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      Researchers working in pharmaceutical research have been interested in changing existing medication delivery systems for decades. Pharmaceutical industry research faces an unclear future due to the vast spread of numerous scientific disciplines and skill sets, such as polymer science, biotechnology, genetics, and molecular pharmaceutics. Higher clinical development costs, along with a lower rate of drug discovery and clinical success, result in a lower flow of new chemical entities (NCE) in research development.




      The development of analytical tools and the ability to quantify particle size on a nanometre scale has shifted research in particulate drug delivery systems from the micro to the nanoscale. Nanocarriers are assisting in overcoming obstacles in conventional drug delivery due to their adaptability in targeting tissues, accessing deep molecular targets, and managing drug release.




      The current book is an attempt to describe the global scientific community's research on this topic. Nanoparticulate drug delivery devices are difficult to develop and have been equipped with vivacious changes. The goal of this book is to explore current developments and upcoming technology in the field of nanoparticulate drug delivery systems.




      We hope that the current multiauthored book on nanoparticles and nanocarriers will help and improve readers' understanding of the various types of nanocarrier-based formulations that are either existing or in development. We also hope that persons working in academic, industrial, and scientific fields concerned with pharmaceutical medication delivery would find the book useful. The book is organised so that each chapter covers a distinct topic of research that can be followed without referring to previous chapters.




      To go with the flow, we have initiated this book with chapter one, which introduces readers to nanoparticles and nanocarriers. The chapter outlines the introduction of nanoparticles and nanocarriers, within which it describes their classification, including polymeric nanoparticles, metal nanoparticles, magnetic nanoparticles, inorganic nanocarriers, dendrimers, vesicular carriers, micelles and a lot more, along with their synthesis techniques and applications. Overall, this chapter is a comprehensive compilation of available information on recent advances in the field of nanomedicine through an elucidation of nanoparticles and nanocarriers systems. Second chapter focuses on various polymers and techniques engaged with the advancement of polymer-based nanoparticles and their applications in therapeutic intervention. Third chapter highlights the specific and targeted nanoparticles and the use of various nanocarriers for the targeted delivery of drugs in various diseases, along with their opportunities and challenges in targeted delivery. Chapter four mainly focuses on the role and benefits of nanocarriers in drug-targeting and nanocarriers as a prominent system for targeting and delivering drugs to achieve maximum effects with improved therapeutic response. Fifth chapter presents the state of various nanocarriers in the form of nanoparticles and nanodevices applications in medical diagnosis and disease treatments providing essential insights and recent progress on the exciting biomedical applications of nanoparticles, including bioimaging of biological environments, and their role as a critical tool for the early detection of many diseases.




      Chapter six focuses on the targeting potential of nanocarriers for the effective treatment of H. Pylori. Seventh chapter covers various merits and demerits of gastro-retentive nanocarriers, including some gastro-retentive strategies and their applications in the therapy of various illnesses. In chapter eight, an overview of the recent developments in nanoparticle formulations for cancer treatment is presented with a comprehensive outlook of the clinical studies and utilization in different prevalent cancers affecting the brain, lung, breast, colon, cervix, and prostate.




      Chapter nine outlines the recent development in the area of nanoemulsion as a delivery system with respect to topical drug delivery can be studied. In chapter ten, a deep discussion about the micro/nano-sized lipid-based carriers can be studied. In continuation with chapter tenth, chapter eleven represents the various aspects of the liposomes which further relates to the growing advances and interest in the nanotechnology field. Chapter twelve contains a brief knowledge about structural components and integrity concerning the advanced method of niosome preparation and characterization techniques. Recent examples for different applications are also included in the chapter for therapy/diagnostic purposes based on the route of administration and disease state.




      Chapter thirteen emphasizes the advantages, limitations, source, isolation, loading methodology, characterization parameters, and clinical applications, and future potential of resealed erythrocytes. Chapter fourteen summarizes the recent development of therapeutic gene delivery approaches for the effective management of ocular diseases and their use in ophthalmology. The last chapter highlights the green approach to synthesize nanoparticles using microorganisms, enzymes or plant extracts as an alternative to chemical synthesis and their further application in the delivery of herbal drugs process preferably green.




      We would like to thank Bentham Science Publishers for inviting us to put this book together and for being patient with us throughout the long development process. Their encouragement and guidance were vital in ensuring the book's completion.




      We would also like to extend our sincere gratitude to all of the authors who have taken time out of their busy schedules to be a part of this book and authored fantastic chapters that have brought depth and value to it. Their prompt contributions are greatly appreciated.
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      Abstract




      This chapter outlines the introduction of nanoparticles and nanocarriers, within which it delineates their classification into various categories of polymeric nanoparticles, metal nanoparticles, magnetic nanoparticles, inorganic nanocarriers, dendrimers, vesicular carriers, micelles, and a lot more, their synthesis techniques such as physical, chemical and biological, and their application in the medical sector. The chapter also focuses on various challenges faced by these nanocarrier systems in nanomedicine as well as their advantages over conventional drug delivery. Overall, this chapter is a comprehensive compilation of available information on recent advances in the field of nanomedicine through an elucidation of nanoparticles and nanocarrier systems. During the last decade, surplus new nano-based strategies for improved drug delivery and nanocarriers centered therapeutic approaches have been adopted for oral drug delivery, pulmonary drug delivery, cutaneous drug delivery, drug delivery into the brain, for cardiovascular diseases, intracellular targeting, gene delivery, protein delivery, insulin delivery, anticancer targeting and many more. Currently, nanoparticle-integrated diagnosis and imaging have been in abundant use seeing an urgent need for early detection and diagnosis of various lethal diseases.
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      INTRODUCTION




      In recent years, a plethora of innovations based on nanotechnology has been introduced in the market through various sectors such as medicine, cosmetics, biotechnology, and the pharmaceutical industry. These innovations have improved the quality of life linked with human health perspectives through




      various developments in drug delivery through nanotechnology. Nanotechnology deals with substances at a nanometer scale that is the size equal to one billionth of something (range 10-1000 nm). This chapter focuses on the latest trends in nanotechnological research and nanomedicine through a comprehensive overview of nanoparticles and nanocarriers in drug delivery and other developments in the pharmaceutical sector. The whole system leads to the prevention, treatment, and diagnosis of diseases through various smart formulations or theragnostic. Many existing systems for the administration and release of drugs and therapeutics have been converted into nanotechnology-based systems for the delivery of genes, proteins, and cells for oral, pulmonary, and topical delivery of drugs and therapeutics for therapeutic effect. In addition, various diagnostic and imaging techniques based on nanotechnology have evolved for economic and rapid detection of diseases.




      

        Overview of Nanoparticles (NPs)




        Recent research in nanoscience and the application of nanotechnology in medicine has raised high expectations that technologies using nanosystems in medicine will make great strides in disease prognosis and treatment [1]. Nanotechnology is a relatively new advance in scientific research, but its basic concepts have been around for a long time. A Nobel prize-winning physicist Richerd P. Fineman introduced the term nanotechnology in his lecture at a meeting organized by the American Physical Society in December 1959. In 1974, a professor at the Tokyo University of Science described the term nanotechnology as a system encompassing dimensions in an ultra-fine range. In short, nanotechnology can best be defined as creating or manipulating materials on a nanometric scale. The class of particles in this very fine dimension is defined as nanoparticles and can be obtained by size reduction or clustering [2].




        The unique properties of nanoparticles have a spectrum of uses that normally do not exist in particles of greater size (> 500 nm) or their bulk equivalents. Nanoparticles below 100 nm in size are widely used in medicine (targeted drug delivery, imaging, and personalized medicine), except for solid lipid nanoparticles, which are larger than 100 nm in diameter and have different physicochemical properties [3]. Nanoparticle applications in a variety of disciplines necessitate a low-cost, simplified method of producing high-quality shaped nanoparticles. In recent years, so many synthesis approaches have been employed or improved in an attempt to optimize physicochemical attributes and lower production costs [4].




