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ABSTRACT 
Chitosan, a natural D-glucosamine polymer derived from crabs, prawns, and lobster’s shells, is a deacetylated derivative 
of chitin. Chitosan has physicochemical properties that allow it to interact with a diverse range of molecules. This is very 
important when trying to improve the solubility of medications that are not water-soluble. Its strong medicinal 
properties, chitosan includes many uses in the field of medical dressing. It can be used as a flocculent, anti-cancer agent, 
wound healing promoter, and antimicrobial agent. Chitosan, a novel biological compound, has medical use. The use of 
chitosan-based coatings is largely due to their antimicrobial properties, with the mode of action resulting in bacterial 
death. Chitosan can be used as the main ingredient or as a modifying agent in nanoparticles. Chitosan could be combined 
with even a variety of particles in a solution and formed into a variety of possible shapes also including resins, 
microparticles, hydroxyapatite, dermis, and fibers. Nanocomposites were also confirmed to still have significant 
implications in parenteral delivery systems, per-oral drug administration, antivirulence gene therapy, vaccine 
distribution, retinal regenerative medicine, electrocoagulation, neuro controlling drug delivery, stability improvement, 
mucous membrane drug delivery, and managed drug delivery. Natural polysaccharides (Chitosan) are commonly used in 
wound and burn treatment owing to their high biocompatibility, biodegradability, and similarity to macromolecules 
present in the human body. This review article aimed to summarize the most relevant knowledge on chitosan from the 
perspective of its bioactivity, as well as to highlight various biomedical applications. 
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INTRODUCTION 
Chitosan is a homopolysaccharides polymer made up of 2-acetamido-2deoxy-β-d-glucopyranose as well 
as 2-amino-2-deoxy-β-d-glucopyranose repeats. Chitosan is made from chitin that has had at least 50% of 
its free amine form deacetylated[1]. 
 
 
 
 
 
 
 

 
 
 
 

Figure 1: Structure of the chitosan 
Molecular Formula is C56H103N9O39;Molecular Weight is 1526.5 g/mol. 
Tissue engineering, wound healing, dentistry, orthopedics, and bone regeneration are among the R 
applications of Chitosan. Chitosan is pliable, allowing homopolysaccharides to form equally branched and 
linear polymers and it possesses bio-adhesive characteristics and is structurally diverse. Recently, many 
functional derivatives of chitosan were generated by chemical modifications, a number of them attained 
solubility in some binary solvent systems and general organic solvents. Chitosan has many applications 
not strictly in drug delivery. When two polyelectrolytes with opposite charges combine, a physical 
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hydrogel is formed. Hydrophobic forces, Ionic forces, Molecular entanglements, and H-bonding, 
hydrophobic forces interact to form the hydrogel. Any of the interfaces are mutable moreover can be 
there interrupted through fitness variations for example ionic strength, temperature, and pH. Be 
contingent proceeding of the concentrations of polyelectrolytes such as beads, microparticles, 
nanoparticles, or different gel structures are frequently generated. Chitosan nanoparticles have a 
sufficient release profile and have risen to prominence as a carrier-forming substance. Carrageenan and 
nanoparticles that have recently been produced are reasonable for use as managed and sustained drug 
release mechanisms [3]. 
Chitosan resembles glycosaminoglycans, which are present in connective tissues, in several respects. 
Chitin is hydrophobic, its half deacetylated derivative[2]. As a result, chitosan has recently been used in a 
variety of applications ranging from medicine to the pharmaceutical industry.  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Conversion of chitin to chitosan 
 
