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Chitosan Nanoparticles are made from chitosan or its derivatives. The N-deacetylated derivative of chitin is an appealing

biopolymer for producing nanoparticles because chitosan has a unique polymeric cationic nature, non-toxicity, high

biocompatibility, mucoadhesive properties, absorption-enhancing qualities, and biodegradability.
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1. Introduction

ChNP boost the capacity of bioactive compounds to dissolve, entrap, encapsulate, and/or cling to the nanoparticle matrix.

These systems have large surface areas where bioactives can be adsorbed. Their nanoscale size also improves efficient

penetration through epitheliums. ChNP can also carry drugs, proteins, and DNA with low-to-high molecular weights and

are negatively charged for targeting organs, cells, and tissues . ChNP are also suitable for mucosal distribution, such as

nasal, oral, and ocular mucosa, due to their characteristics and functions. When chitosan encounters anions, it forms a gel

and beads and this feature allows it to be used in drug delivery. In addition, the size of the beads (1–2 mm) restricts its

applicability . Ohya and colleagues described ChNP for the first time in 1994 and employed emulsified and cross-

linked ChNP to deliver the antitumor drug 5-fluorouracil intravenously . To date, different techniques have been

developed to produce ChNP and some of them are briefly discussed herein . Overall, the most common techniques are

ionotropic gelation and polyelectrolyte complexation since they are straightforward and do not need large shear forces or

organic solvents .

2. Ionotropic Gelation

Chitosan can be cross-linked physically and chemically to generate nanoparticles because its backbone contains a

number of amine groups that are protonated to form NH  in acidic conditions . Physical cross-linking has sparked a lot

of attention over chemical cross-linking as it eliminates toxic substances, reduces undesirable effects, and improves

biocompatibility . In addition, this simple and mild procedure allows for real cross-linking . Physical cross-linking

depends on the chitosan (positive charge) and multivalent ions (negative charge) generated by sodium tripolyphosphate

(TPP) , citrate, and sulphate . Calvo et al. were the first to report this ionic gelation process, which has been

extensively studied and refined . When chitosan gelation takes place by tiny anionic molecules, such as phosphate,

citrate, or sulphate, the designated ionic gelation is used. When anionic macromolecules are used instead of tiny

molecules, a polyelectrolyte complexion is thought to occur . This approach makes use of the electrostatic interaction

among the amine group of chitosan and a negatively charged polyanion such as tripolyphosphate . Chitosan is poured

into an acetic acid solution or added with a stabilising agent, such as poloxamer, and the tripolyphosphate aqueous

solution is mixed under vigorous stirring. Then, anionic particles diffuse into the chitosan molecules and cross-linking

occurs, leading to nanoparticle formation with a size range of 200–1000 nm, as shown in Figure 1A. After a couple of

centrifugations and washing with water, ChNP are collected by freeze-drying or oven-drying. In this process, the chitosan-

to-stabiliser ratio can alter the nanoparticles’ surface charge and size . Increasing the chitosan-to-polyanion ratio

results in an increase in particle size . Since the smaller particle size was revealed in sodium chloride, nanoparticles

disseminated in saline solution were also found to be more stable. The electrostatic repulsion between the amine groups

of the chitosan backbone is reduced when a monovalent salt (sodium chloride) is added to the solvent. The polymer

chains become more flexible, enhancing their stability .
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Figure 1. Preparation of chitosan nanoparticles by (A) ionotropic gelation and (B) ionotropic gelation with the radical

polymerisation method.

Ionotropic gelation can also be combined with radical polymerisation, which causes chitosan to gel, whereas acrylic or

methacrylic acid is polymerised . As shown in Figure 1B, potassium persulfate is used as an initiator for the

polymerisation reaction, which takes around 6 h to complete at 60–70 °C . This approach eliminates the unreacted

particles by dialysis or washing with water. Silk peptide, insulin, and serum albumin have been successfully loaded using

this approach . Overall, the ionotropic gelation method is the simplest and most cost-effective from bench-to-industrial

scale-up. This is because this method requires simple, inexpensive materials and equipment and it can be easily

accomplished moderately and rapidly in conventional research labs. Furthermore, the framework premised on

electrostatic interaction rather than chemical reaction eradicates the need for organic solvents, avoiding unnecessary

toxicological effects. Encapsulation efficiency can also be improved when the technique is set up to achieve optimised

polymer–drug interactions .

