Discoveries in 

finding markers in the body could help create tiny particles covered with platelet membranes. These particles would be made 

to seek out and treat the specific signs of rheumatoid arthritis in each patient (Alghamdi et al., 2022). This precise targeting 

can make the treatment work better and reduce the side effects. In the future, new ideas may include adding tests to platelet-

covered nanoparticles(Altaf et al., 2023). This could help doctors keep track of how a disease is developing and how the 

treatment is working. It would allow them to change the treatment plan if the patient's condition changes. New tiny particles 

that can give both treatment and diagnostic images might become more common (Yu et al., 2021). These combined systems 

can give important information about the disease and also give the right treatment. This helps to make treatments 

personalized and more effective. 

 

Clinical Implications 

Potential for Patient-specific Treatment and Tailored Nanoparticle Therapeutics 

 Using platelet membrane-coated nanoparticles in hospitals could help make personalized medicine for patients (Zhu et 

al., 2021). This method might mean changing the makeup, size, and amount of medication in tiny particles to fit each patient's 

needs and reactions. Tailoring small particle therapies to the individual needs of a patient with rheumatoid arthritis, taking 

into account the severity and progression of the disease, may enhance the effectiveness of the treatment (An et al., 2024). 

Customized medicines can change to match the disease, making sure that patients get the best and most personalized 

treatments. Customized medicine using platelet-coated nanoparticles could have benefits beyond just the nanoparticles 

(Yaman et al., 2020). Working together with other customized treatments, like special medications or biologics, could provide 

complete treatment plans that take into account all the different aspects of a person's rheumatoid arthritis. 

 

Predictive Biomarkers for Treatment Response 

 Using platelet membrane-coated nanoparticles in patients may require finding biomarkers that can show if the patient 

will respond well to this treatment (Jiménez-Jiménez et al., 2020b). Molecular or genetic signs linked to how bad a disease 

is and how well the body responds to nanoparticles could help doctors decide on the best treatment. Predictive biomarkers 

can help the treatment work and change the treatment plan if necessary (Mahler et al., 2020). Regularly checking these 

markers while receiving treatment might help identify who is responding well and who is not. This would allow us to make 

changes to the treatment plan earlier to try to improve results. Using platelet membrane-coated nanoparticles in 

personalized treatment for rheumatoid arthritis could become a common practice. These computer programs would look at 

each patient's information, like their biomarker status, to help doctors choose the best treatment(Iqbal et al., 2023). Using 

predictive biomarkers can help improve long-term results by allowing for a more personalized and proactive treatment 

approach (Tufail et al., 2024). This might help people with rheumatoid arthritis to control their disease better, have fewer 

side effects, and have a better quality of life. 
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Conclusion 

 Research into the use of platelet membrane-coated nanoparticles as a potential therapeutic approach for rheumatoid 

arthritis has resulted in encouraging findings. Rheumatoid arthritis is a persistent autoimmune condition typified by 

inflammation of the joints, with existing treatment modalities encountering difficulties related to insufficient effectiveness 

and the occurrence of adverse reactions. The utilization of nanoparticle-based therapeutics, in particular platelet membrane-

coated nanoparticles, offers an innovative strategy with potential benefits for precise drug delivery. Platelet membrane 

coating is a technique that harnesses the inherent properties of platelets to augment the performance of nanoparticles. The 

nanoparticles exhibit a high degree of biocompatibility, improved localization to inflamed joints, extended circulation within 

the body, and decreased immune reactivity. The modulation of the immune response occurs through the inhibition of 

inflammatory cytokines and the regulation of immune cells that contribute to the pathology of rheumatoid arthritis. The 

identification of challenges, such as immunogenicity concerns and scale-up production challenges has been reported in the 

literature. Various strategies incorporating surface modification techniques and integration with other therapeutic 

approaches have been suggested as a means to address these challenges. Recent developments in technology encompass 

innovations in the design of nanoparticles, demonstrating the emergence of smart nanoparticles and multifunctional 

platforms. The potential for future treatments of rheumatoid arthritis may involve the incorporation of platelet membrane-

coated nanoparticles into current therapeutic modalities, which could provide complementary and synergistic effects. The 

identification of predictive biomarkers linked to the responsiveness of platelet membrane-coated nanoparticles holds 

promise for improved patient monitoring and personalized treatment adjustments in the future. 
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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 (SSIs), wounds brought on by diabetes, 

hypertension, venous disorders, and surgery are more prone to harbor harmful bacteria (Călina et al., 2017). Among these, 

SSIs 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-Møller 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 105 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  (Rodríguez-Hernández 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) (Król 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 H2O2 or by producing Zinc ion (Zn2+) or by the direct 

contact of nanoparticles with the bacterial cell membrane (Fig:1) (Ijaz et al., 2020). 

 

 

Fig. 1: Mechanism of action 

of antibacterial effect of 

nanoparticles 

 

 

Fig. 2: Antibacterial effect of 

ZnO nanoparticles (ZnO-

Nps) 

 

 

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 t hat 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  

(Raj et al., 2022) Echinococcus multilocularis 

Trichinella spiralis 

3 Antimony sulfide Leishmaniosis  
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Giardiasis (Mohtasebi et al., 2019) 

4 Ag-Nps Cryptosporidiosis  

(Zhang et al., 2023) Toxoplasmosis 

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). 

 

 

Fig. 3: Antiparasitic effect of 

nanoparticles 

 

 

 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). 

 

REFERENCES 

 
Abebe, B., Zereffa, E. A., Tadesse, A., and Murthy, H. A. (2020). A review on enhancing the antibacterial activity of ZnO: 

Mechanisms and microscopic investigation. Nanoscale Research Letters, 15, 1-19.  

Anah, S. A., Anah, S. A., and Al-Khalidy, K. A. H. J. K. J. V. R. (2022). Anti-parasitic activity of zinc oxide nanoparticles against 

Eimeria tenella in broilers experimentally infected. 62(4), e30.  

Asif, M., Chaudhry, A. S., Ashar, A., Rashid, H. B., Saleem, M. H., Aslam, H. B., and Aziz, A. (2023). Zinc oxide nanoparticles 

accelerate the healing of methicillin-resistant Staphylococcus aureus (MRSA)-infected wounds in rabbits. Asian Pacific 

Journal of Tropical Biomedicine, 13(11), 488-496. https://doi.org/10.4103/2221-1691.389574  

Bajwa, H. U., Khan, M. K., Abbas, Z., Riaz, R., Rehman, T. U., Abbas, R. Z., Aleem, M. T., Abbas, A., Almutairi, M. M., 

Alshammari, F. A., Alraey, Y., and Alouffi, A. (2022). Nanoparticles: Synthesis and Their Role as Potential Drug 

Candidates for the Treatment of Parasitic Diseases. Life, 12(5).  

Bajwa, H. U. R., Khan, M. K., Abbas, Z., Riaz, R., Rehman, T. u., Abbas, R. Z., Aleem, M. T., Abbas, A., Almutairi, M. M., and 

Alshammari, F. A. J. L. (2022). Nanoparticles: Synthesis and their role as potential drug candidates for the treatment of 

parasitic diseases. 12(5), 750.  

Baptista, P. V., McCusker, M. P., Carvalho, A., Ferreira, D. A., Mohan, N. M., Martins, M., and Fernandes, A. R. (2018). Nano-

strategies to fight multidrug resistant bacteria—“A Battle of the Titans”. Frontiers in Microbiology, 9, 1441.  

Barnes, K. I., and White, N. J. J. A. t. (2005). Population biology and antimalarial resistance: The transmission of antimalarial 

drug resistance in Plasmodium falciparum. 94(3), 230-240.  

Beek, W. J., Wienk, M. M., and Janssen, R. A. (2004). Efficient hybrid solar cells from zinc oxide nanoparticles and a 

conjugated polymer. Advanced Materials, 16(12), 1009-1013.  

Behera, K., Nasim, I., and Rajesh Kumar, S. (2021). Antioxidant and anti inflammatory activity of magnesium oxide 

nanoparticles-an in vitro study. International Journal Dent Oral Science, 8(5), 2913-2917.  

Beyth, N., Houri-Haddad, Y., Domb, A., Khan, W., and Hazan, R. (2015). Alternative antimicrobial approach: nano-

antimicrobial materials. Evidence-based Complementary and Alternative Medicine, 2015.  

Bhullar, K., Waglechner, N., Pawlowski, A., Koteva, K., Banks, E. D., Johnston, M. D., Barton, H. A., and Wright, G. D. (2012). 

Antibiotic resistance is prevalent in an isolated cave microbiome. PLoS One, 7(4), e34953.  

Călina, D., Docea, A. O., Rosu, L., Zlatian, O., Rosu, A. F., Anghelina, F., Rogoveanu, O., Arsene, A. L., Nicolae, A. C., and 

Drăgoi, C. M. (2017). Antimicrobial resistance development following surgical site infections. Molecular Medicine 

Reports, 15(2), 681-688.  

Chakraborty, N., Jha, D., Roy, I., Kumar, P., Gaurav, S. S., Marimuthu, K., Ng, O.-T., Lakshminarayanan, R., Verma, N. K., and 

Gautam, H. K. (2022). Nanobiotics against antimicrobial resistance: harnessing the power of nanoscale materials and 

technologies. Journal of Nanobiotechnology, 20(1), 375. https://doi.org/10.1186/s12951-022-01573-9  

https://doi.org/10.4103/2221-1691.389574
https://doi.org/10.1186/s12951-022-01573-9


Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

347 

Chambers, H. F., and DeLeo, F. R. (2009). Waves of resistance: Staphylococcus aureus in the antibiotic era. Nature Reviews 

Microbiology, 7(9), 629-641.  

Chinnasamy, G., Chandrasekharan, S., Koh, T. W., and Bhatnagar, S. (2021). Synthesis, characterization, antibacterial and 

wound healing efficacy of silver nanoparticles from Azadirachta indica. Frontiers in Microbiology, 12, 611560.  

Cipriano, A. F., Lin, J., Lin, A., Sallee, A., Le, B., Cortez Alcaraz, M. C., Guan, R.-G., Botimer, G., Inceoğlu, S., and Liu, H. (2017). 
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ABSTRACT   

Significant economic losses have been caused by the infectious viral infection known as lumpy skin disease (LSD), which 

is afflicting livestock in Pakistan. Even while there are now vaccinations, they are not ideal because of certain constraints. 

This paper explores the exciting field of improved LSD immunization using vaccines based on nanoparticles. We examine 

how these sophisticated vaccines, equipped with their higher stability, tailored distribution, and immune response, may 

overcome the drawbacks of more conventional methods. In particular, we explore different kinds of nanoparticles, such 

as liposomes and polymer nanoparticles, explaining their benefits and mechanisms of action in promoting strong 

immune reactions against LSD. Although possible issues like toxicity from nanoparticles are acknowledged, we stress 

that thorough safety assessments are essential to responsible development. We describe current research efforts aimed 

at improving the design of nanovaccines and demonstrate how they could transform LSD control. Lastly, we stress that, 

in order to guarantee complete protection, more research into multi-epitope nanovaccines and combination approaches 

with additional control mechanisms is required. This research opens the door to protecting animals from LSD, enhancing 

Pakistan's economy, and releasing the Nano defense. 
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INTRODUCTION 
 

 The etiological agent of lumpy skin disease, the Lumpy skin disease virus (LSDV), is an infectious illness that is a 

member of the Poxviridae family, subfamily Chordopoxvirniae and genus Capripoxvirus. Some names for this illness include 

"Neethling virus disease," "exanthema nodularis bovis," "Pseudo-urticaria," and "knopvelsiekte," although "LSD" is the most 

often used (E.S.MTuppurainen et al., 2015). Lumpy skin disease is an illness spread by a transboundary vector. This illness is 

not zoonotic. It is believed that this disease's host range is quite restricted because it has mostly been documented in big 

ruminants, such as cattle and water buffalo. Among the most frequent carriers of this illness are ticks, mosquitoes, and 

biting flies (Culicoides) (S. Rouby et al., 2016). It has been demonstrated that caprine and ovine species can resist infection 

even while tied near diseased cattle and buffalo. But in certain experimental situations, skin lesions were created in a wide 

range of domestic and wild animals, including giraffes, impalas, sheep, and goats, in laboratory settings (H.G. Heine et al., 

1999). LSD is linked to low death rates and high sickness rates. This illness's obvious symptoms are a high temperature, 

lymphadenitis, extreme thinness, bilateral epiphora, decreased milk supply, sterility, skin erythema, and nodules. The most 

significant financial consequences that farmers in LSD-endemic areas deal with include poor reproductive competence, 

loss of hide quality, decreased milk income, and persistent animal emaciation (Zheng, M. et al., 2007). 

 Given that LSD is considered a transboundary illness, the World Health Organization (WHO) has decided that it should 

be reported to international forums because of the disease's severe and ongoing consequences on cattle occupation 

worldwide. The illness was previously believed to be common exclusively in African nations, but reports of cases have 

recently come from other parts of the world. LSD is widely used in practically every country on the African, Asian, and 
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European continents, according to the OIE (O. Mangana-Vougiouka et al., 1999). Given that LSD is considered a 

transboundary illness, the World Health Organization (WHO) has decided that it should be reported to international 

forums due to the disease's severe and ongoing consequences on cattle occupation worldwide. The illness was previously 

believed to be common exclusively in African nations, but reports of cases have recently come from other parts of the 

world. LSD is widely used in practically every country on the African, Asian, and European continents, according to the OIE 

(O. Mangana-Vougiouka et al., 1999). Considering that Pakistan has a lengthy land border with both China and India, this is 

probably one of the main causes of disease transfer into  

  

Fig. 1: Structure of a Capri Pox Virus 

 

 

 Pakistan. Livestock travels across international borders within Pakistan. Given that LSD has lately been observed in 

Iran, China, and India, another explanation would be the seasonal migration of vectors into Pakistan from surrounding 

nations. As a result, careful planning and epidemiological analysis have become essential for managing diseases effectively 

when it comes to these exotic diseases. Fig.1 shows the structure of a capri-pox virus. 

  

Nanotechnology 

 Nanotechnology is an emerging field of research and advanced technology that exploits the physicochemical 

properties of nanoparticles to precisely manage their size, surface area, and shape, facilitating the development of novel 

and enhanced functional characteristics. (Prasad, 2008). To create nanoparticles, a variety of components, including 

proteins, lipids, and inorganic elements, can be utilized. Nonetheless, the most intriguing and promising nanoparticles 

seem to be polymeric ones, as alginate NPs (Girija, 2019). The United States Food and Drug Administration (US FDA) has 

already granted clearance for the use of alginate NPs, an environmentally benign and biocompatible co-polymer of 

guluronic acid and mannuronic acid, for human use. It is typically given orally (Ahmad et al., 2006). Their ultra-small 

nanoparticles (NPs) increase bioavailability, minimize cytotoxic effects, and maximize tissue compatibility. Applying 

polymeric nanoparticles. According to Joshy et al. (2018), certain research has started to demonstrate that alginate NPs can 

be utilized as an efficient carrier for antiviral medicines against the majority of viruses, including the human 

immunodeficiency virus (HIV). The in-vitro cellular internalization experiments revealed a much higher internalization 

efficiency, and the nanoparticles were shown to be biocompatible (Albarqi, 2019). According to Silva-Carvalho et al. (2015), 

propolis is a natural substance that is frequently added to food and drink to enhance health, prevent sickness, and have 

immunomodulatory effects. According to several studies (Abd El-Hady et al., 2002; 2007; Hegazi et al., 2004; Hegazi and 

Abd El-Hady, 2008), it has a major potential as an antiviral agent. 

 

Nano Technology in the Field of Medicine 

 The use of nanotechnology to improve human health and wellbeing is known as nanomedicine. The field of medicine 

has changed as a result of the application of nanotechnology in several therapeutic areas. Nanoparticles with sizes ranging 

from 1 to 100 nm are created and utilized for biomedical research instruments, treatments, and diagnostics. With the aid of 

these instruments, therapy may now be administered at the molecular level, treating the illness and advancing the 

understanding of its pathophysiology. Because of the non-specificity of their mechanism of action, conventional 

medications are severely restricted in their ability to cause undesirable effects (A. Surrendering, S. Sandhiya, 2008). Among 

the nanoparticles utilized for analysis are paramagnetic nanoparticles, quantum dots, nanoshells, and nanosomic particles.  

 

Nano Technology and Vaccine Development 
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 Nanocarriers with a range of compositions, sizes, and surface characteristics are included in the nanotechnologies 

created for use in the vaccination industry (L.J. Peek, C.R. Middaugh, 2008). To encourage a protective immune response, a 

variety of vaccine nano carriers have been created and studied for their potential to transfer adjuvants and antigens to 

immune cells. Unfortunately, insufficient adjuvant activity may lead to restricted immunogenicity even though antigens 

may be taken up by immune cells. Certain strategies have involved designing nanocarriers to co-deliver an adjuvant and 

an antigen (A. Dunkle, 2013). Antigens or adjuvants can be targeted to antigen-presenting cells and/or released 

continuously with the help of nanocarriers. The effectiveness of nanocarriers in vaccine fields is supported by the working 

mechanisms of vaccine formulations based on nanotechnology. Dendritic cells and macrophages are examples of 

phagocytic cells that readily take up particles smaller than 10μm. This characteristic has been utilized to boost antigen 

absorption into cells, which has increased antigen recognition and presentation efficiency (M.O. Oyewumi, A. Kumar, 2010). 

In order to make protein-based antigen vaccines suitable for oral or mucosal distribution, solid nanocarriers can protect 

them from depletion and allow access to the gut-associated lymphoid tissue and mucosa-associated lymphoid tissues. 

Nano carriers with altered surfaces could help distribute antigens in a targeted manner. Along with the mannose, 

scavenger, and toll-like receptors (TLR) (V. Apostolopoulos, T. Thalhammer, 2013), immune cells express a number of 

surface receptors. Targeting these overexpressed receptors using nano carriers coated in immune cell-targeting 

compounds including peptides, antibodies, and carbohydrates may improve the effectiveness of antigen and adjuvant 

delivery and raise the production of particular and selective immune responses in preventive vaccinations (M. Masuyama 

and S. Misumi, 2009). 

 

Composition of Nano Vaccines 

 Although the contents of nano vaccines might vary greatly, they usually consist of certain vaccine components and 

nanocarriers. Typical elements could be: 

Nanocarriers: Polymeric or lipid-based nanoparticles, liposomes, micelles, and other nanoscale objects are utilized for 

antigenic or genetic information. 

2. Antigens: The elements of the pathogen (or related proteins) that elicit an immune response are known as antigens. 

Antigens are frequently linked to or encapsulated within the nano carrier in nanovaccines. 

3. Adjuvants: These could include substances that strengthen the immune response. Adjuvants can be given individually or 

integrated into the nanocarrier to increase the vaccine's efficacy. 

4. Stabilizers: Stabilizers are frequently added to vaccines in order to preserve their structural integrity and efficacy.These 

could consist of proteins, carbohydrates, or other stabilizing agents. 

5. Surface modifications: Coatings or other surface alterations on the nano-carrier can be used to increase stability, target 

certain cells, or boost the vaccine's overall effectiveness. 

 

Nano Particles used in Nano Vaccines 

 To improve cow vaccinations, chitosan nanoparticles (CNP), silica nanoparticles, and polylactic acid-glycolic acid 

(PLGA) nanoparticles are employed as adjuvants or vaccine carriers. The bovine respiratory syncytial virus (BRSV) 

vaccine, for example, produced condensed clinical signs and viral loads matched to controls after BRSV challenge 

because recombinant cyclic nanoparticles, used as an adjuvant, induced the production of specific antibodies and 

specific cellular immunity in vaccinated calves (Riffault S, Meyer G and Deplanche M, 2010). Cattle developed a strong 

T-cell immunological response to the p67 antigen when the sporozoite surface antigen, p67C, was loaded into silica 

capsules (Lacasta A, Mody KT and De Goeyse I 2021). Furthermore, calf nasal mucus containing BPI3V-specific IgA 

antibodies was much higher when the bovine parainfluenza virus (BPI3V) vaccine was encapsulated in PLGA 

nanoparticles than it was in commercial vaccinations (Mansoor F, Earley B, Cassidy JP 2015 ). Chitosan-coated PLGA 

FMD DNA nanoparticle vaccine (Chi-PLGA-DNA) produced almost three times the amount of sIgA compared to 

conventional vaccines and increased mucosal, systemic, and cell immunity in cattle. It reduces the severity of the 

disease, slows the removal of the virus, and postpones the beginning of clinical symptoms, even though it does not 

offer total clinical protection (Pan L, Zhang Z, Lv J 2014).As innovative vaccine carriers, nanoparticles are safe, well -

organized, and effective at delivering antigens to immune cells and boosting cellular and humoral immune responses. 

Furthermore, nanoparticles can stimulate mucosal immunity, offering fresh perspectives on the creation of vaccines. 

Because of these advantages, adjuvants and carriers of nanoparticles are highly sought after in the field of vaccine 

development. 

 

Limitation of Conventional Vaccines for LSD 

 Recounts of LSD vaccination disappointment have been made in a number of Ethiopia's constituent nations. 11% of 

RM65 (Ramayer strain)-vaccinated cattle (4.2% in dairy and 33.7% in feedlot cattle) contracted the infection during the 

2006 outbreak in Israel (Brenner et al., 2009). According to Abu Tarbush, (2014), cow populations inoculated with RM65 

(Jovivac®) and an unnamed LSD vaccine in Jordan had a general LSD morbidity of 4.7%. According to Kumar, (2011), 

Oman saw an ongoing LSD outbreak for over three months following the immunization of cattle herds with the Kenyan 

sheep and goat pox vaccine. Since 1993, reports of LSD vaccination failure have been made in Ethiopia (Carn, 1993). 

According to Ayelet et. al, (2013), following vaccination with the KS1 O-180 virus strain vaccine, the expected morbidity in 
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the cattle population of central Ethiopia would be 23.8%. Nonetheless, a tenfold increase in the dose of the RM65 vaccine 

(1.85% morbidity) and the Neethling vaccine (1.11% morbidity) were found to provide superior protection (Ben-Gera et al., 

2015). In general, vaccines may either protect a portion of the population (leaky vaccines) or only protect some people (all-

or-nothing) (Smith et al., 1984). Furthermore, poor vaccination coverage or host-related or vaccination-quality-related 

issues resulting from vaccine handling, reconstitution, or administration may cause additional immunization failure (Quinn 

et al., 1999). 

 Immunized animals receive only partial protection from the KS1 O-180 vaccination. The degree of protection and how 

it affects the severity of the illness, however, have not been well studied in the field. In Ethiopia, the KS1 O-180 vaccine 

remains the only effective way to combat LSD. Therefore, the purpose of this study was to determine the impact of the KS1 

O-180 viral strain vaccination on the transmission and severity of natural LSD infections below field circumstances. 

Traditional vaccinations have limitations despite being widely employed in clinical application and bovine vaccine 

enhancement because of their easy basis and high safety profile. For instance, inactivated vaccines need to be stored 

under controlled conditions, require multiple injections, and have a limited vaccination time. Moreover, live attenuated 

vaccines contain antigens that may persist within the host for an extended duration, potentially causing vaccinated animals 

to become long-term carriers of the virus. Additionally, conventional vaccinations could not offer adequate immune 

protection because of the virus's ongoing mutation and development. In conclusion, practicing supervision of pastures 

requires a thorough understanding of bovine vaccinations and adjuvants. 

 

Mode of Action of Nanovaccines for LSD 

 Antibodies produced by plasma B cells in response to an antigen (foreign material) cause the generation of a specific 

antibody response, also known as antigenicity. Antibodies produced against both the combined antigen and the 

nanoparticle itself may be part of the immune response to nanovaccines. Even when generated, immunization with 

nanoscale gold colloidal systems, cationic dendrimers, and nanoparticles made entirely of carbon (fullerene) did not reveal 

any immune response specific to the nanoparticles. 

 Adjuvants function to improve and increase the immune system's reaction to antigens. Nanoparticles as adjuvants 

have been documented in numerous investigations. Nanoparticles elicited immunological responses that were either 

comparable to or greater than those caused by aluminum-containing adjuvants, such as alum, which are the most 

commonly employed in human medicine (E.J. Park et al., 2010; W. Zeng et al., 2012). Additionally, compared to an adjuvant 

based on alum, cobalt oxide nanoparticles promoted reduced generation of allergic antibodies and in-vivo inflammation at 

various injection locations (W. Zeng et al., 2012). 

 The immune system's cells secreting cytokines in reaction to foreign substances is known as an inflammatory 

response. In most cases, this sets off and attracts effector immune cells, which results in the foreign material being 

sanctioned. Numerous nanoparticles stimulate the immune system by producing inflammatory cytokines (A. Caputo et al., 

2009). It has been shown that a variety of nanoparticles, including polymers, dendrimers, gold colloids, and others, might 

cause inflammatory cytokines (A. Caputo et al., 2009). A particular endocytosis route is used by cells to take up 

nanoparticles when they bind to their surface (J.J. Moon et al., 2011). Particle size, surface charge, surface modification, and 

hydrophobicity are some of the factors that can affect a nanoparticle's ability to absorb other materials (J.J. Moon et al., 

2011). The way in which nanoparticles interact with cell membranes and go over physiological barriers is largely dependent 

on their size and distribution. 

 

Research Work on Clinical application of Nano Technology 

 Treatment Protocol: During the summer of 2018, when the lumpy skin disease virus (LSDV) was spreading in Upper 

Egypt, a total of 35 clinically sick animals were collected from Beni-Suef Governorate, Egypt. They were split up into the 

two groups (Aand B) shown in Table 1. Group (A): Orally administered ALg-Propolis NPs at a dose of 300µl/animal for 

three consecutive days to twenty afflicted animals. Group (B): 15 diseased animals were given intramuscular injections of 

tetracycline (10%) at a dose of 1CC/10 kg per animal body weight over the course of three days. In certain circumstances, 

tetracycline ointment was used topically. (Babiuk et al., 2008): Clinical Examination of Animals: Clinical observations were 

made of infected cattle raised in the Bani-Suef Governorate, Egypt, between May and July 2018. These cattle suffered from 

depression, ocular-nasal discharges, appetence, salivation, and biphasic fever (40–41.5°C). Particularly the pre-scapular and 

precrural lymph nodes, there was a noticeable enlargement of the superficial lymph nodes. Getting Animal Samples Ready: 

From locally raised, diseased cattle raised in the Beni-Suef Governorate of Egypt, skin biopsies were taken, encompassing 

the epidermis, dermis, and subcutis of the nodular skin lesions. The same samples as in our earlier study by Allam et al. 

(2020) were utilized for separation and molecular investigations. 

 

Toxicity and immune Response of Nano Vaccines 

 In addition to their amazing potential and range of uses, nanoparticles (NPs) have certain physicochemical qualities 

that make them unusually and unexpectedly harmful. By better understanding these traits and how they interact with cells, 

safer NPs can be developed. Numerous factors, including composition, size, charge, shape, hydrophobicity, and disclosure 

route, influence the harmful effects and immunological responses that the NPs elicit.  

 Therefore, it is crucial to look into the toxicity, immunological reaction, and long-term excretion of NPs before usage. 

Different cytotoxic features that make some NPs more toxic than others have been identified by several investigations 
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(Almeida JPM and Chen AL, 2011). This review [Hirsch C, Roesslein M, Krug HF 2011] addressed the current dependability 

of in vitro toxicity assays and suggested a number of controls to enhance experimental quality, which will eventually result 

in the safe and long-term usage of NPs. Numerous researchers looked into and concentrated on different facets of NPs 

(Fubini B and Fenoglio I, 2011). A number of other researchers have concentrated on enhancing NPs' biocompatibility and 

reducing their toxicity. It is advised that more research be done in order to fully comprehend the physicochemical 

properties and nanotoxicological standards of innovative nanomaterials, as well as their potential impact on human health. 

Table 1: Research Work on Clinical application of Nano Technology (Allam et al., 2020). 

 
 

Conclusion 

 Finally, the development of vaccine tactiscs against lumpy skin disease appears to be enabled by the use of nano 

vaccines. Improved immunogenicity, tailored delivery, and increased efficacy are all provided by the nanotechnology-

driven strategy. In addition to improving the health of our animals, adopting these creative approaches highlights the 

possibility of game-changing discoveries in the area of veterinary care as we traverse the complexities of livestock health.  

 Finally, the development of vaccine tactics against lumpy skin disease appears to be enabled by the use of nano 

vaccines. Improved immunogenicity, tailored delivery, and increased efficacy are all provided by the nanotechnology-

driven strategy. In addition to improving the health of our animals, adopting these creative approaches highlights the 

possibility of game-changing discoveries in the area of veterinary care as we traverse the complexities of livestock health. 

As we adopt these innovative approaches, it becomes clear that nano-vaccines represent a significant advancement in 

veterinary medicine as well as a critical step in preserving the health of livestock. This novel strategy has the potential to 

completely rewrite vaccination guidelines and provide a glimmer of hope in the ongoing fight against lumpy skin disease. 
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ABSTRACT   

Nanotechnology is evolving technology with enormous potential for global revolutionization of animal sector. Ticks are 

parasitic insects that feed on the blood of vertebrate animals. They are external, and obligate parasites which can cause 

severe allergic reactions and carry a variety of viruses, bacteria, helminth and protozoans that can affect humans, pets, 

and livestock. Ticks are ectoparasites that cause skin irritation and injury as well as transmit infections such as tick-borne 

encephalitis, powassan, borreliosis, lyme, tularemia, ehrlichiosis, anaplasmosis, babesiosis, and theileriosis. The overuse 

of chemical acaricides (pesticides that kill ticks and mites) is often responsible for the development of fast growing drug 

resistance in ticks and wide presence of toxic residues in food and ultimately in the environment. Alternatively, plant 

based acaricides could be used in livestock farming and resistant tick strains, but there are some constraints regarding 

their commercialization because of quick degradation, less stabilization, and lack of standardization. The availability of 

vaccines to treat tick-borne diseases is still limited, and the currently available ones showed major limitations in their 

effectiveness. The metal (copper, zinc, silver, nickel, and gold) nanoparticles synthesized by chemical and biological 

methods showed broad spectrum of action against ticks parasites and vectors of veterinary importance. Chemically 

synthesized nanoparticles can be highly toxic to non-target animals due to the presence of hazardous chemicals and 

their possible side-effects. On the other hand, nanoparticles using plant extracts are easy to prepare, eco-friendly, cost-

effective and promising in the control of tick. Nanoparticles effect the immune response of pests, induce oxidative stress, 

disrupt metabolic processes, and modify proteins or lipids that stop the reproduction and growth of ticks. However 

nanotechnology-based product against ticks is not available in the market till date. 
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INTRODUCTION 
 

 Nanotechnology is the innovative approach with huge potential for to revolutimize the animal husbandry on the 

global scale. It offers the same benefits to veterinarians as physicians, including diagnosis and therapy. The nano-

applications have the ability to use in animal nutrition, health, reproduction, and yield. It has the ability to solve associated 

several problems. They are external, and obligate parasites. Ticks have four life stages, egg, larva, nymph and adult. Ticks 

feed on the blood of vertebrate animals at each stage to survive. Ticks inject saliva into host animals during blood feeding, 

which contains bioactive substances which includes inflammatory, anti-hemostatic, anti- vasodilator, and 

immunosuppressive reagents. Mosquitoes considered first while ticks considered as the second most significant vectors of 

animal diseases globally. Ticks have largest effect on the cattle industry (Estrada-Pena et al., 2008; Peter et al., 2009). Hot 

and humid environments assist while cold environment hinder the survival of ticks. They are classified into two 

families,“Ixodidae” and “Argasidae”. Because of their capability to spread diseases to humans and animals, ticks had long 

been studied for their medicinal and to discover viable treatment options. Several examinations on the threats of TBDs 

have basically focused on a few variables such as precipitation, temperature, and humidity of environment and hygienic 

condition .It has been reported that certain conditions of precipitation affecting humidity and temperature might impact 

mailto:arfan.zaman@uvas.edu.pk
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tick load in animals. Moderate rain and high humidity give conducive micro climatic conditions for mass proliferation of 

ticks and higher rate of infestation (Khan et al., 2016).  