        

          Structure, Morphology, and Size Analysis




          To understand the properties and performance of nanoparticles, a thorough study of size, shape, and surface structure is necessary which can be accomplished by morphological characterization by use of different techniques of microscopy such as transmission electron microscopy, scanning electron microscopy, scanning transmission electron microscopy, optical microscopy, and scanning probe microscopy. Diffraction techniques such as X-Ray diffraction of powder, small-angle X-ray scattering, electron diffraction, and small-angle neutron scattering are used to investigate the atomic and molecular structure of crystals [5, 6]. A widespread range of techniques can be used for the assessment of NPs size including Transmission electron microscopy, Scanning electron microscopy, Atomic Force Microscopy, X-Ray Diffraction, and Dynamic light dispersion. While the first four give a better estimate of size than the Dynamic light dispersion, only the zeta potential size analyzer/DLS can estimate NPs size at extremely low dimensions. The NTA model allows the size distribution of nanoparticles in a fluid medium with diameters between 10 and 1000 nm to be analyzed and visualized by comparing the Brownian motion rate with the size of the NPs [7]. AFM is used to measure the surface roughness of nanoparticles [8].




          

            Electron Microscopy




            TEM and SEM are widely used in various research areas to observe particles under high magnification. When an electron beam drops on the surface of the specimen in a TEM, the microscope measures the changes in the electron beam scattered within the test specimen. However, in SEM, electron beams drop on the specimen surface and scan it in a raster scan pattern; here, the electrons will interact only with the specimen surface, containing the information only about the specimen surface. Based on how the SEM image is formed, the image has a distinct three-dimensional (3D) appearance and is useful for analyzing the surface morphology of the target sample. Electrons scattered at very high angles are used in Z-contrast annular-dark-field (ADF) imaging in scanning transmission electron microscopy (STEM).


          




          

            Optical Microscopy




            The mechanism involved in the optical microscope particle size analysis is based on the 1000-fold resolution of particles in the sub-micron range at a wavelength of 2000-8000 A° of light rays [5].


          




          

            Diffraction Techniques




            The morphology of nanoparticles can be described using XRD powders, small-angle X-ray scattering (SAXS), small-angle neutron scattering (SANS), and electron diffraction (ED). The atomic and molecular structure of a crystal is determined by XRD, wherein the crystal structure deflects incident X-rays in different directions [6].


          


        




        

          



          Optical Characterization




          To collect data on nanoparticles' properties like absorption, reflectivity, luminescence, and phosphorescence, several optical characterization techniques are being used. Various color NPs, especially semiconductor NPs and metallic NPs are well known and are widely used in imaging systems due to their optical properties. Photoluminescence, the use of UV spectrophotometer, and the use of ellipsometers are important for the assessment of the optical properties of NPs. The information on absorption and reflection values of NPS gives an understanding of the basic principle of each application of these NPs [7, 8].


        




        

          



          Physicochemical Properties of Nanoparticles




          Nanoparticles exhibit size-related properties that are very different from those seen in particles the size of a micrometer or bulk substances. Nanoparticles exist in a variety of forms: spheres, flakes, rods, tubes, fibers, cords, and random variants that can have all of these forms. Nanoparticles can also be embedded in many polymer matrices, such as silicone rubbers, polystyrene, polycarbonate, nylon, polyamide, polyethylene forming nanocomposites. These nanocomposites show advanced optical, electrical, magnetic, and dielectric properties compared to microparticle-reinforced polymers [9]




          

            



            Electrical Properties




            The most important property of metal is its electrical conductivity, which can be used in a variety of applications. Each metal has a unique and distinct characteristic. Metal properties generally change when their size is reduced to the nanometre scale, such as the transition from a semiconductor to a ferromagnetic property, a shift in absorption (Plasmon Absorption), and the use of nanometre-size metal in thermoelectric material uses. Depending on the temperature, the bulk metal has a different electrical conductivity. When the size of the metal is reduced to the nanometre scale, this behavior is no longer in effect. The electrical conductivity of metal nanoparticles varies depending on their size. Because of this variation, the metal can be used for a variety of applications by varying its size. When the electrical conductivity is less than the critical value, it is proportional to the size of the nanoparticles. When the electrical conductivity is greater than the critical value, increasing the particle size does not affect the electrical conductivity [10].


          




          

            



            Mechanical Properties




            Nanoparticle mechanical features such as hardening, elastic modulus, adhesion, friction, and movement differ from microparticles and bulk materials. Comprehending some fundamental mechanical properties such as hardness and elastic modulus of nanoparticles will greatly help to design the particles properly and to evaluate their roles and mechanisms in specific applications. Nanoindentation is used to determine particle hardness. Because of AFM measurements of particle deformation, the elastic modulus of nanoparticles has rapidly evolved. Adhesion and friction are of great significance in the design and delivery of nanoparticles and nanofabrication. During the last 10 years, many researchers have been interested in characterizing the adhesion and friction behavior of nanoparticles. Atomic force microscope is currently a powerful instrument for measuring the adhesion and friction between nanoparticles and solid surfaces. Various forces, including gravitational (buoyancy) forces, surface forces, viscous flow forces, and Brownian motion forces, cause nanoparticles to move in different ways in the media. However, due to the small particle size that prevents the use of the most common imaging techniques, the experiments to directly monitor the movement of nanoparticles are limited. High-resolution measurements of the motion of single nanoparticles have been made using a variety of methods. The first method is particle tracking using fluorescence. The second method is TEM wherein the observations are capable of providing quite detailed data on the motion of particles and overall knowledge of NP's role in distinct utilization. The main applications of nanoparticles include lubricant additives, nanomanufacturing, and nanoparticle reinforced composite coating [11].


          




          

            



            Magnetic Properties




            Magnetic nanoparticles have sparked a lot of interest since their properties typically differ significantly from those of bulk materials, allowing them to be exploited to create new materials and gadgets. The nature of nanoparticles depends on the external magnetic field. When an external magnet is present, the nanoparticles become magnetic but revert to a non-magnetic state when the external magnet is withdrawn. Nanoparticles of several different ferromagnetic and ferrimagnetic materials are utilized in modern technology. Magnetic nanoparticles are used in magnetic data storage, suspensions of magnetic nanoparticles (ferrofluid), magnetic beads, magnetic resonance imaging, drug targeting, etc. In bioseparation technology, magnetic beads with sizes in the micrometer range are often used. Bulk magnetic materials are usually split up into domains with different magnetization directions. In ferromagnetic and ferri-magnetic materials this is due to a lowering of the energy of the magnetostatic field. In antiferromagnetic materials, it can be explained by nucleation of antiferromagnetic clusters with different sublattice magnetization directions when the material is cooled through the Neel temperature. Across a domain wall, separating two domains with different magnetization directions, the spins gradually change their direction. The width of a domain wall is determined by the exchange interaction and the magnetic anisotropy constant. Magnetic anisotropy is a very important parameter for magnetic materials. Materials with a large anisotropy can be used as permanent magnets, whereas so-called soft magnetic materials with a small magnetic anisotropy are used in, for example, as transformers, for magnetic shielding and magnetic sensors. A considerable portion of the atoms in nanoparticles is found on the surface. Because of the low symmetry around the surface atoms, they may contribute a significant amount of magnetic anisotropy, referred to as surface anisotropy. Single domain superparamagnetic NPs have a magnetic moment that is aligned with the applied field. Due to the quick reversal of the magnetic moment, ferromagnetic NPs will maintain a net magnetization in the absence of an external field, whereas superparamagnetic NPs would not. The zero-field-cooled (ZFC) and field-cooled (FC) magnetization curves are two typical methods for characterizing magnetic nanoparticles. After cooling the sample in zero magnetic fields, magnetization measurements are carried out. The magnetism is then monitored as a function of temperature during the heating process using a smaller field. The magnetization of a sample is measured as a function of temperature during heating in the same applied magnetic field in an FC magnetization curve [12, 13].


