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Abstract:
Nanoparticles have emerged as promising carriers in drug delivery systems due to their unique properties at the nanoscale. Nanoparticles like liposomes, polymeric nanoparticles, and inorganic nanoparticles are widely used to carry drug molecules. Polymeric nanoparticles have gained significant attention in the field of drug delivery due to their versatility, biocompatibility, and ability to encapsulate a wide range of drugs. The drug is dissolved, entrapped, encapsulated, or linked to a nanoparticle matrix in the form of polymeric nanoparticles (PNPs), which range in size from 10 to 1000 nm and are made from biocompatible and biodegradable polymers. Polymeric nanoparticles can be prepared by a variety of techniques based on whether a polymerization reaction is involved in the particle formation or whether nanoparticles form directly from macromolecules, preformed polymers, or the ionic gelation method. The present review aims to review and summarize the methods for the preparation of polymeric nanoparticles.
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Introduction:
Drug delivery is one of the many industries that have been transformed by nanotechnology. It entails working with objects and structures at the nanoscale level, which typically falls between 1 and 100 nanometers (Blanco et al., 2015). Researchers can create drug delivery systems with greater efficiency, specificity, and targeted delivery by using nanotechnology, which will boost therapeutic outcomes. Drug compounds are frequently transported using nanoparticles including liposomes, polymeric nanoparticles, and inorganic nanoparticles (like gold or iron oxide). These particles have the ability to encapsulate medicines, preventing drug deterioration and enabling regulated medication release (Dreaden et al., 2012). Additionally, nanoparticles can increase the stability, bioavailability, and solubility of drugs. Nanoparticles can be made functional by adding ligands or antibodies that selectively bind to the sick cells' or tissues' molecular targets (Allen & Cullis, 2013). With this focused strategy, drug exposure to healthy tissues is minimised, adverse effects are decreased, and therapeutic efficacy is increased. While passive targeting relies on the leaky nature of tumour vasculature to collect nanoparticles in tumour tissues, active targeting systems actively direct nanoparticles to the desired site. Drugs can be released from nanoparticles in a regulated and continuous manner (Siepmann & Siegel, 2012). Drug release can be activated by a variety of stimuli, including pH, temperature, enzymes, or external energy sources like light or magnetic fields, by modifying the nanoparticle composition, size, surface features, or integrating stimuli-responsive components. As a result, therapeutic concentrations at the target site can be optimised by the use of precise drug release patterns. Some medications are intrinsically prone to instability and deterioration. These medications can be shielded against deterioration by being enclosed within nanoparticles that have a stable carrier matrix (Patel et al., 2012). This could increase therapeutic efficacy, prolong shelf life, and improve medication stability. The simultaneous distribution of several medications or therapeutic agents within a single carrier system is made possible by nanotechnology. As a result, medicines with various modes of action can be used in combination therapy to achieve synergistic effects, combat drug resistance, or target various disease-progression pathways. The present review aims to review and summarize the methods for the preparation of polymeric nanoparticles.
Polymeric nanoparticles 
[bookmark: _Hlk137720018][bookmark: _Hlk137720204][bookmark: _Hlk137720322][bookmark: _Hlk137720394]The drug is dissolved, entrapped, encapsulated, or linked to a nanoparticle matrix in the form of polymeric nanoparticles (PNPs), which range in size from 10 to 1000 nm and are made from biocompatible and biodegradable polymers. Depending on the method of preparation, one can produce nanoparticles, nanospheres, or nanocapsules. Nanospheres are matrix systems in which the drug is physically and uniformly spread, whereas nanocapsules are systems in which the drug is restricted to a cavity surrounded by a specific polymer membrane (Babak et al., 2001). According to Schmidt et al. (2004), the field of polymer nanoparticles (PNPs) is rapidly growing and playing a significant role in a variety of fields including electronics, photonics, conducting materials, sensors, medicine, biotechnology, pollution control, and environmental technology. By allowing for simple production of carriers with the goal of delivering the pharmaceuticals to a specified target, TPNPs are potential drug delivery systems. A benefit like this raises drug safety (Shokri et al., 2011). Drugs, proteins, and DNA can be successfully delivered to target cells and organs by polymer-based nanoparticles (Allemann et al., 1998). Their nanoscale size encourages stability in the bloodstream and efficient diffusion through cell membranes. Ingenious nanoparticle structures with numerous potential medical uses can be created using polymers, which are particularly practical materials for the production of innumerable and diverse molecular designs (Peer et al., 2007). PNPs have been prepared using a variety of techniques over the past 20 years. These techniques are categorised based on whether a polymerization reaction is involved in the particle formation or whether nanoparticles form directly from macromolecules, preformed polymers, or the ionic gelation method (Aleksandra et al., 2020).
 
