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 ABSTRACT: 
Nanotechnology is recognized as a landmark innovation and is considered “the sixth truly revolutionary technology introduced 

in the modern world”. Nanotechnology has been extensively introduced into biomedical applications, including biological detection, 

drug delivery, diagnostic imaging, and tissue engineering. Key features of nanomaterial like small size, large surface area, versatility, 

targeted action and stability has made them useful carriers for drug delivery.  Nanotechnology has been widely explored in Anticancer 

Drug Therapy, Immunology, Antitubercular therapy, Cardiovascular Drug Delivery etc. While dealing with different categories o f 

cardiovascular drugs the main obstacles in oral delivery is their low bioavailability and instability problem. So here an attempt was 

made to formulate nanoparticles of Ramipril using Ionic gelation method.  
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Introduction: 
Nanotechnology is an integrative discipline, which represents a unique combination of classical natural, mathematical, computer and 

materials sciences, investigating and manipulating physical matter on the scale of nanometers.  By the year 2000, nanotechnology was 

universally recognized as a landmark innovation, and named “the sixth truly revolutionary technology introduced in the modern world”. 

Over the last decade, nanotechnology has been extensively introduced into biomedical applications, including biological detection, drug 

delivery, diagnostic imaging, and tissue engineering. The nanometer scale is commonly indicated as 1-100nm, but Nano science and 

nanotechnology often deal with objects larger than 100nm. At this scale, physical, chemical and biological properties of materials 

fundamentally differ from the properties of single atoms of bulk solid matter, and are controlled by the effects of quantum mechanics, 

rather than classical physics. ‘Nano’ means very small; but why is this special? There are various reasons why Nano science and 

nanotechnology are so promising in material, engineering and related science. 

Definitions  

The US National Nanotech Initiative: 

Nanotechnology is the understanding and control of matter at dimensions between approximately 1 and 100 nanometers, where unique 

phenomena enable novel applications. Encompassing Nano scale science, engineering, and technology, nanotechnology involves 

imaging, measuring, modelling, and manipulating matter at this length scale. Nano medicine is the application of nanotechnology to 

medicine. 
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Key features of nanomaterial’s which favor their use in biomedicine  

 

Small size                        Comparability with the size of biological molecules 

Potential for a straightforward integration into cellular processes and physiological pathways. 

 

Large surface Area Capacity to carry large amounts of biological cargo, including                 

simultaneous transport of various types of cargo on one Nano carrier 

Versatility Adjustable physicochemical properties (size, shape, surface charge and architecture) for 

increased efficacy of targeting 

Adjustable surface chemistry (addition of specific functional groups and/or coatings) for the 

covalent or non-covalent absorption of particular type of payload 

Options for the ‘fine-tuning’ of surface chemistry through the addition of highly-specific 

ligands for molecular recognition and further enhanced selectivity of targeting 

Targeted Action High sensitivity and specificity 

Decreased ‘off-target’ effects of cargo 

Improved accuracy of detection profiles for diagnostic agents 

Increased bioavailability and/or decreased toxicity form therapeutic agents 

Stability Distance of action 

Options for systemic administration 

Protection of ‘sensitive’ payloads and optimised 

Biodistribution 

 

Properties of nanoparticles   

1. The surface/volume ratio of particles becomes very large when size decreases, so that nanoparticles have a huge surface suitable 

for chemical interactions with biomolecules, for instance. Moreover, (bio) chemical reaction time are much shorter (it decreases 

sharply with sample size) and accordingly analytical devices are faster and more sensitive. 

2. At nanometer scale, the properties of matter like energy change. This is direct consequence of the small size of Nanomaterial’s, 

physically explained as quantum effects. The consequence is that a material when in Nano size form can assume properties 

which are very different from those when the material is in bulk form. 

3. Exceptional property of Nanomaterial’s is that they can be fabricated atom-by-atom, with a process called bottom-up. The 

information of this fabrication process is embedded in the material building blocks, so that these can self-assemble in the final 

product. 

4. On the contrary, measuring low concentrations of biological molecules like some biomarkers in large samples like blood 

droplets requires preliminary steps for concentrating these molecules. In a general way, bio samples like urine, blood, sweat or 

tear are micrometric; thus several sample preparation steps are required before analysis. 