          




          

            



            Thermal Properties




            Nanofluids are utilized for commercial cooling because their huge surface area allows for increased heat transmission. Particles less than 20 nm in diameter have 20% of their atoms on their surface, making them immediately ready for thermal action. Metal nanoparticles have a higher thermal conductivity than solid fluids, which is a well-known phenomenon. For instance, at ambient temperature copper has 700 times higher thermal conductivity than water and 3000 times higher than motor oil. The thermal conductivity of oxides such as aluminum oxide (Al2O3) is higher than that of water. As a result, the thermal conductivities of fluids containing suspended solid particles or nanofluids are projected to be much higher than those of conventional heat transfer fluids. Nanofluids are made by dispersing solid particles on the nanometric scale in a liquid such as water, ethylene glycol, or oils. Ceramic particles, pure metallic particles, and carbon nanotubes are three types of nanoparticles that are commonly used in various combinations with liquids to obtain various nano liquids. The advantage of employing nanoparticles is their mobility, which is due to their small size and can result in micro-convection of fluid and hence improved heat transmission. Micro-convection and improved heat transmission may also increase dispersion, allowing for faster heating of the fluid. Because the particles are tiny, they weigh less and have a lower risk of sedimenting. This reduced sedimentation can solve one of the suspensions' key limitations, particle settling, and make nanofluids more stable. The improvement of conductivity was discovered to be dependent on particle size as well as particle concentration. In general, with decreasing particle size, an increase in enhancement is observed [14, 15].


          


        




        

          Classification of Nanoparticles




          

            



            Based on Dimensions




            One-D, Two-D, and Three-D nanoparticles are the three types of nanoparticles (Fig. 1.1). For decades, one-dimensional system (thin film or fabricated surfaces) has been used. Thin films (1-100 nm) or monolayers, with a variety of technical applications, including chemical and biological sensors, data storage systems, magneto-optic and optical devices, and fiber-optic systems, are currently commonly used. Carbon nanotubes, for example, are two-dimensional nanoparticles with two dimensions on the nanometre scale. 3D nanomaterials are three-dimensional nanoparticles that are nano in all three dimensions. Dendrimers, Quantum Dots, and Fullerenes are all examples of nanomaterials [16].


          




          

            



            Based on Structural Composition and Morphology




            NPs can be made up of a single constituent material or a combination of several (Fig. 1.1). Pure single-composition materials may be easily manufactured using a variety of processes, but NPs observed in nature are often agglomerations of materials with varied compositions. In hybrid nanoparticles, three primary types of chemical ordering define how the atoms of the elements are ordered within the same nanoparticle. The order of mixed NPs might be random or ordered. Ordered nanoalloys relate to ordered arrangements of two distinct atoms, whereas randomly mixed alloys correspond to solid solutions. A shell of one type of atom surrounds a core of another type of atom in core-shell NPs. The segregation of materials within the core or shell is caused by a variety of thermodynamic concerns. Multi-shell (or “onion-like”) NPs are a subset of the core-shell category. The shells of these NPs alternate A–B–A, or A–B–C in the case of ternary NPs. Janus (or “dumbbell-like”) NPs are a term used in the literature to describe layered NPs. They are made up of two different types of NPs (A and B) that share a common interface. These NPs tend to lower the number of bonds that exist between components A and B. The phase separation is aided by this heterojunction arrangement. Other complicated topologies of NPs, such as multicore–shell structures in which the cores can exhibit either ‘dumbbell-like' or ‘onion-like' structures, are becoming more popular as the demand for multifunctional NPs grows [1].
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Fig. (1.1))


            Classification of nanoparticles.

          




          

            Based on Chemical Compositions




            Organic nanoparticles, inorganic nanoparticles, and carbon-based nanoparticles are the most common types (Fig. 1.1). Organic nanoparticles or polymers include dendrimers, micelles, liposomes, and ferritin, among others. Non-carbon nanoparticles or inorganic nanoparticles are made up of metal or metal oxides. Metal-based nanoparticles are nanoparticles that are synthesized from metals using destructive or constructive processes. Nanoparticles of almost all metals can be synthesized. Aluminum (Al), cadmium (Cd), cobalt (Co), copper (Cu), gold (Au), iron (Fe), lead (Pb), silver (Ag), and zinc are the most widely employed metals for nanoparticle synthesis (Zn). Metal oxide-based nanoparticles are synthesized to change the properties of their respective metal-based nanoparticles. For example, iron nanoparticles (Fe) quickly oxidize to iron oxide (Fe2O3) in the presence of oxygen at ambient temperature, increasing their reactivity. Nanoparticles of metal oxide are also produced for increased activity and efficiency. Those nanoparticles that are entirely comprised of carbon are known as carbon nanoparticles. They can be categorized into fullerenes, graphene, carbon nanotubes (CNT), carbon nanofibers, and carbon black and sometimes activated carbon in nanosize [17].
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Fig. (1.2))


            Methods of synthesis.

          


        




        

          Methods of Synthesis




          A variety of materials, including proteins, polysaccharides, and synthetic polymers, can be used to produce nanoparticles. Various methods for the production of different nanoparticles have been developed with infinite applications through the decades (Table 1.1). The two basic approaches for the formulation of nanoparticles are the top-down and bottom-up approaches (Fig. 1.2). Grinding, lithography, and repetitive wrecking are the methods that take the top-down approach. The particle size and structure are not well controlled by this approach and thus it is not used mostly by scientists. Whereas the methods involving the Bottom-up approach are mostly used for nanoparticles synthesis because this approach is based on framing a nanoparticle by clustering material at the atomic or molecular level [17, 18].




          

            Table 1.1 Methods of Synthesis [17, 19-22].




            

              

                

                  	S. No.



                  	Types of Nanoparticles



                  	Methods of Synthesis



                  	Mechanism

                


              



              

                

                  	1.



                  	Polymeric Nanoparticles



                  	Solvent evaporation



                  	Emulsions formulated in volatile solvents of polymers. Here the emulsion can be converted into a suspension of nanoparticles by evaporation of the polymer-solvent and dispersed in the continuous phase of the emulsion.

                




                

                  	Salting-out



                  	Nanoparticle emulsions are usually formulated with polymer solvents that are completely miscible with water, resulting in the emulsification of polymer solutions in the aqueous phase without the need for high shear forces but high salt or sucrose concentrations are required for a strong salting-out effect in the aqueous phase.

                




                

                  	



                  	

                




                

                  	Nanoprecipitation



                  	In this method, polymer deposition occurs by replacing a water-soluble semi-polar solvent with a lipophilic solution. The rapid dispersion of the solvent in the non-solvent phase lowers the interfacial tension between the two phases, increases the surface area, and forms small droplets of organic solvent.

                




                

                  	Dialysis



                  	The Polymer is dissolved in an organic solvent and placed inside a dialysis tube. The inside membrane displacement of the solvent is followed by a progressive polymer aggregation due to a loss of solubility and the formation of homogeneous nanoparticles suspensions.

                




                

                  	Supercritical fluid technology



                  	In this process, the solute dissolves in the SCF to form a solution and expands rapidly through an orifice or capillary nozzle. A high degree of supersaturation, combined with a rapid drop in pressure during expansion, results in uniform nucleation to form well-dispersed particles.

                




                

                  	Emulsion polymerization



                  	In this method, polymeric nanoparticles of typically 100 nm in size are formed containing many polymer chains

                




                

                  	2.



