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ABSTRACT

	Polymer-based nanomaterials include chitosan, polylactic acid (PLA), polyglutamic acid (PGA), poly (lactic-glycolic acid) (PLGA), etc.Various nanoparticle preparation methods such as physical vapour deposition, chemical vapour deposition, reactive precipitation,sol-gel,microemulsion,Sono chemical processing and supercritical chemical processing have been developed and reported in the literature. Polymeric nanoparticles (NPs) are one of the most studied organic strategies for nanomedicine. Intense interest lies in the potential of polymeric NPs to revolutionize modern medicine. To determine the ideal nano system for more effective and distinctly targeted delivery of therapeutic applications, particle size, morphology, material choice and processing techniques are all research areas of interest. Utilizations of polymeric NPs include drug delivery techniques such as conjugation and entrapment of drugs, prod rugs, stimuli-responsive systems, imaging modalities, and the agnostic. Cancer, neurodegenerative disorders and cardiovascular diseases are fields impacted by NP technologies that push scientific boundaries to the leading edge of transformative advances for nanomedicine.
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I    INTRODUCTION

	Nanomedicine is the medical application of nanotechnology. Nanomedicine ranges from the medical applications of nonmaterial’s and biological devices, to nanoelectronics biosensors, and even possible future applications of molecular nanotechnology such as biological machines. Current problems for nanomedicine involve understanding the issues related to toxicity and environmental impact of nanoscale materials. Polymeric nanoparticles (NPs) are particles within the size range from 1 to 1000 nm and can be loaded with active compounds entrapped within or surface-adsorbed onto the polymeric core. Polymers used to form nanoparticles can be both synthetic and natural polymers. These nanocarriers have been demonstrated for a variety of applications such as drug delivery, imaging, and detection of apoptosis. Many cationic polymers have been studied both in vitro and in vivo for gene delivery. The various biodegradable polymers commonly used in the fabrication of polymeric nanoparticles include poly(lactide) (PLA), poly(lactide-co-glycoside) (PLGA) copolymers, poly (ɛ-caprolactone) (PCL), and poly (amino acids) and also some natural polymers like alginate, chitosan, gelatin, and albumin The two main types of polymeric nanoparticles are nano capsules (reservoir system) and nanospheres (matrix system) with different drug-loading materials. Nanoparticles (NPs) as drug delivery systems or direct anti-tumour systems facilitate unique approaches for many diseases.
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Figure 1 Type of Nanoparticles


II.   Types of Nanoparticles

	Regarding their chemical compounds, NPs can be divided into three main groups: organic nanoparticles (liposomes and polymers), inorganic nanoparticles (metals, metal oxide, ceramic, and quantum dots), and carbon-based nanoparticles [10] (Figure 1). In general, NPs retain the chemical properties of their bulk materials, which can be useful when choosing a specific NP for a biomedical application. The NPs used in nanomedicine include the following.
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Figure 2.  Generalized diagram of the types of nanoparticles and their main biomedical applications. 

III. PREPARATION OF POLYMERIC NANOPARTICLES

	Polymeric nanoparticles have been synthesized by several methods depending on the requirements of their application and the physicochemical characteristics of the drug [20]. The choice of the most suitable method plays a vital role in order to obtain PNPs with the desired properties for a particular application.
Several preparation methods have been developed and these can be divided into two groups, namely, those based on the polymerization of monomers and those taking advantage of preformed polymers (Fig. 1) [17]. These methods can be further classified into two categories: two-step procedures involving the preparation of an emulsification system followed by formation of nanoparticles in the second step of the process and one-step procedures where emulsification is not required for the formation of nanoparticles.