 

Effect of Ticks on Livestock  

 Ticks can cause severe allergic reactions and along with various viruses, bacteria, helminth and protozoa that can 

affect animals badly. Ticks are cause skin irritation, injury and transmit infections such as tick-borne encephalitis, powassan, 

borreliosis, lyme, tularemia, ehrlichiosis, anaplasmosis, babesiosis, and theileriosis. Being second to mosquitoes, ticks 

disseminate broader variety of pathogens as compared to any other than blood feeding, insects on a global scale, hence 

impacting pets, wildlife, livestock, and humans. From the centuries tick bite protection largely relies on the utilization of 

synthetic insecticides and bio-pesticide. Tick-Borne Diseases (TBDs) impact 80 percent of the world’s cattle population, 

posing a serious threat to worldwide livestock production. However developing countries are suffering from this issue at 

higher rates because of a long list of associated risk factors of TBDs. Ticks cause enormous economic losses and have 

several detrimental impacts on the infected animals because anemia, reduced weight gain, and impair the quality of skin 

(Dantas-Torres et al., 2017). Blood sucking behaviour of ticks may cause transmission of protozoan and helminth parasites. 

 

Control Strategies 

 To control the ticks, various measures have been adopted as described in fig. 1. Firstly, Chemicals were employed to 

control the ticks. Chemical, can be divided into groups and have played a significant role in ticks control activities. But 

repeated and improper exposure of chemicals to infected animals have result into developed of resistance in the tick. 

Further residues of the chemicals in the milk and meat can pose threats to the human health. These both have serious 

concerns need to be resolved alternately. Secondly,Plants have been shown to have anti-tick properties in laboratory but 

plant base acaricides are not available for commercial use (Theron and Magano, 2022). Thirdly, a vaccine against ticks was 

developed using a recombinant antigen (Willadsen, 2006). Vaccines against numerous tick species may be developed by 

utilizing antigens that cause immunological cross-reactions with distinct tick species. Vaccines containing a mixutre of 

essential and different protective antigens may significantly improve effectiveness ofvaccination or immunization (De la 

Fuente and Kocan, 2006). Lastly, nanobiotechnology is an emerging and unique way of controlling and combating ticks. 

Iron, nickel, zinc, copper, and silver are key metals nanoparticles have been proposed as anti-tick agents (Norouzi et al., 

2019; Underwood and Van Eps, 2012).  

 

 
 

Fig. 1: Control Strategies 

 

Chemical Control 

 Ticks are causing deterioration of the animal’s health and reducing their productivity. Controlling ticks is highly 

required for the wellbeing of animals and earning the livelihood by cattle rearing communities. The chemical acaricides 

have been used extensively for their promising results in controlling cattle ticks. But the use of synthetic acaricides have 

certain side effects including poor and meat quality, and development of resistant in ticks (Reck et al., 2014). 

Due to these reason several organochlorine chemicals are banned in various developed countries. 
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Frequently, lindane and dieldrin, carbaryl, amitraz, avermectin, cypermethrin, diazinon, and coumaphos are synthetic 

acaricides used to control the ticks. These effect on the nervous system of ticks and cause cell death (Chen et al., 2007; Li et 

al., 2003).  

 Dieldrin, carbaryl, amitraz, avermectin, cypermethrin,diazinon, and coumaphos are synthetic acaricides used to control 

the ticks. 

 

Phytochemical Control  

 Many plants, mostly from the Lamiaceae family, showed acaricidal and repellent effects. Plant base acaricides could be 

used in organic farming and against resistant tick strains, but there are several constraints toward their commercialization 

related to their degradation, stabilization, and standardization.Over 200 plant species have tick-repellent and acaricidal 

properties. Essential oils, extracts, and allelochemicals of plants used to control the ticks. Methods like steam distillation, 

hydrodistillation, microwave-assisted extraction, maceration, sonication and methanolic extraction are used. Toothache 

Plant(Acmella oleracea), soursop (Annona muricata), Custard Apple (Annona squamosa), sweetsop (Annona muricata), 

Tobacco (Nicotiana tabacum), and Neem(Azadirachta indica) extracts have been tested for their acaricidal activity on 

various tick species and life stages. Medicinal plants demonstrated strong acaricidal effects against several tick species, but 

their exact mode of action is not fully understood (Quadros et al., 2020). 

 

Vaccine 

 Vaccination characterizes as a nontoxic alternative method for controlling ticks. This method is environmental 

friendly and does not leave remains in milk and meat. Vaccine based on Bm86 have demonstrated varying levels of 

effectiveness in different regions worldwide. Vaccine against ticks have different antigen and pP0 antigen showed 

high effectiveness. Vaccines i-e TickGARD and Gavac were approved but not showed effect on complete target ticks 

(Freeman et al., 2010). More research is required to improve an effective vaccine against various tick strains and tick 

borne diseases (Pereira et al., 2022).  

 

Nanoparticles 

 A nanopesticide is a product that uses nanoscale technology to enhance performance or effectiveness of 

pesticides.Nanotechnology is the application of materials with at least one size dimension in the range of 1-100 nm. 

Nanopesticides have a number of benefits in terms of pesticide use such as pesticide active ingredients to improve their 

effectiveness (Benelli and Duggan., 2018; Naqqash et al., 2016).NPs have been proposed as novel insecticides that have 

toxic effects on insect parasites and are important to world’s economy(Amerasan et al., 2016; Benelli et al., 2017). 

Periplasmic manufacturing of metallic nanoparticles using plants and microbe-borne compounds is a cost-effective, one-

step process that eliminates the need for hazardous substances (Lok et al., 2007; Kumar et al., 2015). When produced 

sustainably, carbon, metal, and metal oxides nanoparticles have demonstrated remarkable efficacy against economically 

important insect pests (Athanassiou et al., 2018). During the formation of oxides of metal and metal nanoparticles in green 

synthesis methods, chemicals from microbe processes or plant material could potentially work both as stabilizing and 

reducing agents (Benelli et al., 2017).There was a global trend to evaluate new agents that are effective, safe, inexpensive, 

easily available, and ecofriendly. Nanotechnology provides new and important tools expected to significant impact in 

sciences. The polymer-coated metal NPs have recently appeared active in advanced researches. Metal nanoparticles' 

stability is a major issue, but nanotechnology can enhance their formulation stability, bioavailability, solubility, slow release, 

and protect in against premature degradation.  

 Nanopesticides could have the advantage of having little effect on nontargeted organisms and being environment 

friendly. They can be made using a variety of processes, including chemical, biological, and green synthesis. Advantages of 

nanoparticle-based pesticide formulations are improved formulation consistency and improved water solubility of active 

ingredients. Nanoparticles have the ability to release active substances in a sustainable manner and to enhanced stability 

of substances to avoid early deterioration. All this occurs because of the reduced particle size. As the particle size is 

reduced surface area become increased hence mobility and insecticidal ability of the used substance increased that leading 

to greater and long lasting effect. 

 

Nanoparticles against Hyalomma spp. ticks 

 The Hyalomma spp of ticks is hematophagous ectoparasite and responsible for transmission of protozoan, bacterial 

and viral infection in vertebrate animals and humans.Hyalomma genus is one of most prevalent ticks in Asia possessing 

high ecological plasticity. 

 The use of nanoparticles is considered as a novel approach for the control of ticks. However the development of a 

green, non-toxic, and environment friendly method for producing metal nanoparticles involves organisms from higher 

plants. So that metal reduce metal levels (Jayaseelan and Rahuman, 2012). SiO2-NPs provide new acaricidal compounds for 

the effective control of Hyalomma spp. (Norouzi et al., 2022). Zinc Oxide nanoparticles (ZnO NPs) prepared from neem 

(Azadirachta indica) and lemon grass (Cymbopogon citratus) as effective, safer, and eco-friendly candidatures 

against Hyalomma ticks (Zaheer et al., 2021).  

 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cymbopogon-citratus
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Nanoparticles against Rhipicephalus Spp Ticks 

 Rhipicephalus spp ticks are economically important ticks of bovines, acting as vectors for babesiosis, theileriosis, and 

anaplasmosis. Rhipicephalus microplus is the main cattle tick in the developing countries. The parasitic adaptation 

in Rhipicephalus tick vector has made successful parasites of public health importance. Rhipicephalus ticks are known for 

high genetic diversity, enabling them to thrive in different geographical regions of the world. The study investigated the 

acaricidal activity of titanium dioxide nanoparticles(TiO2-NPs) synthesized from plant extract against Rhipicephalus 

microplus demonstrating their high stability (Marimuthu et al., 2013).The study found that the ZnO-NPs coated with 

cypermethrin led to better tick toxicity relative to the ZnS-NPs coating with cypermethrin, at the laboratory scale. There is 

statistically significant difference among the NPs treatments given at the egg, larval, and adult stages of the ticks (Zaheer 

et al.,2023). Neem (Azadirachta indica) in the form of green silver nanoparticles have better acaricidal activity against 

Rhipicephalus (Boophilus) microplus (Avinash at al., 2017).  

 

 Table 1: Metal and Metal Oxide Nanoparticles used to Control the Cattle tick Rhipicephalus (Boophilus) microplus. 

Sr# Nanoparticles Mode of synthesis Material used  References 

1 Copper  Chemical synthesis Copper acetate  Ramyadevi et al., (2011) 

2 Nickel  Chemical synthesis Nickel hydrazine Rajakumar et al., 2013 

3 Silver  Green synthesis Aqueous leaf extract of Mimosa pudica Marimuthu et al., 2011 

 Green synthesis stem aqueous extract of Cissus quadrangulari Kumar et al., 2012 

 Green synthesis Aqueous leaf extract of Manilkara zapota  Rajakumar and Rahuman, 

2012 

4 Titanium dioxide Green synthesis Aqueous leaf extract of Mangifera indica Rajakumar et al., 2015 

 Green synthesis Aqueous flower extract of Calotropis gigantea Marimuthu et 

al., 2013 

5 Zinc oxide (ZnO) Green synthesis Aqueous leaf extract of Lobelia leschenaultiana Banumathi et al., 2016 

 Chemical synthesis Zinc nitrate and sodium hydroxide Kirthi et al., 2011 

 

Table 2: Comparative Study of traditional Chemical Synthesis and Green Synthesis of Nanopesticides 

Chemical Synthesis Green Synthesis 

Chemically synthesized nanoparticles is costly and eco-

unfriendly. 

Green synthesis of nanoparticles is cost-effective and eco-

friendly. 

 Causes long-term environmental harm. Easily decomposes and minimizing environmental harm. 

The size of these nanoparticles varies between 25 and 

450 nanometers. 

The size of these nanoparticles varies between few nanometers 

up to approximately 100 nanometers. 

Chemical Nanoparticles small size can lead to inhalation 

risks. 

The primary drawback of green nanoparticle synthesis is its low 

yield. 

 (Deepak et al., 2019) 

 

Major Tick-Borne Diseases (TBDs) and Treatment with Naoparticles 

 Ticks (Acari: Ixodidae) and Tick-Borne Diseases affect the productivity of bovines in tropical and subtropical regions of 

the world, leading to significant socioeconomic impacts on the livelihood of farming communities.Globally, four main 

TBDs, namely theileriosis, anaplasmosis, babesiosis and heartwater/cowdriosis affect the bovines, and cause substantial 

economic losses to cattle industry(Jabbar et al.,2015). As nano-medications have developed in the last four decades, nano-

delivery systems have been applied in treating various diseases. Lipid-based nanoparticles (LNPs) drug delivery system 

shows the most promising potential to cure diseases.Lipid-based nanoparticles have following advantages; 

 High level of biocompatibility  

  Less biodegradability 

 Loading capability  

  Immunogenicity (Lu et al., 2023). 

 

Babesiosis 

 Ticks of the genera Hyalomma, Rhipicephalus, and Amblyomma serve as natural reservoirs for babesia (Homer et al., 

2000). Tick fever (Redwater disease) is caused by B. bigemina and B.bovis, transmitted by the cattle tick Rhipicephalus 

microplus in many parts of the world. Babesia species possess complex life cycles that contain various stages in both the 

mammalian and the tick host (Elsworth and Duraisingh, 2021). More than 500 million cattle are estimated to be at danger 

of babesiosis globally (Ozubek et al., 2020). Main symptoms are high fever (over 40°C), hemolytic anemia, forced 

breathing, loss of appetite and weakness (AbouLaila et al., 2021).Human babesiosis is due to Babesia microti (Bloch et al., 

2019).With the combination of nanotechnology and mass spectrometry, researchers have developed a method to treat 

acute Babesia microti infection. Using nanoparticle tracking analysis, show that there is a range of Extracellular vesicles 

(EVs) sizes from 30 to 1,000 nm, emanating from the Babesia-infected RBC. Multiple functional implications of EVs in 

Babesia-host interactions and support the potential that EVs have as agents in disease pathogenesis (Beri et al., 2022). 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

360 

 

Theilerioses 

 Bovine theilerioses are caused by intracellular parasites of the genus Theileria are considered as one of the most 

economically important diseases of bovines globally. Theileria annulata and Theileria parva are known to be the most 

pathogenic species in bovines. Nanoparticles i.e Solid lipid nanoparticles (SLN) represent an attractive nanocarrier system 

for the hydrophobic drug Buparvaquone (BPQ). High accumulation of BPQ-SLN in the reticuloendotheileial system (RES) 

organs i.e liver, spleen and lungs, suggests the possibility of improved therapy in theileriosis (Soni et al., 2014).  

 

Anaplasmosis 

 Anaplasmosis is a vector-borne, infectious and non-contagious disease. . Anaplasmosis has a wide range of host, 

including pets, livestock, humans, and it is distributed worldwide (Karlsen et al., 2020). The disease is caused by various 

pathogens of the genus Anaplasma. The infectious organism invades and destroys red blood cells, causing anaemia, 

weakness, and sometimes death of organism. The several species cause different types of anaplasmosis depending on 

which cells that are infected in the mammalian host.Oxytetracycline-loaded Poly-methyl Methacrylate (PMMA) 

nanoparticles were found to be an effective oral delivery vehicle and also an alternative pharmaceutical formulation in 

anaplasmosis treatment (SadguruPrasad et al., 2017).  

 

Mode of Action of Nanoparticles based Pesticides on Ticks 

 Ticks are affected by nanoparticles based pesticides in various ways. Generally, nanoparticles stimulate the pest’s 

immune system, cause oxidative stress, disrupt metabolisms, and change proteins or lipids that inhibit reproduction and 

growth of ticks as described in fig. 2. 

Following nanoparticles based pesticides that are employed against ticks: 

 

Graphene  

 By creating reactive oxygen species (ROS) graphene induces oxidative stress and cell death. Graphene also may cause 

enzyme inhibition and degradation. 

 

 
 

Fig. 2: Mode of Action of Nanoparticles based Pesticides on Ticks 

 

Polystyrene  

 Polystyrene inhibits the cytochrome P450 isoenzyme through both noncompetitive and competitive mechanisms. 

Inhibition of enzyme triggers a range of additional processes, the most notable of which is oxidative stress, leading to 

cellular death. 

 

Silver  

 Ag-NPs inhibited the activity of acetylcholinesterase. Silver nanoparticles function by binding with proteins and nucleic 

acids, reducing the permeability of the cell membrane. This is subsequently expanded to enzyme breakdown, which 

ultimately leads to cellular death. Silver nanoparticles synthesized from aqueous leaf extract of Manilkara zapota 

(Rajakumar andRahuman, 2012) and Cissus quadrangularis (Santhosh Kumar et al., 2012) showed the highest mortality rate 

of ticks.  
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Gold  

 Strong bonds are form between the gold nanoparticles and trypsin enzyme leading towards deactivation of 

malabsorption, poor reproduction and development of tick. Au-NPs can impact growth of ticks by inhibiting enzyme 

trypsin. 

 

Silicon and Aluminum 

 Al and Si-NPs bind to tick’s cuticle layers, causing the physical uptake of waxes and lipids leading to cell water loss 

and ultimately cellular death.  

 

Titanium dioxide 

 Due to smaller size of nanoparticles, easily cross nuclear membrane, effect on the nucleic acids and protein synthesis. 

Titanium dioxide nanoparticles synthesized from plant impact exoskeleton of ectoparasites and hindering their mobility 

(Baun et al., 2008). TiO2-NPs synthesized from Crown Flower (Calotropis gigantea) showed 100 % mortality of ticks 

(Rajakumar et al., 2015). 

 

Future Perspectives and Research Challenges 

 The potential negative effects of nanoparticles on the environment are yet unknown, and determining the dispersion 

and behavior of nanoparticles both during and after application towards the environment is crucial for understanding their 

potential influence on the ecosystems. The nanoparticles could be a promising tool against ticks and tick-borne diseases 

owing to the small and fine particle size causing the oxidative stress and cellular injury in non-mammalian cells only 

(Benelli, 2018). However as compared to widely used chemical acaricides, the process of nano-based acaricides may be 

more challenging (Arafa et al., 2019).The acceptability of conventional farmers, costs required to rationalize the dose and 

routes of administration, and labour expertise for nanomaterial synthesis and study of nano-acaricides. These are among 

few challenges associated with the usage of NPs to control ticks and tick-borne diseases. However, these factors may not 

restrict the application of nanomaterial’s arised from the pre-existing chemical acaricides. Even though nanotechnology 

has numerous potential benefits against ticks, there is no nanotechnology-based product available in the market till date. 

 

REFERENCES 
 

AbouLaila, M., AbdEl-Aziz, A. R., Menshawy, S., Yokoyama, N., Igarashi, I., Al-Wabel, M., and Omar, M. (2021). Evaluation of 

the inhibitory effects of coumermycin A1 on the growth of Theileria and Babesia parasites in vitro and in vivo. Pakistan 

Veternary Journal, 41(4), 469-474. 

Amerasan, D., Nataraj, T., Murugan, K., Panneerselvam, C., Madhiyazhagan, P., Nicoletti, M., and Benelli, G. (2016). Myco-

synthesis of silver nanoparticles using Metarhizium anisopliae against the rural malaria vector Anopheles culicifacies 

Giles (Diptera: Culicidae). Journal of Pest Science, 89(2), 249-256. 

Arafa, W. M., Mohammed, A. N., and El-Ela, F. I. A. (2019). Acaricidal efficacy of deltamethrin-zinc oxide nanocomposite on 

Rhipicephalus (Boophilus) annulatus tick. Veterinary Parasitology, 268, 36-45. 

https://doi.org/10.1016/j.vetpar.2019.03.002  

Athanassiou, C. G., Kavallieratos, N. G., Benelli, G., Losic, D., Usha Rani, P., and Desneux, N. (2018). Nanoparticles for pest 

control: current status and future perspectives. Journal of Pest Science, 91, 1-15.https://doi.org/10.1007/s10340-017-

0898-0  

Avinash, B., Venu, R., Raj, M. A., Rao, K. S., Srilatha, C., and Prasad, T. N. V. K. V. (2017). In vitro evaluation of acaricidal 

activity of novel green silver nanoparticles against deltamethrin resistance Rhipicephalus (Boophilus) 

microplus. Veterinary Parasitology, 237, 130-136. https://doi.org/10.1016/j.vetpar.2017.02.017  

Benelli, G. (2018). Mode of action of nanoparticles against insects. Environmental Science and Pollution Research, 25(13), 

12329-12341. 

Benelli, G., and Duggan, M. F. (2018). Management of arthropod vector data–Social and ecological dynamics facing the 

One Health perspective. Acta Tropica, 182, 80-91. https://doi.org/10.1016/j.actatropica.2018.02.015  

Benelli, G., Pavela, R., Maggi, F., Petrelli, R., and Nicoletti, M. (2017). Commentary: making green pesticides greener? The 

potential of plant products for nanosynthesis and pest control. Journal of Cluster Science, 28, 3-10. 

https://doi.org/10.1007/s10876-016-1131-7  

Beri, D., Rodriguez, M., Singh, M., Liu, Y., Rasquinha, G., An, X., and Lobo, C. A. (2022). Identification and characterization of 

extracellular vesicles from red cells infected with Babesia divergens and Babesia microti. Frontiers in Cellular and 

Infection Microbiology, 12, 962-944. https://doi.org/10.3389/fcimb.2022.962944  

Bloch, E. M., Kumar, S., and Krause, P. J. (2019). Persistence of Babesia microti infection in humans. Pathogens, 8(3), 102. 

Chen, A. C., He, H., and Davey, R. B. (2007). Mutations in a putative octopamine receptor gene in amitraz-resistant cattle 

ticks. Veterinary Parasitology, 148(3-4), 379-383. 

Dantas-Torres, F., Alves, L. C., and Uilenberg, G. (2017). Babesiosis. Arthropod borne diseases, 347-354. 

https://doi.org/10.1007/978-3-319-13884-8-21 

Deepak, P., Amutha, V., Kamaraj, C., Balasubramani, G., Aiswarya, D., and Perumal, P. (2019). Chemical and green synthesis 

https://doi.org/10.1016/j.vetpar.2019.03.002
https://doi.org/10.1016/j.vetpar.2017.02.017
https://doi.org/10.1016/j.actatropica.2018.02.015
https://doi.org/10.1007/s10876-016-1131-7
https://doi.org/10.3389/fcimb.2022.962944
https://doi.org/10.1007/978-3-319-13884-8-21


Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

362 

of nanoparticles and their efficacy on cancer cells. In Green synthesis, characterization and applications of 

nanoparticles (pp. 369-387). Elsevier. 

De la Fuente, J., and Kocan, K. (2006). Strategies for development of vaccines for control of ixodid tick species. Parasite 

Immunology, 28(7), 275-283. 

Elsworth, B., and Duraisingh, M. T. (2021). A framework for signaling throughout the life cycle of Babesia species. Molecular 

Microbiology, 115(5), 882-890. 

Estrada-Pena, A., Venzal, J. M., Kocan, K. M., and Sonenshine, D. E. (2008). Overview: ticks as vectors of pathogens that 

cause disease in humans and animals. Frontiers in Bioscience, 13(18),6938-46. 

Freeman, J. M., Davey, R. B., Kappmeyer, L. S., Kammlah, D. M., and Olafson, P. U. (2010). Bm86 midgut protein sequence 

variation in South Texas cattle fever ticks. Parasites and Vectors, 3, 1-8. https://doi.org/10.1186/1756-3305-3-101  

Homer, M.J.J., Aguilar-Delfin, I., Telford, S.R.R., Krause, P.J.J., Persing, D.H.H., and Telford Iii, S.R. (2000). Babesiosis. Clinical 

Microbiology Reviews, 13(3), 451-469. 

Jabbar, A., Abbas, T., Sandhu, Z. U. D., Saddiqi, H. A., Qamar, M. F., and Gasser, R. B. (2015). Tick-borne diseases of bovines 

in Pakistan: major scope for future research and improved control. Parasites and Vectors, 8, 1-13. 

https://doi.org/10.1186/s13071-015-0894-2  

Jayaseelan, C., and Rahuman, A. A. (2012). Acaricidal efficacy of synthesized silver nanoparticles using aqueous leaf extract 

of Ocimum canum against Hyalomma anatolicum anatolicum and Hyalomma marginatum isaaci (Acari: 

Ixodidae). Parasitology Research, 111, 1369-1378. https://doi.org/10.1007/s00436-011-2559-1  

Karlsen, A., Vojtek, B., Mojzisova, J., Prokes, M., and Drazovska, M. (2020). Anaplasmosis in animals. Folia Veterinaria, 64(4), 

17-26 

Khan, A., Rehman, A. U., Hisham, M., Khan, A. Z., Rehman, H. U., Khan, M. I., and Fahim, M. (2016). Burden of babesiosis 

among domestic cattle of southern Khyber Pakhtunkhwa, Pakistan. Journal of Entomology and Zoology Studies, 4(5): 

305-307 

Kumar, S., Lather, V., and Pandita, D. (2015). Green synthesis of therapeutic nanoparticles: an expanding 

horizon. Nanomedicine, 10(15), 2451-2471. 

Kirthi, A. V., Rahuman, A. A., Rajakumar, G., Marimuthu, S., Santhoshkumar, T., Jayaseelan, C., and Velayutham, K. (2011). 

Acaricidal, pediculocidal and larvicidal activity of synthesized ZnO nanoparticles using wet chemical route against 

blood feeding parasites. Parasitology Research, 109, 461-472. https://doi.org/10.1007/s00436-011-2277-8  

Li, A. Y., Davey, R. B., Miller, R. J., and George, J. E. (2003). Resistance to coumaphos and diazinon in Boophilus microplus 

(Acari: Ixodidae) and evidence for the involvement of an oxidative detoxification mechanism. Journal of Medical 

Entomology, 40(4), 482-490. 

Lok, C. N., Ho, C. M., Chen, R., He, Q. Y., Yu, W. Y., Sun, H., and Che, C. M. (2007). Silver nanoparticles: partial oxidation and 

antibacterial activities. JBIC Journal of Biological Inorganic Chemistry, 12, 527-534. https://doi.org/10.1007/s00775-007-

0208-z  

Lu, Y., Pan, X., Nie, Q., Zhou, Z., Dai, X., and Liu, O. (2023). Administration methods of lipid-based nanoparticle delivery 

systems for cancer treatment. Biomaterials Science, 11(11), 3800-3812. 

Marimuthu, S., Rahuman, A. A., Rajakumar, G., Santhoshkumar, T., Kirthi, A. V., Jayaseelan, C., and Kamaraj, C. (2011). 

Evaluation of green synthesized silver nanoparticles against parasites. Parasitology Research, 108, 1541-1549. 

Naqqash, M. N., Gokce, A., Bakhsh, A., and Salim, M. (2016). Insecticide resistance and its molecular basis in urban insect 

pests. Parasitology Research, 115, 1363-1373. https://doi.org/10.1007/s00436-015-4898-9  

Norouzi, R., Ataei, A., Hejazy, M., and Shahbazi, P. (2019). Acaricidal activity of zinc oxide nanoparticles against Hyalomma 

spp. in vitro. Nanomedicine Research Journal, 4(4), 234-238. 

Norouzi, R., Irani, S., Katiraee, F., and Hejazy, M. (2022). In vitro acaricidal activity of nano-SiO2 against Hyalomma spp. ticks 

and its toxicity. Nanomedicine Research Journal, 7(1), 93-98. 

Ozubek, S., Bastos, R. G., Alzan, H. F., Inci, A., Aktas, M., and Suarez, C. E. (2020). Bovine babesiosis in Turkey: Impact, current 

gaps, and opportunities for intervention. Pathogens, 9(12), 1041. 

Pereira, D. F. S., Ribeiro, H. S., Gonçalves, A. A. M., da Silva, A. V., Lair, D. F., de Oliveira, D. S., and Giunchetti, R. C. (2022). 

Rhipicephalus microplus: An overview of vaccine antigens against the cattle tick. Ticks and Tick-borne Diseases, 13(1), 

101828. 

Peter, R. J., Van den Bossche, P., Penzhorn, B. L., and Sharp, B. (2009). Tick, fly, and mosquito control--lessons from the past, 

solutions for the future. Journal of the South African Veterinary Association-Tydskrif Van Die Suid-Afrikaanse Veterinere 

Vereniging, 80, 121-121. 

Quadros, D. G., Johnson, T. L., Whitney, T. R., Oliver, J. D., and Oliva Chavez, A. S. (2020). Plant-derived natural compounds 

for tick pest control in livestock and wildlife: Pragmatism or Utopia. Insects, 11(8), 490. 

Rajakumar, G., and Rahuman, A. A. (2012). Acaricidal activity of aqueous extract and synthesized silver nanoparticles from 

Manilkara zapota against Rhipicephalus (Boophilus) microplus. Research in Veterinary Science, 93(1), 303-309. 

Rajakumar, G., Rahuman, A. A., Roopan, S. M., Chung, I. M., Anbarasan, K., and Karthikeyan, V. (2015). Efficacy of larvicidal 

activity of green synthesized titanium dioxide nanoparticles using Mangifera indica extract against blood-feeding 

parasites. Parasitology Research, 114, 571-581. https://doi.org/10.1007/s00436-014-4219-8  

Rajakumar, G., Rahuman, A. A., Velayutham, K., Ramyadevi, J., Jeyasubramanian, K., Marikani, A., and Siva, C. (2013). Novel 

https://doi.org/10.1186/1756-3305-3-101
https://doi.org/10.1186/s13071-015-0894-2
https://doi.org/10.1007/s00436-011-2559-1
https://doi.org/10.1007/s00436-011-2277-8
https://doi.org/10.1007/s00775-007-0208-z
https://doi.org/10.1007/s00775-007-0208-z
https://doi.org/10.1007/s00436-015-4898-9
https://doi.org/10.1007/s00436-014-4219-8


Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

363 

and simple approach using synthesized nickel nanoparticles to control blood-sucking parasites. Veterinary 

Parasitology, 191(3-4), 332-339. 

Ramyadevi, J., Jeyasubramanian, K., Marikani, A., Rajakumar, G., Rahuman, A. A., Santhoshkumar, T., and Marimuthu, S. 

(2011). Copper nanoparticles synthesized by polyol process used to control hematophagous parasites. Parasitology 

Research, 109, 1403-1415. https://doi.org/10.1007/s00436-011-2387-3  

Reck, J., Klafke, G. M., Webster, A., Dall’Agnol, B., Scheffer, R., Souza, U. A., and de Souza Martins, J. R. (2014). First report of 

fluazuron resistance in Rhipicephalus microplus: A field tick population resistant to six classes of acaricides. Veterinary 

Parasitology, 201(1-2), 128-136. 

SadguruPrasad, L. T., Madhusudhan, B., Kodihalli B, P., and Ghosh, P. C. (2017). Development and in vitro evaluation of 

oxytetracycline‐loaded PMMA nanoparticles for oral delivery against anaplasmosis. IET Nanobiotechnology, 11(1), 119-

126. 

Santhoshkumar, T., Rahuman, A. A., and Bagavan, A. (2012). Marimuth u S, Jayaseelan C, Kirthi AV, et al. Evaluation of stem 

aqueous extract and synthesized silver nanoparticles using Cissus quadrangularis against Hippobosca maculat a and 

Rhipicephalus (Boophilus) Microplus. Experimental Parasitology, 132(2), 156-65. 

Santhoshkumar, T., Rahuman, A. A., and Bagavan, A. (2012). Marimuth u S, Jayaseelan C, Kirthi AV, et al. Evaluation of stem 

aqueous extract and synthesized silver nanoparticle s using Cissus quadrangularis against Hippobosca maculat a and 

Rhipicephalus (Boophilus) microplus. Experimental Parasitology, 132(2), 156-65. 

Soni, M. P., Shelkar, N., Gaikwad, R. V., Vanage, G. R., Samad, A., and Devarajan, P. V. (2014). Buparvaquone loaded solid 

lipid nanoparticles for targeted delivery in theleriosis. Journal of Pharmacy and Bioallied Sciences, 6(1), 22. 

Theron, E. M. C., and Magano, S. R. (2022). A reflection on tick control and the potential role of botanical products in 

integrated management practices. South African Journal of Plant and Soil, 39(3), 213-225. 

Underwood, C., and Van Eps, A. W. (2012). Nanomedicine and veterinary science: The reality and the practicality. The 

Veterinary Journal, 193(1), 12-23. 

Yessinou, R. E., Akpo, Y., Adoligbe, C., Adinci, J., Assogba, M. N., Koutinhouin, B., and Farougou, S. (2016). Resistance of tick 

Rhipicephalus microplus to acaricides and control strategies. Journal of Entomology and Zoology Studies, 4(6), 408-414. 

 Zaheer, T., Abbas, R. Z., Perveen, N., Sparagano, O. A., Khan, S. R., Rehman, T. U., and Arshad, M. I. (2023). Application of 

cypermethrin-coated ZnS and ZnO nanoparticles against rhipicephalus ticks. Pathogens, 12(6), 807. 