                  	Lipid-based Nanoparticles



                  	High-Pressure Homogenization



                  	Based on shear because of heavy turbulence.

                




                

                  	Solvent Emulsification Evaporation Method



                  	Emulsification (or diffusion) of the globules and their subsequent evaporation result in deposition into particles.

                




                

                  	Solvent Emulsification Diffusion Method



                  	This method includes emulsifying globules and vaporizing them, leading to particle precipitation.

                




                

                  	Membrane contractor



                  	Here the lipid phase is forced to form tiny droplets through the porous membrane.

                




                

                  	Phase Inversion Techniques



                  	Transitional emulsion spontaneously reversed from o/w to w/o with temperature rise.

                




                

                  	Coacervation Technique



                  	In this method when the pH of a micelle solution of an alkaline fatty acid salt is lowered by acidification (coacervation solution) in the presence of a polymer stabilizer, proton exchange occurs which leads to lipid deposition (coacervation).

                




                

                  	Gas-Assisted Melting Atomisation



                  	The lipid or protein/lipid mixture is placed in a thermostatically controlled mixing chamber (CM) and dissolved in supercritical carbon dioxide under defined conditions of temperature and pressure. The lipid-saturated liquid is then pushed out of the nozzle through a valve at the bottom of the chamber to produce nanoparticles.

                




                

                  	3.



                  	Inorganic Nanoparticles



                  	Precipitation of Salts in Aqueous Medium



                  	This process involves the precipitation of salts by oxidation or co-precipitation in an aqueous environment.

                




                

                  	



                  	

                




                

                  	Hydrothermal Synthesis



                  	This process uses water as a solvent to increase the solubility of precursors by exploiting conditions of temperature and pressure and accelerating the reaction.

                




                

                  	Polyol Process



                  	This process leads to nanoparticles formation due to the decline of dissolved metal salts concentration in polyol at high temperatures.

                




                

                  	Decomposition in Organic Media



                  	The thermal decomposition of metallic compounds in organic solvents with high boiling points is involved in this process.

                




                

                  	Laser Pyrolysis



                  	Here, a laser heats a diluted mix of precursors to decompose and triggers the nucleation of particles into nanoparticles.

                




                

                  	Spray pyrolysis



                  	A solution of salts is sprayed into a series of reactors, which evaporate the aerosol droplets. The particles are then further dried and processed at high temperatures.

                




                

                  	Sol-Gel



                  	It is a wet chemical process in which a chemical solution serves as the initial stage in an integrated system of individual particles.

                




                

                  	Spinning



                  	The spin method should be used to synthesize nanoparticles in a reactor with a spinning disc so that atoms or molecules are melted and fused for drying together.

                




                

                  	4.



                  	Hybrid Nanoparticles



                  	Inorganic–inorganic



                  	Hybrid nanoparticles are made up of two or more different components, typically inorganic components like metal ions, salts, sulfides, metal clusters or particles, non-metallic elements, and their derivatives, etc.

                




                

                  	Organic-inorganic



                  	Hybrid nanoparticles are made up of two or more components, typically inorganic components like metal ions, metal clusters or particles, salts, oxides, sulfides, etc., and organic components like organic groups or molecules, ligands, biomolecules, pharmaceutical substances, polymers, etc.

                




                

                  	5.



                  	Bio-inspired Nanoparticles



                  	Microorganisms mediated synthesis


                  of nanoparticles



                  	Nanoparticles synthesis by Bacteria.

                




                

                  	Nanoparticles synthesis by Virus.

                




                

                  	Nanoparticles synthesis by Fungus.

                




                

                  	Plants mediated synthesis of nanoparticles



                  	These nanoparticles are biosynthesized using leaf extract or other plant components

                




                

                  	Human cell line mediated synthesis


                  of nanoparticles



                  	Intracellularly, certain metal nanoparticles are produced in in-vitro conditions that resemble their natural cellular environment.

                


              

            




          


        


      




      

        



        Overview on Nanocarriers




        Nanocarriers are colloidal nanoparticles broadly utilized for the transportation of a drug substance or any other agents to a specific site in the body. Since the nanocarriers are used for therapeutic application, therefore, the size of the nanocarriers has to be less than 200 nm as the diameter of microcapillaries that are present in the body lies nearly 200 nm. Nanocarriers are generally inactive and safe thus providing good biocompatibility with the human body. These nanocarriers offer good bio consistency because they are generally considered to be safe. The nanocarriers with the sustained release of the drug have a long-term circulation period overcoming the endosome–lysosome mechanism [23]. Presently nanocarriers are widely considered to address the emerging need to improve drug treatment to treat various diseases. Nanotechnology incorporates systems engineering that works on the molecular scale. Such systems are characterized by a wide range of physical, physical, and electrical properties that attract sectors ranging from science to nanomedicine as one of the most effective research tools, using nano-technology in specialized medical interventions for prevention, diagnosis, and disease treatment [24].




        

          Classification




          According to the high surface-to-volume ratio, nanocarriers are classified into three major categories as organic nanocarriers, inorganic nanocarriers, and hybrid nanocarriers (Table 1.2).




          

            Table 1.2 Classification of Nanocarriers [24-26].




            

              

                

                  	Category



                  	Nanocarrier



                  	Vesicular/Non-vesicular/Polymeric Nanocarrier



                  	Biodegradable/ Non- biodegradable

                


              



              

                

                  	Organic



                  	Liposomes



                  	Vesicular



                  	Biodegradable

                




                

                  	Multilamellar vesicles



                  	Unilamellar vesicles

                




                

                  	Small unilamellar vesicles



                  	Large unilamellar vesicles

                




                

                  	Solid-lipid nanoparticles



                  	Non- vesicular



                  	Biodegradable

                




                

                  	Dendrimer



                  	Polymeric nanocarrier



                  	Biodegradable

                




                

                  	Micelles



                  	Polymeric nanocarrier



                  	Both

                




                

                  	Polymeric nanoparticles



                  	Polymeric nanocarrier



                  	Both

                




                

                  	Inorganic



                  	Carbon nanotubes



                  	Non- vesicular



                  	Both

                




                

                  	Magnetic nanoparticles



                  	Non- vesicular



                  	Both

                




                

                  	Quantum dots



                  	Non- vesicular



                  	Both

                




                

                  	Mesoporous silica nanoparticles



                  	Non- vesicular



                  	Both

                


              

            




          




          

            



            Liposomes




            Liposomes are vesicular nanocarriers used to deliver the therapeutic agent to a specific site. Liposome's vesicles consist of an aqueous core enclosed in the lipid bilayer (Fig. 1.3). These vesicular nanocarriers act as an agent to transport active hydrophilic and lipophilic drug molecules to a specific area. These are the most clinically established vesicular nanocarrier for the delivery of biologically active agents. They are synthetic composites made from amphiphilic phospholipids and their size can vary from 50 nm to 300 nm. Liposomes may also be classified into two main groups according to their size and number of layers: (1) the multilamellar vesicles (MLV) and (2) the unilamellar vesicles. Unilamellar vesicles are further divided into two categories: (1) large unilamellar vesicles and small unilamellar vesicles. The vesicle contains an aqueous core with one phospholipid bilayer in unilameleous liposomes. The vesicles of multilamellar liposomes have an onion-like structure. Liposomes have several structural and non-structural components of which phospholipids are the major structural component of liposomal membranes and cholesterol can be incorporated into phospholipid membranes. Liposomes are completely biodegradable, flexible, non-toxic, biocompatible, and non-immunogenic for both systemic and non-systemic use. Liposomes can trap hydrophobic and hydrophilic compounds, prevent degradation of the trapped drug, and release the trapped drug at specific targets. Therefore, liposomes are widely used as carriers of many drug molecules in the pharmaceutical industry. A summarized detail of liposomes is presented in Table 1.3.