3. Emulsion Droplet Coalescence and Emulsion Solvent Diffusion

In the emulsion droplet coalescence, a stable water-in-oil emulsion is made by homogenising an aqueous chitosan

solution with the drug in liquid paraffin including a stabiliser, such as Span  83, at high speed. During mixing both

emulsions, droplets from both emulsions will collide and coalesce, causing chitosan droplets to precipitate and form

nanoparticles of about 452 nm, as shown in Figure 2A .
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Figure 2. Preparation of chitosan nanoparticles by (A) emulsion droplet coalescence and (B) emulsion solvent diffusion.

El-Shabouri (2002) was the first to report on the emulsion solvent diffusion method  using a modified approach

established by Niwa et al. . Initially, an oil-in-water type emulsion is created by injecting an organic phase, such as

acetone or methylene chloride, into a solution containing the hydrophilic drug to an aqueous chitosan solution containing a

stabilising agent, such as lecithin/poloxamer, with stirring followed by high-pressure homogenisation to evaporate

methylene chloride. By diffusing acetone into the aqueous phase, the solubility of chitosan is decreased and the polymer

precipitates, owing to the organic solvent diffusion into the water, resulting in nanoparticles with an average size of

between 100 and 500 nm , as shown in Figure 2B. An excess amount of water is added to ensure complete acetone

diffusion and the nanoparticles are separated using centrifugation. This novel approach can reduce the particle size and

distribution of the synthesised ChNP. Although the emulsification strategy leads to better particle size control, strong

cross-linking agents are generally used in this procedure and the total elimination of the residual cross-linking agents can

be challenging . The emulsion solvent diffusion method is appropriate for both hydrophobic and hydrophilic drugs. In

the case of hydrophilic drugs, a multiple water/oil/water emulsion (e.g., double emulsion) with the drug dissolved in the

internal aqueous phase should be established. However, the use of high shear forces and organic solvents required

during nanoparticle formation are two drawbacks of this approach.

4. Reverse Micellar Method

The reverse micellar approach is used to produce polymeric nanoparticles with a narrow size distribution . Different

polymers can be used to obtain micelles to carry drugs. Reverse micelles are thermodynamically stable liquid mixtures of

water, oil, and surfactant. Compared to the typical emulsion polymerisation processes, the reverse micelle-hosted

technology has a dynamic behaviour due to the generation of particles with a narrow size range . This method uses a

surfactant dissolved in an organic solvent to create reverse micelles. The Brownian motion randomly shifts the micellar

droplets so they divide into two micelles after swapping their water content .

To prepare an organic phase, a lipophilic surfactant, such as sodium bis-(2-ethylhexyl) sulphosuccinate, is mixed in an

organic solvent such as n-hexane (water in oil emulsion). After that, an aqueous drug–chitosan solution is added to the
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surfactant and organic solvent while stirring. After adding a cross-linking agent, the liquid is stirred overnight for cross-

linking. Then, the organic solvent is eliminated, leaving a dry substance. The dried material is added to water to eliminate

the surfactant and salt is applied to remove the surfactant, followed by centrifugation to recover the ChNP. The isolation of

the nanoparticles is accomplished in three steps: surfactant precipitation with CaCl , dialysis to remove unreacted

components, and freeze-drying . This allows the production of small, narrow particle sizes. The steps in this strategy

are depicted in Figure 3A. Bovine serum albumin (BSA)-loaded ChNP in the 80–180 nm size range were prepared using

the reverse micellar technique .

Figure 3. Preparation of chitosan nanoparticles by (A) reverse micellisation and (B) desolvation.