Chitosan having a Chinese medicine method that contains several medicinal herbs in addition to 
constituents of gypsum. For a long time, it has been acted towards persistent headache besides 
hypertension, predominantly in mid-aged or elderly person using chronic headache, poor physical 
compositions, painful stress of the cervical muscles also shoulders, morning headache, a heavy sensation 
in respect to top, insomnia, tinnitus, then flushing. CTS had ameliorated influence continuously cognitive 
dysfunctions now stroke patients in a placebo-controlled clinical trial, double-blind. CTS and tacrine (a 
cholinesterase inhibitor) prevent cognitive deficits in a mouse model of acute cerebral ischemia and treat 
memory and learning impairments found in mice (model) having the neurocognitive disorder. This result 
indicates that chitosan possibly will be used as a mental disorder treatment. Though meanwhile the 
positive benefits of chitosan necessitate only be present in babies of animals aged 7.5 to 16 weeks, this 
one is unknown if chitosan should be used to prescribe medicine for mental impairment because of 
blocking the transport of oxygen in the elderly creature[4]. 
Chitosan, For the reason of its exceptional biologic effects such as anti-carcinogenicity, biomaterial, 
biodegradability, hydrophilicity, nontoxicity, and great antimicrobial property, a deacetylated and native 
polymer derived from chitin, is utmost widely used as a covering material for nanomaterial in 
antineoplastic drugs. The Chitosan polymer forms glycosidic bonds with iron oxide nanoparticles, 
increasing their stability and chemical reactivity[5].Chitosan is a polysaccharide with desirable 
characteristics and properties for the synthesis of novel adapted drug delivery systems and active films 
for food packaging because these are decomposable, biofunctional, biocompatible, also nonpoisonous 
natural polymer[6]. 
Aside from having cationic polymeric properties, gel properties, and film-forming properties, it also has 
cationic polymeric properties[7,8].CHS is a non-poisonous gene transference vector, and for the reason 
that of its lower antitumor, this can be used several times or the dosage of DNA/chitosan complexes can 
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be increased[9].Wound healing may also be a posh and complex tissue repair process in which many 
biological molecules play vital and organized functions. Chitosan encourages wound healing by increasing 
fibroblast proliferation, cytokine development, macrophage activation, angiogenesis, cytokine production, 
collagen formation, and mucopolysaccharide deposition at the wound location. The treatment of skin 
lesions is also an important healthcare problem, and there has recently been a great deal of research into 
the development of CS-based wound dressings due to the hemostatic activity and beneficial effects of 
Chitosan in wound repair. Chitosan-Based Nanomaterials for Skin Regeneration are found in many of 
these wound dressings[10]. 
Chitosan is a polysaccharide that is biocompatible, biodegradable, and non-allergenic. Chitin and chitosan 
have small biological uses owing to their high MW, reduced solubility, also high viscosity of chitosan 
solutions. Chitosan oligosaccharides (COS) exist the formed during the degradation of chitin and CHS in 
addition to regarded as viable alternatives. Oligosaccharides biological activity is largely determined by 
their structure, which includes their PA, DP, FA, DA, and MW[11]. 
Nanoparticulate drug delivery: Since nanocarriers, such as nanoparticles, can carry ocular drugs to 
specific target locations, they have a wide range of applications in ophthalmology. Polymers are used in 
the formulation of nanoparticles. Nanoparticles are created using biodegradable polymers such as 
polyethylene glycol (lactic acid). To transmit medications to ocular tissues, Examples of 
polymers(natural) such as albumin, chitin, sodium alginate, and gelatin, as well as poly (lactic co glycolic 
acid), poly (epsilon-caprolactone), poly (alkyl cyanoacrylate),Poly(epsiloncaprolactone) may be used. 
Drugs that are poorly soluble in lachrymal fluids may benefit from nanosuspensions[12]. Because of its 
nanoparticulate nature, the drug has a longer residence time in the cul-de-sac, resulting in a sustained-
release effect. The nanoparticles shield the drug from agents that degrade it. When mixed with 
multivalent anionic compounds such as sodium sulphate or alginate, chitosan-based nanoparticles 
disintegrate quickly. As a consequence, the anionic cross-linking mechanism stabilizes the structure. 
Where the above-mentioned multivalent anionic compounds are used, the mucoadhesion characteristics 
of chitin be present significantly reduced. 
Owing to the development of disulphide attachments inside the linkage of polymers, thiol chitosan-based 
nanomaterials are not fragmented, the microparticles are tightly stabilized, and drug release is regulated. 
In contrast to chitosan, the adding of multivalent anionic mixtures of thiol chitosan-based nanomaterials 
substantially improves mucoadhesion properties[12]. 
Administration of drug via ocular route based arranged thiol Chitosan-Na+ alginate nanomaterials, which 
were made as of altered thiol chitosan using a higher degree of TCS(R-SH) substitution, able to 
1,411.014.02 mol/g, demonstrated greater mucoadhesion characteristics, strong in-vitro cytocompatible, 
and higher levels of in vitro into HCE cells.The remaining primary amino groups can be trimethylated to 
enhance the anion characters of thiol chitosan even further. Since they have the suitable nanomaterials 
dimension and zeta potential charges, chitosan-DNA NPS may be the first alternative for corneal gene 
therapy. Green fluorescent protein can be expressed by corneal fibroblasts[12]. 
By coupling succinimide, chorionic acids to the primary R-NH2 group of chitosan chains, amphiphile 
chitosans oligosaccharides, and cholanoic acid be present in the formed (COSD). An oil-in-water 
emulsification process was used to create COSD nano particulates (CP) with magnetic nanomaterial in the 
centers. Conjugated chitosan oligosaccharides nanodroplets (CND) stayed formerly created by sonicating 
CP in the existence of fluorocarbons. Perfluropentane is possibly stabilized in the atom central because 
cholanoic acid is strongly hydrophobic. 
Si-RNA can be easily bound by electrostatic interactions due to the positive charge imparted by the 
chitosan amino groups on both the CP and CND exteriors[13]. Chitosan is prepared by considering the 
chitin shells of arthropods and large prawns other with an alkaline chemical like NaOH. It has a wide 
variety of commercial and medicinal applications.  
It is useful for aSeeds remedy and a pesticide in agriculture to help plants against fungicidal infections. It 
may be useful for a preservative as well as a fining agent in the wine production process. It's an 
industrial-grade self-remedial polyurethane paint covering. In hospitals, it is used as an antiseptic and as 
bandages to avoid bleeding. It can be used to help medications pass across the tissue, dressings to prevent 
the flow of blood, and as antiseptic drugs[14,15]. 
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Table 1: Sources of Chitosan [16,17] 
Sea Animals Insects Micro-Organism 
Shrimp Ants Chytridiaceae 
Crustaceans  Scorpions Green Algae 
Crab Cockroaches Spores 
Annelida Brachiopods Fungi (Cell Walls) 
Coelenterate Areaneae Yeast (beta type) 
Prawn Bug Ascomydes 
Krill  Blastocladiaceae 
Mollusk  Mycelium 
Mussel  E. coli 