5. Viscosity becomes more effective at the Nano scale. The interaction with capillary walls becomes more important, and the 

viscosity effect dominates that of gravity. The consequence is that makes Nano fluidics more complex than microfluidics. 

Method of synthesis  

There are basically two approaches for the synthesis of nanostructures, irrespective of the field or discipline 

A. Bottom-Up approach 

B. Top-Down approach. 

C. Bottom-Up approach 

The building of nanostructures is achieved by growing or assembling of atoms or molecules which are the building blocks. The building 

blocks may be manipulated through controlled chemical reactions to self-assemble and make nanostructures such as nanotubes and 

quantum dots. Atoms or molecules may also be physically manipulated to form nanostructures using minute probes. Self-assembling of 

atoms or molecules can be achieved by templating and non-templating. Templating involves the interaction of bio macromolecules 

under the influence of a specific sequence, pattern, structure, external force or spatial constraint. Non-templating is the formation of 

nanostructures from atoms or molecules with external influence. Bottom-Up is considered to be an ideal approach for nanotechnology 

D. Top-Down approach 

Bulk materials are reduced by some processes to form nanostructures. Top down  is achieved by breaking, cutting or etching techniques 

which is achieved by bulk or film machining, surface machining and mold machining employing lithography. 

Types of nanoparticles: 

1. Liposomes for drug delivery: 

2. Micelles for drug delivery 

a. Phospholipid micelles 

b. Pluronic micelles 

c. Poly(L-amino acid) micelles 

d. Polyester micelles 

3. Nanoemulsions for drug delivery 

4. Nanoparticulate systems for drug delivery 

a. Drug nanoparticles 

b. Solid nanoparticles 

c. Polymer-based nanoparticles 
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d. Lipid-based nanoparticles 

e. Ceramic-based nanoparticles 

f. Albumin nanoparticles 

g. Nanogels 

5. Dendrimer nano composites for drug delivery 

6. Nanoscale systems for imaging 
 

Classification of polymer nanoparticles: The term PNP is a collective term given for any type of polymer nanoparticle,  

A. Nanospheres 

B. Nanocapsules.  

 

A. Nanospheres are matrix particles, i.e., particles whoseentire mass is solid and molecules may be adsorbed atthe sphere surface 

or encapsulated within the particle. Ingeneral, they are spherical.  

 

B. Nanocapsules are vesicular systems, acting as a kind ofreservoir, in which the entrapped substances are confinedto a cavity 

consisting of a liquid core (either oil or water) surrounded by a solid material shell.  

 
 

 

1.3.3 Preparation techniques for polymer nanoparticles: 

PNPs can be conveniently prepared either from preformed polymers or by direct polymerization of monomers using classical 

polymerization or polyreactions. The choice of preparation method is made on the basis of a number of factors such as the type of 

polymeric system, area of application, size requirement, etc. 

Conventionally, NPs have been prepared mainly by two methods:  

A.  Dispersion of the preformed polymer 

B.  Polymerization of monomers. 

I. Solvent Evaporation Method: 

In this method, the polymer is dissolved in an organic solvent like dichloromethane, chloroform or ethyl acetate. The drug is dissolved 

or dispersed into the preformed polymer solution, and this mixture is then emulsified into an aqueous solution to make an O/W emulsion 

by using a surfactant / emulsifying agent like gelatin, poly(vinyl alcohol), polysorbate-80, poloxamer-188, etc. After the formation of a 

stable emulsion, the organic solvent is evaporated by increasing the temperature /under pressure or by continuous stirring. The W/O/W 

method has also been used to prepare the water-soluble drug-loaded NPs. Both the above methods use a high-speed homogenization or 

sonication. However, these procedures are good for a laboratory-scale only. 

II. Spontaneous emulsification /solvent diffusion method: 

 

In this modified version of the solvent evaporation method the water-soluble solvent like acetone or methanol along with the water 

insoluble organic solvent like dichloromethane or chloroform are used as an oil phase. Due to the spontaneous diffusion of water-soluble 

solvent (acetone or methanol), an interfacial turbulence is created between two phases leading to the formation of smaller particles. As 

the concentration of water-soluble solvent (acetone) increases, a considerable decrease in particle size can be achieved. 