Zaheer, T., Imran, M., Pal, K., Sajid, M. S., Abbas, R. Z., Aqib, A. I., and ur Rahman, S. (2021). Synthesis, characterization and 

acaricidal activity of green-mediated ZnO nanoparticles against Hyalomma ticks. Journal of Molecular Structure, 1227, 

129652. https://doi.org/10.1016/j.molstruc.2020.129652  

https://doi.org/10.1007/s00436-011-2387-3
https://doi.org/10.1016/j.molstruc.2020.129652


364 

Chapter 42 
 
 

Mathematical Pharmacokinetics and Drug Delivery 
 

Muhammad Saleem1*, Rabia Munir2, Tooba Aslam3, Sidra Altaf4 and Amna Aziz5 

 
1Institute of Physiology and Pharmacology, University of Agriculture, Faisalabad, Pakistan 
2Department of Mathematics and Statistics, University of Agriculture, Faisalabad, Pakistan 
3Department of Mathematics and Statistics, University of Agriculture, Faisalabad, Pakistan 
4Department of Pharmacy, University of Agriculture, Faisalabad, Pakistan 
5Department of Epidemiology and Public Health, University of Agriculture, Faisalabad, Pakistan 

*Corresponding author: siyalfaizsaleem381@gmail.com  

 

ABSTRACT   

Mathematical pharmacokinetics plays a crucial role in understanding the absorption, distribution, metabolism, and 

excretion (ADME) of medications within biological systems, which is essential for optimizing drug delivery and therapeutic 

effectiveness. This abstract discusses key concepts and advancements in mathematical modeling applied to 

pharmacokinetics and drug delivery systems. The field of pharmacokinetics utilizes various mathematical models, ranging 

from simple compartmental models to complex physiologically-based models, to describe the concentration of drugs 

over time in different tissues and fluids. These models enable predictions of drug behavior under different dosing 

regimens and patient conditions, aiding in drug development and clinical practice. Strategies such as controlled release 

systems, targeted drug delivery, and nanotechnology have expanded the options for drug delivery techniques. 

Mathematical models support these advancements by elucidating how drugs are released from formulations, optimizing 

drug distribution to specific sites, and predicting therapeutic effects. These models include zero-order, first-order kinetics, 

and advanced models that consider factors such as tissue perfusion and cellular uptake kinetics. Future directions may 

involve integrating pharmacokinetics with systems biology and genomics to personalize treatment approaches. 

Computational techniques like machine learning and quantitative systems pharmacology are expected to improve model 

predictive power and accuracy, supporting individualized therapeutic strategies and speeding up drug development 

timelines. Regulatory frameworks ensure the reliability and safety of pharmacokinetic models in the drug approval 

process, aligning international standards for clinical use. As pharmacokinetics continues to evolve, its interdisciplinary 

nature and computational advancements are poised to revolutionize drug delivery and personalized medicine, enhancing 

patient care through precise and effective therapeutic interventions. 
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INTRODUCTION 
 

Overview of Pharmacokinetics (PK) and Pharmacodynamics (PD) 

 Pharmacokinetics (PK) refers to the study of how a drug moves through the body over time. It encompasses four main 

processes; Absorption is the process by which a drug enters the bloodstream. Distribution is the dispersion or dissemination 

of substances throughout the fluids and tissues of the body. Metabolism is the body's process of transforming the drug, 

usually through enzymatic activity, into metabolites. Excretion: is the removal of substances from the body, primarily through 

the kidneys (urine) or the liver (bile) (Coelho et al., 2021). Understanding these processes is crucial for determining the 

appropriate dosage, frequency, and duration of treatment with a specific drug. On the other hand, Pharmacodynamics (PD) 

deals with the biochemical and physiological effects of drugs on the body and the mechanisms of their actions. It includes 

the study of drug-receptor interactions, or how drugs interact with cell receptors to produce their effects. Dose-reaction 

relationship is the relationship between the drug dose and the significance of its impact (Campbell et al., 2024).  

 The discipline of pharmacokinetics has developed considerably over time. Early twentieth Century is the concept of 

drug absorption, distribution, metabolism, and excretion (ADME) commenced to take form, prompted via the paintings 

of scientists like (Torald Sollmann and John J. Abel. 1950s). The period "pharmacokinetics" become coined, and 

mathematical fashions commenced to be advanced to explain the ADME tactics. The advent of compartmental fashions, 

which simplified the illustration of drug distribution within the body. Advances in technology and analytical methods 

https://doi.org/10.47278/book.CAM/2024.468
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allowed for more precise measurement of drug concentrations in organic fluids. The improvement of non-compartmental 

evaluation methods and the software of computer software program for PK evaluation. Integration of pharmacokinetics 

with pharmacodynamics (PK-PD modeling) became extra commonplace, assisting within the optimization of healing 

regimens. Continued improvements in computational electricity and biotechnology have caused more sophisticated 

models, along with physiologically-based pharmacokinetic (PBPK) fashions and populace pharmacokinetics, which 

account for variability amongst people. Pharmacokinetics and pharmacodynamics are fundamental components of drug 

development and regulatory strategies, ensuring the protection and efficacy of medications (Zhang and Zhao, 2021). 

 

The Role of Mathematical Modeling in Pharmacokinetics and Importance of Mathematical Modeling 

 Mathematical modeling plays a crucial role in pharmacokinetics by offering a quantitative framework to describe and 

predict the temporal changes in drug concentrations within the body. Precision and Accuracy are the models that aid in 

accurately forecasting drug concentrations at various time intervals, improving the accuracy of dosing regimens. 

Understanding Drug behavior mathematical models elucidate intricate processes involved in drug absorption, distribution, 

metabolism, and excretion, enabling a deeper comprehension of drug behavior in the body. Optimization of drug therapy 

by predicting drug concentrations and outcomes, models assist in optimizing therapeutic regimens for man or woman 

sufferers, maximizing efficacy while minimizing adverse effects. Risk assessment models can simulate exclusive scenarios, 

supporting in assessing potential dangers and protection concerns associated with drug remedy (Cottura et al., 2020). Cost 

and time efficiency in drug improvement, modeling reduces the want for great and expensive clinical trials using offering 

preliminary insights into drug conduct and capacity effects. Applications in drug development and therapeutic drug 

monitoring, drug development, Preclinical study models are utilized to forecast human pharmacokinetics, primarily relying 

on animal data to assist in dose selection for initial medical trials. During clinical trials, modeling plays a key role in devising 

optimal dosing strategies, understanding variability among participants, and interpreting trial data. Regulatory agencies 

mandate pharmacokinetic information for new drug submissions, and modeling provides a robust means of demonstrating 

drug behavior and safety. Models also aid in the development of specific drug formulations (e.g., tablets, injections) by 

predicting their pharmacokinetic profiles (Perry et al., 2020). Therapeutic Drug Monitoring and Individualized Therapy are 

important components of medication management for drugs with narrow therapeutic windows, such as antiepileptics and 

immunosuppressants. Individualized dosing models take into account patient-specific factors like age, weight, and organ 

function to tailor dosages accordingly. These models help clinicians to adjust dosages based on changes in patient 

conditions, such as renal impairment or drug. By simulating different dosing regimens, these models can predict outcomes 

and assist clinicians in selecting the most effective and safe treatment plan. Reducing adverse effects is a key focus for models 

who anticipate potential toxicities based on drug awareness profiles while considering adjustments to prevent unfavorable 

outcomes. Mathematical modeling plays a crucial role in pharmacokinetics, providing valuable insights and resources for 

drug development and personalized medicine. Its applications range from preclinical research to clinical practice, ensuring 

that medications are safe, effective, and customized to individual patient needs (Darwich et al., 2021) . 

 

Fundamental Concepts in Pharmacokinetics 

Absorption and Mechanisms of Drug Absorption 

 Drug absorption is the process through which a medication enters the bloodstream from its site of administration. 

Several mechanisms facilitate this process; Passive Diffusion is the most common mechanism, where medications move from 

an area of higher concentration to an area of lower concentration across cell membranes. Facilitated Diffusion is Similar to 

passive diffusion, but involves carrier proteins that assist in transporting the medication across the membrane without 

requiring energy. Active Transport Requires carrier proteins and energy (in the form of ATP) to move medications against 

their concentration gradient. Endocytosis and Exocytosis are Processes by which cells engulf drug particles (endocytosis) or 

expel them (exocytosis), commonly used for larger molecules or particles. These mechanisms all play a role in how drugs are 

absorbed into the body. Paracellular Transport involves the movement of drugs through the gaps between cells, facilitated 

by tight junctions and intercellular spaces (Foroozandeh et al., 2021). Several factors can impact the rate and extent of drug 

absorption. Physicochemical properties of the drug include the drug's molecular size, lipophilicity, ionization state, and 

solubility. Formulation Factors is the drug's dosage form (such as tablets, pills, or liquids) and the presence of excipients that 

can influence dissolution and absorption such as pH levels, gastric emptying time, intestinal motility, and the presence of 

food or other substances can also impact drug absorption. Larger Surface Areas (e.g., small intestine) can Promote Greater 

Absorption. Transporter Proteins, such as P-glycoprotein, can Efflux Drugs from Cells, impacting their Absorption (Alagga et 

al., 2024). Mathematical Models of Absorption Kinetics aid in Describing and Predicting Drug Absorption Rates. Common 

models include Describing a constant Drug Absorption Rate, regardless of Concentration. Often observed with Controlled-

Release Formulations. The equation DAdt=k0fracdAdt = k_0dtdA=k0 represents zero-order rate constant and AAA 

represents the amount of drug absorbed. First-order kinetics describes absorption rate proportional to drug concentration, 

with most pills following this pattern. The equation DAdt=ka⋅CfracdAdt = k_a cdot CdtdA=ka⋅C represents the first-order 

absorption rate constant (ka) and drug concentration (C). Michaelis-Menten Kinetics is used for drugs that show saturable 

absorption, such as nutrients and certain antibiotics, where absorption becomes saturated at higher concentrations. The 

equation DAdt=Vmax⋅CKm CfracdAdt = fracV_max cdot CK_m CdtdA=Km CVmax⋅C represents the maximum absorption 
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rate (Vmax) and the Michaelis constant (Km). Compartmental Models involve drugs moving through compartments (e.g., 

gastrointestinal tract, bloodstream) with varying rates of absorption, distribution, and elimination (Damodharan, 2020). 

 Drug distribution is the process by which a drug is transferred from one location to another within the body. Once a 

drug enters the bloodstream, it is transported to various tissues and organs. Factors such as blood flow and tissue 

characteristics influence the distribution of drugs. For example, tissues with high blood flow, like the liver, kidneys, and brain, 

receive drugs more quickly than tissues with lower blood flow, such as muscle and fat. The volume of distribution (Vd) is a 

theoretical parameter that measures the extent of drug distribution in the body relative to the plasma concentration. It is 

calculated as Vd=AC0, where A is the total amount of drug in the body and C0 is the plasma concentration at time 0 after 

rapid intravenous administration. Compartmental models serve as mathematical representations to simplify the complex 

process of drug distribution and elimination within the body. These models assume that the body can be represented by 

one or more compartments in which the drug concentration is evenly distributed. This model posits that the entire body 

functions as a single, uniform compartment. The drug quickly reaches equilibrium throughout the body shortly after 

administration. This model is particularly useful for drugs that are distributed rapidly and consistently. The concentration-

time profile for a one-compartment model following intravenous administration is expressed as C(t) = C0 * e^(-kt), where 

C(t) represents the drug concentration at time t, C0 is the initial concentration, and k is the elimination rate constant (Liu and 

Kang, 2024). 

 

Metabolism and Drug Metabolism Pathways 

 Drug metabolism refers to the process in which pharmaceutical substances are chemically modified within living 

organisms, often through specialized enzymatic processes. The main objective of drug metabolism is to convert drug 

molecules that are fat-soluble into metabolites that are more water-soluble, making them easier to eliminate from the 

body. This process commonly occurs in the context of Hepatic Clearance and Liver Models. Hepatic clearance (CLhep) is 

defined as the rate at which the liver removes a drug from the blood per unit of time. It is influenced by three key factors: 

Blood Flow to the Liver (Q), Intrinsic Clearance (CL_int), and Fraction Unbound (f_u). The calculation of hepatic clearance 

can be determined using the well-stirred model (venous equilibrium model), which shows that hepatic clearance depends 

on both the liver's ability to metabolize the drug and the rate at which the drug enters the liver (Ward et al., 2022). 

 

Renal and Non-renal Excretion Processes  

 Renal excretion is the primary route of elimination for many medications and their metabolites. It involves three main 

processes. Unbound medications are filtered from the bloodstream into the urine through the glomeruli in the kidneys. The 

rate of filtration depends on factors such as the drug's size, charge, and binding to plasma proteins. Active transport systems 

in the proximal tubules move drugs from the blood into the urine. This process is selective and can be saturated, involving 

transporters like organic anion transporters (OATs) and organic cation transporters (OCTs). Some drugs may be reabsorbed 

from the renal tubules back into the bloodstream, particularly if they are lipophilic. This reabsorption process is influenced 

by the drug's pH and the urine's pH. Clearance Concepts and Models: Clearance (CL) is a measure of the efficiency of the 

body in eliminating a drug, calculated as the amount of plasma cleared of the drug per unit time. It can be represented as 

CL=rate of elimination/plasma drug concentration. Total body clearance (CLtotal) is the sum of all individual clearance 

mechanisms, including renal clearance and non-renal clearance (e.g., hepatic clearance) (Bueters et al., 2020). 

 

Mathematical Modeling Techniques in Pharmacokinetics 

Deterministic Models and Ordinary Differential Equations in PK 

 Differential equations play a crucial role in pharmacokinetics by modeling the dynamics of drug concentration over time. 

These equations illustrate how drug levels in the body change as a result of processes such as absorption, distribution, 

metabolism, and elimination. In pharmacokinetic models, differential equations help to simulate the movement of drugs 

within different compartments and their elimination from the body. In zero-order kinetics, the rate of drug concentration 

remains constant regardless of the drug concentration level, which is common for drugs with saturation in the elimination 

process. The equation for zero-order kinetics is represented as dC/dt = -k0, where C is the drug concentration and k0 is the 

zero-order rate constant (Liu and Yang, 2021). 

 

Stochastic Models and Introduction to Stochastic Processes in PK 

 Stochastic models integrate random variability into pharmacokinetic (PK) modeling to accommodate the inherent 

unpredictability in biological systems and drug response. Unlike deterministic models, which provide fixed outputs for 

specific inputs, stochastic models acknowledge that drug behavior can fluctuate due to various factors such as genetic 

differences, environmental factors, and measurement errors. Stochastic processes in PK involve the utilization of 

probability distributions and random variables to depict drug concentration and response over time (Liu and Shan, 

2022).  

Applications and Limitations 

 Personalized therapy stochastic models can help to predict the variability of drug responses in individual patients, 

leading to more tailored dosing regimens. These models assist in analyzing data from various populations, identifying 

sources of variability, and aiding in the design of more efficient clinical trials. Risk Assessment by taking into account the 
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variability, stochastic models can assess the likelihood of adverse drug reactions and treatment failures. Regulatory Decisions 

Quantify uncertainty in drug behavior and response to provide a solid basis for regulatory decision-making (Guidi et al., 

2022). 

 

Limitations 

 Sophisticated Stochastic models are mathematically and computationally intricate, necessitating specialized software 

and expertise. They require extensive datasets for accurate estimation of probability distributions and model parameters. 

Interpretation of results may be challenging and may not be easily understood by non-experts, such as clinicians and 

patients. The computational cost of running stochastic simulations can be significant, as it is time-consuming and resource-

intensive, particularly for complex models (Silva et al., 2021). 

 

Physiologically based Pharmacokinetic Models 

 Physiologically based pharmacokinetic (PBPK) models are advanced modeling techniques that simulate the absorption, 

distribution, metabolism, and excretion (ADME) of drugs based on physiological and anatomical characteristics. Unlike 

traditional compartmental models, PBPK models incorporate detailed information about organ sizes, blood flow rates, tissue 

composition, and enzyme activities to provide a mechanistic understanding of drug kinetics. The Structure and Components 

of PBPK Models involve dividing the body into multiple compartments, each representing a specific organ or tissue. These 

compartments are interconnected by blood flow, mimicking the movement of drugs between organs. Representing locations 

in the gastrointestinal tract or other sites where the drug enters the bloodstream. Consists of the blood and highly perfused 

organs like the heart and liver. Representing tissues with lower perfusion such as muscle and fat. Such as the liver and 

kidneys, where metabolism and excretion take place. Organ weights, blood flow rates, tissue composition (e.g., fat, water 

content), and partition coefficients. Physicochemical properties (e.g., solubility, lipophilicity), binding affinities, and enzyme 

kinetics. Differential equations that describe drug transport and transformation within and between compartments (Chou 

and Lin, 2023). Table 1 shows different aspects of mathematical pharmacokinetics and drug delivery and highlighting their 

significance. 

 

Table 1: Different aspects of mathematical pharmacokinetics and drug delivery, highlighting their significance 

Sr. 

No 

Definition Description Importance Methods/Models Applications Challenges Future 

Directions 

References 

1 Pharmacokineti

cs 

Study of drug 

absorption, 

distribution, 

metabolism, 

and excretion 

(ADME) in the 

body. 

Essential for 

understandin

g drug 

behavior and 

optimizing 

dosing 

regimens. 

Compartmental 

models, 

physiologically-

based PK (PBPK) 

models, non-

linear PK models 

Drug 

development, 

dosage 

optimization, 

therapeutic 

drug 

monitoring 

Variability in 

individual 

responses, 

complexity of 

biological 

systems 

Integration 

with omics 

data, 

personalize

d medicine 

approaches 

(McGinnity 

and Grime, 

2023) 

2 Drug Delivery Techniques 

and systems 

for delivering 

drugs to 

target sites in 

the body. 

Enhances 

drug efficacy, 

reduces side 

effects. 

Controlled 

release systems, 

targeted drug 

delivery systems, 

nanotechnology 

Cancer 

treatment, 

chronic 

disease 

management, 

local 

anesthesia 

Achieving 

precise 

targeting, 

maintaining 

drug stability 

and 

bioavailability 

Advanceme

nts in 

nanotechno

logy, novel 

delivery 

systems 

(Jain, 2020) 

3 Mathematical 

Modeling 

Use of 

mathematical 

equations to 

describe drug 

absorption, 

distribution, 

metabolism, 

and excretion 

processes. 

Provides 

quantitative 

insights into 

drug kinetics 

and 

dynamics. 

Zero-order, first-

order kinetics, 

compartmental 

modeling, PBPK 

modeling 

Predicting 

drug behavior, 

optimizing 

dosing 

regimens, 

simulating 

clinical 

scenarios 

Validation 

and reliability 

of models, 

computationa

l complexity 

Machine 

learning, AI 

applications

, enhanced 

model 

predictabilit

y 

(Peters, 

2021) 

4 Controlled 

Release 

Systems 

Methods to 

release drugs 

at a 

predetermine

d rate over 

time. 

Improves 

patient 

compliance, 

reduces 

dosing 

frequency. 

Diffusion-

controlled 

systems, osmotic 

pumps, polymer-

based matrices, 

magnetic 

systems 

Extended-

release 

formulations, 

oral 

contraceptives

, pain 

management 

Achieving 

consistent 

release 

profiles, 

balancing 

burst release 

and sustained 

release 

Advanced 

modeling 

of complex 

release 

kinetics, 

personalize

d dosing 

schedules 

(Vrettos et 

al., 2021) 
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5 Targeted Drug 

Delivery 

Delivery 

systems 

designed to 

deliver drugs 

specifically to 

target tissues 

or cells. 

Enhances 

therapeutic 

efficacy, 

minimizes 

systemic 

toxicity. 

Active targeting 

(ligand-based), 

passive targeting 

(EPR effect), 

nanocarriers 

Cancer 

therapies, 

inflammatory 

diseases, gene 

therapy 

Overcoming 

biological 

barriers, 

optimizing 

ligand-

receptor 

interactions 

Developme

nt of novel 

targeting 

ligands, 

integration 

with 

personalize

d medicine 

(Doshi, 

2022) 

6 Systems 

Biology 

Study of 

biological 

systems and 

their 

interactions 

using 

computation

al and 

mathematical 

approaches. 

Provides 

holistic 

understandin

g of drug 

interactions 

within 

biological 

networks. 

Network 

pharmacology, 

integration of 

omics data 

(genomics, 

proteomics, 

metabolomics) 

Predicting 

drug 

responses, 

identifying 

biomarkers for 

drug efficacy 

and toxicity 

Complexity of 

biological 

systems, data 

integration 

challenges 

Personalize

d medicine 

approaches

, precision 

therapeutic

s based on 

biological 

profiles 

(Tolani et 

al., 2021) 

7 Computational 

Pharmacology 

Application 

of 

computation

al techniques 

to study drug 

actions and 

interactions 

within 

biological 

systems. 

Accelerates 

drug 

discovery 

and 

development 

processes. 

Machine 

learning, 

quantitative 

systems 

pharmacology 

(QSP), agent-

based modeling 

Predicting 

drug-drug 

interactions, 

optimizing 

drug 

combinations, 

virtual 

screening 

Integration of 

multi-scale 

data, 

validation of 

predictive 

models 

High-

performanc

e 

computing, 

virtual 

clinical 

trials, real-

time 

pharmacoki

netic 

modeling 

(Aghamiri 

et al., 

2022) 

 

Parameter Estimation in Pharmacokinetics 

Methods for Parameter Estimation 

 Accurate estimation of pharmacokinetic (PK) parameters is essential for understanding drug behavior and optimizing 

dosing regimens. Various techniques, such as Nonlinear Regression Analysis and Maximum Likelihood Estimation, are 

commonly employed for this purpose. Nonlinear regression analysis involves fitting a nonlinear model to PK data by 

adjusting model parameters to minimize the difference between observed and expected values. This method is widely 

utilized for its versatility and ability to accommodate various PK models (Jovanović et al., 2020). Maximum Likelihood 

Estimation (MLE) is a statistical approach that estimates parameters by maximizing the likelihood function, which indicates 

the likelihood of observing the given data with specific parameter values. The objective is to determine parameter values 

that maximize the likelihood of the observed data. The process involves defining the likelihood function based on the PK 

model and collected data. Utilize optimization algorithms to determine optimal parameter values that enhance the likelihood 

characteristic. Assess the model fit and parameter accuracy. Advantages of this approach include providing a robust statistical 

framework and the ability to handle various types of data distributions and censoring. Disadvantages include the need for 

complex mathematical and computational techniques, as well as sensitivity to model specification and initial parameter 

values (Goutelle et al., 2022). Bayesian techniques involve incorporating prior knowledge and observed data to estimate PK 

parameters. This method combines prior distributions (reflecting existing beliefs about parameters) with probability 

functions (derived from observed data) to generate posterior distributions of parameters (Brocks and Hamdy, 2020). 

 

Software Tools for PK Modeling 

 Various software tools are commonly utilized for pharmacokinetic modeling and parameter estimation. These tools 

provide efficient functionality for data analysis, model fitting, and simulation. One such tool is NONMEM (Nonlinear 

Mixed-Effects Modeling), which is widely utilized for population pharmacokinetic/pharmacodynamic modeling. NONMEM 

is capable of handling mixed-effects models, allowing for the analysis of data from multiple subjects with inter-individual 

variability. Key features of NONMEM include support for a variety of pharmacokinetic/pharmacodynamic models, 

advanced statistical methods for parameter estimation, extensive diagnostic tools, and graphical capabilities. This 

software is commonly used in drug development, clinical trials, and regulatory submissions (Ayral et al., 2021). 

 

Drug Delivery Systems and Strategies 

Controlled Release Systems and Types of Controlled Release Systems 
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 Controlled release systems are engineered to deliver capsules at a pre-set rate over an extended period, offering 

advantages such as decreased dosing frequency, enhanced patient adherence, and minimized side effects. Typical types 

include Diffusion-Controlled Systems, where drugs are released through diffusion across a membrane or matrix, such as 

reservoir systems and matrix capsules. Osmotic Systems harness osmotic pressure to release tablets through a semi-

permeable membrane, ensuring a consistent release rate regardless of external factors. Polymer-based systems feature 

biodegradable polymers that break down gradually, releasing the drug as the polymer degrades. Magnetic Systems utilize 

magnetic fields to regulate drug release from magnetically responsive platforms, allowing for controlled release. 

Mathematical Models of Controlled Drug Release are integral in understanding and predicting drug release kinetics from 

controlled release systems. Common models include Zero-Order Release (constant release rate over time), First-Order 

Release (release rate proportional to the remaining drug concentration), Higuchi Model (release rate proportional to the 

square root of time, describing diffusion-controlled release from matrices), and Peppas-Sahlin Model (describing drug 

release from hydrophilic matrices considering swelling and erosion of polymers). These models aid in optimizing formulation 

parameters such as polymer composition, drug loading, and device geometry to achieve desired release profiles (Adepu and 

Ramakrishna, 2021).  

 

Targeted Drug Delivery and Concepts of Targeting and Localized Delivery 

 Targeted drug delivery aims to deliver medications specifically to particular tissues, cells, or organelles to enhance 

therapeutic effectiveness and reduce systemic side effects. This approach involves utilizing Active Targeting, which involves 

utilizing ligands (such as antibodies or peptides) that bind to specific receptors on target cells to improve drug uptake and 

efficacy. Passive Targeting, on the other hand, relies on physiological differences (such as leaky vasculature in tumors) to 

accumulate drugs at target sites. Localized Delivery is another key principle, which involves delivering medications directly 

to the site of action to minimize exposure to healthy tissues (Hashida, 2020). 

 

Mathematical Models and Optimization Techniques 

 Mathematical models are utilized in the field of focused drug delivery to predict drug distribution and 

accumulation at specific target sites. Optimization strategies involve the use of Computational Fluid Dynamics (CFD) 

to simulate blood flow and drug transport in the vasculature, as well as predict drug distribution in tissues. 

Pharmacokinetic-Pharmacodynamic (PK-PD) models are used to quantify the effects of drugs at target sites by 

correlating drug concentration with therapeutic outcomes. Optimization a lgorithms are employed to maximize drug 

delivery efficiency while minimizing off-target effects, taking into account factors such as drug stability and toxicity. 

These models serve as a guide in the design of focused delivery systems, optimizing drug carri ers, targeting ligands, 

and administration routes (Elmas et al., 2020). 

 

Nanotechnology in Drug Delivery and Overview of Nanocarriers 

 Nano-sized carriers, known as nanocarriers, have been specifically designed to encapsulate and deliver drugs to 

targeted tissues to enhance drug stability, bioavailability, and performance. Different types of nanocarriers include 

liposomes, which are phospholipid bilayers that can encapsulate both hydrophilic and lipophilic drugs, polymeric 

nanoparticles made from biodegradable polymers like PLGA and chitosan to control drug release, micelles that 

solubilize poorly water-soluble drugs, and dendrimers with unique properties for precise drug delivery (Sahu et al., 

2021). 

 

Mathematical Modeling of Drug Release from Nanoparticles 

 Mathematical models are used to analyze drug release from nanoparticles, taking into account factors such as 

nanoparticle size, composition, and drug-polymer interactions. This model explains drug release from nanoparticles based 

on concentration gradients. This model is applied to nanoparticles where drug release is dependent on diffusion through 

the polymer matrix. This model characterizes complex release profiles, including initial burst release followed by sustained 

release. These models help in optimizing nanoparticle parameters (such as polymer composition and size) to achieve the 

desired release kinetics and improve therapeutic efficacy. Drug delivery systems utilize mathematical modeling to develop 

controlled release systems, target specific tissues, and utilize nanotechnology for efficient drug delivery. These processes 

aim to enhance therapeutic outcomes, minimize side effects, and advance personalized medicine and treatment effectiveness 

(Jahromi et al., 2020). 

Optimization of Drug Dosage 

Therapeutic Drug Monitoring and Importance and Methods of Therapeutic Drug Monitoring 

 Therapeutic drug monitoring (TDM) involves the monitoring of drug concentrations in biological samples (e.g., blood, 

plasma) to optimize dosage regimens, ensuring the effectiveness of treatment while minimizing potential side effects. 

Patients may metabolize medications differently due to genetic factors, age, medical conditions, and interactions with other 

drugs. Maintaining drug levels within a narrow therapeutic range enhances treatment outcomes. Monitoring drug levels 

helps prevent adverse effects associated with under or over-dosing. Using specific antibodies to measure drug 

concentrations. High-performance liquid chromatography (HPLC) and gas chromatography (GC) are used to separate and 
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quantify drugs and their byproducts. Rapid tests for immediate feedback, such as bedside monitoring of antibiotics in 

intensive care units (Ates et al., 2020). 

 

Dose Optimization Algorithms and Algorithms for Dose Adjustment 

 Dose optimization algorithms employ mathematical models and data-driven processes to adjust drug dosages, ensuring 

therapeutic effectiveness and reducing negative outcomes. Some common algorithms include Adaptive Control Methods, 

which adjust doses based on patient response and feedback to achieve and maintain target drug concentrations. Population 

Pharmacokinetic Models estimate individual pharmacokinetic parameters using population data to inform personalized 

dosing regimens. Bayesian Dose-Adaptation Software integrates prior knowledge, such as pharmacokinetic models, with 

new patient information, like therapeutic drug monitoring results, to update dose recommendations (Gu et al., 2020). 

 

Applications in Different Therapeutic Areas 

 In the workplace, oncology adaptive management algorithms are utilized to optimize chemotherapy dosing to achieve 

maximum tumor response while minimizing toxicity to healthy tissues. In the field of psychiatry, the dosing of psychotropic 

medications such as antidepressants and antipsychotics is individualized based on patient-specific pharmacokinetic profiles 

and therapeutic drug monitoring results. In critical care settings, continuous infusion and adaptive control algorithms are 

used to adjust sedative and analgesic doses, ensuring optimal sedation levels without causing prolonged effects. These 

algorithms improve precision medicine by customizing drug dosages according to individual patient characteristics, leading 

to enhanced treatment outcomes across various medical specialties (Wu et al., 2022). 

 

Case Studies and Applications 

Case Study 1: Modeling and Simulation of a New Drug and Step-by-step Approach from Model Development to 

Simulation 

 The process of modeling and simulating a new drug involves several important steps to predict its pharmacokinetic (PK) 

and pharmacodynamic (PD) properties, guide dosing regimens, and optimize therapeutic outcomes. Develop a model based 

on the physiological and pharmacological mechanisms of drug movement, taking into consideration factors such as 

absorption, distribution, metabolism, and excretion (ADME). Create a mathematical model (e.g., compartmental, PBPK) using 

preclinical data and knowledge of drug behavior. Collect experimental data from preclinical studies, including drug 

concentrations in plasma or target tissues over time. Utilize techniques such as nonlinear regression or Bayesian inference 

to estimate model parameters (e.g., clearance, volume of distribution). Model validation and goodness-of-fit analysis 

comparing model predictions with observed data to assess the accuracy and reliability of the model. Examining the impact 

of model parameters on drug behavior and identifying key variables. Creating simulations for unique dosing regimens (e.g., 

dosage, frequency) to achieve desired drug concentrations and therapeutic outcomes. Predicting drug responses in diverse 

patient populations and across various medical conditions.Assessing potential risks (e.g., toxicity) and benefits (e.g., efficacy) 

of the drug based on simulation results.Utilizing modeling and simulation outcomes to support regulatory submissions and 

design clinical trials (Sugano, 2021). 

 

Case Study 2: Optimization of Drug Dosage in a Clinical Trial and Application of pk/pd Modeling in Clinical Trials 

 Pharmacokinetic/pharmacodynamic (PK/PD) modeling in clinical trials improves understanding of drug behavior, refines 

dosing strategies, and enhances patient outcomes. In Study Design and Protocol Development, it is important to include 

PK/PD endpoints and modeling objectives in the clinical trial protocol. When selecting the population, factors such as patient 

demographics, disease characteristics, and inclusion/exclusion criteria that affect drug response variability should be 

considered. Data Collection and Analysis involve PK Sampling, where blood or tissue samples are collected at scheduled 

intervals to monitor drug concentrations, and PD Assessments, which measure biomarkers or clinical endpoints relevant to 

drug efficacy and safety. Utilize PK/PD models for statistical analysis to estimate individual and population-level parameters. 