Chitosan is harvested commercially from shrimp shells also extra marine crab, together with caridean 
shrimp[18].Chitosans are found in amounts ranging from 60% to 100%. Ordinary, economically formed 
chitosans needs an MW of 4000–19,000 Daltons. A mutual method meant for treating chitosans is 
deacetylation of chitin with excess NaOH as a mixture and H2O (solvent). Even though the reaction 
happens in two phases, it assumes first-order kinetics; the activation energy obstruction for the initial 
step is predictable to be 48.8-kilojoules. mol 1 at 20–126°C, which remains high as that of barricade for 
the 2nd step. Chitosan (CS) with an intermediate MW (deacetylation degree, 80%; molecular weight, 
400,000)[19].The deacetylated degree (DDA) also MW towards chitosan affect its physical and biological 
properties (MW)[20]. 

 
Figure 3 Shrimp as a source of chitosan [16]. 

Manufacturing and properties 
The R-NH2 in chitosans requires a PKA is 6.4, It causes imperative protonation in neutral solution and 
increases by decreasing basicity(lower pH) and DA%. As a result, chitosan is an H2O solvable bio adherent 
that freely bonds to negatively charged exteriors[14-21]. For example, mucosal membranes. To improve 
the mechanical properties of chitosan, the R-NH2 groups arranged the chains able to form crosslinking 
polymers linkages using R-COOH[17-22]. 