Polymers used in preparation of nanoparticles 

The primary characteristic of a polymer to be used as drug delivery agent is its biocompatibility, adaptability, non-antigenicity, and biodegradability. A number of natural polymers like Chitosan, Gelatin, Sodium alginate, and Albumin are used commonly for the preparation of polymeric nanoparticles (Daljeet et al., 2021). Similarly, synthetic polymers can also be used for the same enlisted below: 
· Polylactides(PLA) 
· Polyglycolides(PGA) 
· Poly(lactide co-glycolides) (PLGA) 
· Polyanhydrides 
· Polyorthoesters 
· Polycyanoacrylates 
· Polycaprolactone 
· Poly glutamic acid 
· Poly malic acid 
· Poly(N-vinyl pyrrolidone) 
· Poly(methyl methacrylate) 
· Poly(vinyl alcohol) 
· Poly(acrylic acid) 
· Poly acrylamide 
· Poly(ethylene glycol) 
· Poly(methacrylic acid)

Mechanisms of drug release 

Any one of the three common physico-chemical methods is used by the polymeric drug carriers to deliver the drug at the tissue location. 
1. By the polymer nanoparticles' hydration-induced swelling, which is followed by release through diffusion. 
2. By an enzymatic process that causes the polymer at the point of delivery to rupture, cleave, or degrade, freeing the medication from the imprisoned inner core. 
3. Drug de-adsorption/release from the swollen nanoparticles and polymer dissociation (Chizhu Ding et al., 2017).s

Techniques of preparation 

Depending on the specific application, PNPs' attributes need to be optimised. The mode of preparation is essential in achieving the desired qualities. Consequently, it is very beneficial to have preparation methods on hand in order to create PNPs with the appropriate properties for a certain application. Various methods are employed, including polymerization, premade polymers, ionic gelation, etc. (Carina et al., 2017).

Methods for preparation of nanoparticles from dispersion of preformed polymer: 

A typical method for creating biodegradable nanoparticles is to disperse the medication in premade polymers from poly (lactic acid) (PLA), poly (D, L-glycolide) (PLG), poly (D, L-lactide-co-glycolide) (PLGA) and poly (cyanoacrylate) (PCA). These can be accomplished by different methods described below (Thiruchelvi et al., 2022).

(I) Solvent evaporation 

The first technique created to make PNPs from a was solvent evaporation. This technique involves creating polymer solutions in volatile solvents and creating emulsions. Dichloromethane and chloroform premade polymer were once frequently utilised, but ethyl acetate has now taken their place because of its superior toxicity profile. On the evaporation of the polymer's solvent, which is then allowed to seep into the continuous phase of the emulsion, the emulsion transforms into a suspension of nanoparticles (Tyagi and Pandey, 2016). The manufacture of single-emulsions, such as oil-in-water (o/w) or double-emulsions, such as (water-in-oil)-in-water, (w/o)/w, using acetone (8:2, v/v) as the solvent system and PVA as the stabilising agent are the two primary techniques utilised in the conventional procedures for the formation of emulsions. Song et al. (2017) created PLGA nanoparticles using dichloromethane and acetone (8:2, v/v) as the solvent system and PVA as the stabilising agent. The usual particle size of these nanoparticles is between 60 and 200 nm. It was discovered that the type and concentration of stabiliser, homogenizer speed, and polymer concentration all had an impact on particle size. Frequently, a high-speed homogenization or ultrasonication may be used to achieve small particle size.
      