Personalized Dosing: Adjust dosages based on predictions from PK/PD modeling and Therapeutic Drug Monitoring (TDM) 

results to maintain therapeutic levels. Modify dosing schedules during the trial based on interim analysis and model 

simulations. Evaluate drug effectiveness by comparing PK/PD model predictions with clinical outcomes. Safety Monitoring: 

Assess adverse events and potential toxicity with predicted drug exposures. Analyze PK/PD modeling results to support 

efficacy and safety claims in regulatory submissions. Labeling and Dosage Recommendations: Offer dosing guidance for 

healthcare professionals based on PK/PD modeling results. These case studies demonstrate the important role of modeling 

and simulation in drug development and clinical practice, optimizing drug dosing, improving therapeutic outcomes, and 

guiding regulatory decisions (Rodríguez-Gascón et al., 2021). 

 

Future Directions and Challenges 

Advances in Computational Methods and Emerging Computational Techniques in pk Modeling 

 Pharmacokinetic (PK) modeling is continually evolving alongside advancements in computational techniques, enhancing 

accuracy, efficiency, and applicability across various fields. Emerging techniques such as Machine Learning and Artificial 

Intelligence are being utilized to analyze large datasets and predict drug behaviors, leading to improved parameter 

estimation and personalized dosing. Quantitative Systems Pharmacology (QSP) involves integrating PK models with 
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pharmacodynamics and disease pathways to simulate drug effects at molecular and cellular levels. Agent-based modeling 

allows for the simulation of individual entities, such as cells and drug molecules, within complex biological structures, 

providing insights into spatial and temporal drug distribution. High-Performance Computing (HPC) involves the use of 

supercomputers and parallel processing to accelerate simulations and handle large-scale PK/PD modeling tasks. These 

computational advancements enable more robust modeling of drug interactions, population variability, and therapeutic 

responses, ultimately supporting precision medicine and therapeutic innovation (Wang et al., 2021). 

 

Integration with Systems Biology and Linking Pharmacokinetics with Systems Biology and Genomics 

 The integration of pharmacokinetics with structural biology and genomics enhances our understanding of drug 

mechanisms, variability, and personalized treatment approaches in the workplace. Key aspects include Omics Data 

Integration, which involves incorporating genomic, proteomic, and metabolomic data to elucidate drug metabolism 

pathways and personalize treatment plans. Network Pharmacology is another important aspect, which involves analyzing 

drug-target interactions within biological networks to predict drug efficacy and potential adverse effects based on molecular 

interactions. Personalized Medicine involves tailoring drug treatment plans based on individual genetic profiles to predict 

drug responses and optimize dosing regimens. These integrative approaches help bridge the gap between pharmacokinetics 

and biological complexity, ultimately leading to more specific and effective therapeutic interventions in the workplace (Collin 

et al., 2022). 

 

Regulatory Considerations and Regulatory Guidelines and their Impact on pk Modeling 

 Regulatory organizations play a crucial role in influencing pharmacokinetic modeling practices and their approval in the 

development of drugs and medical products. Key considerations include establishing standards for model reliability, 

robustness, and predictive performance to support regulatory submissions through Model Qualification and Validation. It is 

also important to validate biomarkers used in PK/PD modeling to accurately correlate drug exposure with clinical outcomes 

and safety through Biomarker Validation. Provide clear guidelines for adjusting dosing based on pharmacokinetic modeling 

outcomes to ensure safe and effective use in clinical practice. Global alignment of regulatory standards for pharmacokinetic 

modeling promotes consistency and innovation while safeguarding patient safety and public health. Continued 

advancements in computational methods, integration with systems biology, and adherence to regulatory guidelines will 

drive progress in pharmacokinetic modeling, leading to improved personalized medicine and therapeutic outcomes across 

diverse patient populations (Jean et al., 2021). 

 

Conclusion 

 Pharmacokinetic modeling plays a crucial role in modern drug development and clinical practice, providing valuable 

tools to optimize treatment strategies and enhance patient outcomes. In recent years, significant advancements in 

computational techniques have transformed PK modeling, enabling more precise predictions of drug behavior and 

individualized dosing regimens. Emerging approaches such as machine learning, quantitative systems pharmacology, and 

integration with omics data show promise in enhancing our understanding of drug interactions and variability among 

different populations. Additionally, the integration of pharmacokinetics with systems biology and genomics holds the 

potential for personalized medicine, where treatments are tailored based on individual genetic profiles and disease pathways. 

Regulatory considerations continue to shape the landscape, ensuring that PK modeling meets strict standards of reliability 

and safety in drug approval processes. Looking ahead, ongoing innovation in PK modeling is likely to lead to more efficient 

clinical trials, expedited drug approvals, and improved therapeutic outcomes for patients worldwide. By leveraging these 

advancements, the industry is positioned to address current healthcare challenges and pave the way for future breakthroughs 

in pharmaceutical research and patient care. 
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ABSTRACT   

Organophosphates pose significant health issues when present in food, challenging advanced discovery styles for timely 

intervention. Conventional approaches are time-consuming. In response, this study explores the eventuality of nano-

biosensors as slice-edge volition for enhanced food safety. The nano-biosensors influence nanomaterial-grounded 

platforms characterized by unique parcels, including increased perceptivity, rapid-fire discovery capabilities, and the 

eventuality of miniaturization. The nano-biosensor enables on-point monitoring. Crucial technological advancements 

include face-enhanced Raman spectroscopy (SERS), and graphene-ground nano-biosensors. These technologies 

contribute to bettered discovery capabilities, addressing challenges related to selectivity. Likewise, enzyme-modified 

nanomaterials are explored for organophosphate discovery. The exploration emphasizes the significance of rigorous 

performance evaluation and confirmation, including perceptivity, and real-world testing. The study outlines challenges, 

including the disquisition of emerging technologies, addressing selectivity issues, and integrating nano-biosensors into 

routine food testing practices. The use of these nano biosensors for food safety and public health is profound, offering 

enhanced monitoring capabilities, and timely interventions. 
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INTRODUCTION 
 

 Organophosphates are commonly utilized in farming as pesticides, herbicides, and bug sprays. The accumulation of 

organophosphates in food commodities such as natural products, vegetables, and grains poses potential dangers to 

human well-being. The presentation of organophosphate buildups has been connected to an extent of well-being 

dangers, fundamentally influencing the apprehensive and respiratory frameworks (Fu et al., 2022). Organophosphates 

repress acetylcholinesterase, driving the collection of acetylcholine in nerve neural connections. This disturbance in 

neurotransmission can result in indications such as cerebral pains, sickness, and in extreme cases, seizures or loss of 

motion. Ingestion of organophosphate can lead to respiratory issues, trouble breathing, and chest snugness Pre-birth 

introduction to organophosphates has been related to neurobehavioral shortages and regenerative issues. The inveterate 

introduction may contribute to cardiovascular illnesses, endocrine disturbance, and certain cancers (Dickey et al., 2021).  

 

Significance of Discovery in Food Commodities 

 Identifying and measuring organophosphate buildups offer assistance in anticipating the ingestion of sullied 

nourishment, in this manner lessening the chance of intense and inveterate well-being issues related to introduction. 

Environmental protection agency (EPA) has set limits for organophosphates in food items. Exact location strategies are 

fundamental for administrative compliance and dependable location strategies contribute to building buyer certainty within 

the security of the food supply chain. Buyers are progressively concerned about chemical buildups in their nourishment, and 

upfront testing methods offer assistance to address these concerns. Exact discovery strategies guarantee food commodities 

meet the administrative measures of distinctive nations, encouraging smoother exchange relations. Observing and 

controlling organophosphate buildups in food commodities minimize the harmful effect of pesticide (Ramakrishnan et al., 
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2019).  

Present Methods and Limitations 

 The discovery of organophosphate buildups in food commodities is right now performed utilizing different strategies.  

 

Chromatographic Methods 

Gas Chromatography 

 GC is utilized for isolating and analyzing organophosphate compounds. It offers elevated specificity but may require 

complex test arrangement.  

 

Liquid Chromatography 

 LC is successful for non-volatile organophosphates. It can be coupled with mass spectrometry for upgraded discovery.  

 

Immunoassays 

 Procedures such as enzyme-linked immunosorbent test (ELISA) utilize antibodies to identify organophosphate buildups. 

Immunoassays are quick and cost-effective but may need the specificity of chromatographic strategies.  

 

Mass Spectrometry 

 Mass spectrometry, especially couple mass spectrometry (MS/MS), is utilized for the evaluation of organophosphates. 

It requires costly hardware. 

 

Biosensors 

 Biosensors have been established for their fast reaction. These can offer real-time observing but may endure 

reproducibility issues.  

 

Nuclear Magnetic Resonance 

 NMR spectroscopy can give data on the chemical structure of organophosphates. Whereas it could be a non-destructive 

strategy. 

 

Electrochemical Methods 

 Electrochemical sensors can offer fast and cost-effective discovery. But they may confront challenges in terms of 

affectability and selectivity(Chawla et al., 2018).  

 

Limitations of Present Approaches 

 Accomplishing elevated affectability and specificity at the same time can be challenging. A few strategies may exceed 

expectations in one angle but compromise the other. Food networks are complex, and different components can meddle 

with the location of organophosphate (Chadha et al., 2022). Numerous strategies require broad test arrangement, which 

can be time-consuming. A few methods, such as mass spectrometry, request costly hardware and trained administrators, 

this indicates that not all strategies are reasonable for real-time checking. The fetching of hardware, reagents, and 

investigation time can be noteworthy variables, particularly for scheduled testing of extensive test sets (Samadder and 

Rao, 2023).  

 

Foundation for Nano-biosensors 

 The advancement and utilization of nano-biosensors for the discovery of organophosphate buildups in food items offer 

a few compelling points of interest, tending to numerous of the confinements related with conventional location strategies. 

Nano-biosensors can accomplish momentous affectability, identifying follow sums of organophosphate buildups with tall 

accuracy. The huge surface zone of nanomaterials permits for expanded intuitive with target analytes, moving forward the 

sensor's location restrain. Nano-biosensors can be outlined with particular acknowledgment components, such as antibodies 

or aptamers, guaranteeing tall specificity for the target organophosphates. Nano-biosensors display quick reaction times, 

empowering real-time checking of organophosphate buildups. This can be pivotal for guaranteeing the convenient discovery 

of defilement, particularly in perishable food items. Nano-biosensors can be miniaturized, allowing for versatile and field-

deployable gadgets. Usually profitable for on-site testing, decreasing the require for test transportation and empowering 

speedy choices in different settings (Mitra et al., 2022).  

 

Characteristics of Nano-biosensors 

 Nano-biosensors join different nanomaterials, such as nanoparticles, nanotubes, or nanocomposites. These materials 

show special properties, counting huge surface area-to-volume proportion, quantum impacts, and improved conductivity, 

which contribute to progressed affectability. The organic components in nano-biosensors play a pivotal part in giving 

specificity to the discovery prepare. These components can be proteins, antibodies, aptamers, or indeed entirety cells, 

depending on the target analyte. They specifically tie to the analyte, starting a flag transduction instrument. Nano-biosensors 

regularly depend on a transduction instrument to change over the official occasion into a quantifiable flag. This may include 
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changes in electrical, optical, or mechanical properties of the nanomaterials, permitting for the location and measurement 

of the target analyte. The combination of nanomaterials and organic components comes about in nano-biosensors with 

elevated affectability and selectivity. The nanoscale measurements improve the interaction between the sensor and analyte, 

whereas the natural components guarantee specificity for the target particle (Huang et al., 2021).  

 

Benefits over Conventional Discovery Methods 

 Nano-biosensors offer a few focal points over routine discovery strategies, particularly when connected to the discovery 

of organophosphate buildups in nourishment commodities. These focal points contribute to the enhancement of generally 

food security measures. Nano-biosensors use the interesting properties of nanomaterials, such as huge surface zone and 

quantum impacts, to improve affectability. This permits for the discovery of lower concentrations of organophosphate 

buildups, which may go undetected by ordinary strategies. Consolidating organic components, nano-biosensors guarantee 

high specificity. This minimizes the chance of wrong positives. Nano-biosensors regularly give quick reaction times, 

empowering real-time monitoring of organophosphate. This is pivotal for convenient intercessions in circumstances where 

quick discovery is essential, such as in perishable food items. The little measure of nanomaterials permits for the 

miniaturization of sensor components, making nano-biosensors compact and convenient. This highlight is profitable for on-

site testing and reduce the require for test transportation (Sahu and Kashaw, 2023).  

 

Types of Nano-biosensors 

Nanomaterials used in Biosensors 

 Nanoparticles, such as gold nanoparticles and silver nanoparticles are commonly utilized in nano-biosensors. They offer 

huge surface zones for functionalization with natural components. Carbon nanotubes and nanowires have amazing electrical 

conductivity and are utilized to build electrochemical nano-biosensors. They give a stage for immobilizing organic particles 

and show affectability to changes in electrical properties upon analyte authority. Quantum dabs are semiconductor 

nanocrystals with special optical properties, counting size-tunable fluorescence. They are utilized in fluorescence-based 

nano-biosensors for multiplexed discovery (Christopher et al., 2020). For illustration, a nanocomposite may consolidate 

nanoparticles and nanotubes to improve both electrical and basic perspectives of the nano-biosensor. Graphene and its 

subsidiaries, such as graphene oxide, are known for their great electrical conductivity and expansive surface region. They are 

utilized in different nano-biosensors, especially those including electrochemical discovery (Stephanie et al., 2021).  

 

Biological Mechanisms in Nano-biosensors 

 Proteins are broadly utilized in nano-biosensors. They catalyze particular responses with the target analyte, driving to 

distinguishable changes within the sensor's properties. Antibodies are safe proteins that show high specificity for specific 

antigens. Immobilizing antibodies on nanomaterials permits for specific authoritative to target analytes, shaping the premise 

for immunosensors. Aptamers are brief, single-stranded DNA or RNA particles chosen to tie particularly to a target. They 

offer an elective to antibodies and can be utilized as components in aptamer-based nano-biosensors. A few nano-biosensors 

consolidate whole cells, such as microscopic organisms or yeast, as the organic acknowledgment component. These living 

cells can react to the particular analytes, producing signals that are recognizable by the sensor. DNA and RNA can serve as 

acknowledgment components in nano-biosensors. Other than proteins and antibodies, other proteins can be utilized in 

nano-biosensors, either for coordinate official to analytes or as components in flag transduction pathways. MIPs are 

engineered polymers outlined to specifically recognize and tie to particular target particles. These molecularly engraved 

materials can be coordinates into nano-biosensors for engraving the shape of the target analyte (Bhattacharya et al., 2022).  

 

Principles of Organophosphate Recognition 

Molecular Interface with Nano-biosensors 

 The discovery of organophosphate utilizing nano-biosensors depends on particular atomic intuitive between the target 

analyte (organophosphates) and the detecting components coordinates into the nano-biosensor. The primary step includes 

the particular acknowledgment of organophosphate by the natural components immobilized on the nanomaterial surface. 

The choice of components, such as chemicals, antibodies, aptamers, or molecularly engraved polymers is pivotal in 

guaranteeing specificity for organophosphates. For chemicals and antibodies, this includes particular official destinations 

that show partiality for the chemical structure of organophosphates (Uniyal and Sharma, 2018). The nanomaterial utilized 

within the nano-biosensor plays a basic part in improving the atomic intuitive. The huge surface region of nanomaterials, 

such as nanoparticles gives adequate destinations for the immobilization of organic acknowledgment components, 

guaranteeing the next likelihood of intuitive with organophosphates (Chugh et al., 2023).  

 

Indication Transduction Mechanisms 

 Streamer transduction in nano-biosensors includes the transformation of the atomic interaction between the target 

analyte (organophosphates) and the binding components into a quantifiable flag. Different nanomaterials and transduction 

instruments are utilized to realize this change. Nanomaterials such as nanotubes or nanowires may show changes in electrical 

resistance or conductance upon authority with organophosphates. This will be measured to evaluate the analyte 

concentration. FET-based nano-biosensors utilize changes within the conductance of the transistor channel upon authority, 
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giving a coordinate electrical readout (Hashem et al., 2021). Quantum specks can be consolidated into nano-biosensors. 

Authoritative organophosphates can actuate changes in fluorescence escalated, wavelength, or lifetime, which are 

recognized optically. Nanomaterials with color-changing properties, such as gold nanoparticles, may experience color 

changes upon interaction with organophosphates, empowering straightforward visual discovery. Electrochemical nano-

biosensors can cause degree changes in current coming about from redox responses related to organophosphate 

authoritative. This can be commonly achieved through enzymatic responses or coordinate electrochemical oxidation. 

Changes in anode potential are measured as a result of the official occasion. This will be utilized in ion-selective terminals or 

other potentiometric sensors. (Sargazi et al., 2022).  

 

Sensitivity and Specificity 

 The performance of nano biosensors in the detection of organophosphates is often evaluated based on two important 

parameters: sensitivity and specificity. These factors determine the reliability and accuracy of the sensor in identifying and 

quantifying organophosphate residues in foods. Sensitivity refers to the ability of a nano biosensor to detect and quantify 

low concentrations of organophosphate residues. Highly sensitive sensors ensure that even traces of target analytes can be 

detected(Dincer et al., 2019). Certain nanomaterials, such as quantum dots may provide higher sensitivity due to their unique 

properties. The chosen transduction method can also have a significant impact on sensitivity, with some mechanisms 

resulting in greater signal amplification. Appropriate functionalization of nanomaterials with fitting components improves 

the capacity of the sensor to capture and connected with organophosphates. Specificity alludes to the capacity of a nano 

biosensor to recognize the target analyte (organophosphate) from other substances (Che Sulaiman et al., 2020). 

 

Nano-biosensor Technologies and Surface-improved Spectroscopy  

 Surface-enhanced Raman spectroscopy (SERS) may be a capable and advanced analytical strategy that's picking up 

significance within the field of nano biosensors due to its high specificity. SERS combines the standards of Raman 

spectroscopy with nanomaterials to increase the Raman flag of atoms, permitting location of follow sums of analytes (Tripathi 

and Bonilla-Cruz, 2023). Metal nanoparticles such as gold and silver are broadly utilized in SERS-based nano biosensors. 

These nanoparticles create a localized surface plasmon resonance (LSPR) impact and intensify the Raman signals of 

neighboring particles. Coordination metal nanoparticles with graphene or other 2D materials improves the SERS impact, 

makes strides steadiness, and gives a bigger surface zone for interaction with analytes. Functionalization of metal 

nanoparticles with atomic tests such as aptamers or particular ligands moves forward the selectivity of SERS-based nano 

biosensors toward organophosphate targets. Tuning the surface properties of nanomaterials through chemical alterations 

can offer assistance optimize the interaction between sensor components and organophosphates. SERS-based nano 

biosensors can be planned for multiplexed discovery, permitting concurrent examination of different organophosphates 

(Serafinelli et al., 2022). 

 

Quantum Dots- based Biosensors 

 Quantum specks are semiconductor nanocrystals with interesting optical and electronic properties, making them great 

candidates for creating progressed nano biosensors. Quantum dot-based biosensors have made noteworthy advances in 

the discovery of different analytes, particularly those containing organophosphate buildups. (Meliana et al., 2024).  

 

Detecting Mechanism 

 Quantum specks can be combined with other fluorescent colors or quenchers through Fuss, permitting delicate location 

based on changes in fluorescence concentrated upon interaction with organophosphates. Quantum dabs can take an interest 

in charge exchange forms when collaboration with organophosphates, causing a alter in their electronic state. This alter can 

be measured to distinguish the analytes. Integration of proteins and quantum dabs increase the specificity and catalytic 

action of biosensors. Multicolor quantum specks permit discovery of numerous analytes or distinctive shapes of 

organophosphates. This highlight encourages multiplexed examination and moves forward sensor execution (Willner and 

Vikesland, 2018).  

 

Enzyme Improved Nanomaterials  

 Enzyme-modified nanomaterials play a critical part within the advancement of nano biosensors, upgrading their catalytic 

movement and specificity for the location of different analytes, counting organophosphates. Later progresses in enzyme-

modified nanomaterials for organophosphate discovery incorporate: Proteins such as acetylcholinesterase and 

organophosphate hydrolase are combined with nanoparticles to make enzyme-nanoparticle crossovers. Enzyme-modified 

nanoparticles can catalyze responses that result in flag intensification, permitting location of lower concentrations of 

organophosphates. Chemicals typified in nanomaterials such as liposomes have expanded soundness and are superior 

secured from natural influences. This epitome guarantees the life span of chemical movement within the capture prepare. 

The utilize of biocompatible nanomaterials for protein epitome increments the compatibility of enzyme-modified nano 

biosensors with organic frameworks (Kumar and Madhuri, 2022). Proteins can be immobilized on graphene surfaces to make 

graphene-enzyme cross breeds that combine graphene's great conductivity and enzymatic action to move forward detecting 

execution. Proteins can be implanted in nanocomposites containing different nanomaterials. This synergistic approach 
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combines the special properties of each component to make a multifunctional stage for organophosphate location. 

Consolidation of proteins into nanocomposites empowers biocatalytic responses that increase the flag, contributing to the 

affectability and selectivity of nano biosensors. Nanozymes are nanomaterials that display interesting enzyme-like exercises. 

These materials, such as metal oxide nanoparticles, imitate the catalytic properties of proteins and can be custom fitted for 

particular discovery of organophosphates. Nanozymes regularly have made strides solidness and reproducibility compared 

to normal proteins, addressing some of the challenges related with enzyme-based sensors. Enzyme-modified nano 

biosensors progressively incorporate biodegradable nanomaterials. This eco-friendly approach guarantees that the 

nanomaterials utilized within the sensor have negligible natural affect (Aggas and Guiseppi-Elie, 2020). 

 

Fabrication and Strategy Distresses and Collection of Nanomaterials 

 The choice of nanomaterial impacts the affectability, selectivity, and generally execution of the sensor. Consider the 

special properties of nanomaterials such as conductivity, optical properties, and surface region. These properties must 

coordinate the specified capture instrument and transmission strategy. Guarantee that the chosen nanomaterials are 

biocompatible to maintain a strategic distance from antagonistic impacts when association with natural components. 

Biocompatibility is exceptionally critical for applications including living beings (Mahmoudpour et al., 2022). Select 

nanomaterials that are steady and solid so that they can keep up their detecting properties over time. Select nanomaterials 

that can be effectively functionalized with organic components (proteins, antibodies, aptamers, etc.). Functionalization 

increases the specificity of the sensor for the discovery of organophosphates. (Xu et al., 2021). 

 

Arrangement of Organic Elements 

 Effective integration of organic components is basic for the specificity and selectivity of nano biosensors. Natural 

components such as antibodies play an imperative part for detecting organophosphate buildups. Components should be 

selected with high partiality and specificity for organophosphates (Naresh and Lee, 2021). Depending on the sensor 

necessities, proteins, antibodies, and aptamers are commonly utilized components. Utilize fitting immobilization methods to 

guarantee steady connection of natural components to the nanomaterial surface. This may incorporate physical adsorption 

or covalent holding. Protecting the common structure and work of proteins and antibodies is basic for precise and 

dependable location (Kozitsina et al., 2018) 

 

Optimization of Detecting Limitations 

 Optimization of sensor parameters is imperative to realize the required execution characteristics of nano biosensors. 

Optimize pH and temperature conditions to guarantee solidness and movement of organic components. Decide the ideal 

brooding time for the sensor to associate with the test. For real-time applications, it is vital to adjust adequate interaction 

time with the require for fast location. Fine-tune sensor parameters to lower discovery limits, particularly for follow sums of 

organophosphate buildups. This increases the affectability of the nano biosensor. Build up a strong calibration convention 

to relate the sensor reaction with known concentrations of organophosphate. Standard calibration guarantees the exactness 

and unwavering quality of place originates approximately (Kulkarni et al., 2022). 

 

Reduction and Suitability 

 The miniaturization of nano biosensors is of extraordinary significance for field and point-of-care applications. We plan 

a nano-biosensor with a compact and coordinates engineering to play down the general gadget measure. The compact plan 

makes it simple to utilize in different situations. Optimizes sensor control utilization to empower battery operation. 

Coordinated a little readout framework consistent with the measure of the sensor. This may incorporate on-chip hardware 

or remote communications for information exchange. Guaranteeing the robustness of the nano-biosensor plan to resist 

natural conditions and taking care of amid field utilize. The vigorous sensor is appropriate for field applications. We plan the 

nano biosensor for user-friendly operation and negligible preparing necessities. Real-time information collection helps in 

opportune decision-making in applications such as food security review (Yildirim-Tirgil, 2023). 

 

Discovery in Fruits and Vegetables and in other Food Commodities 

 Nano biosensors are utilized in different applications to guarantee the security and quality of natural products and 

vegetables by recognizing organophosphates. Nano biosensors can be utilized for pre-harvest checking to survey the 

organophosphate buildups in crops. This permits proactive measures to be taken to play down defilement some time 

recently collect. The use of nano biosensors at the post-harvest arrange encourages fast quality control assessment. Real-

time discovery permits opportune assurance of whether natural products and vegetables are appropriate for utilization. 

Nano biosensors can offer assistance in screening particular natural products and vegetables.(Mukherjee et al., 2022). 

 

Detecting in Grains and Cereals 

 Nano biosensors play an imperative part in checking grains for organophosphate tending to food security issues in 

staple crops. Nano biosensors can be utilized to screen organophosphate levels amid grain and grain capacity and 

transportation. This guarantees the security of put away food. When analyzing food commodities including cereals or grains, 

nano biosensors can offer assistance evaluate the relocation of organophosphate buildups. Nano biosensor integration 

underpins supply chain traceability by giving data on organophosphate defilement status at distinctive stages of the grain 
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generation (Singh et al., 2024). 

Evaluation in Meat and Dairy Products 

 Nano biosensors are important instruments for surveying organophosphate buildups in meat and dairy items, 

contributing to the security and quality affirmation. Applications incorporate the utilize of nano biosensors to screen 

organophosphate defilement in animals bolster (Wahab et al., 2024). This approach makes a difference in anticipating 

buildup exchange from nourish to creature items. Versatile nano-biosensors encourage on-site testing in meat and dairy 

handling plants, permitting quick location of organophosphate buildups in crude materials and wrapped up items. Nano 

biosensors contribute to drain quality control by measuring organophosphate substance. (Bhattacharya et al., 2022). 

 

Experiments in Multiple Food Situations 

 In spite of propels in nano biosensor innovation, challenges stay when working with complex nourishment frameworks. 

The complex frameworks such as fats, proteins, and sugars in food commodity can influence the discovery of 

organophosphate. The improvement of productive and standardized test planning strategies is critical to extricate and 

concentrate organophosphates from complex nourishment lattices. Cross-reactivity with other compounds display in 

nourishment lattices postures a challenge to the specificity of nano biosensors, and potential bewildering variables ought to 

be altogether tried to guarantee precise discovery. There’s. Comprehensive approval and compliance with administrative 

rules are required to guarantee that nano biosensors meet administrative measures and are acknowledged by the 

nourishment industry. The advancement of cost-effective and scalable fabricating forms will contribute to the 

commercialization of these sensors within the nourishment industry (Choudhary and Kumar, 2018). 

 

Enactment Assessment and Validation and Evaluation with Traditional Methods 

 We approve the execution of our nano biosensor in comparison with set up reference strategies for organophosphate 

discovery. These may incorporate chromatographic procedures, mass spectrometry, or enzyme-linked immunosorbent tests 

(ELISA). A relationship think about is performed to decide the relationship coefficient between the nano biosensor comes 

about and the conventional strategy comes about. The solid relationship demonstrates the unwavering quality of the nano 

biosensor. The most advantage is the quick reaction of nano biosensors. Assess the compatibility of nano biosensors with 

complex nourishment networks in comparison with conventional strategies. Determine the sensor's capacity to supply 

precise comes about within the nearness of different nourishment components (Mukherjee et al., 2022). 

 

Field Testing and Existing Biosphere uses 

 Conduct on-site testing in real-world situations, counting, a cultivate or nourishment handling plant. Assess the 

execution of the nano biosensor beneath field conditions. Test your nano-biosensor employing an assortment of 

nourishment tests, counting natural products, vegetables, grains, cereals, meat, and dairy items. Assess the strength of the 

nano biosensor by uncovering it to changes in natural conditions such as temperature. Guarantees sensor usefulness in 

different situations. Examine the long-term soundness of the nano biosensor with broad field testing. Meet all lawful 

necessities and illustrate that your sensor complies with set up rules. Assemble input from conclusion clients such as 

nourishment reviewers, ranchers, and nourishment industry specialists on the ease of use and viability of nano biosensors 

(Sharma et al., 2021). 

 

Monitoring Opinions and Compliance with Food Safety Values 

 Guarantee that usefulness of the nano biosensor complies with existing nourishment security controls and measures 

built up by administrative specialists such as the Nourishment and Medicate Organization (FDA), or the European 

Nourishment Security Specialist (EFSA), if you don't mind affirm. Approve the execution of the nano biosensor against the 

set-up limits of organophosphate buildups in nourishments. Compliance with these limits is basic for sensor 

acknowledgment and usage within the nourishment industry. Meets exactness and precision prerequisites set by 

administrative benchmarks. Take after standardized conventions for approval and testing suggested by administrative 

specialists. This incorporates rules for test arrangement, calibration, and execution assessment to guarantee consistency of 

comes about. Comprehensive documentation of nano biosensor approval considers, counting affectability, specificity, and 

comparisons with conventional strategies (Olawore et al., 2024). 

 

Approval Procedures for Nano Biosensors 

 Pre-submission discourses with administrative specialists to get direction on the nano biosensor endorsement handle. 

Early dialogs can offer assistance adjust desires and address potential concerns. Get ready and yield a comprehensive 

information bundle counting execution information, and prove of security and adequacy of the nano biosensor. This format 

will serve as the premise for your formal appraisal. Conduct an intensive evaluation considering the conceivable dangers 

related with the utilize of nano biosensors within the nourishment industry. Address security concerns and give chance 

moderation procedures as portion of your administrative proposition accommodation (Upadhyay et al., 2022). Guarantee 

that the nano-biosensor fabricating prepare complies with Great Fabricating Hones (GMP). GMP compliance is fundamental 

to preserve item quality, consistency, and traceability. Set up a post-market observation instrument to screen nano biosensor 

execution and security after administrative endorsement. These nonstop observing guarantees that any issues that emerge 
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are tended to instantly (Noor Hasnan et al., 2022).  

Experiments and Upcoming Controlling Developments 

 We address the challenge of standardizing testing conventions for nano biosensors, particularly considering the 

nonappearance of broadly acknowledged benchmarks. Work with controllers and industry partners to construct agreement 

on testing strategies. We emphasize intrigue collaboration between researchers, and administrative specialists to address 

the complexities of nanotechnology in biosensor improvement. Joint endeavors will empower a comprehensive 

understanding of security and adequacy perspectives. Administrative offices may have to be overhaul their rules and 

assessment criteria to reflect propels in nano biosensor plan and usefulness. We value data transparency and effective 

communication throughout the regulatory process. Providing clear and easy-to-understand information will help regulatory 

authorities understand the properties of nano biosensors and facilitate decision-making. We advocate international 

harmonization of regulatory standards to create a consistent regulatory environment for nano biosensors. Harmonization 

reduces barriers to accessing global markets and optimizes approval processes. Recognize the ethical and social implications 

associated with nano biosensor applications (Kose et al., 2022). 

 

Impending Instructions and Experiments and Developing Technologies 

 We explore the use of novel nanomaterials with improved properties for nano biosensors. Advances in nanotechnology 

have introduced materials with superior sensitivity, stability, and biocompatibility, improving the overall performance of 

sensors. Integrate machine learning and artificial intelligence algorithms into nano biosensor systems to improve data 

analysis and interpretation. These technologies can improve the accuracy of detection, especially in complex food matrices. 