III. Production of NPs using supercritical fluid:  

Supercritical fluids have now became the attractive alternatives because these are environment friendly solvents and the method can be 

profitably used to process particles in high purity and without any trace amount of the organic solvent. 

a. Rapid Expansion Of Supercritical Solution (RESS) Method: 

In the rapid expansion of supercritical solution (RESS) method the solute of interest is solubilized in a supercritical fluid and the solution 

is expanded through a nozzle. Thus, the solvent power of super-critical fluid dramatically decreases and the solute eventually 

precipitates. This technique is clean because the precipitated solute is completely solvent free. Unfortunately, most polymers exhibit 

little or no solubility in supercritical fluids, thus making the technique less of practical interest. 

IV. Supercritical Anti-Solvent (SAS) Method: 

In the supercritical anti-solvent (SAS) method the solution is charged with the supercritical fluid in the precipitation vessel containing 

solute of interest in an organic solvent. At high pressures, enough anti-solvent enters into the liquid phase so that the solvent power gets 

lowered and the solute precipitates. After precipitation, when the final operating pressure is reached, the anti-solvent flows through the 

vessel so as to strip the residual solvent. When the solvent content has been reduced to the desired level, the vessel is depressurized and 

the solid product is collected. In a modified version of the SAS technique, the solid of interest is first dissolved in a suitable solvent and 

then this solution is rapidly introduced into the supercritical fluid through a narrow nozzle. The supercritical fluid completely extracts 

the solvent, causing the supercritical fluid insoluble solid to precipitate as fine particles. This method, also called as gas anti-solvent 

(GAS) technique, has been successfully used to produce micro-particles as well as NPs. 

Fig1.4: Nanospheres Fig1.5: Nanocapsules containing oil (B) and water (C) 
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Advantages of chitosan: 

1. Its ability to control the release of active agents. 

2. It avoids the use of hazardous organic solvents while fabricating particles since it is soluble in aqueous acidic solution. 

3. It is a linear polyamine containing a number of free amine groups that are readily available for crosslinking. 

4. Its cationic nature allows for ionic crosslinking with multivalent anions. 

It has muco-adhesive character, which increases residual time at the site of absorption, and so on 

Drug loading into nanoparticles of Chitosan11 

Drug loading in nanoparticulate systems can be done by two methods, i.e., during the preparation of particles (incorporation) and after 

the formation of particles (incubation). In these systems, drug is physically embedded into the matrix or adsorbed onto the surface. 

Maximum drug loading can be achieved by incorporating the drug during the formation of particles, but it may get affected by the 

process parameters such as method of preparation, presence of additives, etc. Both water-soluble and water-insoluble drugs can be 

loaded into CS-based particulate systems. Water soluble drugs are mixed with CS solution to form a homogeneous mixture, and then, 

particles can be produced by any of the methods discussed before. Drug encapsulation increased as the concentration of CS increased. 

Water-insoluble drugs and drugs that can precipitate in acidic pH solutions can be loaded after the formation of particles by soaking the 

preformed particles with the saturated solution of drug. In this method, loading depends upon the swelling of particles in water. Water-

insoluble drugs can also be loaded using the multiple emulsion technique. In this method, drug is dissolved in a suitable solvent and 

then emulsified in CS solution to form an oil-in-water (o/w) type emulsion. Sometimes, drug can be dispersed into CS solution by using 

a surfactant to get the suspension. Thus, prepared o/w emulsion or suspension can be further emulsified into liquid paraffin to get the 

oil-water-oil (o/w/o) multiple emulsion. The resulting droplets can be hardened by using a suitable cross-linking agent. 

Applications of Chitosan Nanoparticles 

 As antibacterial agents, gene delivery vectors and carriers for protein release and drugs  

 Used as a potential adjuvant for vaccines such as influenza, hepatitis B and piglet paratyphoid vaccine  

 Used as a novel nasal delivery system for vaccines. These nanoparticles improve antigen uptake by mucosal lymphoid tissues 

and induce strong immune responses against antigens.  