(II) Nanoprecipitation 

[bookmark: _Hlk137722844][bookmark: _Hlk137722997][bookmark: _Hlk137723091][bookmark: _Hlk137723137][bookmark: _Hlk137723182][bookmark: _Hlk137723249]Another name for nanoprecipitation is solvent displacement technique. According to (Fessi et al. 1989), it entails the precipitation of a preformed polymer from an organic solution and the diffusion of the organic solvent in the aqueous medium with or without the presence of a surfactant. The precipitation of nanospheres occurs when the polymer, typically PLA, is dissolved in a water-miscible solvent with an intermediate polarity. This phase is added to an aqueous solution that has been agitated and contains a stabiliser as a surfactant. Instantaneous development of a colloidal suspension results from polymer deposition on the interface between the organic solvent and water, which is brought on by fast solvent diffusion (Quintanar-Guerrero et al., 1998). Phase separation is carried out using a fully miscible solvent that is also a non-solvent of the polymer in order to enable the creation of colloidal polymer particles during the first step of the technique (Vauthier et al., 2003). When a little amount of nontoxic oil is added to the organic phase, the solvent displacement approach allows the creation of nanocapsules. When nanocapsules are manufactured, high loading efficiencies for lipophilic medicines are typically observed due to the oil-based central chambers of the nanocapsules. This straightforward method is only effective with water-miscible solvents because the diffusion rate is high enough to result in spontaneous emulsification in these solvents (Quintanar-Guerrero et al., 1998). Then, even though some water-miscible solvents result in a certain amount of instability when combined with water, spontaneous emulsification is not seen if the droplets' coalescence rate is high enough (Dimitrova et al., 1988). Despite being used to dissolve and increase the entrapment of medicines, dichloromethane (ICH, class 2) is hazardous and increases the mean particle size (Wehrle et al., 1995). Due to the solvent's miscibility with the aqueous phase, this approach can only be used to encapsulate lipophilic pharmaceuticals and is ineffective for water-soluble medications. Many polymeric polymers, including PLGA, PLA, PCL, and poly (methyl vinyl ether-comaleic anhydride) (PVM/MA), have been subjected to this approach (Barichello et al., 1999). Because entrapment efficiencies as high as 98% were attained, this approach proved ideally suited for the inclusion of cyclosporin A (Allemann et al., 1998). The poorly soluble antifungal medications Bifonazole and Clotrimazole were made into highly loaded nanoparticulate systems based on amphiphilic h-cyclodextrins using the solvent displacement approach (Memisoglu et al., 2003).
                         
(III) Emulsification/solvent diffusion (ESD) 