 
Figure 4 Manufacturing process of raw chitin from shells of sea animals[16]. 
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Chitosan is biocompatible and biodegradable, and it enhances polar drug transfer through epithelial 
surfaces. The FDA, however, has not authorized it for drug distribution. Purified chitosans are used in 
biomedical applications. Nanofibrils were created using chitin and chitosan[23]. To make chitosan from 
crustacean shells, the following four general steps must be done in the order listed chitosan (CS) with an 
intermediate MW (deacetylation degree, 80%; molecular weight 400,000)[19].The deacetylated degree 
(DDA) also MW towards chitosan affect its physical and biological properties [20]. 

• Deproteinization,  
• Desalinization, 
• Decolorize, 
• Deacetyltransferase. 

 
Table 2: Characteristics and methods of determination of Chitosan [24]. 

 
 
 
 
 
 
 
 
 
 
Chemical properties of Chitosan: It includes 
• Excessive nitrogen in a linear amino polysaccharide. 
• Rigid structure of glucosamine; improved hydrophilicity. 
• Weak base; the deprotonated R-NH2 group is a strong nucleophile. 
• Allowing intermolecular H bonds to form improves consistency. 
• Reactive groups with a high surface area intended for chemical activation plus cross-linking. 
• Unsolvable into carbon-based diluents and H2O; soluble in the diluted hydrous acid mixture[25]. 

 

 
Figure 5 Chemical Properties of Chitosan 

 
Biological properties of Chitosan:  
 Effectively tie up to mammalas well as bacterial cells 
 Enhanced influencearranged gum connectivelysoft tissue 
 Biocompatible (non-toxic, stable, and biodegradable to normal body constituents natural polymer) 
 Hemostatic protection (causes stop bleeding) 
 Stimulates the development of osteoblasts, which are in charge of bone formation. 
 Spermicidal sperm (birth control) 

Characteristics Determination Method 
Drug determination  Nuclear magnetic resonance spectroscopy 

UV- spectrophotometry 
Molecular weight determination  
Average molecular weight 

Gel Permeation chromatography 

Ash volume Gravimetry analysis 
Moisture content Gravimetry analysis 
Polypeptides Bradford assay 
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 Cholesterol-lowering (cholesterol-reducing agent) 
 Cancer-fighting or anti-tumor properties. 
 An immunoadjuvant is a drug that stimulates the immune system (included in the improvement of 

the immune response)[26-28]. 
We infer that chitosan's action mode is not limited to a particular target molecule, on the other hand 
rather is the product of an order of "untargeted" molecular events that occur concurrently or else 
sequentially. The first coordination amongst the polycation chitosan in carbohydrates, nucleic acids, 
lipids, proteins are also the negatively charged plasma membrane polymers is directed by attraction and 
repulsion of electric charges interactions, also TA(polysaccharide derivative) have played a significant 
role in cells. 
• Depressant in the cerebrospinal nervous system. 
• An immunocompetence drug that is used to enhance the immune system (as part of the immune 

response improvement) [29]. 
Mechanism of action 
The antimicrobial activity of the chitosans with the uppermost degree of deacetyltransferase was fines 
[30,31].Furthermore, low-molecular-weight chitosan may be on antimicrobial than high-molecular-
weight chitosan [32].Low pH values will boost chitosan's antimicrobial efficacy since it protonates 
throughout the acidic pH interval and has better solubility in the acid microenvironment [33]. 
Temperature and the underlying matrix, on the other hand, may affect the antimicrobial role of chitosan 
coating [31].Yeasts and molds are more susceptible to chitosan's antimicrobial activity than bacteria[31-
34]. 
Application of chitosan in particulate drug delivery system 
1] Microparticles 

 Targeted Drug Administration 
 Oral Drug Administration 
 Nasal Drug Administration 
 Colon, intestinal drug administration 

2] Nanoparticles 
 Gene Administration 
 Ocular Drug Administration 
 Vaccinate Administration 