          




          

            



            Solid- Lipid Nanoparticle




            Solid lipid nanoparticles (SLNs) are colloidal dispersions typically spherical with a diameter of 50 to 1000 nm. The main components of SLNs include a mixture of lipids usually in solid state at room temperature, emulsifiers and, the active ingredient (API) in an appropriate solvent system. SLNs drug loading and release depend on the crystalline condition and lipid melting behavior. All properties of lipid nanoparticles are enhanced by surface modification like increased pharmacokinetic tolerability, occlusive complex formation, improved stability profile, and chemical absorption. Because SLN is dispersed in aqueous or superficial solutions, it is suitable for intravenous administration. Because nanoparticles are absorbed by phagocytosis, surface modifications often reduce phagocytosis. Often, particle size, bio index, and charge analysis can be measured with dynamic light dissemination (DLS) and quasi-scattering elasticity (QELS). The size and qualitative properties of nano-particles may also be measured by nuclear magnetic resonance (NMR). Microscopy is an advanced technology that offers direct control of nanoparticles. The best way to assess SLNs size, surface morphology, stability, and time structural change is by microscopy SEM & TEM. The surface distribution of surfactant molecules is often estimated, and only the organic structure is confirmed by X-ray photoelectron spectroscopy (XPS) for the adsorption of SLNs and positively charged nanoparticles. SLN entrapment is often measured using centrifugation or microcentrifugation techniques. Samples are centrifuged at high speed so that the number of free compounds can be determined by UV-Visible spectroscopy or high-performance liquid chromato-graphy [26].




            

              Table 1.3 Liposome summary chart [27, 28].




              

                

                  

                    	Characterization Parameter



                    	Visual Appearance



                    	Depending on composition and particle size, the liposome suspension can range from translucent to milky.

                  




                  

                    	Size distribution



                    	The dynamic light dispersion is usually used to measure the size distribution.

                  




                  

                    	Lamellarity



                    	Electron microscopy or spectroscopic techniques measure the lamellarity of liposomes.

                  




                  

                    	Stability



                    	The stability of liposomes is a complex problem, consisting of physical, chemical, and biological stability. Physical stability mainly indicates the size constancy and lipid to active ingredient ratio. Biological stability includes stability after interaction with plasma proteins.

                  




                  

                    	Entrapped volume



                    	The captured volume of a liposome population (phospholipids of μL/mg) can often be determined by measuring the total amount of solution encased within the liposome.

                  




                  

                    	Surface charge



                    	For the assessment of charges, free-flow electrophoresis and zeta potential measurement are methods used. The surface load on the vesicles is due to the mobility of the lipo-splitting in a suitable buffer.

                  




                  

                    	Method of preparation



                    	Mechanical dispersion method



                    	a) Sonication.

                  




                  

                    	b) French pressure cell: extrusion.

                  




                  

                    	c) Freeze-thawed liposomes.

                  




                  

                    	d) Lipid film hydration by handshaking, non-hand.

                  




                  

                    	e) Shaking or freeze-drying.

                  




                  

                    	f) Micro-emulsification.

                  




                  

                    	g) Membrane extrusion.

                  




                  

                    	Solvent dispersion method.



                    	a) Ether injection (solvent vaporization)

                  




                  

                    	b) Ethanol injection

                  




                  

                    	c) Reverse phase evaporation method

                  




                  

                    	Detergent removal method



                    	a) Dialysis

                  




                  

                    	b) Gel-permeation chromatography

                  




                  

                    	Marketed Formulations



                    	AmBisome®




                    	Contains Amphotericin B for fungal infection

                  




                  

                    	Caelyx®




                    	Contains doxorubicin for ovarian cancer
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Fig. (1.3))


            Structure of liposome.

          




          

            



            Dendrimers




            Dendrimers are radially symmetric nanoscale molecules, consisting of tree-like branches, with a well-defined, unified, and monodispersed structure (Fig. 1.4). Dendrimers are small, homogeneous particles with dimensions ranging from 1 to 10 nanometres. Dendrimers have unique properties that make them intriguing candidates for a variety of applications. Drugs can be contained inside the macromolecule interior and employed to offer regulated release from the inner core owing to their globular shapes and the presence of internal cavities. The three primary sites for drug entrapment in the dendrimer architecture are (i) void spaces (by molecular entrapment), (ii) branching points (by hydrogen bonding), and (iii) outer surface groups (by charge-charge interactions). The drug's high absorption is limited by the dendrimer's small size, but due to its branching structure, the drug can be charged on the scaffold's outer surface via covalent or electrostatic interactions. With increasing dendrimer synthesis, dendritic macromolecules tend to grow linearly in diameter and become more spherical. As a result, dendrimers have emerged as a promising delivery vehicle for investigating the effects of polymer size, charge, and composition on biologically important properties like lipid bilayer interactions, cytotoxicity, internalization, blood plasma retention time, biodistribution, and filtration. Polyamide amines (PAMAM), polypropyleneimines (PPI), and dendrimers generated from biomolecules such as amino acids, modified polysaccharides, nitrogenous bases, and polyester dendrimers are all examples of dendrimers [29, 30].




            
[image: ]


Fig. (1.4))


            Structure of dendrimer.

          




          

            



            Micelles




            Self-alligated nanostructures formed by aqueous amphiphilic block polymers are polymeric mice (Fig. 1.5). Micelles are formed in an aqueous solution when the copolymer block concentration, a critical aggregation concentration (CAC), or a critical concentration in the micelle is achieved (CMC). In CAC or CMC, the hydrophobic segments of the block polymer combine to form a vesicular micellar structure or core layer with minimal contact with water molecules. The size of polymer micelles usually ranges from 20 nm to 100 nm, and usually, the inner core of the micelles is formed by hydrophobic interactions within hydrophobic block copolymers. The hydrophilic blocks of the copolymers create the outer shell of polymeric micelles, which play a critical role in in-vivo behavior, particularly in terms of steric stability and cell interaction. PM offers great potential as a drug delivery system for hydrophobic compounds with low bioavailability due to the unique structure of the shell core. They can be developed to entrap nanoscale pharmaceuticals or bioactive agents, such as therapeutic proteins and DNA, and trigger their release at the target site [24, 31, 32].




            
[image: ]


Fig. (1.5))


            Structure of Micelle.

          




          

            



            Carbon Nanotubes




            Carbon nanotubes (CNTs) are carbon allotropes with a cylindrical nanostructure. Carbon nanotubes are large cylindrical molecules composed of a hexagonal arrangement of carbon atoms with sp2-hybrids (the C-C distance is about 1.4). CNT walls are made by overlaying one or more layers of graphene foil, single-walled carbon nanotubes (SWCNTs) by wrapping the foil, and multi-walls (MWCNT) by wrapping several films. . The size, shape, and surface properties of single-walled nanotubes (SWNTs), multi-walled nanotubes (MWNTS), and C60 fullerenes make them attractive as therapeutic media. CNTs can be used as medicinal nanocarriers in cancer therapy and other medicinal areas, while allowing long drug release, without causing healthy tissue toxicity. There are three forms of immobilization of an active ingredient on carbon nanocarriers. Encapsulation of the active ingredient in carbon nanotubes, chemisorption on the surface (via electrostatic bond, hydrophobic bond, hydrogen bond), or binding of the active substance to the space between the nanotubes and functional carbon nanotubes [33].