Explore the fusion of nanotechnology with other emerging fields such as synthetic biology and 3D printing to create 

multifunctional nano-biosensors with advanced features. This empowers real-time observing of nourishment quality and 

security amid capacity and transportation, giving moment data to buyers and partners (Chauhan et al., 2021). 

 

Addressing Sensitivity and Selectivity Substances 

 Create and optimize acknowledgment components such as aptamers and molecularly engraved polymers with 

expanded liking and specificity for organophosphates. Fine-tuning these variables can address affectability and selectivity 

challenges. Coordination distinctive detecting implies, such as optical and electrochemical, increments the by and large 

affectability and gives complementary data. Methods such as nanomaterial-based intensification and catalysis can increase 

signals in reaction to organophosphate official. Ceaseless checking gives more comprehensive understanding into transient 

varieties and presentation designs (Mahmoudpour et al., 2022). 

 

Conclusion  

 Creating new small biosensors that can find harmful chemicals in food is a big step forward in making sure food is safe 

to eat and keeping people healthy. Finding a problem early helps us to act quickly and make it less severe. Old ways to find 

Organophosphate are less efficient and take too much time. Nano biosensors are a good option to help with these problems. 

Nano biosensors can detect organophosphate residues very quickly and accurately. New technologies like SERS, quantum 

dot-based biosensors, and graphene-based nano biosensors are making it easier to detect things. Tiny materials that have 

been changed by enzymes can help substances to react faster and more specifically. This can be a useful way to find and 

measure organophosphates. Important for making nano biosensors work well: picking the right nanomaterial, combining it 

with biological elements, adjusting the sensor settings, and making it portable. The new nano biosensor technology will help 

make sure that food is safe to eat all around the world. This will make it easier to trade food between different countries and 

keep safety standards the same everywhere. Tiny biosensors may change how we check if our food is safe to eat. The scientific 

community can make sure that our food is safe by dealing with problems, coming up with new ideas, and working together 
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ABSTRACT   

Ketamine is an anesthetic that is utilized to enhance analgesia with a strong opioid-sparing effect in sub -anesthetic dosages 

and it’s a latent treatment option. The brief in vivo elimination half-life of ketamine is an insufficiency. Therefore, our target 

was to improve ketamine-loaded polyethylene glycol (PEG)-(poly lactic-co-glycolic acid (PLGA) nanoparticles for sustained 

release that are both biocompatible and biodegradable. Our research exhibits that high drug loading and a sustained release 

profile are possible with ketamine-loaded PEG-PLGA nanoparticles produced using this novel nanoprecipitation method. 

Our conclusions show high ketamine encapsulation efficiency in the extended-release KSL preparation with continued 

release observed in mice consequently systematic management of doses that necessitates future investigation. 
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INTRODUCTION 
 

A. Overview of Ketamine   

 Ketamine serves as a powerful antagonist of the N-Methyl-D-aspartate (NMDA) receptor that is given in complicated 

patients associated with moderate to severe cancer pain and utilized as an analgesic adjuvant through a neuropathic 

constituent. Preclinical studies have presented that comparatively ketamine easily allows it to pass across the Central nervous 

system barrier. In another study involving laboratory animals, antagonizing NMDA receptors of ketamine decreased 

resistance to the pain-relieving properties of narcotic medications, which resulted in reducing pain in combination with 

opioids. Still, in vivo, ketamine has a brief duration of time or lifespan where it is effectiveness increased as a prolonged 

analgesic therapy. Ketamine loaded-nanoparticles (NPs) were formed according to our new method. Briefly, ketamine 

hydrogen chlorid (HCl) was altered to the ketamine-free base form by regulating the pH to ~10 by adding 2 M NaOH 

dropwise (Riccardi et al., 2023). 

 

B. Nanoparticle Drug Delivery Systems  

 During the last two years, drug delivery systems designed as Lipid-based have extensively developed with increasing 

achievement from liposomal and semi-solid lipid systems. Liposomes are made of phospholipids that spherical bilayer 

vesicles that are similar to human cell membrane structure. Another way is solid lipid systems may be sphere-shaped but 

then their composition can be unequal surfaces and various kinds of lipids with a neutral state, positive and negative charged, 

or zwitter ionic (Barkat et al., 2020). In contrast with the ketamine-loaded poly(lactic-co-glycolic acid)-based extended-

release pharmaceutical delivery systems, the KSL system accomplished a loading of more than 70% drug concentration that 

system resolved the low loading downside in our earlier designed prolonged-release polymer-based ketamine preparations. 

mailto:asmarashahid005@gmail.com
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/nanoparticle
https://doi.org/10.47278/book.CAM/2024.470
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This system thoroughly recognized that the poor chemical stability of various liposomal drug delivery systems is a significant 

restriction, as disaggregation and substance or medication leakage are more giving rise because of bond hydrolysis. In 

settlement with others, we also have established a deprived relationship among laboratory and living organism behaviors of 

our lipid vesicle medicated drug delivery organism. In the physiological condition, a lipid membrane sink may be present 

which would temporarily limit the movement of the free drug and in vitro drug release process that is unlikely to be simulated 

effectively (Ezike et al., 2023).  

 

Pharmacokinetics of Ketamine  

A. Absorption, Distribution, Metabolism, and Excretion (ADME)  

 The pharmacokinetic parameters of ketamine or ketamine-loaded NPs. Ketamine administered intravenously was 

quickly reduced in ~30 min elimination of half-life and plasma absorptions of ketamine decreasing to under the lower limit 

of quantification as a result of 24 hrs post-dosing. The correlated systemic exposure (AUC 0-inf_obs) was 14.1 µg/mL h. These 

pharmacokinetic parameters for intravenous ketamine in mice are similar to those described by others (Han et al., 2020). By 

contrast, for ketamine-loaded PEG-PLGA nanoparticles or PEG-PLGA: SH nanoparticles, the elimination half-life was markedly 

longer at ~103 h and ~80 h respectively for released ketamine. Furthermore, in comparison to the same dose of i.v. ketamine 

itself, the systemic exposure (AUC0-inf_obs) values were approximately 10-fold higher at ~162 and ~137 µg/mL h. By 

extending the elimination half-life, boosting systemic exposure, and reducing clearance in contrast to the same dose of I.V. 

ketamine administered alone, the incorporation of ketamine into NPs improves its pharmacokinetic profile. When compared 

with the PEG-PLGA: SH nanoparticle, the elimination half-life and the systemic exposure of ketamine released from the 

PEGPLGA nanoparticles were longer (~20 h) and larger (~20%) respectively (Glue et al., 2021). 

 

 

Fig. 1: lipid-based nanoparticles, (polyethylene 

glycol (PEG), arginine-glycine-aspartic acid 

(RGD))  
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B. Limitations of Conventional Ketamine Administration 

 With traditionally, these limitations improved the dissociative effects of acute Ketamine that give information about 

intranasal Ketamine 50mg in conjunction. For the treatment of treatment-resistant depression in combination through a 

conventional antidepressant, an enantiomer of racemic ketamine, was approved by the FDA. Furthermore, we developed 

hydromorphone-loaded PLGA-based sustained-release micro-particles. We also demonstrated that the concomitant of 

ketamine and the stout opioid analgesic by intrathecal, PLGA-based sustained-release microparticles show latent to enhance 

the liberation of else uncontrollable tumor-associated pain. Nonetheless, ketamine loading of these micro-particles was a 

shortage. On the way to account for such limitations, we offered that a superior outcome can produced by long-term relief 

of a liposomal-based delivery system and this revision was established to analyze our suggestion (Jelen and Stone, 2021). 

 

Table 1: Types of Nanoparticles and their subtypes  

Sr. Hybrid NPs Organic NPs Inorganic NPs References 

1. Hybrid NPs combine the 

characteristics of various NPs, 

including  

Lipid-polymer nanoparticles, 

Organic and inorganic 

nanoparticles, and  

Cell membrane-coated 

nanoparticles 

This type of NPs contains  

Liposome-based NPs, 

Polymer-based 

nanoparticles including 

polymeric nanoparticles 

and polymeric micelles  

Dendrimers 

These NPs contain 

Gold nanoparticles (Au 

NPs),  

Carbon nanotubes,  

Silica nanoparticles,  

Magnetic nanoparticles, 

and  

Quantum dots 

(Yao et al., 

2020) 

(Dristant et 

al., 2023b) 

 

Nanoparticle Drug Delivery Systems  

B. Advantages of Nanoparticle Delivery  

 In the treatment of disorders such as Cancer, optimal pharmacokinetics, accurate targeting of the tumor cells with 

reduced adverse reactions, and drug tolerance. NP-enhanced pharmaceutical delivery methods have clearly presented 

several advantages. The clinical management of various forms of cancer types includes various types i.e. organic and 

inorganic NPs. That has been thoroughly used as a priority during the process. As compared to conventional drugs with 

better PK parameters, tumor targeting, and bio-compatibility with stability. The Nano particles-based delivery systems have 

played a vital role in the significant reduction of systemic toxicity. They also have noticeable effects on drug resistance. These 

prominent characteristics of the NP-based drug delivery systems make them extensively capable of being applied for 

chemotherapy, Radiotherapy, gene therapy, hypothermia, and targeted therapy. Furthermore, drug resistance mechanisms 

including efflux transporters over NPs provide a better platform for combination therapy, which helps according to various 

methods or systems of multidrug tolerance (Raj et al., 2021). NPs contain a range of targeting and cytotoxic agents to 

overawed the issues correlated with drug resistance. In the recent few decades, NPs have been proven successful in 

diagnostics, procurement, and tumor targeting safely and effectively. They also have played a vital role in precise drug 

targeting with good Pharmacokinetics along with a significant decrease in adverse reactions as well as a reduction in drug 

tolerance. NP-based systems are designed and tailored based on the size and characteristics of tumors corresponding to 

their pathophysiology (Gavas et al., 2021). 

 

 
 

Fig. 2: Ketamine encapsulated nanopolymers that were injected into rats to investigate their sustainability releases  

Formulation and Characterization of Ketamine Loaded Nanoparticles  
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A. Selection of Nanoparticle Carrier  

 Multi-lamellar liposomes were opted for the requirement of specific large doses. Similar to some homogenous natural 

membranes, the stability of the liposomal structure helps in increasing the bilayer vigor by the use of cholesterol as well as 

restricted to poor-cholesterol spheres of bilayer organisms this one is unblended as well as interdigitated (Hallan et al., 2021). 

One description for such an anomaly is that bulky groups or certainly uniform more agglomerates are formed outside of the 

hydro-shell, diminish most of the bright signs, also condensed particles are not represented in the particle size distribution 

data [30–32]. TEM observed the characteristics of Nano-sized particles like shape and structure. We formed round particles 

that are prospective to be sphere-shaped in 3D astronomical. TEM recommends a size alteration that is more protruding 

compared with the mean Zeta score with standard deviation demonstrated and in arrangement using the high Power 

Distance Index. This existence of multi-lamellar liposomes is indicated by the variation of the proportion between 800 nm 

and 2 µm (Beaumont et al., 2021). 

 

B. Ketamine Encapsulation Techniques  

 By a Shimadzu UV-2450 (Shimadzu Scientific Instruments, Columbia, MD) with concentration at λ max (268 nm), the 

ketamine concentrations were calculated by UV–visible spectroscopy (UV–Vis) and interpolated against a standard curve 

consisting of 8 concentrations (0–20 µg/mL) in triplicate.  

The formula for calculating the Drug encapsulation efficiency (EE) was: 

 EE [weight (drug added) weight (drug un encapsulated)] = / [weight (drug added) based on PEG-PLGA, the small 

molecule, ketamine, can be successfully encapsulated at high drug loading (41.8%) into biodegradable NPs. Our results are 

aligned with previous findings by others demonstrating that PLGA in combination with PEG can improve drug release 

profiles. It is commonly known that by dissolving both drug and polymer in a suitable solvent, many small molecules can be 

encapsulated and then by using either emulsification methods or nanoprecipitation methods, drug-loaded polymeric 

nanoparticles are formed. Nonetheless, the drug loading is often very low (less than 5–10%) (Han et al., 2020). Our present 

work is novel in that by using our approach we have formed polymeric nanoparticles with high ketamine loading. Our data 

also demonstrate that ketamine-loaded PEG-PLGA and PEGPLGA: SH nanoparticles are appropriate for sustained release for 

approximately 21 days in vitro and 5 days in vivo. It has been reported the kinetics of medicine release, the particle size, 

shape, and type of polymers and their degradability all affect considerably. Furthermore, for better-sustained release, particle 

size and surface characteristics can be improved. Our PEG-PLGA and PEGPLGA: SH nanoparticles are around 100 nm in 

diameter. Because of their large surface area per unit volume, commonly small-size NPs would be predicted, they show a 

rapid release profile assisting an increased rate of water permeation and medium dissolution compared with larger particles. 

Nonetheless, the distribution of drugs and effects of drug release in the polymer matrix from NPs. As the encapsulated drug 

needs to diffuse through the polymer matrix, our method’s unique drug-core polymer-shell structure produced a sustained 

release profile (Weng et al., 2020). Our hematological data were within the normal ranges for mice, which is consistent with 

the established safety profiles of the polymers utilized herein. Our method offers a simple way to increase the elimination 

half-life, the attainment of increased ketamine loading, and a sustained release profile is further confirmed and in this case 

of ketamine, the systemic exposure of drugs of interest markedly increases (Bernard et al., 2018). 

 

C. Physicochemical Characterization Methods 

 NPs utilized in pharmaceutical delivery systems are typically intended or selected conventional on their size and physical 

properties to effectively target the pathology of tumors (Raj et al., 2021). Involuntarily, for the treatment of cancer (Dristant 

et al., 2023a), Nano-carriers are designed to target tumor cells over the transporter result of nanoparticles and the locating 

effect of the targeting material once immersed. Following, the drug is discharged to tumor cells to prompt killing. 

Medications placed with conventional antineoplastic drugs and genetic materials are contained within nanocarriers, this 

demonstrates their potential part in both cytotoxic and gene treatment (Amreddy et al., 2018). Meanwhile, for some drugs 

with low solubility, NPs provide a policy for certain drugs with low solubility, thereby facilitating their condensation and their 

distribution of drugs into blood circulation. Nanocarriers can enhance drug half-life and promote their growth within 

cancerous tissues also their purpose is to improve drug permeability and retention as a result of the size and surface features 

of NPs, Nano-carriers can proliferate the half-life of drugs and prompt their growth into tumor tissues (Shinde et al., 2021). 

In addition, the targeting system defends healthy cells against the cytotoxic effects of drugs; and reduces the negative side 

effects associated with cancer treatment. For instance, PEGylated liposomes containing doxorubicin effectively condensed 

cardiotoxicity associated with the free form of doxorubicin (D. Singh and Pahwa, 2020). In addition, nanoparticle albumin-

bound paclitaxel demonstrated decreased adverse drug effects and permitted greater tolerated dosages compared to 

solvent-based Texans. Now accumulation to Chemotherapeutic and genetic therapies, different research has described the 

use of nanoparticle drugs in the field of immunotherapy and surgical procedure involving the removal of tissue for cancer 

(Gavas et al., 2021).  

 

Pharmacological Importance of Ketamine Loaded Nanoparticles  

A. Enhanced Bioavailability and Stability 

 Various liposomes in formulation sorts are offered, predominantly the capability to attain long-lasting release of the 

enclosed medication of concern short of conceding bioavailability invivo. This analysis shows that sustained-release 
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liposomes containing ketamine were formed effectively used for the initial expending the liable thin-film layer method. In 

mice, a 5-day post-administration duration was completed, in a continue-release profile the KSL preparation ensued in the 

systemic circulation along with a sort of muscles. As concerns the PK, the KSL preparation produced in a 27-folding 

proliferation in lethal half-life, a three-fold propagation in systemic exposure (AUC0−∞), and a three-fold reduction in 

clearance related through the consistent PK for an equal i.v dosage administered as per an aqueous solution of ketamine 

HCl. By using procedures planned somewhere else for the preparation of KSL in which the thin-film deposition procedure 

was utilized (Sharma et al., 2022). Low cholesterol-contented liposomes are preferred for improved consistency, a glycerol 

phospholipid (DSPC) and for the preparation of a raw lipid solution using cholesterol in a molar ratio containing 90%:10% 

was liquefied in 10 mL of ethanol by adequate shaky, the KSL system that one possibly will have reduced stability, therefore 

the lipids rapidly split and distributed, settled their drug content. Typically, one of the main limits is their poor chemical 

stability for many liposomal drug delivery systems, as a result of bond hydrolysis provides increased disintegration and drug 

percolation (Kaur et al., 2018).  

 

B. Prolonged Therapeutic Effect  

 A wide variety of Nano carriers like lipid-based, polymeric, and inorganic the co-organization of these molecules and 

the distribution of drug therapies like chemotherapy and immunotherapy in similar organisms. To conclude, their is an affinity 

to the usage of biologically stimulated as well as resultant Nano carriers. In that analysis, we identify the different Nano 

systems in the field of immunotherapy that are recommended via sorts including polymeric and lipid-based Nano systems, 

metallic and inorganic Nano systems, and lastly, biologically stimulated and derivative nanovacc in the modern improvement 

(Y. Zhang et al., 2020). In recent decades, the utilization in nanotechnology have been improved the delivery of therapeutics, 

furthermore used in the treatment of diseases like cancer, by the improvement of various Nano carriers used for drug delivery 

applications (Raj et al., 2021). The purpose to develop an effective drug delivery system (DDS) is to concentrate on ensuring 

a larger insignificant circulation of the therapeutic agent to the target site or affected body part then eliminating minor 

distribution to non-targeted sites within the body. Various determinations have been dedicated to the development of Nano 

carriers that are capable of co-delivering chemotherapy drugs, cytokines, and antibodies. The usage of Nano carriers 

intended for drug delivery, particularly in the enlargement of dual therapeutic DDS is required after in two of these 

approaches for check-point inhibitors and other vaccines. The compensations derivative with the use of Nano carriers that 

are capability of the targeted delivery of therapeutic compounds such as the tumor microenvironment or the immune system 

cells, additionally, the immune stimulatory loading compounds in particulate carriers significantly develop their safety profile, 

consenting, in certain circumstances, an increase in the quantity of nanocarrier; to conclude, Nano carriers can serve as an 

adjuvant, decreasing the requirement for co-administration of adjuvants and antigens (Yetisgin et al., 2020).  

 

C. Targeted Drug Delivery 

 Targeting of nanoparticle appliances can lead to enhancement in reversing multidrug resistance. Mechanisms of tumor 

drug resistance are more exposed, and NPs are greatly established for targeting these mechanics. Scientists are in progress 

for investigating the part of NPs in immunotherapy, which has a significant role in the treatment of cancer. NPs and hybrid-

based nanoparticles have intended part for the delivery of drugs in chemotherapy, immunotherapy and targeted therapy 

have defined the nanoparticles-based targeting mechanisms of drug delivery and function in depressive drug resistance. In 

recent days, the cumulative number of tiny therapeutic drugs has gained entry in different clinical stages. Clinical trials of 

phase 1 are utilized for targeting the nanoparticles that are based on a system for delivery of small interfering RNA in the 

patients that have cancer shown in 2010. Testification of different clinical studies has great efficiency in the treatment of 

tumors by dynamically targeting the polymeric types nanoparticles comprising of chemotherapeutic docetaxel, associated 

with the solvent that based on DTXL Preparation (C. Zhang et al., 2022). 

 

D. Reduced Side Effects and Toxicity  

 The nanoparticles that bind with albumin paclitaxel showed minor adverse effects, permitting the dose with a higher 

tolerance than that based on solvent Texans (Ghasemii et al., 2022). In addition to the chemotherapeutics and therapy of 

genes, different examinations had stated the implementation of the drugs with nanoparticles in immunotherapeutics and 

erosion of cancer treatment. When we combine immunotherapeutics and chemotherapeutics, this can treat cancer. Once 

examination shows that when co-directing the agents of chemotherapy based on the outline 3a and GM-CSF cytokine in the 

spearmint showed the modification of nanoparticles leading to the enhanced propagation of cytotoxic CDs(+) T cells and 

restoring the response of immune, directing the tumor necrosis and evading the cell of immune toxic. The combination of 

chemotherapeutics and immunotherapeutics includes the delivery of chemotherapy and monoclonal antibodies into the 

pores of nanoparticles of silicon (Chao et al., 2019). 

 

D. Clinical Applications and Future Perspectives 

 Dependence is a significant barrier that delays the broader clinical use of KA as an antidepressant. Our research shows 

that nanotechnology-based drug delivery systems are essential for complex kinds of brain-related diseases. When 

predesigning the design of Nano carriers intended for drug delivery, we must primarily concentrate on two things: one 

simplifies the delivery of drugs to the specific brain sites related to the disease, while the other reduces the potential for 
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drugs to reach brain sites related to side effects. The current investigation, we applied a combination of mesoporous calcium-

doped silica core, enzyme-responsive hyaluronic acid collaboration, receptor-mediated camouflage, and functional peptide 

tagging in the nanostructure. All of these approaches confirm that KA is efficiently inserted and transported within the brain. 

The best optimal of brain targeting spots is vital, with a focus on areas associated with diseases while slightly taking place in 

other unaffected regions. In our analysis, the N Methyl D Aspartate Receptor (NMDAR) was preferred as a targeting site due 

to its more occurrence in the hippocampus and prefrontal cortex compared to the VTA and NC, which is extremely associated 

with addiction or habit behavior. Peptide Con-G was preferred as the designated peptide for targeting as well as 

concentrating the multifunctional nanoparticles at the NMDAR site in the hippocampus and prefrontal cortex, whereas 

evading the VTA and NAc parts. Particularly, it is necessary to consider the synergistic outcome of all strategies on the 

nanostructure while raising Nanocarriers. If only a portion of the strategy is utilized, the recovery efficiency of depressed 

mice may be inadequate. After simple treatment with our nanoparticles, their activities and cognitive function displayed a 

significant improvement in the depressed mice that were almost nearly to a normal level. The effects of clinical studies have 

revealed that enhancement in cognitive function and antidepressant effects can last for approximately two weeks 

subsequently multiple series of repeated injections of KA over a 2–3 week period. In the future, our target is to regulate the 

duration for which these developed behaviors and cognitive functions can last following the implementation of the 

lateswhilet treatment using Nano carrier (Hanif et al., 2021). 

 

Safety and Toxicity Considerations  

A. Biocompatibility of Nanoparticles 

 Nanoparticles play a substantial role as a drug delivery system for the treatment of cancer. Nanoparticle-based drug 

delivery system has various benefits, similar to conventional drugs, including good solidity and enhanced biocompatibility, 

improved permeability and improved retention, and targeted delivery. The development and scope of hybrid nanoparticles, 

which include the collective characteristics of various NPs, have directed this particular drug delivery system to the above 

grade. Moreover, NPs utilized in pharmaceutical formulations serve a significant purpose in addressing drug resistance 

encountered in cancer chemotherapy. Polymer-based NPs are a different type of NP with specific structural arrangements 

for drug carriers designed by various monomers. Poly Lactic-co-glycolic acid (PLGA), a common polymeric nanoparticle, 

incorporates the co-polymerization of glycolic acid and lactic acid. PLGA is extensively used as a carrier for drug delivery due 

to its improved biocompatibility, stability, and biodegradation, as well as the EPR effect (Ibrahim and Abdellatif, 2021).  

 

B. Potential Adverse Effects of Ketamine  

 In vivo, ketamine (KA) is broadly recognized for its short half-life. Frequently repetitive KA administration is essential 

to retain enhanced and long-lasting treatment outcomes. Still, the total amount of KA may repeatedly surpass the onset 

for harmless usage, causing potential impacts, including dissociative illusions, dependency, addiction, and cognitive 

diminishing. As a result of anxieties concerning its potential side effects, the FDA has authorized the use of KA exclusively 

in the treatment of treatment-resistant depression (TRD) or else main depressive disorder (MDD) in cases of severe 

thoughts of suicide or self-harm. Until now, the dosage of the antidepressant was insignificant. It is recognized that the 

effectiveness of antidepressant outcomes is mightily correlated to the dose and frequency at which patients follow them. 

A comprehensive and quantitative evaluate the efficiency of antidepressants and their impact on cognitive function 

retrieval depression in mice models. In this study, we tried to incorporate the results of individual behavior experiments 

into a merged index to estimate the efficacy of antidepressants and the recovery efficacy of cognitive function (Highland 

et al., 2019).  

 

C. Long-term Safety and Efficacy Studies 

 Finding innovative and new cancer treatments is a main challenge throughout the globe. With the proliferation of 

various methodologies for cancer treatment and the conception of modified therapy approaches, the effectiveness of 

treatment for certain types of malignant tumors has significantly developed. SNPs are widely considered as a highly effective 

option for drug delivery as a result of their enhanced pharmacokinetic, and therapeutic efficiency, as such as high constancy. 

Furthermore, porous silicon nanoparticles have greatly exposed latent in the field of immunotherapy as a result of their 

immune adjuvant characteristics, containing the ability to promote antigen cross-presentation, facilitate lymphocyte 

polarization, and stimulate the secretion of interferon-γ (IFN-γ) (S. Singh et al., 2021). Both organic and inorganic 

nanoparticles have their unique benefits and drawbacks, the combination of the twofold in a hybrid-based drug delivery 

system provides a versatile carrier through enhanced biological characteristics; this can improve treatment efficiency and 

decrease drug resistance (Shi et al., 2020). Specially Targeting tumor cells is a vigorous property of nano-carriers used for 

pharmaceutical delivery systems, this one improves the efficiency of therapy whereas protects healthy cells from toxic side 

effects. While NC and non-natural antigen-presenting cells (APCs) have proved enhanced effectiveness than traditional 

immunotherapy, additional studies are needed to evaluate the clinical efficiency and patient tolerance of these innovative 

treatment methods. Furthermore, the development of NPs loaded with immunomodulatory factors might increase the 

efficacy of vaccines in immunotherapy. Consequently, there is a superior understanding of the tumor microenvironment 

(TME) and additional research on the relations between nanoparticle-based drug delivery systems and tumor immunity to 

improve drug strategy and manipulation (Lôbo et al., 2021). 
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Conclusion  

 Numerous kinds of nanoparticles, containing organic and inorganic nanoparticles, have previously been extensively 

utilized in clinical cancer-related types of treatment. Related to conventional drugs, the use of nanoparticles as a base of 

drug delivery systems is linked with enhanced PK, biocompatibility, cancer targeting, and consistency, even though 

instantaneously serves a major part in decreasing systemic toxicity and to overcome the challenge of antimicrobial tolerance. 

These benefits permit nanoparticle-based drug delivery to be broadly utilized in chemotherapy, targeted therapy, 

radiotherapy, hyperthermia, and gene therapy. Moreover, Nano carrier delivery systems arrange for upgraded stages used 

for combination treatment and also help overcome the resistance of drug mechanism, containing efflux carrier 

overexpression, malfunctioning apoptotic pathway, and hypoxia lump microenvironment. Based on several applications of 

multiple drug resistance (MDR), NPs loaded with various combinations of targeting agents and cytotoxic agents have been 

achieved to overcome the resistance of the drug. Through accumulative research, different types of hybrid nanoparticles 

have presented enhanced developments for delivery purpose and stimulated more consideration. Advanced research 

proceeding the biological properties of distinct cancers will result in more accurate drug research information. The main 

reasons influencing the interfaces between nanoparticles (NPs) and the immune system are the size, shape, composition, 

and surface characteristics of nanoparticles. While Nano vaccines as well as simulated APCs have established enhanced 

efficiency associated with traditional immunotherapy, further studies required in these new approaches for the treatment 

are insufficient in clinical efficiency, safety, and tolerance. Furthermore, increasing immunomodulatory factor-loaded NPs 

can increase the efficacy of vaccines intended for immunotherapy. Liposomes suggest various desired features in 

formulation, particularly concentrating on the capability to attain continuous release of the enclosed drug, deprived of 

conceding its effectiveness in the body. In this study, ketamine was effectively formed in liposomes expanding the standard 

thin-film coating system for the 1st time. The study demonstrated that the encapsulation and loading of medication in KSL 

achieved effectiveness rates of 65.6% and 72.4%, respectively . When inserted intravenously in mice, the KSL preparation 

ensued a prolonged-release profile in the systemic circulation, and various tissues of mice concluded for a period of 5 days 

after dosing. As regards the pharmacokinetics (PK), the KSL formulation produced a significant proliferation in terminal half-

life, systemic exposure (AUC0−∞), and reduction in clearance related to the consistent PK of ketamine (KET) hydrochloric 

acid administered i.v. as a solution that has been dissolved in water for an equivalent dose. The tissue disposition information 

indicated that in elevation absorptions of KET were observed in the liver and brain as a result of 5 days following a single 

administration of the KSL preparation however not the ketamine HCl aqueous solution. Our prospective effort will 

concentrate on acquiring a better consideration of the production of this lipid particle to improve sensitivity into the 

detachment between the quick in vitro KET release and the elongated release from the KSL preparation in vivo. 
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ABSTRACT   

Biomimetic polymeric nanoparticles are an innovative approach to drug delivery that combines the flexibility of polymeric 

materials with biomimetic precision. This book chapter investigates the importance of biomimetic polymer nanoparticles 

in pharmacology and covers their design, synthesis, and application in various therapeutic fields. Biomimetic approaches 

involve mimicking biological structures and processes to allow nanoparticles to interact more harmoniously with their 

biological environment. Polymeric nanoparticles are a major drug delivery system that allows controlled release and 

targeted delivery. The aim of biomimetic designs is to increase biocompatibility, reduce immunogenicity, and overcome 

biological barriers. Biomimetic polymer nanoparticles contain lipids, proteins, and cell membrane fragments to enhance 

their biomimetic properties. Nanoparticle synthesis and fabrication techniques such as emulsion/solvent evaporation and 

surface functionalization are important to customize nanoparticles for specific applications. Biomimetic properties 

increase the therapeutic efficacy of these nanoparticles by mimicking biological barriers and using targeted strategies and 

responsive delivery systems. Biomimetic polymer nanoparticles have shown promise in pharmacology in cancers, 

infectious diseases, and neurological disorders. These enable targeted drug delivery, combination therapy, and effective 

penetration of the blood-brain barrier. In the future, regulations should be improved collaboratively, which requires the 

joint efforts of researchers, industry, and regulators. Safety is our top priority, and we focus on biocompatibility studies, 

toxicity evaluations, and long-term effects evaluations. Addressing the scalability and production challenges of biomimetic 

polymer nanoparticles requires innovative solutions that integrate advanced bioprocessing technologies and sustainable 

practices. Emerging trends include advanced targeting, in vivo imaging, responsive drug release, and personalized 

nanomedicine, paving the way for the transformation of medical nanoparticles. Biomimetic polymer nanoparticles have 

the potential to revolutionize drug delivery and shape the future of pharmaceuticals and patient transport. 
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INTRODUCTION 
 

Overview of Nanoparticles in Drug Delivery 

 Nanoparticles have developed as promising carriers for medicate conveyance due to their special properties and 

flexibility. Among the different sorts of nanoparticles, biomimetic polymeric nanoparticles have picked up noteworthy 

consideration within the field of pharmacology. These nanoparticles are planned to imitate natural structures and forms, 

giving a few points of interest for sedate conveyance. In this setting, the pharmacological significance of biomimetic 

polymeric nanoparticles can be highlighted through different viewpoints. Biomimetic polymeric nanoparticles are outlined 

to closely take after natural structures, making them inalienably more biocompatible than manufactured options (Umair et 

al., 2022).  

 This improves their compatibility with natural frameworks, decreasing the chance of resistant reactions or poisonous 

quality. By consolidating biomimetic highlights, such as cell films or particular ligands, these nanoparticles can accomplish 

progress focusing on specificity. This allows for the conveyance of drugs specifically to the required tissues or cells, 

minimizing off-target impacts and improving helpful viability. Biomimetic polymeric nanoparticles can be designed to 

overcome organic boundaries, such as blood-brain obstruction, which regularly limits the conveyance of drugs to certain 

tissues. Their likeness to characteristic structures encourages a more effective entrance of these boundaries, empowering 

drugs to reach their target destinations (Iqbal, et al., 2024).  