 Chitosan has also been proved to prevent infection in wounds and quicken the wound-healing process by enhancing the growth 

of skin cells.  

 sChitosan nanoparticles can be used for preservative purposes while packaging foods and in dentistry to eliminate caries.  

 It can also be used as an additive in antimicrobial textiles for producing clothes for healthcare and other professionals.  

 Chitosan nanoparticles show effective antimicrobial activity against Staphylococcus saprophyticus and Escherichia coli.  

 These materials can also be used as a wound-healing material for the prevention of opportunistic infection and for enabling 

wound healing.  

 The nanoparticles have also been proven to show skin regenerative properties when materials were tested on skin cell fibroblasts 

and keratinocytes in the laboratory, paving the way to anti-aging skin care products 

IONIC GELATION METHOD 

The use of complexation between oppositely charged macromolecules to prepare CS microspheres has attracted much attention because the 

process is very simple and mild. In Ionotropic gelation technique, there has been a growing interest in the use of natural polymers as drug 

carriers due to their biocompatibility and biodegradability. In addition, reversible physical cross-linking by electrostatic interaction, instead 

of chemical cross-linking, has been applied to avoid the possible toxicity of reagents and other undesirable effects. The natural or 

semisynthetic polymers i.e. Alginates, Gellan gum, Chitosan, Pectin and Carboxymethyl cellulose are widely use for the encapsulation of 

drug by this technique. These natural polyelectrolytes contain certain anions/cations on their chemical structure, these anions/cations forms 

meshwork structure by combining with the counter ions and induce gelation by cross linking. Tripolyphosphate (TPP) is a widely used 

polyanion, which can interact with the cationic CS by electrostatic forces. CS is dissolved in aqueous acidic solution to obtain the cation of 

CS. This solution is then added dropwise under constant stirring to polyanionic TPP solution. Due to the complexation between oppositely 

charged species, CS undergoes ionic gelation and precipitates to form spherical particles. TPP/CS microparticles formed have poor 

mechanical strength thus, limiting their usage in drug delivery. 

Modification of Chitosan 

The chitosan backbone can be modified to alter properties such as solubility, mucoadhesion and stability as discussed throughout this paper 

for specific applications. Both the -NH2 and -OH groups of chitosan are the active sites for modification. Some of the commonly used 

techniques described below for preparing chitosan polymers are: blending, graft co-polymerization and curing Blending involves the simple 

mixing of two or more polymers. Graft co-polymerization involves the covalent bonding of polymers, while curing converts the polymers 

into a solidified mass by formation of three-dimensional bonds within the polymer mass by means of thermal, electrochemical or ultraviolet 

radiation processing methods. 

1 Physical Modification 

Physical modification is achieved by blending, which involves the physical mixing of two or more polymers. It is one of the oldest and 

easiest ways of modifying polymers. The quality and performance of the blend can be modified depending on the ratios of the polymers 

which are being mixed. Blending is the most economical technique by which the polymer properties can be tailored for specific applications 

Some of the common hydrophilic polymers that can be blended with chitosan to achieve oral drug delivery are poly (vinyl alcohol) (PVA), 

poly (vinyl pyrrolidone) (PVP) and poly (ethyl oxide) (PEO). Blending of chitosan and PVA improves the mechanical (tensile strength) 

and barrier properties (water vapor permeability) of chitosan films. The intermolecular interactions between chitosan and PVA result in 

blends of PVA-chitosan that show improved mechanical properties (tensile strength) of chitosan films for controlled drug delivery. An 

example of physical modification in controlled 

drug delivery is represented by amoxicillin formulated with a crosslinked chitosan/PVP blend with glutaraldehyde to form a semi-

interpenetrating polymer (semi-IPN). The semi-IPN is formed because of the protonation of the amino group of chitosan, as confirmed by 

Fourier transform infrared spectroscopy (FTIR). Additional methods used for characterization of chitosan blends other than FTIR are: 

http://www.ijcrt.org/


www.ijcspub.org                                                    © 2022 IJCSPUB | Volume 12, Issue 2 April 2022 | ISSN: 2250-1770 

IJCSP22B1052 International Journal of Current Science (IJCSPUB) www.ijcspub.org 577 
 

differential scanning calorimetry (DSC)  X-ray diffraction (XRD), FTIR spectroscopy and rheology, enabling an understanding of the 

effects of processing on bonding and flow properties. 