Applications of Chitosan in Biomedicine 
Chitosan is a material that is often used in tissue extension applications such as osseous, connective tissue 
(tendon), hepatic artery, and neural tissue expansion. Chitosan has to be a biodegradable and non-toxic 
polymer that comes in several ways, including film, powder, and gels. To boost cell seeding, various 
chitosan modifications can be made. Chitosan appears to stimulate cell growth and the accumulation of 
mineral-rich matrix in bone tissue. 
Drug administration via oral route 
The benefits of oral drug distribution include simplicity of treatment as well as increased patient 
satisfaction plus approval. Many antibiotics have been administered orally using chitosan microparticles. 
Chitosan requires to present the efficiently bind DNA in saltwater or ethanoic acid(CH3COOH) solutions 
also to shield DNA from polynucleotidase deterioration [35]. 
Drug administration by nasal route 
Nasal drug administration has many benefits over oral drug administration, including a more vascular 
mucous membrane, less enzymatic degradation, and better patient compliance. Mucociliary clearance and 
poor drug absorption hinder Drug administration by nasal route. Chitosan microparticulate had been 
used in nasal vaccines as a vaccine transporter. 
Drug Absorption in the Colon and the Small Intestine Since chitosan may destroy microflora in the colon 
and intestine, it may be used for drug delivery [35]. Described chitosan microcore encapsulated acrylic 
microspheres that benefited from the colon-specific demotion of chitosan microcore (micro particulates, 
23 m) as well as acrylate material pH-based characteristics [36]. Microparticulates of chitosan-calcium 
alginate were discovered to transport mesalamine directly to the colon. 
Oral, nasal, and pulmonary drug delivery 
As stated in the section on chitosan microparticles, oral drug delivery has the advantages of ease of 
administration and patient compliance. The most important obstacles for many medications that have 
been vulnerable to these extreme conditions are enzyme-mediated digestion and poor mucous membrane 
absorption. 
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Because of its attractive bioadhesive, Chitin has also been shown to improved absorptivity characteristics 
formed into nanoparticles near transport there will be many medicines. Aside from the benefits of 
chitosan microparticles, chitosan nanoparticles have a smaller size that enables them to be absorbed 
more readily by mucosal epithelial cells [37].In diabetic rats, oral alginate/chitosan nanoparticles were 
found to be effective for oral insulin delivery [38].Water-solvable chitosan nano particulates boost also 
extend Bovine serum albumin secretion in the intestine. Because of their high absorbance surface area, 
pulmonary and nasal drug administration are also often used approaches [39].A cutting-edge powder 
form device comprised of insulin-loaded nanocarriers that have been microencapsulated. The insulin 
bioactivity was well protected by the mild preparation conditions of chitosan nanoparticles, and the last 
sprayed dry powder also had a hydrodynamic feature that was suitable for absorption in the deeper lung. 
When plasmatic glucose levels after intratracheal administering of insulin-loaded nanocarriers to animals 
were measured, these were discovered that the microcapsules insulin-loaded nanomaterials induced a 
somewhat more significant and lasting hyperglycemia impact than the monitor[40]. As used nasally, a 
thiolated nanoparticle improves leuprolide bioavailability. 
Drug administration from the eyes 
Standard therapies for ophthalmic conditions include many disadvantages, including a limited residency 
period, prescription draining, and regular instillation. To address the limitations described above, the 
nanocomposite is often used to transport retinal medications[41]. 
Vaccine Delivery 
Because of their effective absorption by antigen-presenting cells, nanoparticles frequently have major 
adjuvant effects in parenteral vaccine delivery. 
Delivery of Genes 
Chitosan nanoparticles can minimize hepatotoxicity and also stimulate intense immune function as an 
antivirulence gene carrier [42].As a nonviral gene carrier, chitosan nanoparticles can minimize 
hepatotoxicity while still eliciting robust immune function [43]. 

 
Table 3: Chitosan based delivery systems process created using multiple techniques[44,45] 

Form Medication Techniques 
Nanoparticulate 
drug delivery system  

Hormone Insulin, 
cyclosporine 

Reserve micellar process, emulsified droplet, ion 
exchange gelation, agglomeration, 
coacervation/precipitation 

Hydrocolloids/gel Coffee, Indocaine, and 
Hormone 

Capsule Shell, cross-linking interactions 

Alginate beads Salbutamol, BSA (bovine 
serum albumin), Hormone, 
and Pepsin 

Wet salt solution casting Precipitation/conservation 

Microspheres Paracetamol, Ciprofloxacin, 
and 
5-fluorouracil 

Spray drying process, Sieving Process, Water in oil 
emulsion, Coacervation / precipitation, cross linkage, 
supercritical fluid reactions, frozen drying 