	For the polymerization methods, the monomers are polymerized to form the encapsulating polymer. This process can be carried out in two ways, either using emulsion polymerization techniques or interfacial polymerization [10], [11]. Some drawbacks have been reported which have limited the use of polymerization methods for the synthesis of PNPs [10], [11]. Not only are most PNPs formed from slowly biodegradable or no biodegradable monomers, but also non-biocompatible by products may be generated with these methods. Toxic residues such as monomers and initiators may persist which require extensive purification work to result in a pharmaceutically acceptable product. Another challenge is the requirement for free-radical polymerization or UV light to trigger polymerization, which prevents the addition of proteins or peptides during polymerization [21]. Considering the limitations of polymerization techniques, attention is focused on describing the methods involving preformed polymers, as many of the problems involved in the former method can be avoided.

IV. METHODOLOGY

	Polymers have been discovered to be a useful substance for the development of numerous and diverse molecular patterns. These molecular designs can be merged into a unique nanoparticle and are utilized to create many medical applications. Several approaches for the creation of polymeric nanoparticles have been developed over the last two decades. Based on their data, the PNP design approach can be classified, which comprises the polymerization reaction or the production of the nanoparticle from the macromolecule, as well as the ionic gelation method [9]. Nano capsules or nanospheres are formed as a result of the nanoparticle preparation. Figure 1 depicts the distinction between a nanosphere and a Nano capsule. The medications contained within the cavity are known as nano capsules.
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Figure 3 Distinguish between Nanosphere and Nanocapsule


A. Method Used In Polymeric Nanoparticle Preparation

	There are different methods used in the polymeric nanoparticle preparation, and they are expressed in Figure (a) which shows the dispersion of the performed polymer, and Figure (b) shows the polymerization of monomers. At first, the preparation of the nanoparticle from the dispersion of the performed polymer is presented, and then the nanoparticle preparation from the polymerization of monomers is expressed.
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Figure 4 Different Methods Used in Polymeric nanoparticles.
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Figure 4 Different Methods of polymerization of monomers.


B.  Preparation of the Nanoparticle via Monomer Polymerization

	The emulsion polymerization method is the quickest and most easily ascendable way of creating polymeric nanoparticles. The following approach is separated into two groups based on the organic or aqueous phase. In the continuous organic phase, the dispersion of the monomer into an emulsion is involved; this is also known as the inverse micro emulsion or no solvent monomers [13]. To avoid aggregation at the start of the polymerization process, protective or surface-active soluble polymers were utilized to create the nanoparticle. This process is believed to have a low environmental impact due to its requirements, which include an organic hazardous solvent, monomers, mediators, and surfactants. 
Figure 3 depicts the emulsification process. The polymerization process could begin via a variety of mechanisms. When the monomer molecule dissolves in the continuous phase, it collides with the initiator molecule. Ions or radicals could be the initiator molecule. The high-energy radiation system, which comprises g-radiation, UV rays, and intense visible light, transforms the monomer molecule into originating radicals [15]. An anionic polymerization mechanism occurs when monomeric ions or monomeric radicals clash with other monomeric molecules, causing the chain to form. Stage separation and the formation of solid particles might occur before or after the polymerization reaction is completed.
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Figure 5 Emulsion Polymerization Method



C. Polymerization of mini emulsions

	The number of studies published on Mini emulsion-based polymerization and the production of a wide range of useful polymer materials has increased significantly in recent years. Mini emulsion polymerization formulations commonly contain stabilizers, water, monomer blends, surfactants, and initiators. The monomer combination, water, stabilizer, and originator are the common parameters of Mini emulsion polymerization; these were chosen based on the formulization. Polymerization emulsion is distinguished from polymerization Mini emulsion by the use of a molecule with a low molecular mass as a stabilizer [16] as well as the use of a high-shear device. The Mini emulsion process generated a lot of interfacial tension, and in order to achieve the steady-state condition, a lot of shears is required, and the Mini emulsion is crucially stabilized.

D. Characterization of polymeric nanoparticles

Polymeric NPs may differ in physical properties, such as composition and concentration, as well as in size, shape, surface properties, crystallinity, or in dispersion state. These properties are usually assessed by several methods, aiming for the full characterization of the NPs. Electron microscopy, dynamic light scattering (DLS) or photon correlation spectroscopy (PCS), Near-infrared spectroscopy, electrophoresis, and chromatography are a few of the most commonly used. Polymeric NPs characterization is very important, in terms of its applicability, but also to ascertain issues concerning nanotoxicology and exposure assessment in workplaces, which are important to assess their health and safety hazards, as well as to control manufacturing processes.