[bookmark: _Hlk137723433]The solvent evaporation method, as modified here (Niwa et al., 1993), is used. To ensure the initial thermodynamic equilibrium of both liquids, the encapsulating polymer is dissolved in a partly water soluble solvent, such as propylene carbonate, and saturated with water. In fact, it is necessary to encourage the diffusion of the dispersed phase's solvent by dilution with an excess of water when the organic solvent is partially miscible with water or with another organic solvent in the opposite case in order to produce the precipitation of the polymer and the subsequent formation of nanoparticles. Then, depending on the ratio of oil to polymer, the polymer-water saturated solvent phase is emulsified in an aqueous solution with stabiliser, causing solvent diffusion to the exterior phase and the creation of nanospheres or nanocapsules. Depending on its boiling point, the solvent is finally removed via evaporation or filtering. Figure 4 provides an illustration of the process. excellent encapsulation efficiency (often >70%), the absence of homogenization, excellent batch-to-batch consistency, ease of scaling up, simplicity, and limited size distribution are just a few benefits of this method. The enormous amounts of water that must be removed from the suspension and the leaking of a medication that is water-soluble into the saturated-aqueous exterior phase during emulsification are drawbacks (Catarina et al., 2006). This method, like some of the others, works well to encapsulate medicines that are lipophilic (Quintanar-Guerrero et al., 1998). The ESD method was used to create a number of drug-loaded nanoparticles, including mesotetra(hydroxyphenyl)porphyrin-loaded PLGA (p-THPP) nanoparticles, doxorubicin-loaded PLGA nanoparticles, plasmid DNA-loaded PLA nanoparticles, coumadin-loaded PLA nanoparticles, indocyanine.
                        
(IV) Salting out 

[bookmark: _Hlk137723579][bookmark: _Hlk137723649][bookmark: _Hlk137723813]The principle behind salting out is the use of the salting out phenomenon to separate a water miscible solvent from aqueous solution. The emulsification/solvent diffusion process can be thought of as being modified by the salting out process. The salting-out agent (electrolytes, such as magnesium chloride, calcium chloride, and magnesium acetate, or non-electrolytes, such as sucrose) and a colloidal stabiliser, such as polyvinylpyrrolidone or hydroxyethylcellulose, are added to the polymer and drug after they have first been dissolved in a solvent, such as acetone. The production of nanospheres is induced by diluting this oil/water emulsion with an adequate amount of water or aqueous solution to improve acetone's ability to diffuse into the aqueous phase (Catarina et al., 2006). The choice of the salting out agent is crucial since it can have a significant impact on how effectively the medicine is encapsulated. Cross-flow filtration is then used to remove both the solvent and the salting out agent. This method, which is used to make PLA, or poly (methacrylic acid), nanospheres, is highly effective and simple to scale up. According to (Jung and Fessi, 2006), the fundamental benefit of salting out is that it reduces stress on protein encapsulants. When heat-sensitive materials need to be processed, salting out may be advantageous because it doesn't require a rise in temperature (Lambert et al., 2001). The most significant drawbacks are the exclusive use of lipophilic medicines and the lengthy nanoparticle cleaning procedures (Couvreur et al., 1995).                      
                                    
(V) Dialysis 

[bookmark: _Hlk137723930][bookmark: _Hlk137724008]Small, narrow-distributed polymeric nanoparticles can be created using a simple and efficient approach called dialysis (Jeong et al., 2001). A dialysis tube is filled with a polymer that has been dissolved in an organic solvent and has had the appropriate molecular weight cut off. A non-solvent that is miscible with the former miscible is used for dialysis. Following the displacement of the solvent inside the membrane, the polymer gradually aggregates as a result of a loss of solubility, and homogeneous suspensions of nanoparticles form. Currently, the mechanism of PNP production by the dialysis approach is not completely known. It is believed that it might be based on a mechanism resembling the nanoprecipitation theory put forth by (Fessi et al. in 1989). By using this method, several polymer and copolymer nanoparticles were produced. DMF was used as the solvent to create poly(benzyl-l-glutamate)-b-poly(ethylene oxide) and poly(lactide)-b-poly(ethylene oxide) nanoparticles (Lee et al., 2004). The shape and particle size distribution of the nanoparticles are influenced by the solvent that was used to make the polymer solution. A unique osmosis-based technique for the synthesis of different natural and synthetic PNP was disclosed by (Chronopoulou et al. in 2001) (Fig. 5). It is based on the employment of a physical barrier, specifically a dialysis membrane or typical semi-permeable membranes that allow the passive transit of solvents to slow down the mixing of the polymer solution with a non-solvent. The dialysis membrane contains the polymer solution.