Tablets Salicylic Acid, Diclofenac Matrix casting 
 
Chitosan and its constituents are used in a wide range of applications, including solutions, fibers, films, 
gels, capsules, tablets, and sponges [44-47].As a result, these drug forms will be delivered intravenously, 
transdermally, orally, nasally, intradermally, vaginally, ocularly, buccally, parenterally, intravesically, and 
transdermally. They can also be used as implantable and injectable drug delivery implants. Chitosan's 
favorable properties helped in the production of vaccine delivery systems [45]. Chitosan, a polycationic 
polysaccharide found in crustaceans, is a polycationic polysaccharide. It is used as a scaffold in tissue 
engineering, wound dressing, medication carrier, and antimicrobial agent in biomedical 
applications[48,49]. Chitosan nanoparticles are unusual in that they target medicines to specific organs 
such as the liver, stomach, kidney, and lungs, making them an ideal carrier for a wide variety of drugs, 
including cancer treatments [50]. Chitosan, a naturally occurring polymer, has been investigated for its 
ability to shape nanoparticles[51-53]. 
Carbamazepine chitosan nanoparticles preparation for improving nasal absorption 
As a result, these drug forms will be delivered intravenously, intradermally, transdermally, orally, 
ocularly, nasally, vaginally, buccally, parenterally, intravenously, intravesically, and transdermally. They 
can also be used as implantable and injectable drug delivery implants. Chitosan's favorable properties 
helped in the production of vaccine delivery systems[45].Chitosan, a polycationic polysaccharide found in 
crustaceans, is a polycationic polysaccharide. It is used as a scaffold in tissue engineering, wound 
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dressing, medication carrier, and antimicrobial agent in biomedical applications[48,49]. Chitosan 
nanoparticles with a mean size of 124.205 to 58013nm, a zeta potential of +21 to 26.6 mv, and an 
entrapment performance of 65 to 72.7% were observed. Carbamazepine-loaded chitosan nanoparticles 
were administered via nasal route and compared to carbamazepine administered via i.v. The route in an 
in-vivo sample on wistar rats. The researchers discovered that carbamazepine-loaded chitosan 
nanoparticles enhance drug absorption through the nose. Researchers discovered that carbamazepine 
could be administered directly into the rat brain through the nose, reducing the chance of side 
effects[54,55]. Ciprofloxacin nanoparticles were coated by chitosan after being formulated by PLGA[56]. 
In comparison to the RA-gel formulation, the developed RA-NP gel formulation demonstrated greater 
wound closure (faster wound healing). Skin irritation experiments on rats showed no erythema/eschar 
or edema, suggesting the gel's skin-like consistency. As a result, hydrogels containing Rosmarinic Acid 
loaded hydrogels outperform hydrogels containing only RA without prior nanoparticle loading. Chitosan 
is also well-known for its rate-monitoring capabilities. The nanoparticles were incorporated into 
Carbopol 940 hydrogel for optimum wound use[57,58]. 
Antitumor component phytic acids is continuously produced from chitin magnetic particles for 
delivery systems 
The anticancer ability of CS-MNP nanocomposites against colon cancer cells is high, although normal 
fibroblast cells are unaffected. Furthermore, the cellular and molecular analysis will be needed to identify 
the fundamental cellular function underlying the nanocomposite's unusual action against colon cancer 
cells. In situ experiments will also be performed to show the new tumor-specific delivery system's 
therapeutic potential[58].Promising research on wound dressing, medication delivery, and prescription 
formulation has been conducted in the biomedical sector[59-61]. 
Delivery studies have long been investigated as a means of preventing the formation of harmful bacteria 
or cancer cells close to healthy cells. In this instance, chitosan was used as a carrier moiety in the 
distribution system[62,63].Because of their higher mucoadhesive efficiency and sustained release of drug 
property, thiolated chitosan (TCS) based medication compositions have become much more prominent. 
When the amine functional group of chitin interacts with functional groups, TCS is produced[64,65]. 
Synthesized (thiolated)chitosan derivatives are exciting new active ingredients that can self-stabilize 
before being added to a drug delivery site. Furthermore, as a nanomedicine, thiolated chitosan appears to 
be a promising alternative for enhanced recombinant efficiency. Thereby, this review paper addressed 
the benefits of either of these methods, synthesized(thiolated) chitosan nanocomposites within the gel, to 
increase that nanocomposites. As a result, using thiolated chitosan to deliver therapeutics through the 
ocular route holds a lot of promise[12].Cotton fabric materials were treated with Chitosan to improve the 
efficiency of biological, chemical, and physical properties such as antibacterial activity, air permeability, 
and biocompatibility[66]. Chitosan can be used to prevent fibroplasia in wound healing as well as to 
promote tissue growth and differentiation in cultured tissues[67]. 
 