5. Desolvation

The desolvation process was employed for the first time to manufacture micron-sized carriers . Chitosan nanoparticles

are frequently made using a process modified from sodium sulphate . DNA and protein distribution is possible using

this method . Phase separation and coacervation are the foundations of the desolvation technique. Nanoparticles

precipitate when desolvation agents (such as ethanol or acetone) are added, and nanoparticle stability is achieved by

adding a cross-linking agent . In this process, an aqueous chitosan solution with a stabilising agent (e.g., Tween 20) is

treated with a precipitation agent (e.g., sodium sulphate). The salty chitosan solution causes a steady removal of water-

encircling chitosan. Due to the insolubilisation of chitosan, precipitation occurs. To harden the nanoparticles with an

average range of 373 ± 71 nm, glutaraldehyde is applied last . This technique has several advantages over other

methods, the most notable of which is its ability to create nanoparticles in a single step, in addition to its low costs, low

use of electricity, and frequency . Figure 3B shows an illustration of this strategy.
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6. Nano Precipitation

The solvent displacement technique, commonly referred to as nanoprecipitation, has many benefits over other

approaches. The principle of this fabrication method is known as the Marangoni effect. In the nanoprecipitation method,

the nanoparticles are obtained from the colloidal suspension when the oil phase is slowly added to the aqueous phase

under moderate stirring. The formation of the nanoparticles is instantaneous and needs only one step so it has the

advantage of a rapid and straightforward operation. The key parameters in the fabrication procedure have a great

influence on the nanoprecipitation method such as the organic phase injection rate, aqueous phase agitation rate, and the

oil phase/aqueous phase ratio . Particle sizes with very narrow distribution can be synthesised because of the absence

of shearing stress. This method is used mostly for hydrophobic drug entrapment but is sometimes employed to

incorporate hydrophilic drugs. Polymers and drugs are dissolved in a water-miscible organic solvent, for example, acetone

or methanol. The solution is then added to an aqueous solution that contains a surfactant in a drop-wise manner. Through

rapid solvent diffusion, the nanoparticles are formed immediately. Afterwards, the solvents are removed under reduced

pressure. A diffusing phase is created by dissolving chitosan in a solvent system and injecting it into the dispersion phase,

i.e., methanol, through the membrane using a peristaltic pump at a constant flow rate of 0.8 mL/min. Tween 80 is mixed

into the dispersion phase to obtain nanoparticles . The nanoprecipitation approach can also generate nanoparticles with

sizes ranging from 50 to 300 nm, which is advantageous because smaller particle sizes generate more areas of contact.

This property is critical for its use in adsorption and desorption systems . This method can generate particles as

small as 170 nm, which increases the number of applications as well as its efficiency. Figure 4A shows a schematic

representation of this method.

Figure 4. Preparation of chitosan nanoparticles by (A) nanoprecipitation method and (B) spray-drying method.

7. Spray-Drying

Spray-drying is another method for producing ChNP, as shown in Figure 4B. In this process, a nano spray dryer is used.

Chitosan is solubilised with glacial acetic acid in water, which is then stored overnight. The solution is then atomised,
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which helps to generate droplets using an atomiser. The liquid phase is then evaporated by mixing these droplets with a

drying gas, resulting in the formation of ChNP. Generally, the spray-drying nozzle size is 4.0, 5.5, or 7.0 μm and the flow

rate is 2 mL/min; the drying gas flow is 1.3 m /min, the inlet temperature 120 °C, and the outlet temperature 80 °C . In

the spray-drying process, the features and manufacturing yield of ChNP are influenced by the original feed, as well as the

operating parameters, such as flow rate, nozzle size, and inlet and outlet temperatures . In the pharmaceutical industry,

spray-drying is frequently used to create the microencapsulation of antibiotics such as ampicillin, amoxicillin, vancomycin,

etc . Spray-drying is a simple, one-stage, continuous process that is only sluggishly influenced by the solubility of the

drug and polymer. It can also be employed with pharmaceuticals that are heat-resistant, heat-sensitive, water-soluble, or

water-insoluble and for hydrophilic or hydrophobic polymers . Spray-drying is a simple, one-step approach that is

protein-friendly for protein-loaded ChNP . Ozturk et al.  used spray-drying to create ChNP comprising dexketoprofen

and evaluated them for anti-inflammatory activity. ChNP loaded with dexketoprofen trometamol appear to be a potential

oral prolonged-release medication delivery strategy with low dosages and good efficiency.
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