2. Chemical Modification 

Chemical modification is achieved by altering the functional groups in a compound. Chemical modification can be done by several ways 

which include: chemical, radiation, photochemical, plasma-induced and enzymatic grafting methods. Chemical modification of chitosan 

results in the formation of several derivatives such as quaternized chitosan, thiolated chitosan, carboxylated chitosan, amphiphilic chitosan, 

chitosan with chelating agents, PEGylated chitosan and lactose-modified chitosan. The primary amine (-NH2) groups of chitosan provide a 

reaction site for chemical modification to achieve various pharmaceutical applications, reacting with sulphates, citrates and phosphates, which 

can enhance the stability and drug encapsulation efficiency. For example, to improve the solubility of chitosan in intestinal media, N-trimethyl 

chitosan chloride (TMC),a quaternized chitosan, has been produced. The two forms TMC, TMC 40 and TMC 60, enhance the intestinal 

permeation of hydrophilic macromolecular drugs. The mucoadhesiveness of chitosan has been further enhanced by formulating NP with 

thiolated chitosan. Quaternization of chitosan forms several derivatives such as trimethyl (TMC), dimethylethyl (DMEC), diethylmethyl 

(DEMC) and triethyl chitosan (TEC). Quaternization of chitosan aids in the opening of tight junctions and improving the permeability of 

insulin across Caco-2 cells. Chitosan-thioglycolic acid, chitosan-cysteine, chitosan-glutathione, chitosan-thioethylamidine are some of the 

thiolated chitosan derivatives presently in use. TMC-cysteine based NPs have shown significantly higher mucoadhesion and permeation 

compared to TMC NPs. Grafting carboxylated chitosan with poly (methyl methacrylate) helps achieve pH-sensitive properties. The NPs made 

with the grafted polymer and insulin have shown very minimal drug release in simulated gastric fluid and an instant release in simulated 

intestinal fluid. A pH sensitive polymer gel can be prepared by chemically linking D,L-lactic acid with -NH2 groups of the chitosan for an 

application in the drug delivery to the different regions of the gastrointestinal tract (GIT). Lactose modification of the chitosan backbone (1-

deoxylactit-1-yl chitosan) has been used in combination with the polyvalent ion tripolyphosphate (TPP) to form colloidal coacervates though 

polyionic interactions, forming highly uniform and small (200 nm diameter) nanoparticles 

3. Drug Release from Chitosan Nanoparticles 
There are several mechanisms which govern drug release from chitosan nanoparticles such as swelling of the polymer, diffusion of the 

adsorbed drug, drug diffusion through the polymeric matrix, polymer erosion or degradation and a combination of both erosion and 

degradation as represented in The initial burst release from the chitosan nanoparticles is either because of swelling of the polymer, creating 

pores, or diffusion of the drug from the surface of the polymer . Chitosan nanoparticles also exhibit a pH-dependent drug release because of 

the solubility of chitosan. Chitosan derivatives alter the release of drug from the NP, affording tunable drug release and impacting the 

pharmacokinetic profile of the loaded drug. In diffusion-controlled release, the drug permeates through the interior of the polymeric matrix to 

the surrounding medium. Polymer chains form the diffusion barrier making it difficult for the drug to pass through and this barrier serves as 

the rate-limiting membrane for drug release. Diffusion may also be associated with polymer swelling or erosion. The mathematical 

representation of diffusion is given by Fick’s law of diffusion.                                     F = −D ∂c 

                                                                                                                                                     ∂x 

Where, F is the rate of transfer per unit area of section (flux), c is the concentration of the drug and D is the diffusion coefficient 