 The polymeric nature of these nanoparticles permits the embodiment of drugs in a controlled way. This comes about in 
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maintained and controlled discharge energy, dragging out the helpful impact and lessening the required requirement for visit 

dosing. Biomimetic polymeric nanoparticles display made strides in soundness in organic situations and delayed circulation 

times within the circulatory system. This amplified circulation upgrades the chances of the nanoparticles coming to their target 

destinations and increases the general adequacy of medicate conveyance. Targeted drug delivery and controlled discharge 

contribute to minimizing side impacts related to conventional medicate conveyance strategies. This can be especially imperative 

in moving forward with persistent compliance and by and large treatment results. The plan adaptability of biomimetic polymeric 

nanoparticles permits customization based on the particular prerequisites of diverse drugs and illnesses. This flexibility makes 

them reasonable for a wide extent of pharmacological applications (Fatima et al., 2023). 

 

Significance of Biomimetic Approach in Nanoparticle Design 

 The biomimetic approach in nanoparticle plans holds critical significance, particularly within the setting of sedate 

conveyance frameworks. This approach includes mirroring normal biological structures and forms to make nanoparticles with 

upgraded usefulness. Biomimetic nanoparticles closely take after common natural substances, making them more consistent 

with living tissues and diminishing the chance of immunogenic reactions. Typically, pivotal for their secure and compelling 

integration into organic frameworks. By joining components that imitate particular highlights of cells or tissues, biomimetic 

nanoparticles can accomplish a predominant focusing on capacities. This upgrades their capacity to specifically convey drugs 

to infected tissues or cells, making strides in helpful viability while minimizing off-target impacts(Altaf et al., 2024).  

 Numerous sedate delivery challenges emerge from organic obstructions, such as the blood-brain boundary. Biomimetic 

nanoparticles can be planned to imitate the intelligence that normal substances utilize to navigate these boundaries, 

encouraging effective medicate conveyance to already block off locales. Biomimetic nanoparticles can abuse cellular take-

up instruments, such as endocytosis, by mirroring the surface characteristics of cells. This advances the productive 

internalization of nanoparticles by target cells, guaranteeing the payload comes to its planning goal. The biomimetic 

approach permits the joining of atomic acknowledgment components, such as ligands or antibodies, on the nanoparticle 

surface. This empowers particular officials to receptors on target cells, encouraging exactly medicate conveyance and 

minimizing non-specific intuitive. Biomimetic nanoparticles can connected synergistically with organic frameworks, imitating 

the behavior of characteristic substances (Altaf and Iqbal, 2023).  

 This improves the in general integration of nanoparticles with physiological forms, moving forward their usefulness and 

decreasing the probability of antagonistic responses. Biomimetic nanoparticles can be built to reply to particular 

physiological jolts, such as pH, proteins, or temperature changes. This permits on-demand sedate discharge at the target 

location, giving a more controlled and responsive medicate conveyance framework. The utilization of biomimetic materials 

and structures tends to result in nanoparticles with decreased immunogenicity and poisonous quality. Usually significant for 

guaranteeing the security of nanoparticle-based sedate conveyance frameworks, particularly for incessant medicines. The 

biomimetic approach gives a flexible stage for nanoparticle plans. Analysts can draw motivation from a wide run of natural 

structures and forms, permitting the customization of nanoparticles for different restorative applications. Nature has 

advanced profoundly productive frameworks over time. By imitating these frameworks, biomimetic nanoparticles can 

advantage of the developmental optimization that has happened in organic substances, driving to made strides in usefulness 

and execution (Humaira et al., 2023). 

 

Table 1: The characteristics and pharmacological importance of biomimetic polymeric nanoparticles 

Sr. 

No. 

Characteristics of biomimetic 

polymeric nanoparticles 

Pharmacological Importance References 

1 Biomimetic Design Improved Biocompatibility, Enhanced Targeting, Reduced 

Immunogenicity 

(Kutner et al., 2021) 

2 Polymeric Material 

Composition 

Tunable Properties, Controlled Drug Release, Versatile 

Drug Loading 

(Lai et al., 2020) 

3 Key Components Lipids, Proteins, Cell Membrane Fragments, (Luchini and Vitiello, 2020) 

4 Synthesis and Fabrication Emulsion/Solvent Evaporation, Surface Functionalization (Ali et al., 2021) 

5 Biomimetic Properties Mimicking Biological Barriers, Targeted Drug Delivery, 

Responsive Release Systems 

(Rahamim and Azagury, 

2021) 

6 Pharmacological Applications Cancer Therapeutics: Targeted Drug Delivery, Combination 

Therapy. Infectious Diseases: Antimicrobial Drug Delivery, 

Vaccine Delivery, Neurological Disorders: Blood-Brain 

Barrier Penetration, Neuroprotective Strategies 

(Yetisgin et al., 2020) 

 

Biomimetic Polymeric Nanoparticles 

Definition and Characteristics of Biomimetic Nanoparticles 

 Biomimetic polymeric nanoparticles speak to a lesson of nanoscale sedate conveyance frameworks outlined to imitate 

natural structures and forms. These nanoparticles combine the points of interest of both biomimicry and polymer science to 

make flexible carriers for restorative agents. b Biomimetic polymeric nanoparticles are nanosized carriers for drugs or helpful 

operators that are designed to reproduce the basic and useful highlights of natural substances. These nanoparticles 
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coordinated polymeric materials with bioinspired components to upgrade their biocompatibility, focusing on capacities, and 

in general execution in medicate conveyance applications (Saqib et al., 2023). 

 

Characteristics 

 Biomimetic nanoparticles are built utilizing polymers as the framework fabric. Polymeric lattices give a steady and 

biocompatible stage for medicate embodiment and discharge. Common polymers utilized incorporate manufactured 

polymers e.g., poly (lactic-co-glycolic corrosive) - PLGA, polyethylene glycol - PEG) and common polymers (e.g., chitosan, 

egg whites). These nanoparticles consolidate biomimetic highlights propelled by organic substances, such as cell films, 

proteins, or peptides. This biomimicry improves their interaction with organic frameworks, empowering particular focusing 

on, cellular take-up, and avoidance of the resistant framework (Altaf, Khan, et al., 2023).  

 Biomimetic polymeric nanoparticles regularly carry focusing on ligands on their surface, imitating the atomic 

acknowledgment and authoritative capabilities found in natural frameworks. These ligands can incorporate antibodies, 

peptides, or other particular moieties that recognize and tie to receptors on target cells. A few biomimetic polymeric 

nanoparticles are planned to display responsive behavior within the nearness of particular physiological jolts. This 

responsiveness can be activated by variables such as pH, chemicals, or temperature changes, driving to control medicate 

discharge at the target location. The biomimetic plan permits these nanoparticles to explore through natural obstructions 

more productively. Whether mirroring cell layers or utilizing particular transport instruments, biomimetic polymeric 

nanoparticles can overcome deterrents such as the blood-brain boundary, encouraging sedate conveyance to something 

else challenging anatomical areas (Saleem et al., 2023).  

 The polymeric nature of these nanoparticles permits for the controlled and supported release of therapeutic specialists. 

This can be vital for optimizing medicate pharmacokinetics and accomplishing a delayed restorative impact. Biomimetic 

polymeric nanoparticles exhibit reduced immunogenicity and poisonous quality compared to a few engineered partners. 

This can be ascribed to the utilization of biocompatible polymeric materials and the integration of biomimetic highlights 

that improve their compatibility with natural frameworks. The biomimetic approach gives a flexible plan stage, permitting 

the consolidation of different polymers, and biomimetic components, and focusing on ligands. This flexibility empowers the 

customization of nanoparticles to suit particular helpful applications (T. Iqbal et al., 2023). 

 

Importance of Polymeric Nanoparticles in Drug Delivery 

 Polymeric nanoparticles play a vital part in sedate conveyance, advertising a few preferences that contribute to their 

centrality within the field. These nanoparticles, composed of manufactured or common polymers, give a flexible stage for 

the epitome and focus on the discharge of helpful specialists. Polymeric nanoparticles can typify hydrophobic drugs, making 

strides in their solubility and bioavailability. Typically, especially vital for drugs with destitute water dissolvability, as 

nanoparticles can upgrade their solidness and encourage superior assimilation. The polymeric network of nanoparticles 

permits the controlled and supported discharge of drugs. This controlled discharge profile can make strides in helpful 

adequacy, diminish side impacts, and minimize the requirement for visit dosing (Salma et al., 2023).  

 Functionalization of polymeric nanoparticles with focusing on ligands enables site-specific sedate conveyance. This 

focused-on approach increments medicate concentration at the specified area, moving forward treatment results while 

minimizing systemic presentation and side impacts. Numerous polymeric materials utilized in nanoparticle details, such as 

poly (lactic-co-glycolic corrosive) (PLGA) and polyethylene glycol (PEG), are biocompatible and biodegradable. This upgrades 

the security profile of polymeric nanoparticles, decreasing the chance of antagonistic responses and harmfulness. Polymeric 

nanoparticles give a defensive environment for labile drugs, protecting them from corruption due to natural components or 

enzymatic forms. This defensive impact contributes to the solidness of the sedate amid capacity and transportation (Gulnaz 

et al., 2023).  

 Polymeric nanoparticles can abuse the upgraded porousness and maintenance (EPR) impact, which permits them to 

construct up">to construct up especially in tumor tissues with cracked vasculature. This detached focus on the instrument 

improves medicate conveyance to cancerous tissues. Polymeric nanoparticles offer flexibility in terms of definition. Analysts 

can tailor the estimate, surface charge, and composition of nanoparticles based on the particular characteristics of the 

medicate and the planning mode of conveyance. Polymeric nanoparticles can be effectively stacked with imaging operators, 

permitting concurrent medicate conveyance and demonstrative imaging (Altaf et al., 2023).  

 This double usefulness is especially important in theragnostic, where treatment and diagnostics are coordinated. 

Polymeric nanoparticles empower the co-delivery of numerous drugs or restorative specialists, encouraging combination 

treatment. This approach can upgrade treatment adequacy by focusing on different pathways or tending to distinctive 

viewpoints of an illness at the same time. The generation of polymeric nanoparticles is frequently versatile, making them 

reasonable for large-scale fabricating. This ease of generation is fundamental for deciphering nanoparticle-based medicate 

conveyance frameworks from inquiry to clinical applications (Iqbal et al., 2024). 

 

Rationale for Biomimetic Design in Drug Delivery Systems 

 The basis for biomimetic plans in medicates conveyance frameworks is grounded in the thought of imitating nature's 

standards to upgrade the adequacy, specificity, and biocompatibility of medicate conveyance stages. By consolidating 

biomimetic components into the plan of sedate conveyance frameworks, analysts point to address different challenges and 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

394 

optimize helpful results. Biomimetic plan includes utilizing materials and structures that closely take after characteristic 

substances, lessening the hazard of resistant reactions, and improving the by and large biocompatibility of drug delivery 

frameworks (Iqbal and Altaf, 2024).  

 This is often basic for the secure and successful integration of these frameworks into natural situations. Normal 

boundaries, such as the blood-brain boundary or mucosal boundaries, can hinder the effective conveyance of drugs to target 

destinations. The biomimetic plan permits sedate conveyance frameworks to imitate the intelligence and instruments utilized 

by natural substances to explore and overcome these boundaries, progressing sedate entrance and dissemination. 

Biomimetic medicate conveyance frameworks regularly consolidate focusing on ligands that mirror the atomic 

acknowledgment and authoritative highlights found in organic frameworks. This empowers exactly focusing on particular 

cells or tissues, upgrading sedate conveyance to the expected location whereas minimizing off-target impacts (Kar, 2021).  

 Mirroring the surface characteristics of cells or infections permits biomimetic sedate conveyance frameworks to misuse 

characteristic cellular take-up instruments. This encourages effective internalization of the sedate carriers by target cells, 

advancing effective drug conveyance intracellularly. Biomimetic medicate conveyance frameworks can be built to reply to 

particular physiological prompts, such as pH, proteins, or temperature changes. This responsiveness empowers on-demand 

sedate discharge at the target location, moving forward the exactness and viability of the restorative intercession. The 

biomimetic approach permits the optimization of sedate pharmacokinetics by duplicating normal forms. This incorporates 

the plan of sedate carriers that imitate the behavior of endogenous particles, driving delayed circulation times and moving 

forward sedate bioavailability. Biomimetic medicate conveyance systems, by the ethicalness of their likeness to characteristic 

structures, regularly display decreased immunogenicity and poisonous quality (Hussain, 2022).  

 Typically, significant for minimizing antagonistic responses and guaranteeing the security of the conveyed restorative 

specialists. The biomimetic plan cultivates a synergistic interaction between medicate conveyance frameworks and natural 

substances. This interaction permits for superior integration with physiological forms, driving to move forward usefulness 

and minimizing disturbances to ordinary cellular capacities. Nature has experienced broad developmental optimization to 

create proficient and viable frameworks. Biomimetic medicate conveyance frameworks draw motivation from these normally 

advanced structures and forms, coming about in stages that advantage of millions of long times of organic refinement. The 

biomimetic approach gives a flexible plan stage, permitting customization based on the particular necessities of distinctive 

drugs and infections. This versatility makes biomimetic sedate conveyance frameworks appropriate for a wide extend of 

helpful applications (Elshafei et al., 2021). 

 

Key Components of Biomimetic Polymeric Nanoparticles 

 Biomimetic polymeric nanoparticles are advanced medicate conveyance frameworks that consolidate different 

components to imitate and upgrade characteristic organic capacities. The polymeric network shapes the auxiliary spine of 

biomimetic polymeric nanoparticles. Polymers can be engineered, characteristic, or a combination of both. Common 

engineered polymers incorporate poly (lactic-co-glycolic corrosive) (PLGA) and polyethylene glycol (PEG), whereas chitosan 

and egg whites are illustrations of characteristic polymers. The choice of polymer impacts the soundness, biocompatibility, 

and medicate discharge characteristics of the nanoparticles. Biomimetic polymeric nanoparticles join highlights motivated 

by natural substances. This will incorporate the integration of cell films, proteins, or peptides on the nanoparticle surface to 

imitate common structures and capacities (Poko et al., 2024).  

 These biomimetic components upgrade intuitive with natural frameworks, advancing particular focusing on cellular 

take-up. Focusing on ligands are atoms joined to the surface of biomimetic polymeric nanoparticles to encourage particular 

authority to receptors on target cells. These ligands can be antibodies, peptides, or other moieties that recognize and tie to 

cell surface receptors, empowering focused on medicate conveyance. Surface alterations, such as the joining of polyethylene 

glycol (PEGylation), can improve the soundness and circulation time of biomimetic polymeric nanoparticles within the 

circulatory system. PEGylation decreases nonspecific intuition with blood components and improves the stealth properties 

of the nanoparticles. The drug payload is the helpful specialist typified inside the polymeric network of the nanoparticles. 

This could include small-molecule drugs, proteins, nucleic acids, or other bioactive compounds. The choice of sedate 

depends on the restorative application and the required mode of activity. A few biomimetic polymeric nanoparticles are 

designed to reply to particular physiological jolts (Konstantinidis et al., 2023).  

 Responsive components, such as pH-sensitive polymers or enzyme-responsive linkers, empower controlled drug 

discharge in reaction to changes within the neighborhood microenvironment, moving forward the exactness of sedate 

conveyance. Methods for typifying drugs inside the polymeric lattice play a significant part in the plan of biomimetic 

polymeric nanoparticles. Common strategies incorporate dissolvable vanishing, emulsion procedures, and nanoprecipitation, 

which permit the proficient embodiment of different sorts of drugs. In biomimetic polymeric nanoparticles motivated by cell 

films, lipids or lipid-like materials may be consolidated to imitate the lipid bilayer structure (Adhikari, 2021).  

 This upgrades the nanoparticles' biocompatibility and cellular take-up, closely taking after normal cell intelligence. 

Stabilizers and surfactants are regularly utilized amid the nanoparticle definition preparation to avoid molecule 

conglomeration and stabilize the emulsion or suspension. These operators contribute to the consistency and steadiness of 

biomimetic polymeric nanoparticles. Biomimetic polymeric nanoparticles can be outlined to carry imaging operators for 

demonstrative purposes. These imaging specialists may incorporate fluorescent colors, attractive nanoparticles, or other 

differentiated specialists, permitting concurrent imaging and medicate conveyance (Guan et al., 2022). 
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Synthesis and Fabrication of Biomimetic Polymeric Nanoparticles 

Polymer Selection and Characteristics 

 The blend and manufacture of biomimetic polymeric nanoparticles include cautious determination of polymers and 

thought of their characteristics to attain the required properties for medicate conveyance applications. The choice of 

polymers impacts biocompatibility, sedate embodiment effectiveness, and the discharge profile of the nanoparticles. 

Polymers used in biomimetic polymeric nanoparticles must show tall biocompatibility to play down safe reactions and 

poisonous quality. Common biocompatible polymers incorporate polyethylene glycol (PEG), poly(lactic-co-glycolic corrosive) 

(PLGA), chitosan, and egg whites. Biodegradable polymers are favored to guarantee the continuous breakdown of the 

nanoparticles in vivo, decreasing the hazard of long-term amassing. PLGA, polylactic corrosive (PLA), and poly-caprolactone 

(PCL) are illustrations of biodegradable polymers commonly utilized in nanoparticle definitions. The chosen polymer ought 

to be congruous with the physicochemical properties of the medicate to be typified. For hydrophobic drugs, polymers with 

hydrophobic sections, such as PLGA, are appropriate, whereas hydrophilic drugs may require polymers with hydrophilic 

properties, such as PEG (Mwiiri & Daniels, 2020).  

 The steadiness and solvency of the polymer within the chosen dissolvable or scattering medium are vital for the 

manufacture preparation. The polymer ought to frame steady nanoparticles with the specified characteristics amid the union 

handle. Polymers ought to permit simple surface adjustment to present biomimetic highlights or useful bunches. This 

incorporates the joining of focusing on ligands, imaging specialists, or other biomimetic components to improve the 

nanoparticle's organic interactions. Polymers with tunable corruption rates and controlled discharge properties are alluring 

for accomplishing supported and controlled sedate discharge. PLGA, for occasion, can be custom fitted to debase over 

particular time periods, affecting the discharge energy. The chosen polymer ought to be agreeable to the chosen 

nanoparticle manufacturing method. Common manufacturing strategies incorporate dissolvable vanishing, emulsion 

techniques, and nanoprecipitation (Alipanah et al., 2023).  

 The polymer's characteristics ought to permit the arrangement of nanoparticles with a steady estimate and morphology. 

To improve the nanoparticles' circulation time within the circulation system and diminish clearance by the safe framework, 

polymers with stealth properties, such as PEG, are frequently utilized. This "PEGylation" gives a hydrophilic and steric 

obstruction on the nanoparticle surface, anticipating acknowledgment by macrophages. Depending on the application, 

polymers with temperature or pH-sensitive properties can be invaluable. These polymers empower the plan of stimuli-

responsive nanoparticles that discharge drugs in reaction to particular natural cues. For biomimetic polymeric nanoparticles 

motivated by cell films, lipid-like materials may be included. These materials ought to display membrane-mimicking 

characteristics, permitting the nanoparticles to be associated with cells in a way comparable to common cellular components. 

Thought ought to be given to the versatility of the chosen polymer for large-scale nanoparticle generation. Polymers that 

can be synthesized or gotten in bulk with reliable quality are ideal for down-to-earth applications (Tenchov et al., 2023). 

 

Techniques for Nanoparticle Fabrication 

 This procedure includes the arrangement of a steady emulsion by blending a water-immiscible natural stage containing 

the polymer and a water stage containing a surfactant or stabilizer. The organic solvent is then evaporated, leading to the 

formation of nanoparticles. Dissolve the polymer and drug (if applicable) in an organic solvent. Form an emulsion by adding 

this organic phase to an aqueous phase containing a surfactant. Stir to create a stable emulsion, where the organic phase is 

dispersed in tiny droplets in the aqueous phase. Evaporate the organic solvent, leading to the formation of solid 

nanoparticles. Versatile and widely used. Allows for the encapsulation of hydrophobic drugs. Achieves controlled release by 

modifying polymer composition (Zembyla et al., 2020). 

 

Nanoprecipitation 

 Nanoprecipitation involves the rapid precipitation of a polymer from a solution by adding a non-solvent. This results in 

the formation of nanoparticles due to the reduced solubility of the polymer in the non-solvent. Dissolve the polymer and 

drug (if applicable) in a water-miscible organic solvent. Inject this solution into a non-solvent under constant stirring. Rapid 

precipitation of the polymer occurs, leading to nanoparticle formation. Remove residual solvents through purification steps. 

Simplicity and reproducibility. Suitable for thermolabile drugs. Allows for control over particle size and drug loading (Lavino 

et al., 2021).  

 Self-assembly involves the spontaneous organization of molecules into nanoparticles through non-covalent interactions 

such as hydrogen bonding, hydrophobic interactions, or electrostatic forces. Use amphiphilic block copolymers or surfactants 

that can self-assemble in aqueous solutions. The formation of micelles or vesicles occurs due to the arrangement of 

hydrophobic and hydrophilic segments. Encapsulation of drugs within the hydrophobic core of these structures. The self-

assembled nanoparticles can be stabilized by cross-linking or additional modifications. Avoids the need for organic solvents. 

Enables controlled drug release through modulation of self-assembly parameters. Well-suited for encapsulating 

hydrophobic drugs (Q. Li et al., 2020). 

 

Surface Functionalization and Modification of Biomimetic Polymeric Nanoparticles 

 Surface functionalization and modification play a crucial role in tailoring the properties of biomimetic polymeric 

nanoparticles for specific drug delivery applications. These forms include the presentation of useful bunches, ligands, or 

biomimetic components onto the nanoparticle surface to improve biocompatibility, accomplish focus on sedate conveyance, 
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and move forward intelligence with natural frameworks. A few methodologies are utilized for surface functionalization and 

alteration. Polyethylene glycol (PEG) is commonly utilized to adjust the surface of nanoparticles in a handle known as 

PEGylation. PEGylation gives a hydrophilic and steric obstruction to the nanoparticle surface, lessening opsonization, and 

drawing out circulation time within the bloodstream. Increased stealth properties, minimized safe reaction, and upgraded 

bioavailability. Biomimetic polymeric nanoparticles are regularly functionalized with focusing on ligands such as antibodies, 

peptides, or aptamers (Shi et al., 2021).  

 These ligands advance particular intuition with receptors on target cells, encouraging focus on medicate delivery. 

Improved selectivity, improved cellular take-up, and decreased off-target impacts. Mirroring the characteristic cell film, 

nanoparticles can be coated with parts or vesicles determined from cell films. This surface adjustment improves 

biocompatibility and permits for intelligent cells in a way comparative to normal cell-cell intuitive. Made strides in 

biocompatibility, decreased safe reaction, and improved cellular take-up. Nanoparticles can be coated with polymers that 

react to changes in pH, such as poly(2-(diisopropylamino)ethyl methacrylate) (PDPA). This permits pH-triggered sedate 

discharge in particular physiological situations. Controlled sedate discharge at target destinations with shifting pH, such as 

tumor microenvironments (Gao et al., 2020).  

 Nanoparticles can be planted with coatings that react to particular chemicals shown in infected tissues. For this case, 

peptide groupings delicate to proteins like lattice metalloproteinases (MMPs) can be consolidated to empower enzyme-

triggered sedate discharge(T. Iqbal, Altaf, Salma, et al., 2024). Upgraded sedate discharge at illness locales with overexpressed 

proteins, focusing on treatment. Changing the surface charge of nanoparticles through the expansion of charged polymers 

or surfactants can impact their intelligence with cells and organic components. Cationic or anionic coatings can be applied 

based on the desired effect. Improved cellular uptake, reduced clearance by the immune system, and controlled interactions 

with biological systems. Nanoparticles can be functionalized with imaging agents, such as fluorophores, radiotracers, or 

magnetic nanoparticles, to enable simultaneous imaging and drug delivery (theragnostic). Real-time monitoring of drug 

delivery, improved diagnosis, and personalized treatment approaches. Combining multiple functionalization strategies, such 

as incorporating targeting ligands and imaging agents simultaneously, can result in multi-functional nanoparticles with 

enhanced therapeutic and diagnostic capabilities. Comprehensive and synergistic functionalities for optimized drug delivery 

(Makvandi et al., 2021). 

 

Biomimetic Properties in Polymeric Nanoparticles 

Mimicking Biological Barriers 

Blood-Brain Barrier (BBB) 

 The BBB is a highly selective barrier that regulates the passage of substances from the bloodstream into the brain. 

Overcoming the BBB is a significant challenge in drug delivery for the treatment of central nervous system disorders. Surface 

modification with ligands that interact with receptors overexpressed on BBB endothelial cells (e.g., transferrin receptors) 

facilitates receptor-mediated transcytosis. Coating nanoparticles with fragments of cell membranes, such as those from red 

blood cells or brain cells, can mimic natural interactions and enhance BBB penetration(Altaf et al., 2021)(Altaf & Alkheraije, 

2023). Designing nanoparticles with sizes within the optimal range (typically below 200nm) can enhance their ability to pass 

through the tight junctions of BBB endothelial cells. Improved drug delivery to the brain, enhanced therapeutic efficacy for 

neurological disorders, and reduced systemic side effects (Wu et al., 2023). 

 

Mucosal Barriers 

 Mucosal barriers, including those in the gastrointestinal tract, respiratory tract, and genitourinary tract, present 

challenges for effective drug delivery due to mucus secretion and rapid clearance mechanisms. Surface modification with 

mucoadhesive polymers, such as chitosan or poly (acrylic acid), facilitates prolonged contact with mucosal surfaces, 

improving drug retention and absorption. Planning nanoparticles with surface adjustments that decrease attachment to 

bodily fluid components and upgrade infiltration through bodily fluid layers can move forward mucosal medicate 

conveyance. Presenting pH or enzyme-responsive coatings empowers controlled medicate discharge in particular mucosal 

situations, optimizing helpful results. Upgraded mucosal grip, delayed medicate maintenance, moved forward assimilation 

and focused on the conveyance for mucosal maladies or immunization (Cavalu et al., 2020). 

 

Targeting Strategies 

 Ligand conjugation includes connecting particular focusing on ligands to the surface of polymeric nanoparticles. These 

ligands can be antibodies, peptides, aptamers, or other moieties that recognize and tie to receptors overexpressed on the 

surface of target cells. Ligands selectively bind to receptors on the target cell surface. Upon binding, the ligand-receptor 

complex is internalized through endocytosis. The nanoparticle, along with the encapsulated drug, is released inside the target 

cell. Ligand conjugation improves the specificity of drug delivery to target cells or tissues. Minimizes non-specific interactions 

and off-target effects. Facilitates efficient internalization by target cells (Yan et al., 2024).  

 Active targeting involves exploiting physiological characteristics or processes to enhance the accumulation of polymeric 

nanoparticles at specific target sites. This can include targeting diseased tissues, inflamed areas, or sites with specific 

physiological features. Passive targeting by leveraging the leaky vasculature in tumor tissues allows nanoparticles to 

accumulate selectively. Designing nanoparticles to respond to specific stimuli in the target microenvironment (e.g., pH, 
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enzymes) for controlled drug release. Mimicking cellular internalization processes, such as endocytosis, for efficient uptake 

by target cells (Kang et al., 2020).  

 

Responsive Release Systems and pH-Sensitive Nanoparticles 

 pH-sensitive nanoparticles are planned to discharge their payload in reaction to changes in pH inside the target 

microenvironment. This procedure is especially valuable for sedate conveyance to particular physiological compartments 

with changing causticity, such as tumor tissues or intracellular endosomes. Polymers with pH-responsive bunches e.g., poly 

(acrylic corrosive), poly (histidine) experience ionization or protonation changes in reaction to pH varieties. pH-induced 

changes lead to changes within the polymer structure, causing the nanoparticles to swell or recoil. c. Swelling uncovered the 

typified medication to the encompassing environment, encouraging controlled discharge (Ding et al., 2022)(Altaf, Iqbal, et 

al., 2023).  

 Allows for drug release at sites with specific pH conditions. Optimizes drug release in response to the physiological 

characteristics of target tissues. Minimizes off-target release in normal physiological environments. Enzyme-triggered release 

systems exploit the presence of specific enzymes in diseased tissues to induce drug release. This approach is particularly 

relevant for diseases characterized by overexpression of certain enzymes, such as cancers and inflammatory conditions. 

Incorporating enzyme-cleavable linkers within the polymeric matrix of nanoparticles(T. Iqbal et al., 2023). Enzymes present 

in the target tissue selectively cleave the linkers. Cleavage of linkers results in the release of the encapsulated drug. Enables 

drug release specifically in the presence of disease-associated enzymes. Reduces off-target release in healthy tissues. 

Optimizes therapeutic effects in diseased tissues while sparing normal tissues (X. Li et al., 2021). 

 

Pharmacological Applications of Biomimetic Polymeric Nanoparticles 

Cancer Therapeutics and Targeted Drug Delivery 

 Targeted drug delivery using biomimetic polymeric nanoparticles is a promising strategy in cancer therapeutics to 

enhance the specificity and efficacy of anticancer drugs while minimizing systemic side effects. Surface modification with 

targeting ligands (e.g., antibodies, peptides) for specific recognition of cancer cells. Passive targeting exploits the leaky 

vasculature and impaired lymphatic drainage in tumor tissues. pH-sensitive or enzyme-triggered nanoparticles for selective 

drug release within the tumor microenvironment. Increased drug concentration in tumor tissues. Minimized impact on 

healthy tissues (Beh et al., 2021).  

 Enhanced targeting precision for effective cancer treatment. Combination therapy involves the simultaneous 

delivery of multiple therapeutic agents using biomimetic polymeric nanoparticles. This approach aims to target 

multiple pathways or address different aspects of cancer biology for improved treatment outcomes. Encapsulation and 

simultaneous release of multiple drugs within the same nanoparticle. Combining drugs with complementary 

mechanisms of action for enhanced anticancer effects. Tailoring the combination of drugs based on the specific 

characteristics of the cancer type. Improved therapeutic effects through synergistic drug interactio ns. Targeting 

multiple pathways can help overcome resistance mechanisms. Achieving therapeutic efficacy with lower individual drug 

doses, minimizing adverse effects (Wang et al., 2022). 

 

Infectious Diseases 

 Biomimetic polymeric nanoparticles can be employed for targeted and controlled delivery of antimicrobial active 

substances to combat infectious diseases caused by bacteria, viruses, fungi, or parasites(M. U. Iqbal et al., 2024)(T. Iqbal, 

Altaf, Fatima, et al., 2024). 

 Ligand-functionalized nanoparticles for particular acknowledgment and authority to microbial pathogens. Custom fitted 

for discharge in particular contamination locales with shifting pH or protein expression. Synchronous conveyance of different 

antimicrobial specialists for synergistic impacts. Focusing on microbial pathogens with ligand-functionalized nanoparticles 

(Ibrahim et al., 2021).  

 Minimizing the effect on cells through a focus on conveyance. Combating microbial resistance through combination 

treatment. Biomimetic polymeric nanoparticles offer a promising stage for effective and focused antibody conveyance, giving 

upgraded safe reactions and security against irresistible maladies. Loading nanoparticles with antigens from pathogens to 

stimulate an immune response. Surface modification with ligands to enhance uptake by antigen-presenting cells (APCs). Co-

delivery of immune-stimulating adjuvants for enhanced vaccine efficacy. Enhancing the immune response against specific 

pathogens. Facilitating antigen presentation for a robust immune response (Ferreira et al., 2020).  