          




          

            



            Magnetic Nanocarriers




            Magnetic nanoparticles (MNPs) typically range in size from 1 to 100 nm and are composed of discrete superparamagnetic nano metallic compounds having magnetic components such as iron, nickel, cobalt, and chromium. MNPs are usually synthesized using materials containing iron oxide compounds and metal nanoparticles. These are small MNPs with a large surface area that help transport a large number of DNA fragments, drugs, and modified compounds. Targeting of therapeutic MNP conjugates to diseased tissues can be achieved through passive or active mechanisms, depending on the size and chemical composition of the surface. The main advantage of magnetic NPs (organic or inorganic) is that they can be: (i) visualized (superparamagnetic NPs are used for MRI), (ii) induced or supported by a magnetic field and (iii) Heating in a magnetic field causes drug release or hyperthermia/tissue ablation. It is important to note that the latter ability is not limited to magnetic NPs but also applies to other particles capable of absorbing near-infrared, microwaves, and ultrasound. Magnetic nanoparticles or compounds are attractive for drug delivery because of their ability to respond to external stimuli through magnetic fields. This allows you to control the release of the drug in space, time, and in controlled doses. Nanocarriers can passively reach the tumor medium either through a leaky vascular medium or through the use of aggressive selective ligands [24, 34-36].


          




          

            



            Quantum Dot




            Quantum dots (QDs) are nanometer-sized semiconductor crystals, typically in the range of 1 to 10 nanometers. Quantum dots are made up of tiny pieces of metal. Quantum dots can be shaped and coated with different biomaterials. QDs have unique optical properties that make them potential candidates as carriers for biological applications and luminous nano-probes. Different techniques like dissolution, dispersion, adsorption, and coupling can be adopted for loading drugs into quantum dots. QD drug carriers can enhance efficacy, reduce drug reaction side effects, and increase the therapeutic index. An ideal QD nano preparation for drugs should have the following characteristics: (1) should not react with the drug, (2) high absorption capacity and encapsulation efficiency, (3) correct manufacturing and purification processes, (4) low toxicity and good biocompatibility, (5) several degrees of strength and mechanically stable; desired particle size and shape (6) longer residence time in vivo. Currently, the main nanoparticles of anti-cancer drugs commonly used in pharmaceuticals are liposomes, chitosan, silica nanoparticles, and polymer nanoparticles. Quantum dots have unique optical properties due to their size and quantum effects. When the particle size is nanoscale, quantum confinement effect, size effect, dielectric confinement effect, macroscopic quantum tunneling effect, and surface effect occur. As a result, quantum dots exhibit many optical properties and have a very broad prospect for their use in fluorescent biological probes and functional materials. Thus, quantum dots will have a big impact on the sustainable development of life sciences [37, 38].


          




          

            



            Mesoporous Silica Nanoparticles




            Mesoporous silica nanoparticles (MSN) live up to their expectations as they provide controlled release and targeted delivery of a wide range of drug molecules with unique mesoporous structures that maintain a high level of chemical stability, surface functionality, and biocompatibility (Fig. 1.6). Mesoporous nanoparticles have a dense framework with a porous structure and a large surface area so that different functional groups can be linked to direct the remaining active ingredients to specific sites. Chemically, MSN has a honeycomb structure and an active surface. Thanks to the active surface, functionalization changes the surface properties and binds to therapeutic molecules. Because of their low toxicity and high elasticity, mesoporous silica nanoparticles are used inefficient and controlled drug delivery systems. The mesoporous form of silica has unique properties, especially in the loading and subsequent releases of therapeutic substances. The mesoporous particle can be synthesized by simple sol-gel or spray-drying techniques. Synthetic strategies must satisfy two conditions for biomedical applications: (1) controlled nucleation and growth rate of MSNs for uniform sizes of 30-300 nm, and (2) the non-adhesive nature of MSNs during the work process. Mesoporous silica is also used as a coating material. The MSN density can be increased in two ways: gold coating of the MSN pores on gold nanoparticles and the MSN surface [39, 40].
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Fig. (1.6))


            Drug entrapment in mesoporous silica nanoparticles.

          


        




        

          Advantages Over Conventional Drug Delivery




          The pharmaceutical and therapeutic properties of conventional medicines are improved by the nanocarriers as drug delivery systems. The incorporation of medicines molecules into nanocarriers can protect medication from degradation as well as allow for controlled release and targeting. Nanocarriers can pass the biological membranes and operate on a cellular level because of their small dimensions. Compared with the traditionally used form of drugs, nanocarrier-drug conjugates are more effective and selective. By accumulating drugs at target sites, it can decrease toxicity and other adverse side effects in normal tissue. As a result, the doses of drugs required are lower.


        




        

          



          Challenges Faced by these Systems in Nanomedicine




          While several nanoparticles are currently developed and assessed in a preclinical context, only a few nanoparticles are available in the market. This is due to numerous drawbacks and limitations in nanoparticulate drug delivery systems. Some of them are caused by problems with scaling. The small size and large area of the targeting system of nanoparticles may lead to aggregation and difficult physical processing. Cell-phagocytic conjugates can be phagocytic, while cytotoxic effects can result from their intracellular deterioration. Other problems include low capacity for drug charging, low efficiency of loading, and poor capacity for carrier management. In addition, technological methods are lacking, leading to the approvable quality of nanodevices. Due to several functional groups on the nanoparticle surface, the drug can only be attached to the carrier in a stoichiometrical relation. Oxidative stress and inflammation are often explained by the toxic mechanisms of different nanoparticles in different cell types. Cells can contain nanoparticles up to 10 nm in diameter that stimulates chronic inflammatory responses and tissue fibrosis. Another problem is the lack of distribution knowledge and the unpredictability of drug suppliers. Therapeutic carriers involving nanoparticles, which respond to subtle changes in the local cellular environment, have the potential to solve many of today’s drug-related problems, which have limitations and drawbacks [41, 42].


        


      


    




    

      APPLICATIONS




      The field of nanotechnology is expected to revolutionize manufacturing and have a significant impact on the life sciences, especially in the drug delivery, diagnosis, and production of nutrients and biomaterials. Nanotechnology developments have recently been made with the development of several systems for diagnostic and therapeutic procedures. Nanoparticle systems hold promising applications such as gene therapy, molecular imaging, anti-inflammatory therapy, anticancer therapy, antiviral therapy, phototherapy, and polymer delivery across various physiological barriers. In addition, the combination of diagnostic and therapeutic production of unique nano- or microparticles for theragnostic purposes has a great potential for the delivery of image-guided drugs and customized treatment modalities (Table 1.4) [6, 15, 16, 43, 44].




      

        Table 1.4 Applications of nanoparticles and nanocarriers [6, 15, 16, 29, 32-34, 39, 43, 44].




        

          

            

              	S.No.



              	Drug/Therapeutics



              	Particle class



              	Indication

            


          



          

            

              	1.



              	Gd3+ metal ion



              	Nanoparticle



              	MRI

            




            

              	2.



              	CdSe-ZnS



              	Quantum dot



              	Optical imaging

            




            

              	3.



              	131I-labelled HPMA copolymers



              	Nanoparticles



              	Theranostic in Tumor

            




            

              	4.



              	TiO2, ZnO, BiVO4




              	Nanoparticles



              	Antimicrobials

            




            

              	5.



              	Gold



              	Nanoparticles



              	laser photothermal therapy of cancer

            




            

              	6.



              	Silver



              	Nanoparticles



              	Wound dressings

            




            

              	7.



              	Thioflavins



              	Nanoparticles



              	Alzheimer’s disease

            




            

              	8.



              	Gold



              	Liposomes



              	Neurodegenerative diseases

            




            

              	9.



              	HIV-1 Tat protein



              	Solid- lipid nanoparticle



              	AIDS

            




            

              	10.



              	Flurbiprofen


              and Ibuprofen



              	Nanoparticle



              	inhibited inflammatory responses after surgical trauma

            




            

              	11.



              	Paclitaxel, Cisplatin, Carboplatin, Folic acid, Methotrexate



              	Carbon nanotubes



              	cancer

            




            

              	12.



              	Efavirenz



              	Dendrimer



              	HIV

            




            

              	13.