(diffusivity). To derive the parameters of Fick’s law, there are few assumptions to be made such as: pseudo-steady state is maintained during 

drug release, the diameter of the drug particles is less than the average distance of drug diffusion through the polymeric matrix and sink 

conditions are always provided by the medium surrounding the nanoparticles 

The swelling of the polymer is characterized by the imbibition of water into the polymer until the polymer dissolves. This drug release 

mechanism is characterized by the solubility of the polymer in water, or the surrounding biological medium. When the polymer encounters the 

surrounding medium and swelling commences, the polymer chains detangle. This is followed by drug release from that region of the polymer 

matrix. Generally, the hydrophilicity of the polymer, the polymer swelling rate and the density of the polymer chains play a key role in the drug 

release profile. Subsequently, this will affect the rate of drug absorption from the site of delivery in vivo, as it will affect the rate at which drug is 

available for membrane transport or cellular uptake. Erosion and degradation of polymers are interrelated features. Sometimes, degradation of the 

polymer may cause subsequent physical erosion as bonds break. Erosion of polymers is a complex phenomenon as it involves swelling, diffusion 

and dissolution. Erosion occurs in two ways: homogenous and heterogeneous. Homogenous erosion is erosion of the polymer at  the same rate 

throughout the matrix whereas heterogeneous erosion is erosion of the polymer from the surface towards the inner core. Polymer degradation 

may be due to the surrounding media or the presence of enzymes. The degradation of the polymer also depends on the pH of the surrounding 

media, the copolymer composition and water uptake by the polymer. Drug release depends on the type of polymer and internal bonding, any 

additives (chitosan derivatives), as well as the shape and size of the nanoparticles as this reflects surface area and free energy 

Chitosan in Oral Drug Delivery 

Oral drug delivery certainly is the most convenient route of drug administration because of the ease of administration. But there are several 

challenges in achieving oral delivery such as varying pH (highly acidic stomach), the presence of enzymes, first-pass effect in the liver and 

the intestinal barrier to drug absorption. The above challenges limit the drug from entering the systemic circulation thereby reducing oral 

bioavailability. Nanoparticle technology is an increasingly exploited formulation 

technique to overcome the limitations of oral drug delivery. NPs have several advantages such as small particle size, large surface area and 

potentially a modifiable surface. Small particle size is well known to increase the dissolution rate of drugs. Besides these advantages, NPs 

can increase the gastrointestinal tract stability of acid-labile drugs compared to other drug delivery systems such as liposomes and lipid 

based systems. Chitosan can be formulated as polymeric nanoparticles for various applications in oral drug delivery as explained below 

with several examples Catechin and epigallocatechin are flavonoids present in green tea and are strong antioxidants. These undergo 

degradation in intestinal fluid and are poorly absorbed across intestinal membranes. The intestinal absorption of catechin and 

epigallocatechin gallate can be improved by encapsulating them in chitosan nanoparticles. Tamoxifen, an anti-cancer drug, is slightly water 

soluble and a good candidate for oral cancer drug delivery. Permeation of tamoxifen across the intestinal epithelium was increased by 

formulating tamoxifen into lecithin-chitosan nanoparticles. The NPs are mucoadhesive and increase the permeation of tamoxifen by the 

paracellular pathway. Feng et al. have also reported a potential oral delivery strategy for anti-cancer drugs. 

Application of chitosan nanoparticles 
Chitosan nanoparticles are natural materials with excellent physicochemical, antimicrobial and biological properties, which make them a 
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superior environmentally friendly material and they possess bioactivity that does not harm humans. Due to these unique properties, chitosan 

nanoparticles find a wide array of applications. Some of them are discussed below. 

Tissue engineering 

Tissue engineering is the use of living cells that have been manipulated either by genetically or by their extracellular environment, for 

developing biological substitutes for implantation into the body or for remodeling tissues through some active mechanism. The purpose of 

tissue engineering is to repair, replace, maintain or enhance the function of a particular tissue or organ Chitosan nanoparticles, due to its 

biological and mucoadhesive properties, can improve transmucosal permeability, thereby enhancing transport through the paracellular 

pathway of the nanoparticles and can induce structural reorganization of tight junction-associated proteins  

Cancer diagnosis 

Semiconductor nanocrystals are the most promising fluorescent probes for many biomedical applications In spite of the success in using this 

nanocrystal, there arises the problem of cytotoxicity of their heavy metal composition. Chitosan nanoparticles owing to its non-toxic nature 

gains importance in this respect. The anticancer activity of chitosan nanoparticles can be attributed to its small size. The small particle size 

increases the specific surface area and surface to volume ratio which in turn increases the dissolution resulting in bioavailability of chitosan 

developed folic acid (FA) conjugated carboxymethyl chitosan (CMCS) coordinated to manganese-doped zinc sulfide (ZnS: Mn) quantum 

dot (FA-CMCS-ZnS: Mn) nanoparticles which find application in targeting, controlled drug delivery and imaging of cancer cells. 