Table 4:Application of Chitosan [17] 
Application Example 
Biomedical and 
Pharmaceutical Materials 

Preparing synthetic skin, coronalsuture, hypocholesterolemia, lorgnette, 
besides synthetic arteriole, antitumor, anti-coagulant, stomachache, 
haemostasia, blood Dialysis membranes, treating major burns, 
hypocholesterolemia, besides, antithrombotic drug, in drug moreover 
system delivering gene, also in dental healing. 

Tissue Engineering Material for cartilage repair and bone tissue regeneration Bone 
regeneration scaffolds consisting of 3D porous chitosan-calcium phosphate 
matrix scaffolds. Chitosan-chondroitin sulphate sponge tissue 
regeneration.The aim of developing CTS–capsules of Ca+ alginate creates a 
synthetic islet of langto cure Diabetic ketoacidosis. 

Food and feed Additives Classification and de-acidification of fruits and beverages. 
Water Engineering Recovery of metal ions, 

Wastewater treatment 
Farming Seeds also Food-covering nourishment then antifungal agent. 
Medicine Pharmacy As a result of its hemostatic resource too wound curative influence, it is 

used to treat wounds, ulcers, and burns. 
Chromatographic Media and 
Analytical 

Enzyme immobilization, the matrix in affinity else enzyme-substrate along 
with gel permeation chromatography. 