              	Insulin



              	Liposome



              	Diabetes

            




            

              	14.



              	Vincristine sulfate



              	Liposome



              	Cancer

            




            

              	15.



              	Porphyrins



              	Dendrimer



              	Photodynamic therapy

            




            

              	16.



              	Cetuximab, Doxorubicin, Erotinib



              	Magnetic nanoparticles



              	Lung cancer

            




            

              	17.



              	Doxorubicin and Cisplatin



              	Mesoporous silica nanocarrier



              	Hepatocellular carcinoma

            




            

              	18.



              	Paclitaxel



              	Polymeric micelles



              	Human ovarian carcinoma

            




            

              	19.



              	Doxorubicin



              	Polymeric micelles



              	Kaposi’s Carcinoma

            


          

        




      


    




    

      



      CONCLUSION




      Nanoparticles are colloidal solid particles with a size range of 1–1000 nm. In the areas of drug delivery, gene delivery, and diagnostics, NPs became extremely well-known. This chapter outlines the different types and methods of preparation and characterization of NPs and emphasizes the nanoparticles class for many diagnostic and treatment applications. This also summarises different nanocarriers which are being used in drug delivery with their advantages over conventional drug delivery and challenges faced by these systems in nanomedicine showing future prospectus in these areas.
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      Abstract




      Delivering drugs through various delivery systems into the body for successful treatment of diseases is most entrancing deeds for the pharmaceutical analyst. Conventional drug delivery systems have various hindrances like loss of medication and poor bioavailability of drugs. Polymer-based nanocarriers such as polymeric nanoparticles upgrade bioavailability of drug, delivery of drug to specific site and improve solubility of drugs. They are widely explored as controlled, precise, sustained and continuous release systems for drug delivery and are easily incorporated and appropriate for practically all parts of nanomedicines and bring new trust in field of drug conveyance by redesigning drug viability and diminishing drug toxicity. This chapter mainly focuses on polymers and techniques engaged with advancement of polymer-based nanoparticles and their applications in therapeutic intervention.
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      INTRODUCTION




      The intricacy of specific diseases and the related toxicity of certain therapies progressively request novel courses for drug conveyance [1]. In the mid of the twentieth century, Paul Ehrlich conjectured the concept of “Magic bullet” that has the capacity to target drugs with a high particularity and gave rise to advancement and improvement of nanoparticles (NPs) [2]. These novel carriers are characterized as particles range in size from 10–1000 nm and offer several advantages over conventional dosage forms such as improving the medication bioavailability by expanding their absorption or by working with their passage through the biologic films [3]. Nanoparticles can be integrated from lipids, proteins, carbohydrates, just as a few natural and synthetic polymers [4].




      There are five fundamental sorts of nanoparticle frameworks for drug conveyance: dendrimers, liposomes, micelles, polymeric nanoparticles, and nanocrystals. In the course of recent many years, there has been significant interest in creating biodegradable nanoparticles (NPs) as successful medication conveyance gadgets. Different polymers are utilized for drug conveyance exploration because they viably convey medication towards an objective spot, also in this way limiting the side effects, incrementing the restorative advantages [5]. The significant objective in designing such devices is to obtain pharmacologically dynamic specialist control arrival to the particular location of activity at the restoratively ideal frequency. The critical goal in planning such gadgets is to acquire controlled arrival of pharmacologically powerful specialists to the specific site of movement at the therapeutically ideal rate and portion routine. The improvements in the nanotechnology field have created unique nanocarriers especially, polymeric nanoparticles, either nanospheres or nanocapsules, may prompt improved bioavailability profiles for well-established drug molecules and also to convey drugs for helpful purposes. The aim of medication conveyance is the controlled release of medications to their site of activity and diminishing medication dose and at the same time limiting the undesirable effects [6]. In the recent couple of years, polymeric nanoparticles (PNPs) attained uncommon significance considering development of drug delivery systems because of the capacity to encapsulate and secure substances just as to present explicit usefulness through surface modifications, polymer-based medication conveyance frameworks are the focal point of extraordinary clinical and scientific interest. Polymeric nanoparticles will in general be more steady than different transporters, like liposomes and micelles, and their conveyance properties can be changed by controlling the design, composition, chemical and physical properties of the polymer [7]. The chapter primarily emphases on polymeric nanoparticles and their applications in therapeutic interventions.


    




    

      POLYMERIC NANOPARTICLES




      Nanoparticles for pharmaceutical purposes are solid colloidal particles of macromolecular materials within active material, dissolved or attached resulting in ranging size from 1 to 1000 nm (1 µm) [8]. They are ideally comprised of polymers acquired from natural, synthetic and semisynthetic basis which might be biodegradable or nonbiodegradable where the drug is entangled to a nanoparticle framework. In the previous many years, polymeric nanoparticles have arisen as a generally encouraging and reasonable innovation stage for targeted and controlled medication conveyance [9]. Appropriate information on the polymers is of most extreme significance because they are vital part in the medication conveyance framework for the therapy of different diseases like malignancy, neurode-generative disorders, cardiovascular issues, and so forth [10]. The covalent association of macromolecular monomers into straight or extended chain is known as polymers. They are framed with at least two functional groups [11]. Nanoparticles, nanospheres or nanocapsules can be obtained contingent on the method of preparation [12]. Into the intended organ and cells, PNPs adequately convey medications and genetic materials as well as proteins. Their aim particularity and utilization in form of savvy polymer with decreased incidental properties expanded its development and utilization in treatment of certain diseases such as malignancy, which is no more a nightmare because of emergence of polymeric nanoparticles [8].
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Fig. (2.1))


      Advantages of polymeric nanoparticles.



      

        Types of Polymeric Nanoparticles




        Polymeric nanoparticles are a united term which can be used for any polymeric arrangements but they are classified into two major types, which are Nanospheres and Nanocapsules [13, 14].




        1. Nanospheres: It is strong mass of network polymers in which medication molecules are adsorbed at the mass surface or caught inside the circle place.




        2. Nanocapsules: They have vesicular structure which act as drug reservoir. Retained drugs are saved in a fluid or non-watery fluid center set in the vesicle depression which was encased by the cemented polymeric shell.


      




      

        Advantages of Polymeric Nanoparticles




        In utilization as a medication conveyance framework, PNPs have following benefits and represented in Fig. (2.1) [7, 12, 15, 16]:




        1. They can be easily tailored and controlled.




        2. Upsurge bioavailability of inadequately water-dissolvable drugs.




        3. Extending medication dissemination time within body.




        4. Ligands like surface functional gatherings are allowed in huge number due to larger surface region.




        5. Effectively focus on cells into modest vessels is assisted with the help of smaller size.




        6. Oral, nasal, parenteral, intra ocular courses are available for administration.




        7. Have longer clearance time as compared to the conventional nanoparticles.




        8. Higher concentration of drug is delivered to intended location.




        9. Effectively and efficiently upsurges the stability of volatile drugs by multitude techniques.




        10. High drug encapsulation efficiency.




        11. The untimely delivery or degradation of drugs prior reaching intended destination is shielded by encapsulation of drug into polymeric lattice.




        12. The communication of dynamic substance with the organic objective can especially expanded by surface modification.




        13. Provide high thermodynamic stability and permeation through different natural hindrances to the system.




        14. Act as transporter for various biologically dynamic particles like monoclonal antibodies, nucleic acids.




        15. Effortlessly joined into different exercises like tissue engineering, identified with drug conveyance.




        16. Provide targeted medication conveyance, especially desirable as per as malignancy therapy is considered and minimize the adverse effects of anticancer drugs which are highly toxic in nature.