                           
                                

(VI) Supercritical fluid technology 

[bookmark: _Hlk137724136]Research on the use of supercritical fluids as more environmentally friendly solvents, with the potential to manufacture PNPs with high purity and without any trace of organic solvent, has been inspired by the need to develop environmentally safer ways for the synthesis of PNP (York P, 1999). Technology based on supercritical fluid and dense gas is anticipated to provide an intriguing and efficient method of particle creation while avoiding the majority of the disadvantages of conventional approaches. 
Supercritical fluids have been used to create nanoparticles, and two principles have been established: 
1. Rapid expansion of supercritical solution into liquid solvent (RESOLV). 
2. Rapid expansion of supercritical solution (RESS).

(VII) Rapid expansion of supercritical solution 

[bookmark: _Hlk137724193]Traditional RESS involves dissolving the solute in a supercritical fluid to create a solution, which is then rapidly expanded over an aperture or a capillary nozzle into the surrounding air. The creation of well-dispersed particles is caused by homogeneous nucleation, which is brought on by the high degree of super saturation and the quick pressure reduction in the expansion. Both nanometer- and micrometer-sized particles can be found in the expansion jet, according to the findings of mechanistic investigations of various model solutes for the RESS process (Weber et al., 2002). Several research on the creation of PNPs utilising RESS have been conducted. Droplets of poly (perfluoropolyetherdiamide) are created when CO2 solutions rapidly expand. Three main components make up the RESS experimental apparatus: a pre-expansion unit, a syringe pump, and a high-pressure stainless steel mixing chamber. At room temperature, a polymer and CO2 solution is created. Syringe pumps are used to pump the solution to the pre-expansion unit where it is isobarically heated to the pre-expansion temperature before it leaves the nozzle. Now, at atmospheric pressure, the supercritical solution is permitted to expand through the nozzle. The particle size and morphology of the particles for RESS are significantly influenced by the polymer's concentration and saturation level (Chernyak et al., 2001).

                                
(VIII) Rapid expansion of supercritical solution into liquid solvent
 
Expansion of the supercritical solution into a liquid solvent rather than ambient air is a straightforward but important adjustment to the RESS process (Sun et al., 2002). Poly (heptadecafluorodecyl acrylate) nanoparticles with an average size of less than 50 nm were prepared, according to ( Meziani et al.2004). Although there are no organic solvents utilised in the RESS process for the creation of PNPs, the fundamental disadvantage of RESS is that the primary products created using this technique are microscaled rather than nanoscaled. A new supercritical fluid technique called RESOLV has been created to get over this limitation. According to Meziani et al., 2005 the liquid solvent in RESOLV appears to inhibit particle growth in the expansion jet, allowing for the production of mostly nanosized particles.

 Preparation of nanoparticles by polymerization of a monomer 

Designing appropriate polymer nanoparticles can be done during the polymerization of monomers in order to get the needed properties for a specific application. The procedures for creating PNPs by polymerizing monomers are explained below. 
(I) Emulsion polymerization 
[bookmark: _Hlk137724333]One of the quickest and most scalable processes for producing nanoparticles is emulsion polymerization. Depending on whether an organic or an aqueous continuous phase is used, the approach is divided into two groups. In order to use the continuous organic phase approach, a monomer must be dispersed into an emulsion, an inverse microemulsion, or a nonsolvent—a substance in which the monomer is not soluble. By using this technique, polyacrylamide nanospheres were created (Ekmam et al., 1978). Surfactants or protective soluble polymers were utilised as one of the first techniques for producing nanoparticles to stop aggregation in the early phases of polymerization. Due to the need for hazardous organic solvents, surfactants, monomers, and initiators that are afterwards removed from the produced particles, this technique has lost some of its significance. Alternative Approaches are of increased interest due to the non-biodegradable nature of this polymer and the challenging procedure. Later, nanoparticles made from poly (methylmethacrylate, or PMMA), poly (ethylcyanoacrylate, or PECA), and poly (butylcyanoacrylate, or PBC, were created by dispersing them in organic phase solvents such cyclohexane (ICH class 2, n-pentane (ICH class 3), and toluene (ICH class 2). Surfactants or emulsifiers are not required in the aqueous continuous phase, when the monomer is dissolved in a continuous phase that is typically an aqueous solution. Several mechanisms can start the polymerization process. When a monomer molecule dispersed in the continuous phase strikes an initiator molecule—which might be an ion or a free radical—initiation takes place. As an alternative, powerful ultraviolet or visible light, high-energy radiation, such as g-radiation, can convert the monomer molecule into an initiating radical. According to an anionic polymerization mechanism, chain development begins when started monomer ions or radicals strike additional monomer molecules. Before or after the polymerization reaction is completed, phase separation and the creation of solid particles can occur (Kreuter et al., 1982).