 

Neurological Disorders 

 Biomimetic polymeric nanoparticles can be utilized for neuroprotective strategies aimed at preserving neuronal 

function and preventing or mitigating damage associated with neurological disorders. Loading nanoparti cles with 

antioxidants to combat oxidative stress, is a common feature in neurological disorders. Delivery of anti -inflammatory 

drugs to reduce neuroinflammation and protect neurons. Encapsulation and controlled release of neurotrophic factors 

to support neuronal survival and regeneration. Mitigating damage and supporting the survival of neurons. Addressing 

underlying mechanisms contributing to neurodegeneration. Prolonged and controlled release for sustained 

neuroprotection (Fukuta et al., 2022). 
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Biocompatibility and Safety Considerations 

In vitro and In vivo Biocompatibility Studies 

 In vitro studies assess the compatibility of biomimetic polymeric nanoparticles with biological systems at the cellular 

and molecular levels before proceeding to in vivo evaluations. Evaluate the impact of nanoparticles on the viability of cultured 

cells using assays like MTT or Alamar Blue. Assess the potential of nanoparticles to induce cell death or adverse effects on 

cellular morphology. Measure the release of inflammatory markers or cytokines from exposed cells. Investigate interactions 

with blood components to assess the risk of hemolysis or clotting. Exposure of relevant cell lines to varying concentrations 

of nanoparticles. Microscopy to observe cellular morphology and interactions. Quantification of cell viability, cytotoxicity, 

and inflammatory responses. Identification of nanoparticle concentrations that are well-tolerated by cells. Insights into 

potential cytotoxic effects or inflammatory responses (Kenry et al., 2020). 

 

In vivo Biocompatibility Studies 

 In vivo studies evaluate the biocompatibility, biodistribution, and safety of biomimetic polymeric nanoparticles in living 

organisms, providing insights into their systemic effects. Examine the distribution of nanoparticles in major organs to 

understand their systemic behavior. Assess tissue morphology and identify potential signs of inflammation or damage. 

Evaluate changes in blood parameters, liver enzymes, and other markers of organ function. Look at safe cell enactment and 

reactions to nanoparticle introduction. Utilize important creature models (e.g., mice, rats) to imitate physiological conditions. 

Analyze the nearness of nanoparticles in different organs over time. Assess tissue segments for variations from the norm or 

signs of poisonous quality. Evaluate blood tests for changes in hematological and biochemical parameters. Affirmation of 

the by and large security and tolerability of nanoparticles. Discovery of any signs of poisonous quality, aggravation, or organ 

harm. Experiences into alterations required for moved forward security (Marshall et al., 2022). 

 

Toxicological Assessment 

 Toxicological appraisal may be a basic component of assessing the security of biomimetic polymeric nanoparticles. It 

includes a comprehensive investigation of potential poisonous impacts at the atomic, cellular, and systemic levels. The 

objective is to distinguish and get any unfavorable responses or dangers related to the utilize of these nanoparticles. 

Toxicological appraisal envelops a run of studies, both in vitro and in vivo, to supply a careful understanding of the security 

profile of the nanoparticles. Evaluate the potential poisonous impacts of biomimetic polymeric nanoparticles on cells and 

cellular forms. Decide the effect on the development and survival of refined cells (Biswas et al., 2022).  

 Assess potential harm to cellular DNA. Degree oxidative push initiated by nanoparticles. Survey the discharge of 

incendiary go-betweens and cytokines. Introduction of important cell lines to shifting concentrations of nanoparticles. 

Evaluations utilizing comet measures, micronucleus measures, or other genotoxicity tests. Utilize fluorescent tests or tests to 

degree intracellular ROS levels. Measure cytokine discharge and other markers of aggravation. Determination of adverse 

effects on cell viability and proliferation. Insights into potential DNA damage. Understanding the impact on cellular 

inflammatory pathways. Evaluate the safety of biomimetic polymeric nanoparticles in living organisms, providing a more 

holistic view of potential systemic toxicity. Examine nanoparticle distribution in major organs to understand systemic 

behavior. Assess tissue morphology and identify signs of toxicity or damage (Mathios et al., 2021).  

 Examine blood samples for changes in organ function markers. Evaluate immune system reactions to nanoparticle 

exposure. Use relevant animal models to mimic physiological conditions. Analyze the presence of nanoparticles in various 

organs over time. Evaluate tissue sections for abnormalities or signs of toxicity. Assess blood samples for changes in 

hematological and biochemical parameters. Confirmation of overall safety and tolerability. Detection of any signs of toxicity 

in specific organs. Understanding how the immune system reacts to nanoparticle exposure (Chen et al., 2020).  

 

Long-term Effects and Biodistribution 

 Assess the potential chronic effects and persistence of biomimetic polymeric nanoparticles over an extended duration. 

Evaluate any sustained adverse effects on organs, tissues, or physiological processes. Investigate the potential for 

nanoparticle-induced carcinogenesis over prolonged exposure. Monitor long-term impact on the function of vital organs. 

Continued exposure and monitoring of animal models over an extended period. Ongoing assessment of tissue morphology 

and signs of chronic toxicity. Systematic evaluation of the potential for nanoparticle-induced cancer development. 

Understanding the persistence of any toxic effects. Assessment of the nanoparticles' safety over extended exposure (Ben-

Akiva et al., 2020).  

 Evaluation of any potential carcinogenic effects. Investigate the distribution and accumulation of biomimetic polymeric 

nanoparticles in various organs and tissues. Quantify the presence of nanoparticles in major organs. Assess the rate at which 

nanoparticles are cleared from the body. Determine the extent of nanoparticle accumulation in specific target tissues. The 

biodistribution of nanoparticles. Utilize imaging modalities like MRI, CT, or fluorescence for real-time visualization. Extricate 

tissues at different times focuses on quantitative examination. Understanding how nanoparticles disseminate inside the body. 

Data to optimize nanoparticle properties for made strides focusing on. Distinguishing proof of techniques to decrease off-

target amassing (Mansouri et al., 2020). 
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Current Challenges and Future Perspectives 

Regulatory Challenges 

 The administrative endorsement preparation for biomimetic polymeric nanoparticles faces challenges due to the one-

of-a-kind nature of these progressed medicate conveyance frameworks. Administrative organizations may not have 

particular rules custom-made to the endorsement of biomimetic polymeric nanoparticles, driving to instabilities within the 

assessment preparation. The complex nature of these nanoparticles may pose challenges in standardizing characterization 

methods, making it troublesome to set up reliable administrative criteria. Collaborative endeavors between analysts, industry, 

and administrative bodies to create standardized rules for the assessment and endorsement of biomimetic polymeric 

nanoparticles. Ceaseless communication between partners to guarantee that administrative systems advance in parallel with 

progressions in nanoparticle innovation (Elmowafy et al., 2023).  

 The security evaluation of biomimetic polymeric nanoparticles includes special contemplations, and administrative 

organizations may confront challenges in setting up comprehensive security criteria. Standardizing conventions for the 

toxicological appraisal of these nanoparticles may be challenging, as their properties can shift broadly. Administrative 

systems may not be completely prepared to address the long-term impacts and incessant harmfulness of biomimetic 

polymeric nanoparticles. Advancement of standardized poisonous quality testing conventions particular to biomimetic 

polymeric nanoparticles, considering their special characteristics. Incorporation of long-term thinks about administrative 

necessities to survey unremitting impacts and guarantee the security of delayed presentation (Nanda et al., 2024).  

 Understanding the biodistribution and pharmacokinetics of biomimetic polymeric nanoparticles is vital for 

administrative endorsement but presents challenges in terms of standardization and consistency. Variability in individual 

reactions to nanoparticles may complicate endeavors to set up standardized biodistribution designs. Current models may 

not completely capture the complex intelligence of biomimetic nanoparticles inside the body. Progressions in imaging 

innovations and modeling approaches to make strides in the consistency of biodistribution. Collaboration between 

administrative offices, the scholarly community, and industry to refine rules for assessing and detailing biodistribution 

information (Kenry et al., 2020).  

 The intriguing nature of biomimetic polymeric nanoparticle inquiry about requires collaboration between researchers, 

clinicians, and administrative specialists, which can be challenging to execute consistently. The need for effective 

communication between analysts and administrative specialists can result in errors or delays within the endorsement 

preparation. Administrative offices may confront challenges in enlisting and holding specialists with intriguing information 

of nanoparticle innovation. Advancement of collaborative stages and activities that encourage exchange and information 

exchange among analysts, clinicians, and administrative specialists. Advancement of preparing programs and instructive 

assets to improve administrative skills within the assessment of progressed nanomedicines (Fondaj et al., 2023). 

 

Scalability and Manufacturing Concerns 

 The complex nature of biomimetic polymeric nanoparticles may pose challenges in accomplishing large-scale 

generation and reproducibility. Complex details may result in varieties between bunches, affecting consistency in medicate 

conveyance execution. Deciphering laboratory-scale details to versatile fabricating forms can be troublesome due to 

expanded complexity. Selection of quality-by-design (QbD) standards within the improvement handle to get it and control 

basic parameters influencing versatility. Usage of progressed explanatory procedures to screen and control fabricating forms 

in real-time (Fabozzi et al., 2021).  

 Consolidating biomimetic components into the fabricating preparation includes complexity and requires imaginative 

bioprocessing approaches. Recognizing and sourcing biomimetic components for nanoparticles may pose challenges in 

terms of accessibility, consistency, and ethical contemplations. Guaranteeing the correct integration of biomimetic 

components into the fabricating handle without compromising solidness and reproducibility. Advancement of versatile and 

feasible strategies for sourcing biomimetic components. Integration of progressed bioprocessing advances, such as nonstop 

fabricating, to upgrade productivity and control (Dalton et al., 2020). 

 

Quality Control and Characterization 

 Guaranteeing the quality and consistency of biomimetic polymeric nanoparticles at a huge scale requires vigorous 

quality control measures. Characterizing the complex structure of biomimetic nanoparticles can be challenging, affecting the 

advancement of standardized quality control strategies. Assembly administrative benchmarks for item quality and 

consistency may be more complex due to the special highlights of biomimetic definitions. Headways in explanatory 

procedures for comprehensive characterization of biomimetic nanoparticles (Mehta et al., 2023).  

 Collaboration between industry and administrative offices to set up standardized quality control conventions for 

biomimetic definitions. The selection of novel advances for the adaptable generation of biomimetic polymeric nanoparticles 

may confront challenges in terms of mechanical preparation and optimization. Exchanging imaginative laboratory-scale 

innovations to large-scale fabricating settings may experience obstacles. Guaranteeing innovations that novel innovation are 

financially reasonable for a large-scale generation without compromising item quality. Collaborative endeavors between the 

scholarly world and industry to bridge the hole between novel advances created in investigatinginvestigative settings and 

their adaptability for fabricating. Venture in investigation and advancement to optimize and adjust novel innovations for 

large-scale generation (AlAli et al., 2023). 
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Emerging Trends and Future Directions in Biomimetic Nanoparticles 

Advanced Targeting Strategies 

 Development of ligands with multiple targeting functionalities for improved recognition and binding to specific cells 

or tissues. Integration of responsive elements that enable on-demand activation of targeting mechanisms in response to 

specific cues in the microenvironment. Advancements in responsive release systems to achieve spatiotemporal control 

over drug delivery. Incorporation of external stimuli (e.g., light, magnetic fields) for precise control over drug release. 

Implementation of feedback mechanisms to adjust drug release in response to real-time physiological changes (Mi et al., 

2020).  

 Continued exploration of innovative strategies to overcome biological barriers, especially the blood-brain barrier. 

Designing nanoparticles that mimic the properties of exosomes for enhanced transport across biological barriers. Utilizing 

advanced cell membrane engineering techniques to improve interactions with biological barriers. Development of 

biomimetic nanoparticles with immunomodulatory properties for enhanced therapeutic outcomes. Designing nanoparticles 

that evade immune recognition for prolonged circulation. Integration of immunostimulatory components to enhance the 

immune response against infectious diseases or cancer (Choudhari et al., 2021).  

 

Conclusion  

 Nanoparticles have unique advantages in drug delivery, and their biomimetic counterparts aim to improve specificity, 

biocompatibility, and therapeutic efficacy. Biomimetic approaches copy biological structures and processes to improve drug 

delivery and interaction with biological systems. Polymeric nanoparticles are essential for drug delivery and provide 

controlled release and targeted delivery. Biomimetic designs in drug delivery systems aim to improve biocompatibility, 

reduce immunogenicity, increase targeting, and bypass biological barriers. Biomimetic polymer nanoparticles often contain 

lipids, proteins, and cell membrane fragments that give them biomimetic properties. Using specific polymers and methods 

such as emulsion/solvent evaporation and surface functionalization, biomimetic polymer nanoparticles can be created 

precisely. Nanoparticles mimic biological barriers, employ targeting strategies, and use responsive release systems to 

improve drug delivery efficiency. Biomimetic polymer nanoparticles have shown promise in targeted drug delivery, 

combination therapy, and blood-brain barrier penetration in cancer, infectious diseases, and neurological disorders. 

Biomimetic polymeric nanoparticles offer an innovative solution to drug delivery challenges. This field has great potential to 

revolutionize medical interventions through ongoing research, collaboration, and a commitment to safety and sustainability. 

Exciting new developments in biomimetic polymer nanoparticles are expected to revolutionize patient care and healthcare 

innovation in the future. 
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ABSTRACT   

One of the most severe infectious diseases is malaria, which is characterized by high fever, severe anemia, and 

neurological sequelae including coma and stroke. Plasmodium species are the source of malaria, a parasitic disease that 

infects people when female Anopheles mosquitoes bite them. Metal NPs were primarily evaluated for their ability to kill 

bacteria and viruses. Nanoparticles can be made by different methods i.e. physical, chemical and biological methods. The 

most protective and environmental friendly method of nanoparticle synthesis is by using biological materials that is 

known as green synthesis. Diverse biological materials can be used for the production of nanoparticles i.e. leaves, seeds, 

flowers, stem, fruits etc. Different nanoparticles are synthesized by combining plant extract with mill molar and molar 

solutions of salts of different metals mixed in different ratios. The indication of nanoparticle formation was marked by a 

color change observed within 10-150 minutes. Confirmation of nanoparticle formation was achieved through ultraviolet 

spectroscopy, which revealed characteristics of plasmon vibrations. Characterization can be done by XRD, FTIR, SEMS 

and TEMS. Results of different articles showed that green-produced nanoparticles exhibited no cytotoxicity when applied 

to normal cells and affectively reduced malarial infection. So the green synthesized Nanoparticles can be the effectively 

reduced malarial infection further studies are required to enhance these findings. 
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INTRODUCTION 
 

 One of the most severe infectious diseases is malaria, which is characterized by recurrent high fever, severe anemia, 

convulsions, and neurological sequelae including coma and stroke. An estimated 608,000 fatalities worldwide were 

attributed to malaria in 2022, with a mortality rate of 14·3 deaths per 100,000 people. According to the reported death 

rate, the following four nations accounted for 50% of all deaths: Nigeria (31%), the Democratic Republic of the Congo 

(12%), Niger (6%), and Tanzania (4%) (WHO, 2022). 

 Plasmodium protozoans are the source of malaria, a parasitic disease that infects people when female Anopheles 

mosquitoes bite those (White et al., 2014). Malaria badly affects economic growth and development in sub-Saharan Africa. 

Malaria remains a serious public health concern. In 2017, there were 219 million cases of malaria worldwide, and the 

disease was projected to have caused 435,000 fatalities. Ninety-two percent of these cases were from sub-Saharan Africa 

(Ta et al., 2014). 

 The world malaria report identified that the total cases reported in 2022 was expressively higher when compared to 

the pandemic situation in 2019. However, in nineteen year i.e. 2000 to 2019, there is a decrease in 10 million cases globally 

i.e. from 243 million to 233 million. But unfortunately, 11 million cases increased in 2020. No change was observed in 2021, 

however in 2022 there is an increase of 5 million cases in 2022, for a total of about 249 million cases (WHO, 2022). 

 There was also increase in a number of global malaria deaths in 2022 when compared to the death rate (864 000) in 

2019. After that, there has been a decline in the Malaria deaths since 2000, 864 000 to 576,000. After the pandemic 

situation, the number of deaths increased from 55,000 in 2020, to 631,000 (WHO, 2022). 

 The most common parasite is Plasmodium vivax, but the most lethal is Plasmodium falciparum. Several species infect 

in humans, including Plasmodium malariae, Plasmodium ovale, Plasmodium cynomolgi and Plasmodium knowlesi, (White et 

al., 2014; WHO, 2018 and Ta et al., 2014). Despite substantial global initiatives to combat malaria, involving increased 

financing to support research and development, provision, and expedite its control (The 2020 malaria morbidity and 

mortality targets set by the Global Technical Strategy (GTS) are still far from being reached by adequate diagnosis, 

prevention measures, and effective treatment) (WHO, 2018). 
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Resistance to Current Malarial Drugs 

 The malaria parasite has developed resistance to nearly all existing drugs, posing a significant obstacle to global 

malaria control efforts. Combination therapy of artemisinin-based (ACT), the most potent treatment option, which 

played a vital role in recent advancements in malaria control (White et al., 2014; WHO, 2018 and Ta et al., 2014). Strains 

of P. falciparum that are resistant to artemisinin have been documented from the Subregion of the Greater Mekong 

(GMS), Western Cambodia, and China's South (WHO, 2017; Dama et al., 2017 and Noedl et al., 2008). Treatment of 

malaria patients and efforts to control the disease in impacted areas have been severely hampered by the presence of 

artemisinin (ART) resistant parasites in addition to resistance to partner medication in ACT. The existence of ART-

resistant parasites has been linked in multiple studies to increased rates of treatment adherence in patients with ACT 

(Fairhurst and dondrop, 2016; Tilley et al., 2016 and Woodrow and White, 2017). Kelch (K13) gene identified inside 

P.falciparum propeller domain, appears to be positive selection occurring on the artemisinin resistance pattern 

(Cheeseman, 2012, Miotto et al., 2013 and Takala-Harrison et al., 2013). This indicates that the specific genes 

responsible for delayed clearance or contributing to resistance to artemisinin has not been identified conclusively, 

however, 13 non-nonsynonymous variants have been identified as relevant markers (WHO, 2017; Dondorp et al.,2009; 

Witkowski et al.,2013, Ashley et al.,2014; Takala-Harrison et al.,2015; Ariey et al.,2014 and Straimer et al.,2015). The 

appearance or dissemination resistance to artemisinin from Asia to Africa mirrors previous occurrences with older anti-

malarial medications such as Chloroquine and sulfadoxine-pyrimethamine (Trape, 2001; Trape et al., 2002 and 

Wongsrichanalai and Sibley, 2013), It would have a catastrophic impact on global malaria eradication initiatives. Despite 

widespread concern about the possible emergencies or dissemination of K13 mutations associated with artemisinin – 

resistance in Africa, the mutations identified thus for or infrequent and distinct from k13 polymorphism linked to 

diminished susceptibility in Asia (WHO, 2017; Djaman et al., 2017; Kamau et al., 2015; Murugan et al., 2017; Borrmann et 

al., 2013; Torrentino-Madamet et al., 2014; Cooper et al., 2015; Ouattara et al., 2015; Menard et al., 2016 and Taylor et 

al., 2015). 

  

Alternative Source for the Treatment of Malaria by Nanoparticle 

 Therefore, provided the circumstances and the fact that many antimalarial treatments are supported by governments, 

non-profit organizations, and other entities, the ability of research and development to provide the next generation of 

anti-malarial drugs will determine the success of malaria control and global eradication (Tse et al., 2019). If the project fails, 

it may seriously impair the chances of successfully managing and eliminating malaria, particularly in Africa as outlined in 

the worldwide Technical Strategy 2016-2030 (WHO, 2022). Keeping in view of the above-mentioned problem in GMC 

nanotechnology seems to be the alternate treatment of malaria.  

 Nano products and metal nanoparticles offer significant utility and are inherently safe, finding a wide array of 

applications in renewable energies, biomedical devices, and health care catalysis, cosmetics, food, electronics, and 

environmental cleanup (Ealia and Saravanakumar, 2017; Gahlawat and Choudhury, 2019; Ahmed et al., 2016 and Khandel 

and Shahi, 2016). 

 

Metallic Nanoparticles 

 In nanotechnology metallic nanoparticles have much important medical importance. Various approaches are 

available for creating new anti-malarial medication, with some originating from living organisms. The process of 

creating metal nanoparticles essentially included combining three components: the capping agent, the reducing agents, 

and the metal supply (usually noble metals like silver, gold, palladium, and titanium salt) ( Ealia and Saravanakumar, 

2017). Metal NPs were primarily evaluated for their ability to kill bacteria (Maiti et al., 2014; Patra and Baek, 2016 and 

Patra and Baek, 2017), fungi (Mallmann et al., 2015 and Arciniegas-Grijalba et al., 2017), and viruses (Narasimha, 2013 

and Broglie et al., 2015). There is limited information available regarding the anti-plasmodial capabilities of metal 

nanoparticles (Dauda et al., 2017). 

 

Methods for the Formulation of Metallic Nanoparticles 

 They can be prepared by using three methods, chemicals, physical, and biological. In nanotechnology metallic 

nanoparticles have much important medical importance. They can be prepared by using three methods, chemicals, 

physical, and Biological (Fig 1). Chemicals and physical methods pose challenges due to their expense, time 

intensiveness, and reliance on environmentally harmful reagents (Ealia and Saravanakumar, 2017 and Gahlawat and 

Choudhury, 2019). 

 

Green Synthesis as Cost – an Efficient and Environmentally Friendly Method 

 In response to this, innovative methods for synthesizing nanoparticles, known as Green synthesis, that use biological 

material. Green synthesis involves producing metal nanoparticles by harnessing the natural capping and reducing abilities 

of biomolecules derived from living things like microbes and plants. This approach is straightforward, cost–efficient, and 

environmentally friendly (Barabadi et al., 2019; Moher et al., 2009; Panneerselvam et al., 2011; Ponarulselvam et al., 2012 

and Mishra et al., 2013). However extensive efforts are required to maintain the cultures of microorganisms so plant source 

is the best option for the formulation of Nanoparticles. 
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Fig. 1: Methods for the 

synthesis of metallic 

Nanoparticle 

 

 

Different Biological Material that can be used for the Synthesis of Nanoparticles 

 Diverse biological materials can be used to produce nanoparticles i.e. leaves, seeds, flowers, stem, peels of fruits, fruits, 

etc. (Fig. 2). A summary of different plant materials used is given in Table 1. Leaves as the biological materials for the 

synthesis of metal NPs. Flowers, seeds, and barks were among the additional plant parts (Panneerselvam et al., 2015; 

Subramaniam et al., 2016 and Dutta et al., 2017). 

 

 

Fig. 2: Different biological 

materials used for the 

production of Nanoparticles 

 

 

Table 1: Summary of different plant materials utilized in the production of Nanoparticles 

Plant Source References  

Leaves  (Panneerselvam et al., 2011; Ponarulselvam et al., 2012; Mishra et al., 2013; Panneerselvam et al., 2015; 

Murugan et al., 2015; Subramaniam et al., 2016; Dutta et al., 2017; Sardana et al., 2018; Gandhi et al., 2018 

and Rotimi et al., 2019  

Flowers (Subramaniam et al., 2016) 

Seeds (Murugan et al., 2016 and Rotimi et al., 2019) 

Barks (Dutta et al., 2017) 
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Preparation of Plant Extracts  

 The selected plant material is air-dried at room temperature. Subsequently, the dried plant material is finely ground 

using a mechanical blender. By using different quantities of plant material and deionized water extract can be made by 

simple method or by using Soxhlet extraction method by using Soxhlet Apparatus. By simple boiling and decantation 

method. Whatman no 1 filter paper is used to filter the resultant mixture. The filtrate obtained underwent lyophilization to 

produce a dry powder, which is stored in a covered centrifuge tube in the refrigerator at 4°C until needed for nanoparticle 

synthesis. 

 In the literature, the authors mostly used a simple method to create aqueous extracts, which needed to be combined 

with a material's predecessor to synthesize Nanoparticles. After thorough washing with double-distilled water and cutting, 

biological material (4-10g) was cooked. The mixture was then dripped out and filtered via Whatman N°1 filter paper 

utilizing water as the preferred extraction solvent. 

 

Stock Solution of different Salts of different Metals 

 Millimolar and molar solutions of salts of different metals are prepared. 

 

Synthesis of Nanoparticles 

 Different nanoparticles are synthesized by combining plant extract with mill molar and molar solutions of salts of 

different metals mixed in different ratios. Then the mixture underwent an incubation period with continuous stirring for 

different durations, in darkness to avoid photochemical reactions. The indication of nanoparticle formation was marked by 

a color change observed within 10-150 minutes following the mixing of the metal precursor and plant extracts. 

 After that mixture was centrifuged at different rpm for different time durations at room temperature. The resulting 

pellet is washed twice with double distilled water, air-dried, and utilized for subsequent assays (Panneerselvam et al.,2011; 

Ponarulselvam et al.,2012; Mishra et al.,2013; Panneerselvam et al.,2015; Rajakumar et al.,2015; Murugun et al.,2015; 

Subramaniam et al.,2016; Panneerselvam et al.,2016; Murugan et al.,2016; Dutta et al.,2017; Sardana et al.,2018; Gandhi et 

al.,2018; Rotimi et al.,2019; Karthik et al.,2013; Jaganathan et al.,2016; and Murugan et al.,2017). 

 

Methods used for the Characterization of Nanoparticles  

 The research investigated the physical properties of metal nanoparticles across several dimensions: shape, size, and 

variability, as well as their chemical composition, in structural stability (refer to Table 4). Confirmation of nanoparticle 

formation was achieved through ultraviolet spectroscopy (UV -VIS), which revealed characteristics of plasmon vibrations. 

To determine the morphology and dimension of nanoparticles, Transmission Electron Microscopy (TEM) and Scanning 

Electron Microscopy (SEM) were suggested. Elemental mapping based on atomic composition was made easier by CEM in 

conjunction with energy-dispersive X-ray spectroscopy (EDX, EDS), and crystallographic planes were exposed by TEM in 

conjunction with selected area electron diffraction (SAED). Using molecular vibrations, FTIR was utilized to investigate the 

interface between NPs and secondary metabolites. X-ray diffraction (XRD) offers information about crystallinity, nature, 

and additional aspects such as size and shape determination. Size distributions and terms of hydrodynamic radius were 

obtained by dynamic light scattering (DLS); some research concentrated on spectroscopy (AAS) (Subramaniam et al.,2016; 

Dutta et al.,2017; Gandhi et al.,2018 and Karthik et al.,2013) (Fig. 3). 

 

Different Metals used for the Synthesis of Metallic Nanoparticles 

 Silver nitrate (AgNO3) served as a primary metal precursor for producing nanoparticles related to plants. Additionally, 

other noble metals such as gold, palladium, and titanium were utilized in nanoparticle synthesis (Rajakumar et al.,2015; 

Subramaniam et al.,2016; Dutta et al.,2017; Gandhi et al.,2018 and Karthik et al.,2013). The indication of nanoparticle 

formation was marked by a color change observed within 10-15 minutes following the mixing of the metal precursor and 

plant extracts characteristic and characterization of some metallic nanoparticles that were synthesized previously for 

antimalarial activity is summarized in Table 2 and Table 3. 

 

Characterization Techniques used for Identification of Nanoparticles in Previous Studies 

UV – VIS spectroscopy emerged as a pivotal method for examining nanoparticle behavior, including their formation, 

evolution, or aggregation.  

 The characteristics of plasmon vibration arise from the unrestricted movement of electrons on the surface of 

metallic materials. In the case of silver, these vibrations occur within the range of 400-450 nm (Panneerselvam et 

al.,2011; Ponarulselvam et al.,2012; Mishra et al., 2013; Panneerselvam et al., 2015; Murugan et al.,2015; Panneerselvam 

et al.,2016; Murugan et al.,2016; Dutta et al.,2017 and Sardana et al.,2018), while for gold, they occur around 540 and 

560 nm (Rajakumar et al.,2015 and Karthik et al.,2013) and 8360 nm for titanium dioxide (Gandhi et al., 2018), most 

studies observed the formation of spherical- shaped Nanoparticles (Table 3). Globally, these nanoparticles ranged in 

size from 4 to 65 nm, and some research observed aggregation phenomena throughout production (Mishra et al., 2013 

and Murugan et al., 2016). Additionally, certain research revealed the existence of other Bragg peaks (Ponarulselvam et 

al., 2012; Mishra et al., 2013; Panneerselvam et al., 2015 and Murugan et al., 2016). Signals related to oxygen or carbon 

atoms were detected using energy-dispersive X-ray analysis (Rajakumar et al., 2015 and Murugan et al., 2016), whole 
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additional Signals associated with chlorine were occasionally observed as well (Panneerselvam et al., 2016). The 

resultant nanoparticles’ crystallographic planes and diffraction patterns were discovered by selected area electron 

diffraction (SAED) (Dutta et al., 2017).  

 

 

Fig. 3: Schematic diagram 

for synthesis, 

characterization, In vivo and 

In vitro antiplasmodial 

activity of metallic 

nanoparticles 

 

 

 Power X-ray diffraction is a noteworthy characterization method in solid-state chemistry (Das et al., 2014), used to 

evaluate nanoparticles generated from biological extracts like plants or earthworms and identify the crystalline phases. The 

anti-plasmodial properties were more extensively evaluated with Nano silver (57%) and Nano gold (29%). The analysis was 

made easier by contrasting the acquired patterns with those in the Giant Committee on Powder Diffraction Standards (JSPDS) 

database, which was originally known as the International Center for Diffraction Data (ICDD). While biosynthesis typically 

yields pure palladium, gold, or titanium dioxide NPs, the case differs for silver, where the outcomes may include Nano silver, 

silver chloride, Nano crystallites, or their mixture (Ahmed et al.,2016; Khandel and shahi, 2016 and Broglie et al.,2015).  

 

Table 2: Summary of Physio-chemical characterization of NPs reported in the literature 

Physio-chemical 

characteristic 

Characterization 

method used 

References 

Plasmon 

resonance  

UV-Vis (Panneerselvam et al., 2011; Ponarulselvam et al., 2012; Panneerselvam et al., 2015; 

Rajakumar et al., 2015; Murugan et al., 2015; Subramaniam et al., 2016; Panneerselvam 

et al., 2016; Murugan et al., 2016; Dutta et al., 2017; Sardana et al., 2018; Gandhi et al., 

2018; Rotimi et al., 2019; Karthik et al., 2013; Jaganathan et al., 2016; Murugan et al., 

2017) 

Shape, size and  

Size distribution  

FESEM/SEM, 

EDX, EDAX 

(Panneerselvam et al., 2011; Ponarulselvam et al., 2012; Panneerselvam et al., 2015; 

Rajakumar et al., 2015; Murugan et al., 2015; Subramaniam et al., 2016; Panneerselvam 

et al., 2016; Murugan et al., 2016; Rotimi et al., 2019; Karthik et al., 2013; Jaganathan et 

al., 2016 and Murugan et al., 2017) 

 HRTEM/TEM, 

SAED 

(Mishra et al., 2013; Rajakumar et al., 2015; Dutta et al., 2017; Sardana et al., 2018; 

Gandhi et al., 2018; Rotimi et al., 2019; Karthik et al., 2013 and Murugan et al., 2017) 

Silver content AAS (Mishra et al., 2013) 

Interface  

NPs-metabolites 

FTIR (Mishra et al., 2013; Rajakumar et al.,2015; Murugan et al., 2015; Subramaniam et al., 

2016; Murugan et al.,2016; Dutta et al., 2017; Gandhi et al., 2018; Rotimi et al., 2019; 

Jaganathan et al., 2016 and Murugan et al., 2017) 

Size distribution  DLS (Mishra et al., 2013 and Gandhi et al., 2018) 

Crystallinity of 

the structure  

XRD (Panneerselvam et al.,2011;  Mishra et al., 2013;Panneerselvam et al., 2015; Rajakumar et 

al., 2015; Murugan et al., 2015; Subramaniam et al., 2016; Panneerselvam et al., 2016; 

Murugan et al., 2016; Dutta et al., 2017 and Karthik et al., 2013) 

Stability  Zeta potential  (Panneerselvam et al., 2011; Rajakumar et al., 2015; Subramaniam et al., 2016 and 

Murugan et al., 2016) 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

408 

Table 3: Summary of some characteristics of metallic NPs reported in the literature 

Characteristics Detail References 

Metal source AgNO3  (Panneerselvam et al.,2011; Ponarulselvam et al.,2012; Mishra et al.,2013; 

Panneerselvam et al.,2015; Murugan et al.,2015; Panneerselvam et al.,2016; Murugan 

et al.,2016; Dutta et al.,2017; Sardana et al.,2018; Karthik et al.,2013 and Murugan et 

al.,2017) 

 HAuCl4 (Subramaniam et al.,2016; Dutta et al.,2017; Rotimi et al.,2019 and Karthik et al.,2013) 

 Pd (OAc)2 (Rajakumar et al.,2015) 

 TiCl4 (Gandhi et al.,2018) 

Production 

time  

< 30 min (Panneerselvam et al.,2015; Sardana et al.,2018; Gandhi et al.,2018 and Karthik et 

al.,2013) 

 >30 min (Panneerselvam et al.,2011; Mishra et al.,2013; Rajakumar et al.,2015; Subramaniam 

et al.,2016; Panneerselvam et al.,2016 and Murugan et al.,2016) 

Shape Spherical or mainly 

Spherical  

(Panneerselvam et al.,2011; Ponarulselvam et al.,2012; Mishra et al.,2013; 

 Panneerselvam et al.,2015; Rajakumar et al.,2015; Panneerselvam et al.,2016; 

Murugan et al.,2016; Dutta et al.,2017; Sardana et al.,2018; Gandhi et al.,2018 and 

Jaganathan et al.,2016) 

 Other shapes  

(cubical, polygonal, 

triangular,  

oval, ellipsoid, 

rectangular) 

(Panneerselvam et al.,2015; Rajakumar et al.,2015; Murugan et al.,2015; Subramaniam 

et al.,2016; Murugan et al.,2016; Dutta et al.,2017; Sardana et al.,2018; Gandhi et 

al.,2018 and Karthik et al.,2013) 

NPs 

aggregation  

Phenomenon  

Yes (Mishra et al.,2013 and Murugan et al.,2016) 

 

 FTIR analysis was conducted to examine biomolecule extracts at the interfaces of silver, gold, palladium, and titanium 

metal oxides. Using this technique, molecular vibrations within or on the surface of artificial nanoparticles can be observed. 