        17. Significant upgrading in efficiency and effectiveness of oral and intravenous means of administration.




        18. Deprived of chemical reaction, drug loading capacity can be easily increased.




        19. On targeted site of action, uniform drug distribution is achieved.




        20. Stability of acid-labile preparations are achieved.


      




      

        Disadvantages of Polymeric Nanoparticles




        In spite of various advantages, these polymeric nanoparticles have some disadvantages [7, 12, 15, 16]:




        1. Manufacturing of these NPs is troublesome, costly and require modern instruments.




        2. Small particle size followed by large surface area makes physical handling of NPs difficult due to particle- particle aggregation.




        3. Termination of treatment likewise becomes troublesome if there should be an occurrence of crisis.




        4. PVA causes toxicity when used in preparation as a detergent.


      




      

        Ideal Characteristics of Polymeric Nanoparticles




        Features of ideal polymeric nanoparticles are as follows [7, 8, 17]:




        1. Easy to synthesize and characterize




        2. Scalable and cost-effective




        3. Biocompatible




        4. Non- toxic




        5. Evade reticuloendothelial system




        6. Ought to have prolonged circulation time in regards of systemic delivery




        7. Biodegradable




        8. Water soluble




        9. Ought to be 100nm in diameter for ideal CNS delivery




        10. Neutral or negatively charged NPs are optimal for local delivery




        11. Amenable to robust surface modification




        12. Stability in blood is important characteristic




        13. Non immunogenic in nature




        14. Be pervaded in a little viscous and hyperosmolar solution
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Fig. (2.2))


        Types for polymeric nanoparticles.

      




      

        Types of Polymers used for Carrier System




        Two significant kinds of polymers based on source of origin which are utilized for polymeric nanoparticles are- natural polymers and synthetic polymers. Not any other class more than this classification is favored of required qualities till now [8, 9, 13, 14, 18-20]. Types of polymers are illustrated in Fig. (2.2).




        The frequently applied natural polymers in designing PNPs are as follows:




        Alginate (AG): Alginate is a biodegradable natural polymer and is highly emerging zone of attention. It is water soluble linear polysaccharide, essentially copolymer of connected β-D mannuronate and α-l-glucoronate which can be utilized as hydrogels, microparticle, nanoparticles, furthermore. By and large, AG NPs are created with techniques such as ionic gelation, emulsion, covalent cross-connecting, complexation technique, and self-assembly strategy, from which ionic gelation and complexation techniques are generally utilized technique for AG nanoparticles. They are controllable, pH-sensitive and utilized way to conveyance specific medications such anticancer medication and so forth [8, 14].




        Albumin (AL): These are the naturally occurring protein molecules with exceptional properties to be utilized in various nanomaterials and of course empowers in polymeric nanoparticles. It shows some encouraging attributes like high stability, biodegradability and non-antigenicity. Albumin nanoparticles enjoy tremendous benefits due to which they can be utilized for the designing of nanoparticles. AL NPs are stimuli- sensitive normally and bioactive substances exceptionally and have upgraded drug transporter exercises which can include a huge range of medications. They convey assortment of medications which are generally metal based, hydrophobic, so forth and profoundly flexible [8, 14].




        Chitosan (CH): It is deacetylated chitin derived carbohydrate- based natural polymer obtained generally through insects or marine organisms. It is exceptionally demanded polymer in numerous different fields because it is one among the profoundly bountiful natural polymer, can be effectively prepared into shifted structures in a designated drug conveyance framework and is biocompatible and biodegradable too. It has huge job in field of pharmaceutical and biomedicals. In acidic solution it is freely soluble but at pH above 6.5 it had poor solubility. Most of the time CH NPs are framed from consolidating a tripolyphosphate polyanion with chitosan in the presence of consistent blending and utilized as medication conveyance, ant malignant action, gene therapy, and so on [9, 14].




        Gelatin (GL): It involves basic and acidic both functional groups and is normally water soluble in nature. In arrangements at low temperature, it shapes a triple stranded helical structure. It Gelatin is acquired through primary and compound collagen- I deprivation and classified on this basis as Gelatin A acquired through acid hydrolysis and Gelatin B through alkaline hydrolysis with isoelectric point of 9.0 and 5.0, respectively. Slow drug release is attained from gelatin nanoparticles because of polymer erosion. The nanoparticle arranged utilizing gelatin do not have unfavorable responses when presented in human body as they are biocompatible polymers [9, 14].




        Likewise, a wide assortment of synthetic polymers can be utilized for advancement and designing of polymeric nanoparticles but they ought to be biocompatible and biodegradable with non-antigenic and non-poisonous profile as per Food and Drug Administration. These are as follows:




        Poly (lactide co-glycolides) (PLGA): PLGA is a synthetic polymer which is synthesized by ring opening co-polymerization of cyclic dimers (1, 4-dioxane-2,5- diones) of glycolic acid and lactic acid. The main benefit of using PLGA is that it promptly goes through hydrolysis inside the body and this is the reason it slowly and in time dependent manner releases variety of drugs, proteins and peptides from PLGA based systems. Numerous investigations demonstrated their utilization as delivery systems such as nanoparticles, microcapsules, microspheres and so forth because they are biocompatible, biodegradable and causes nearby cell responses and wide assortment solvent solubility. They also have significant disadvantages most importantly the need to utilize a stabilizer which isn't generally biocompatible, to stabilize nanoparticles also, to acquire uniform and small diameter. PLGA nanoparticles are at high risk by the reticulo-endothelial system of liver and spleen that eliminate these from blood dissemination and lessen the residence time of NPs definitely in circulation system consequently keeping away from the conveyance of nanoparticles to the target organs or tumors tissues [9, 14].




        Poly (lactic acid) (PLA): It is non- toxic and hydrophobic in nature with biodegradable and biocompatible properties. Because of hydrophobicity this is suitable considering hybrid lipid polymer nanoparticles. It can be utilized as advanced control drug conveyance framework because it displays huge sum of mechanical strength [9, 14].




        Polycyanoacrylates: These polymers are adhesive and important as per industrial use. They consolidate fast relieving and high strength and are broadly used to secure an assorted scope of substrate surfaces together with naturally determined substances. These polymers are utilized widely in creation of exemplified colloidal nanoparticles for designated medication conveyance frameworks, especially helpful as therapy in malignant growths because of their biocompat-ibility. Cyanoacrylate monomers go through incredibly quick polymerization within the sight of reactant measures of anionic initiators or tertiary amines and phosphines like certain covalent bases. Most of the time these nanoparticles are prepared by emulsion polymerization, interfacial polymerization and nanoprecipitation for drug conveyance and nano formulation. Sometimes these polymers animate and harm CNS by some poisonous item which is produced from esterase corruption in biological fluid [14, 21].




        Polycaprolactone (PCL): Polycaprolactone is synthetic semicrystalline biode-gradable linear polyester produced by ring opening polymerization of ɛ- caprolactone, which is derived from fossil carbon using catalyst such as stannous octanoate and degraded by lipases and esterase under physiological conditions by hydrolysis. As compared to polylactide it has attributable more slow corruption and this is the reason, it is particularly fascinating for development of implantable devices. PCL nanoparticles get ready generally by nanoprecipitation technique or either by solvent displacement or solvent evaporation technique. PCL is regularly blended in with starch to get a decent biodegradable material at a low cost. An assortment of medications has been embodied inside PCL beads for controlled delivery and targeted drug conveyance [9].




        Poly (malic acid) (PMLA): It is a truly appropriate polymer for building proficient delivery system. The polymer and its subsidiaries have been utilized to treat brain and breast tumor in mouse models as amalgation of nanoparticles for drug delivery. After long incubation time, cell toxicity was reported by methylated PMLA because of released method causing harmful impact. New esters acquired by incomplete or complete esterification of PMLA with ethanol or 1- butanol were reported in various literatures, which are relied upon to show less cytotoxicity, utilized for controlled medication conveyance and drug encapsulation [22].
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