(II) Mini-emulsion polymerization 
Recent years have seen a significant growth in the number of publications on mini-emulsion polymerization and the creation of numerous practical polymer compounds. Water, a monomer combination, a co-stabilizer, a surfactant, and an initiator make up a typical formulation used in mini-emulsion polymerization. The employment of a high-shear device (ultrasound, etc.) and a low molecular mass substance as the co-stabilizer are the two main differences between emulsion polymerization and mini-emulsion polymerization. Mini-emulsions have an interfacial tension much above zero, are highly stabilised, and need strong shear to attain a steady state. As described in the literature (Ham et al., 2006), the Mini-emulsion approach was used to create the different polymer nanoparticles.

(III) Micro-emulsion polymerization 
A novel and successful method for producing nanosized polymer particles has gained a lot of attention: micro-emulsion polymerization. Even while both emulsion and micro-emulsion polymerization techniques can create colloidal polymer particles with high molar masses, they are completely different kinetically. In micro-emulsion polymerization, both particle size and the average number of chains per particle are much smaller. A thermodynamically stable micro-emulsion with swollen micelles is added to the aqueous phase of micro-emulsion polymerization together with an initiator, which is normally water-soluble. This thermodynamically stable, spontaneously produced state serves as the starting point for polymerization, which depends on large amounts of surfactant systems with low interfacial tension at the oil/water contact. Due to the application of a large amount of surfactant, the particles are also entirely covered in surfactant. Since the initiation cannot occur simultaneously in all microdroplets, polymer chains initially only form in part of the droplets. The delicate micro-emulsions are later destabilised by the elastic and osmotic impact of the chains, which typically result in a rise in particle size, the generation of empty micelles, and subsequent nucleation. In the finished product, the bulk of empty micelles coexist with very small latexes, 5–50 nm in size. Some of the key variables impacting the micro-emulsion polymerization kinetics and the characteristics of PNP are the types and concentrations of initiators, surfactants, monomers, and reaction temperature (Puig et al., 1996).

(IV) Interfacial polymerization 
[bookmark: _Hlk137724706][bookmark: _Hlk137724877]It is among the tried-and-true techniques for making polymer nanoparticles (Yongyang Song et al., 2017). The reaction takes place at the interface of the two liquids and involves the step polymerization of two reactive monomers or agents that are dissolved in two phases (i.e., continuous and dispersed). By using interfacial cross-linking processes like polyaddition and polycondensation (Danicher et al., 2000) or radical polymerization (Scott et al., 2005), nanometer-sized hollow polymer particles have been created. By polymerizing monomers at the oil/water interface of a very fine oil-in-water micro-emulsion, oil-containing nanocapsules were created (Khoury-Fallouh et al., 1986). The interfacial polymerization of the monomer was thought to take place at the surface of the oil droplets that formed during emulsification because the organic solvent, which was totally miscible with water, served as a carrier for the monomer (Gallardo et al., 1993). Aprotic solvents like acetone and acetonitrile should be used to encourage nanocapsule development. Protic solvents were discovered to cause the development of nanospheres in addition to nanocapsules, including ethanol, n-butanol, and isopropanol (Puglisi et al., 1995). As an alternative, interfacial polymerization of monomers in water-in-oil micro-emulsions can be used to create water-containing nanocapsules. According to (Gasco et al. 1986), in these situations, the polymer precipitated locally at the water-oil interface to create the nanocapsules' shell.