The results of spectroscopic research showed that the absorption frequencies closely matched the known molecular 

properties. Alcohols are present, i.e. when O-H (stretch, H-bonded) is present at 3200-3600 and C-O (stretch) is present at 

1050-1150. Alkanes show C-H (bending) at 1350-1480 and C-H (stretch) at 2860-3000. Comparably, C=C (stretch) is found 

in alkanes at 1620-1680 and N-H (stretch) and N-H (bending) are found in amines at 83300-3500 and 1600, respectively, 

along with C-N (stretch) at 0180-1360. Carbonyls show C=O (stretch) at 1670-1820, whereas aromatics show C-H (stretch) 

at 3000-3100 and C=C (stretch) at 1400-1600 (Hanson, 2013). 

 

Anti-plasmodial Activity of Nanoparticles  

 The experiments primarily focused on in vitro setups, although a few also involved in vivo studies (Rajakumar et 

al.,2015 and Gandhi et al., 2018), or a combination of both (Murugan et al.,2016 and Murugan et al.,2017). Chloroquine was 

used as a positive control in most of these studies to evaluate exposure to different laboratory strains of Plasmodium 

falciparum, including INDO (CQ-resistant), 3D7 (CQ-sensitive), FcB1/Colombia (CQ-sensitive), and Dd2 (CQ-sensitive) 

(Table 3). Control groups included distilled water, uninfected or maybe infected erythrocytes, or culture medium. P. 

falciparum field strains were collected by some research from patients in healthcare facilities (Panneerselvam et al.,2016; 

Murugan et al.,2016 and Dutta et al., 2017). P. berghei served as the model organism and studies involving animal models 

to evaluate malarial susceptibility and NPs were given intraperitoneally (Karthik et al., 2013) or orally (Murugan et al., 2016). 

To assess the anti-plasmodial activity of nanoparticles, the 50% inhibitory concentration (IC50) and the percentage of 

suppressed parasite development were used as endpoints. Panneerselvam et al., (2015), Observed a decrease in parasite 

growth rate ranging from 26% to 83% at doses of 25µg/mL and 100µg/mL, respectively. Murugan et al. (2016) Reported 

reduced action against Plasmodial ranging from 6.4% to 42.8%. Results based on IC50 varied among studies but usually 

fell into one of three groups: (I) The results showed that nanoparticles outperformed the positive control (Murugan et al., 

2015; Subramaniam et al., 2016; Panneerselvam et al., 2016 and Murugan et al., 2016), (II) that they outperformed plant 

extracts (Mishra et al., 2013; Rajakumar et al., 2015; Murugan et al., 2016 and Dutta et al., 2017), and (III) that they 

underperformed both the positive control (Chloroquine) and the plant extract (Subramaniam et al., 2016; Panneerselvam et 

al., 2016; Murugan et al., 2016 and Dutta et al., 2017). Using chloroquine as a reference, metal nanoparticles were found to 

be more effective in 9 out of 11 investigations (Mishra et al., 2013; Rajakumar et al., 2015; Murugan et al., 2015; 

Subramaniam et al., 2016; Panneerselvam et al., 2016; Murugan et al., 2016; Jaganathan et al., 2016 and Murugan et al., 

2017). For example, Gajanathan et al., observed that their NPs had IC50 values of 49.3µg/mL and 55.5µg/mL against the 

chloroquine-sensitive-strain of P.falciparum 3D7 and the chloroquine-resistant strain of INDO, respectively, in comparison 

to 81.5µg/mL and 86.5µg/mL, respectively, of chloroquine (Jaganathan et al.,2016). According to Murugan et al., (2016) 

nanoparticles had IC50 values of 63.18µg/mL and 69.24µg/mL against 3D7 and INDO strains, respectively, whereas extracts 

had IC50 values of 82.41µg/mL and 86.12 µg/ml. This suggests that nanoparticles have greater anti-plasmodial activity 
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than plant extracts. The current investigation assessed the antimalarial activity of Silver NPs produced from crude extracts 

of the marine seaweed S. tenerrimum (Ag-ST), in vivo as well as in vitro studies. With IC50 values of 7.71 ± 0.39 µg/mL and 

23.93 ± 2.27 µg/mL against Plasmodium falciparum and Plasmodium berghei, respectively, the result demonstrated that 

Ag-ST NPs had excellent anti-plasmodial action (Veeragoni et al., 2023).  

 Using an IC50 value of 3.41 µg/mL, it was discovered that the produced ZnO NPs exhibited good anti-plasmodial 

properties. According to the results of this study, ZnO NPs showed excellent anti-plasmodial activity. These findings may 

be applied to future in vivo investigations to develop anti-plasmodial drugs (Najoom et al., 2021).  

 

Cytotoxicity of Nanoparticles  

 Out of 17 studies, 7 conducted cytotoxicity assessments of the synthesized nanoparticles (Mishra et al., 2013; 

Rajakumar et al., 2015 and Karthik et al., 2013). Among the seven investigations, four concluded that the nanoparticles had 

little to no negative effect on the cell lines that were investigated (Mishra et al.,2013; Panneerselvam et al., 2015; Dutta et 

al., 2017 and Gandhi et al., 2018). The remaining three studies, on the other hand, documented severe side effects that 

included apoptosis (Jaganathan et al., 2016), necrosis, cytopathic effects (Rajakumar et al., 2015), behavioral changes, 

physical appearance changes, and mortality of laboratory animals (Karthik et al., 2013). PBMCs are readily available, round-

nucleated cells extracted from buffy coats or blood. Systemic toxicity and medication resistance are the two main side 

effects of chemotherapy medications. Because human PBMCs are susceptible to novel medications and toxins, they are 

frequently utilized in cytotoxicity testing (Bendale et al., 2017). Using the MTT test, the cytotoxic effect of Iron oxide 

nanoparticles on PBMCs was thus assessed. We observed that the cell viability of PBMCs treated with varying 

concentrations of FeO NPs (5,10,15,20, and 25 µg/mL) did not significantly change. Conversely, it was shown that as the 

concentration of FeO NPs was raised, after PBMCs were treated with them, the cell viability decreased. The cell viability 

percentage in relation to various concentrations (Figure 4). FeO nanoparticles were successful in achieving 78% viability on 

PBMCs at 25 µg/mL. According to ISO 10993-5:2009, If cell viability exceeds 70%, Iron Oxide nanoparticle activity is 

considered non-toxic (López-Badillo et al., 2021). Therefore, it is possible to classify the produced FeO NPs as non-toxic. 

Our results are corroborated by other investigations that found that green-produced nanoparticles exhibited no 

cytotoxicity when applied to normal cells (Zangeneh et al., 2020). FeO NPs’ lack of toxicity gives them greater stability for 

use in applications related to drugs and other medicines. 
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ABSTRACT   

Nanotechnology is one of the fastest-growing industries in the world. It has a wide application in almost all fields from 

agriculture to food systems, thus crucial in overcoming future food scarcity in the world. This technology has all the 

characteristics, features, and potential to solve all the problems related to animal health and production. This chapter is 

mainly related to the production of different types of nanoparticles, their preparation methods, characterization, and 

potential use of nanoparticles in the veterinary field. In animal health, nanoparticles have a significant impact on 

diagnostics, therapeutic, vaccinology, and drug delivery as drugs delivered through this technology have maximum 

outputs in controlling the disease and improving the animal health and minimal toxicity. Nanoparticles also have a 

crucial role as a feed additive in animal production system as a very small amount of additive is used for maximum 

outputs. By reviewing all the miracles of nanotechnology in terms of cost and available resources in veterinary 

medicines, the main purpose of this chapter is to discuss briefly the uses of nanoparticles in the improvement of animal 

health and production and lastly, the main discussion will be on future potential and use of nanomaterials in the 

veterinary field.  
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INTRODUCTION 
 

 Nanotechnology has become a part of our daily lives in recent years (Nasrollahzadeh et al., 2019). Therapeutic 

application of nanoparticles in veterinary field has played a significant role. This field of modern science focuses on the 

design, preparation of NPs, and alteration of particle structures ranging in size from 1-100 nm. Nanotechnology involves 

utilizing materials with at least one dimension at the nanometer scale to create products, tools, or structures with new or 

significantly improved properties (Kargoza et al., 2018). These nanomaterials have greater potential than traditional 

sources, allowing for reduced but effective quantities to be used. Nanoparticles have unique physiochemical properties 

including bioavailability, large surface area, controlled particle size, increased reactivity with pathogens, stability of the 

compound, controlled drug release property, and targeting to the specific site (Thakur and Thakur, 2022). 

 Nanomedicine is widely used in the livestock industry for diagnosis, monitoring, treatment, and prevention of disease. 

This field involves using nano-sized materials, such as biocompatible nanoparticles, within living organisms. The quantity 

and quality of dairy and poultry products are enhanced by using nanocomposites (Prasad et al., 2021).  

 Nanoparticles possess antimicrobial properties and can reduce antibiotic residues in livestock and poultry, making 

them potential candidates for combating antibiotic-resistant bacteria. For the early detection of livestock and poultry 

diseases nanoparticles prove to be a very cost-effective, unique, and rapid tool for accurate diagnosis of disease 

(Mekonnen, 2021). Nanomaterials has made a significant impact on veterinary medicine across various areas, integrating 

treatment, diagnostics, tissue engineering, vaccine production, and disinfectants. Nanoparticles have unique properties of 

targeting specific sites so, low dosage medicine is used that leads to a deceased withdrawal period of medicine (Ulucan-

Karnak et al., 2023).  

 Nanoparticles (NPs) can effectively eliminate a variety of animal pathogens, including those responsible for persistent 

infections, intracellular pathogens, and blood parasites. Nanocomposites offers novel approaches to addressing significant 

challenges faced by veterinarians, such as tuberculosis, foot and mouth disease, brucellosis, and methicillin-resistant 
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Staphylococcus aureus (MRSA), as well as intracellular and blood pathogen infections (Osama et al., 2020). Consequently, 

researchers have been actively seeking new solutions, with metal NPs emerging as the most suitable agents. Ag NPs, Cu 

NPs, and AgCu-NPs on pathogen species were also assessed. There is also a great use of nanocomposites in the poultry 

sector. Copper, zinc, zinc oxide, selenium, chitosan, and chromium nanoparticles are being used at a larger scale in the 

poultry industry. These NPs used in diagnostic procedures, vaccine development, antimicrobials, disinfectants, 

immunomodulatory, and anti-mycotoxin agents (Hernández‐Díaz et al., 2021). However, it is also worth emphasizing the 

term nanotoxicology because nanoparticles at high doses and administration for longer periods cause toxicity in animals. 

Considering the above information, this chapter intends to discuss the types, preparation methods, modes of action, and 

various applications of NPs as well as their safety and hazardous effects in the poultry and livestock industry. 

 

Classification of Nanoparticles 

 Nanoparticles are classified into different types on the basis of their size, shape, application, surface modification, 

composition, and nature (Harish et al., 2023). 

 

Based on Form 

 NPs have different types such as liposomes, fibers, dendrimers, nanotubes, carbon tubes, nanoclusters, and micelles 

based on form.  

 

Based on Size 

 NPs have a size in the range between 1- 100nm. Particles of smaller size exhibit a large surface area.  

 

Based on Shape 

 Different types of NPs based on shapes are there which include spheres, cubes, stars, tubes, plates wires, hooks, 

helices, plates, zigzags, and triangular.  

 

Based on Application 

 Based on application nanoparticles have therapeutic and diagnostic properties. NPs also used in vaccine production 

and as feed additives in animals. 

 

Based on Surface Modifications 

 Positive and negative charge nanoparticles are produced on the basis of surface modification.  

 

Based on Composition 

 Nanomaterial may be synthesized only from one material (single material) and produced from at least two materials 

(composites or hybrid).  

 

Based on Nature 

 NPs are organic, inorganic, and carbon NPs on the basis of nature. The details of these nanoparticles is described 

below. 

 

(a) Organic NPs 

 Ferritin, liposomes, fibers, dendrimers, etc., are also known as organic NPs. Such NPs are nontoxic and biodegradable 

and certain particles like liposomes and the micelle have a hollow core known as nano-capsules and are prone to light and 

heat radiation, and one can efficiently use them for drug delivery. Along with their typical principles like size, structure, 

sugar morphology, etc. (Niknam et al., 2024) The organic NPs' field of application use depends on their drug-carrying 

power, stability, and delivery ways whether it is a trapped drug system or absorbed drug system. Organic NPs are used in 

the field of medicine since an efficient drug delivery system is safe to use, and also one can inject at a specific site (Ajith et 

al., 2023). 

 

(b) Inorganic NPs 

 Metals and metal oxide are incorporated into inorganic type of nanomaterials and their significant characteristics are 

described below.  

 

Metal-based  

 The nanoparticles based on metals are very commonly used and are prepared by different methods such as 

constructive and destructive. Common metals used in synthesizing nanoparticles include Ag, Au, Cu, Iron, Co, Al, and Hg 

(Shabatina et al., 2023). Almost all the metals may be transformed into nanoparticles. In addition to this coating of one 

type of nanoparticles to another may also be prepared and in this way, their efficacy may also be increased by several folds 

(Zang et al., 2023).  
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Metal Oxide based 

 In addition to the metal-based nanoparticles, their oxides can also equally be used for the preparation of 

nanoparticles (Carrapiço et al., 2023).  

 

(c) Carbon-based Nanoparticles 

 In this type of nanoparticle, the main element from which the nanoparticles are prepared is carbon and this category 

can be classified as fullerenes, and carbon compounds like graphite, carbon tubes, carbon nanofibers, nanocarbon, and 

black carbon are of chief importance (Manimegalai et al., 2023).  

 

Nanoparticles Synthesis  

 Particles that have a size of less than 100 nm in different dimensions are known as nanoparticles. Nanoparticles can be 

prepared in the lab by following different techniques like bottom-up techniques and top-down approaches in addition to 

nanoparticles in nature like in soil particles, ashes, and biomolecules (Nie et al., 2023).  

 Different factors are responsible for the synthesis of nanoparticles such as temperature, time, pressure, size and shape 

of particle, pore size of the material, and cost of the production of nanoparticles (Molaei et al., 2023)  

 

Approaches for the Synthesis of Nanoparticles 

 Broadly two types of approaches are used in the synthesis of nanoparticles which are discussed as follows. 

 

a) Top-down approach 

 The main purpose of these types of techniques is to decrease the size of larger size particles into smaller type particles 

and this can be achieved by a sequence of operations applied over them for the decrease in size (Table 1). This type of 

system uses large-scale machinery and a large amount of labor work. This type of system is very expensive and cannot be 

used on the industrial scale production of nanoparticles in a laboratory. The main principle of this type of method is to 

grinding of large-size materials (Abid et al., 2022).  

 

b) Bottom-up Approach 

 The bottom-up technique can also be used for the preparation of nanoparticles in which the material size is reduced 

to the subatomic level with additional protocols to sensitize the NPs (Table 1). The basic principle of this method is uniting 

all the physical forces into a larger stable one and knowing the molecular recognition of materials used in the preparation 

of nanoparticles. These types of techniques are under-processed and innovative and have just started to be used at the 

commercial level for the production of nanoparticles (Jiang et al., 2022). 

 

Table 1: Approaches for synthesis of nanoparticles 

Methods in top-down approach Methods in a bottom-up approach 

 Physical vapor deposition.  

 Ion implantation 

 Electron beam lithography  

 Chemical vapor deposition 

 X-ray lithography  

 Sol-gel synthesis 

 Colloidal precipitation 

 Hydrothermal synthesis 

 Organometallic chemical route 

 Electrodeposition 

 

Methods of Synthesis of Nanoparticles 

 There are three kinds of approaches to produce nanoparticles (Table 2) (Joudeh and Linke, 2022). 

1. Physical Methods 

2. Chemical Methods 

3. Biological Methods 

 

Physical Methods 

 There are different methods used in the preparation of NPs, one of them is a physical method which uses evaporation 

and condensation by using a tube furnace at atmospheric pressure. The main purpose of this technique is to reduce 

particle size to the desired level and this can be achieved by employing radiation and speed in addition to certain 

chemicals. Limitations of this method are that a very small amount of product is achieved at the cost of high energy in 

addition to this contamination with different solvents used in this procedure may also be observed. Physical elements used 

in the reduction of particle size include mechanical pressure, high-energy waves, radiation, and thermal energy (Islam et al., 

2022).  

 

Chemical Methods 

 Chemical methods use different chemicals for the reduction of particle size. They mostly used the mixing of precursor 

and reducing agents while having the composition equal to the operating systems at which the reaction is carried out. The 

very small amount of surfactant is used for reciprocal aggregation.  
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 The reducing reagents are mainly responsible for the sizing of the NPs i.e., stronger reagents produce the smaller size 

of particles and vice versa. Certain stabilizers such as acetates, amines, phosphines, thiols, and carbon monoxide generally 

monitor particle size preparation and reduce the clumping of these NPs. One of the common limitations of this type of 

chemical method is that this holds significant toxicity issues such as hazardous chemicals are the main players of this 

method (Pracht et al., 2020). 

 

Biological Methods  

 Many chemicals like surfactants and reductants are toxic to humans and animals and proved to be dangerous for the 

environment. Efforts have been made to introduce a green synthesis process that is non-harmful and eco-friendly. 

Microbial synthesis of nanoparticles makes a connection between nanotechnology and microbial biotechnology. 

Biosynthesis of gold, silver, gold–silver nanocomposites, silica palladium, selenium, uraninite, platinum, tellurium, quantum 

dots, titanium, zirconia, and magnetite NPs by bacteria, viruses, yeast, fungi, and actinomycetes have been recorded. 

Utilizing naturally occurring non-toxic environmentally friendly reductants, microorganisms such as fungi, and algae, plant 

extracts containing plant active molecules, proteins, template supports like DNA (often referred to as "greener synthesis"), 

and other biological materials (such as ferritin) are used in biological methods for NP synthesis. A wide range of mineral 

NPs, including zinc, silver, palladium, selenium, gold, silver, cadmium, and titanium, have been created biologically utilizing 

various plant elements (Samrot et al., 2021). 

 

Table 2: Methods for synthesis of nanoparticles 

Physical method Chemical method Biological method 

Mechanical Method 

Pulse Laser Ablation 

Pulsed Wire Discharge Method 

Chemical Vapor Deposition 

Laser Pyrolysis 

Ionized Cluster Beam Deposition 

(Dhand et al., 2015). 

Sol-gel method 

Sonochemical synthesis 

Co-precipitation method 

The inert gas condensation method 

Hydrothermal synthesis 

Synthesis using microorganisms 

Synthesis using plant extracts 

Synthesis using algae 

 

Nanoparticle Characterization 

 Different techniques are used for the characterization of NPs. Size and shape affect the function and properties of 

nanoparticles (Zang et al., 2023). 

 Particle size distribution  

 Zeta potential  

 Scanning electron microscopy 

 Transmission electron microscope (TEM) 

 X-ray diffraction (XRD) 

 Infrared Spectroscopy (IR) 

 Fourier Transform Infrared Spectroscopy (FTIR) 

 

Modes of Actions of NPs  

 Size, charge, and solubility affect the mechanism of action of nanoparticles. For higher interaction with the pathogen's 

surface proper size and charge of NPs should be required. 

 Nanoparticles have a high surface area that can increase their contact with pathogens. 

 Due to their small size, they can easily penetrate through membranes of bacteria, viruses, and fungi. 

 Nanoparticles trigger the production of excessive reactive oxygen species (ROS) which produces stress on the 

bacterial cells that leads to damage to DNA and RNA decreases membrane activity and produces peroxide (Pikula et al., 

2020) 

 

Applications of Nanoparticles in Veterinary Medicine 

 Nanotechnology presents veterinarians with similar opportunities as physicians, such as in therapy, diagnostics, tissue 

engineering, vaccine manufacturing, and the development of disinfectants. Nanotechnology is already being utilized in 

animal health, production, husbandry practices, reproduction, and nutrition of animals (Zhao et al., 2022). While 

nanoparticles have long been employed in human medicine for diagnosis and treatment, their use in veterinary medicine 

and animal processing is a recent development (Morena et al., 2022). 

 

Nanoparticles used against different Infectious Diseases 

 Nanoparticles are used against various types of animal pathogens that cause chronic infections such as Hemiparasite, 

and intracellular pathogens. Nanomaterial helps veterinarians to deal with severe infectious diseases such as bovine TB, 

foot and mouth disease, brucellosis, and methicillin-resistant Staphylococcus (S.) aureus. Mastitis is a very serious issue in 

livestock production, pathogens that cause this disease have antibiotic resistance, therefore, researchers developed new 
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solutions, to overcome these issues. In this regard, metal NPs gain attention (Morena et al., 2022). CuNPs, AgNPs, and 

composite of Cu and Ag nanoparticles against pathogens species (e.g., S. aureus and E. coli) that are involved in 

inflammation of the udder of mastitis cow (Yu et al., 2024). Nanoparticles of appropriate size and properties did not show 

any lethal effect on the mammary glands of the animals and decreased the viability of pathogens. Silver nanoparticles were 

used against multiple drug-resistant strains of Pseudomonas (P.) aeruginosa and S. aureus in goats infected with mastitis 

(Bruna et al., 2021). 

 

Nanoparticles as an Alternative to Antibiotics 

  In the livestock industry, antibiotics are mainly used as growth promoters, but these antibiotics have greater microbial 

antibiotic resistance. Alternative to these antibiotics, nanoparticles are being used as antimicrobials to fulfill the demand of 

the livestock industry (Singh et al., 2020). Nanoteparticles plays a very important role in the veterinary field. 

Nanocomposites helped to establish antimicrobial agents that are non-toxic and decreased antibiotic resistance against 

various pathogens that cause chronic animal diseases, like Brucella, Mycobacterium bovis, Streptococcus, and Rhodococcus 

equi (Mubeen et al., 2021). 

 

Nanoparticles used in Vaccine Preparation 

 Nanoparticles are widely used in vaccine production for veterinary use. Nanoparticles have immune-modulatory 

property that enhances the immune response. Nanoparticles increase peptide cross-linkage and activate antigen-

presenting cells resulting in targeting the lymph nodes. NPs also act as adjuvant to make the slow release of antigens that 

enhance vaccine efficacy (Kheirollahpour et al., 2020). The IBV vaccine coated with chitosan nanoparticles was used alone 

or in combination with the live attenuated vaccine by ocular and nasal route in broiler birds causing both humoral and 

cell-mediated immune response and protecting the chicks against IBV (Renu et al., 2020). Nano-based vaccines such as 

recombinant B. anthracis, bovine para influenza type III vaccine, influenza vaccines, Bordetella pertussis vaccine, tetanus 

toxoid, and C. Recombinant Leishmania SOD vaccine loaded with chitosan nanoparticles are being used in veterinary 

practice. Gold nanoparticles-based vaccines are also being used against FMD (Maina et al., 2020) 

 

Nanoparticles in Animal Nutrition  

  In animal nutrition, nanoparticles play a very important role in processing nanominerals that are being used in 

veterinary practices. These nanowires decrease intestinal mineral antagonism, excretion, and environmental 

decontamination. Feeding of nanoparticles increases the intentional digestive capability, and immune status of animals 

(Prasad et al., 2022). Scientists managed to process food, meat, and milk that contains high levels of minerals contents to 

enhance the flavor, taste, appearance, and long-term storage of food. Nanoparticles are used as a feed additive in micro 

and macro-nanoparticle forms to increase their digestibility in animals. Contaminated-free meat and meat products are 

synthesized by use of nanomaterial. Micro and macro nanoparticles are inexpensive, used in low amounts, and act as 

growth-promoting and immune stimulators. These nanomaterials also manipulate pathogens present in the feed and the 

fermentation process in the rumen is improved by nanoparticles (Osama et al., 2020). ZnO NPs are one of the most used 

nano minerals to enhance the growth and immune response of the animals. Nano zinc is also used in cows suffering from 

mastitis and leads to decreased somatic cell counts. Mycotoxicosis is a very serious issue in both humans and animals 

(Reda et al., 2021). SiO2 and MgO nanoparticles are the best nanoantimycotoxin against toxins and inactivate them. 

Chitosan nanoparticles also get attention in this regard to use against aflatoxin (Jogee et al., 2020).  

 

Nanoparticle in Animal Reproduction 

 In animal reproduction, nanomaterials are used as cryo-preservatives for embryos, sperm, oocytes, and gonadal 

tissues. To facilitate fertilization from a single dose to conceive more than one female, nanoparticles are used to potentiate 

fertilization efficiency. By using nano-purification of the semen, damaged sperm can be differentiated from healthy, 

undamaged sperm (Ajdary et al., 2021). A nano-purified bull's spermatozoa showed conception levels equal to un-purified 

semen without any negative effects. Several applications of nanocomposites have been developed for diagnosing and 

treating reproductive problems, detecting estrus, freezing sperm, and interfering with the calving process. Further, many 

issues related to the reproductive health of the animals such as retained placenta can be cured by the use of nanoparticles. 

Additionally, nanoparticles have a great effect on protecting and managing the release of reproduction hormones like 

steroid and gonadotropic hormones. Nano-sensors are also used in reproduction with a cell probe. These probes are used 

for the diagnosis of reproductive disorders, illness, metabolic and hormonal issues, and the detection of heat in animals. 

Metallic nanoparticles like cadmium lead to toxicity in animals so sterilized nanoparticles can be used in appropriate doses 

(Fard et al., 2023).  

 

Application of Nanoparticles in Drug Delivery Systems 

  In the field of pharmacology, nanoparticles are used ideal in drug delivery that protect animals from bacterial, viral, 

and parasitic infection but are also helpful in wound healing and decrease pain. NPs deliver drugs to specific sites of tissue 

and organs. These frameworks may affect the rate at which drugs or other substances are absorbed, digested, and released 

from the body. They may also allow for the monitoring of drug dynamics, the acquisition of a therapeutic effect, the 
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assurance of bioavailability and stability, the extension of the duration of movement, the reduction of the frequency of 

doses necessary to maintain therapeutic responses, and the mitigation of toxicity (Onugwu et al., 2023). 

 

Nanoparticles and Pet Care 

 Nanoparticles are also used in pet care. These are used as surface refreshing and disinfects due to their unique 

physiochemical properties. Different nanoparticles like silver nanoparticles added in the shampoo for tropical use in the 

pet (Yavuz et al., 2023).  

 

Applications of NPs in the Poultry Industry 

 Nanoparticles also gained attention in the field of poultry. Copper, zinc, zinc oxide, chitosan and chromium and 

selenium nanoparticles are being used at a larger scale. These NPs used in diagnostic procedures, and vaccine 

development as immunomodulatory agents, antimicrobials, disinfectants, and anti-mycotoxin agents (Younas et al., 2023). 

The administration of chitosan nanoparticle-based vaccine against salmonellosis in birds enhanced the level of T helper 

cell 1 and 2 cytokines, mRNA expression and increases the levels of antibodies (IgYand IgA) (Renu et al., 2020). DNA-based 

vaccine encapsulated with AgSiO2 used against ND in chickens that results in protective mucosal immunity. Vaccines 

prepared aluminum NPs have been shown to produce high and long-lasting antibody titers after a single immunization. 

AgNPs are used to reduce microbial load, proper disinfection of eggs and hatcheries, and protection for longer periods as 

antibacterial and antiviral during the incubation of eggs (Salesa et al., 2023). NPs are used as feed additives in poultry and 

administration of NPs in poultry is via oral, inhalation, injection, and topical. Feed additives contain minerals (micro and 

macro) in nano forms (nano zinc, nano copper, nano selenium) that act as growth promoters in poultry. NPs specially the 

metallic act as antibacterial against different diseases in poultry like Aeromonas, Flavobacterium, Escherichia, Klebsiella spp 

Bacillus, Staphylococcus aureus, Pseudomonas aeruginosa, and Salmonella Enteritidis. Gold nanoparticles and green 

synthesized Ag exhibit antiviral properties and may be used as a delivery system for immunomodulatory drugs. ZnO NPs 

have the potential to be used as antiviral agent against different antiviral infections in poultry like H1N1 influenza virus 

infection Gold NPs used as anti-parasitic agent in different parasitic diseases (Fatima et al., 2024). Ag NPs and chitosan 

showed measurable harm, growth retardation, and cytotoxic effects against a variety of parasites, including plasmodium, 

Giardia, helminths, Toxoplasma and Leishmania. Different NPs used as antifungal agent against different various strains of 

Aspergillus and Candida spp. Chitosan NPs have the great adsorption capability against different mycotoxin such as AF, 

OTA, DON and FUM when compared with antifungal drugs like nystatin (Pawariya et al., 2023).  

 

Nanoparticle Related Safety and Hazardous Concern 

 In animals and poultry, safe delivery of nanoparticles depends upon intercellular, biological interaction and function of 

the nanoparticles. Previous studies revealed that NPs are eco-friendly, and non-toxic but recent studies showed that NPs 

have adverse effects on animals. Concentration, size, and charge affect the toxicity of NPs. Accumulation of NPs in organs 

like the liver and kidney and effects on the immune systems are seen due to prolonged exposure to nanoparticles. 

Nanoparticles are water soluble, so their aggregation is harmful to some beneficial bacteria therefore their concentration 

should be monitored before being in to feed of animals (Chen et al., 2023).  

 

Conclusion 

 Nanotechnology is one of the fastest-growing industries in the world and has a wide application in almost all fields 

from agriculture to food systems. By the use of nanomaterial in food and feed the production performance of livestock 

and poultry can be enhanced. One of the fine aspects of nanotechnology is the use of nanomaterials in vaccine 

development against new emerging diseases. It is a need of time to use nanoparticles for the well-being of humanity in 

terms of modernization of diagnostics, development of new tools for early disease detection, and increase production 

both in agriculture and animal so we can overcome future problems ailing humanity.  
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