Anticancer drug 5-fluorouracil used for the breast cancer treatment was selected for the study. The nontoxicity,imaging, specific targeting 

and cytotoxicity of FA-CMCS-ZnS: Mn were studied. The potential use of chitosan nanoparticles as carriers has paved way for 

development of wide variety of colloidal delivery vehicles Chitosan nanoparticles can cross biological barriers to protect macromolecules 

from degrading in biological media. It can also deliver drugs or macromolecules by controlled release to a target site The small size of 

ChNP also makes it efficient in interfacial interaction with cell membrane because the small particles will be taken up by cell by 

endocytosis Several studies have been reported regarding the ability of chitosan nanoparticles to improve the bioavailability of drugs, 

modifying its pharmacokinetics and protecting the encapsulated drugs Apart from being used as an oral delivery carrier, ChNP can also be 

applied to other mucous membrane systems like pulmonary and nasal routes to deliver peptides and proteins Enzyme immobilization 

support Chitosan is known as an ideal material for enzyme immobilization due to its various properties like improved resistance.to chemical 

degradation and avoiding disturbance of metal ions to an enzyme The amino functional group of chitosan makes it suitable for enzyme 

immobilization studied trypsin immobilized on linolenic acid-modified chitosan nanoparticles using glutaraldehyde (GA) as crosslinker and 

found that the thermalstability and optimum temperature of immobilized trypsin increased. Reported that chitosan magnetic core shell 

nanoparticles are capable of immobilizing lipase enzyme. The strong bond between chitosan and lipase increases the enzyme adsorption and 

enzyme loading 

Antioxidant activity 

 Chitosan is a proved antioxidant agent It can scavenge free radicals and chelate metal ions by donating a hydrogen or a lone pair of electrons 

The amino and hydroxyl functional groups of chitosan interact with metal ions triggering many activities such as adsorption, chelation and 

ion exchange The semicrystalline structure of chitosan and the strong hydrogen bonds ensures that chitosan cannot be dissociated from the 

metal ions Chitosan/fucoid an nanoparticles showed DPPH and ROS radical scavenging activity reported that chitosan exhibited hydroxyl 

radical scavenging activity and iron chelating ability.  

Encapsulation of biologically active compounds  
Chitosan-based systems have wide and rapidly increasing applications in the food and biochemical industries. Any ingredients can be 

encapsulated, irrespective of it being hydrophobic, hydrophilic or bacterial Chitosan retains the bioactivity of macromolecules such as DNA 

and proteins during encapsulation. The positive charge of chitosan helps it to establish a strong interaction with negatively charged molecules 

without altering its activity investigated the stability and characteristics of vitamin C-loaded chitosan nanoparticles prepared by ionic gelation 

of chitosan with TPP anions during heat processing in aqueous solutions. The chitosan nanoparticles were found to be heat stable, and there 

was a continuous release of vitamin C from chitosan nanoparticle. This indicated applicability of the system in food processing. Hu et al. 

investigated the process of fabricating ChNP to be used as carriers for delivering tea catechins. Sharma and Sharma reported chitosan 

nanoparticles showed encapsulation efficiency of 77.8% for terbinafine an anti-fungal agent. 

CONCLISION: 
Based on the versatility of chitosan, it has many potential applications in drug delivery via the GIT, nasal, pulmonary routes as explained in 

this review. Chitosan NP can effectively deliver drug at specific sites by retaining the drug locally to permit an extended time for drug 

absorption. Mucoadhesion and absorption enhancement of chitosan makes it possible to deliver drugs directly from the nose to the brain. 

Similarly, lung infections and colon diseases can be effectively targeted locally with chitosan NP. 
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