E. Morphology

	Scanning and transmission electron microscopy (SEM and TEM) have been widely used to obtain information regarding the shape and size of polymeric NPs. These are usually combined with cryofracture techniques to perform the NPs morphology analysis. TEM widely used and is capable of distinguishing between nano capsules and nanospheres, in addition to being able to determine the thickness of the nano capsule wall. Nanospheres have a spherical shape, with a solid polymeric structure, whereas nano capsules are formed by a thin (about 5 nm) polymeric envelope around the oily core. Another technique that has been used to characterize the surface morphology of polymeric NPs is atomic force microscopy (AFM) . It provides information with high resolution in three dimensions, and in a nanometric scale, while it is also able to resolve surface details at an atomic level . By applying this technique, a complex topography on the surface of the nanoparticles has been observed, while by analysing sections of samples, the presence of small cavities and pores has also been revealed.

F. Particle size distribution

	In general, polymeric NPs obtained from different methods may have mean diameters between 100 and 300 nm. The polydispersity should be as low as possible (ideally, nearly zero), and the size distribution unimodal. Particles with diameters around 60 to 70 nm or even less than 50 nm can also be obtained. The nanoparticle size can be measured by using different techniques, the most commonly used being the dynamic (DLS) and static (SLS) light scattering, but TEM, SEM and AFM are also oftenly used. Size measurements may vary depending on the method used, for example, electron microscopy provides an image of the particle isolated from the surroundings, while DLS allows the determination of the hydrodynamic radius of suspended particles. Moreover, DLS is an important complement to TEM, because it can measure larger sizes, providing information on the aggregation state of a nanoparticle in solution by determining changes in particle size distribution. Many factors can influence the size of polymeric NPs, such as the quali-quantitative composition, a example is the case of nano capsules, in which during their production a factor that influences the particle diameter is the nature of the oil used as the core, due to differences in viscosity, hydrophobicity or interfacial tension between the different liquid phases. Another factor that can influence the average diameter of the nanoparticles is the amount of drug that may lead to larger particles with wider size distribution.

	TECHNIQUES
	VALUES

	UV-VISIBLE
	520 nm

	NMR
	2.0-4.0

	IR
	220

	SEM
	Surface area of nanoparticle

	TEM
	Inner structure of particle size (80 to 100 nm)



          Table 1 Principal techniques for evaluation of the physicochemical characteristics of PNPs


 V. Applications

Recent advances in the study of polymers across a variety of fields can enable specified functions of polymeric nanostructures to be matched for adaptable applications. This succinct review focuses on the various preparation techniques for polymeric nanoparticles created in recent decades and their applications in a variety of scientific fields, such as therapeutic, optoelectronic, catalytic, and magnetic applications, as well as some difficult problems relating to the commercialization of new polymer-based therapeutics. It also makes remarks on the cutting-edge usage and applications of polymer nanoparticles in a range of scientific disciplines during the next few decades.
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Figure 6.  Application of Polymer Nanoparticles in various Fields.



VI. CONLUSION

The use of polymers in NP-based formulations has been extremely advantageous in biomedical applications. With a wide range of materials to choose from polymer NPs offer a significant advantage in fine tuning NP physiochemical properties for a range of drugs delivery applications.The nanoparticles are formed by emmulsion polymerization technique. These nanoparticles are characterized by UV,NMR,SEM,IR and TEM Spectrometric Methods. The study of nanoparticles is neccesary to continue the development of efficient nanocarriers,showing no risk for the enviornment or human health in their potential application.The physiochemical behaviour of polymeric NPs is the subject of numerous researchers,however one of the main difficulties encountered in their characterization is their nanosize.
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