(V) Controlled/living radical polymerization (C/LRP) 
The lack of control over the molar mass, molar mass distribution, end functions, and macromolecular architecture are the main drawbacks of radical polymerization. The unavoidable quick radical-radical termination reactions are what lead to the restrictions. The recent introduction of numerous 'controlled' or 'living' radical polymerization (C/LRP) techniques has created a new field for an established polymerization method (Matyjaszewski et al., 2001). Increased environmental awareness and a fast increase in the use of hydrophilic polymers in pharmaceutical and medical applications are the main drivers of this development in the C/LRP process. These factors have given rise to "green chemistry" and increased demand for solvents like water and supercritical carbon dioxide that are safe for the environment and human health. Industrial radical polymerization, specifically emulsion polymerization, is frequently carried out in aqueous dispersion systems. Controlling the polymer's properties in terms of molar mass, molar mass distribution, architecture, and function was the main objective. Future commercial success of C/LRP depends on its application in the industrially significant aqueous dispersion systems, which produces polymeric nanoparticles with precise control over particle size and size distribution (Nicolas et al., 2005). Nitroxide-mediated polymerization (NMP) (Dire et al., 2009), atom transfer radical polymerization (ATRP) (Min et al., 2006), and reversible addition and fragmentation transfer chain polymerization (RAFT) (Zhou et al., 2007) are among the successful and in-depth methods for controlled/living radical polymerization that are currently available (Braunecker et al., 2005). In addition to temperature, other important factors that affect PNP size include the kind and concentration of the control agent, monomer, initiator, and emulsion type. The type of control agent is one of them that has a significant impact on the final product's particle size.
Ionic gelation or coacervation of hydrophilic polymers 
Utilising biodegradable hydrophilic polymers like chitosan, gelatin, and sodium alginate, polymeric nanoparticles are created. By using ionic gelation, Calvo and colleagues created a technique for producing hydrophilic chitosan nanoparticles (Calvo et al., 1997). Ionic gelation was used by (Amir et al. 2008) to create Dexamethasone Sodium Phosphate loaded chitosan nanoparticles. Chitosan, a di-block co-polymer of ethylene oxide or propylene oxide (PEO-PPO), and poly anion sodium tripolyphosphate are the two aqueous phases that are combined in the procedure. By interacting with the negatively charged tripolyphosphate, the positively charged amino group of chitosan forms coacervates, which have a size in the nanometer range. In contrast to ionic gelation, which occurs when a substance changes from a liquid to a gel as a result of ionic interaction conditions at ambient temperature, coacervates are created as a result of electrostatic interaction between two aqueous phases.

Overall, polymeric nanoparticles incur several advantages. They provide a considerable improvement over conventional oral and intravenous ways of delivery in terms of efficiency and effectiveness. They increase the stability of any volatile pharmacological substances, which are easily and inexpensively manufactured in large quantities by a variety of methods. Transports a greater quantity of the medicinal agent to the desired spot. Polymeric nanoparticles are the perfect vehicle for the delivery of vaccines, contraceptives, and targeted antibiotics due to the polymer they were chosen for and the flexibility of their drug release. Polymeric nanoparticles are simple to incorporate into other drug delivery-related processes, like tissue engineering (Adelina et al., 2021). Nevertheless, personalised treatment, targeted therapy, and better patient outcomes are all made possible by the use of nanotechnology in drug delivery. Prior to extensive clinical translation, more study is required to optimise the design of nanomaterials, their safety, scalability, and regulatory considerations.
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