Cosmetics Skin plus hair care products 
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Chitosan-deoxycholic acid nanodroplets of magnetic nanoparticles for ultrasound-enhanced si -
RNA distribution 
Perfluoropentane and iron oxide are used to create chitosandeoxycholic acid nanoparticles with 258 nm 
average hydraulic circumferences si-RNA are electrically compelled to a surface of the particle but mostly 
administered to tumor cells with and without ultrasound exposure. The findings show that the treatment 
regimen has little effect on si-RNA functionality and that the nanodroplets successfully facilitate si-RNA 
absorption, resulting in major apoptosis 72 hours after ultrasound treatment. Through the use of gas 
microspheres to encapsulate but rather optimize tissue penetration and absorption with multiple 
therapeutic agents, which include si-RNA will dramatically improve ultrasound-mediated distribution 
[68]. 
Retinal cell defense 
ARPE-19 cells exhibited cytotoxicity, cellular uptake, and antioxidant activity in response to hydrogen 
peroxide produce oxidative stress. Parenteral feeding is used for administration. Since the smallest blood 
capillary has a diameter of about 4 m, nano-sized particles can be distributed intravenously [69,70]. 
Perorate directing 
The nanomaterial could defend labile medications as synthetic deterioration in the alimentary canal has 
led towards the improvement of nanomaterials as a macromolecule, protein, and polynucleotide oral 
delivery systems [71]. Chitosan (native homopolysaccharide) derived from n-acetylglucosamine besides 
glucosamine copolymers, has anti-obesity properties [72].   
Enzymatic transformations of chitosan:  
The drawbacks of commonly employed large-scale chitosan manufacturing processes, as well as the 
growing demand for a diverse array of innovative chitosan oligosaccharides with better design, have 
piqued curiosity in chitosanolytic & chitin enzymes. Such enzymes are now more widely recognized as a 
useful weapon for COS functioning and biotechnological chitosan, particularly when a regulated, 
degradation-free, as well as definite method, is needed. 
Examples of enzyme-mediated chitin alteration: 
Access of enzyme to active polymeric units appears to be restricted due to the structure and high 
crystallinity of indigenous chitin. Several chitosanolytic & chitin enzyme complexed combinations may be 
used to solve the issue, allowing for extensive alteration of the indigenous substrate. Microbial chitinase 
enzymes have been shown in recent studies to depolymerize, potentially loosening the crystalline chitin 
structure[73]. 
Achieving multipurpose proteins which retain the function as well as site-specificity of indigenous 
enzymes, on the other hand, can be difficult at times. Co-expression of genes that code for enzymes 
necessary in methods having multiple steps is another strategy. It is possible to greatly minimize the cost 
of a treatment that involves the use of several biocatalysts through the extraction of many enzymes at the 
same time. The multi-gene expression usually necessitates structures containing pathway genes 
regulated independently by the various or similar terminators and enhancers. The use of self-processing 
viral 2A sequencing is another choice. 
Several picornavirus members have been found to contain such tiny oligopeptides (about 20 amino acid) 
that is responsible for skipping ribosomes and self-cleave viral polypeptides to create developed viral 
protein. In knockout mouse and animal cells, such genes have been used to successfully generate 
antibodies, vaccines, clinical proteins, and gene treatment[74].The development of clusters with multiple 
enzymes which enable the chain reaction of biocatalysts is yet another intriguing option for boosting the 
efficacy of enzyme-mediated systems for the production of variants of chitin. Non-covalent reactions 
between 2 proteins connect several cascade enzymes in metabolic pathways found in nature [75]. A new 
adaptive nanocarrier was created for the medication of ductal carcinoma. Those are made up of a cell-
penetrating peptide and chitosan (CS) copolymerized with N-vinyl caprolactam (NVCL) (CPP)[8]. When 
an intermediate product in the metabolism of an enzyme moves to another binding site of other enzymes 
directly, rather than releasing in the reaction medium, this is known as substrate channeling. The current 
state of knowledge in molecular biology, genetic engineering, & other relevant sciences presents a real 
opportunity to establish an effective and managed system of modification of enzymes of chitin and its 
variants [76]. 
 
CONCLUSION 
Chitosan nanoparticles are an excellent option for managed drug distribution, mucosal drug delivery, and 
drug stability enhancement. Chitosan nanoparticles are suitable forControlled drug delivery having the 
capability of improving dosage stability and effectiveness for mucosal drug delivery. As a result, chitosan 
derivativescan self-stabilize when added to the drug delivery site, making them an intriguing new 
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excipient. Hence, the study paper explored the advantages ofboth of these chitosan approaches for 
increasing the medication time of 
residence of nanoparticles on the cornea and thus enhancing the availability of the drug on the surface of 
the eyes. Chitosan, a polysaccharide biopolymer, has a distinctive chemical structure. All of these studies 
indicate that chitosan-based consumer biomedical goods will be available on the global marketshortly. 
 
REFERENCES   
1. Zhang S, Li J, Li J, Du N, Li D, Li F, Man J. (2020). Application status and technical analysis of chitosan-based 

medical dressings: a review. RSC Advances. 10(56):34308-34322. 
2. Rajitha P, Gopinath D, Biswas R, Sabitha M, Jayakumar R. (2016). Chitosan nanoparticles in drug therapy of 

infectious and inflammatory diseases. Expert opinion on drug delivery. 13(8):1177-1194. 
3. Almutairi FM. (2019). Biopolymer Nanoparticles: A Review of Prospects for Application as Carrier for 

Therapeutics and Diagnostics. International Journal of Pharmaceutical Research & Allied Sciences. ;8(1).19-22 
4. Zhao Q, Yokozawa T, Tsuneyama K, Tanaka K, Miyata T, Shibahara N, Matsumoto K. (2011). Chotosan (Diaoteng 

San)-induced improvement of cognitive deficits in senescence-accelerated mouse (SAMP8) involves the 
amelioration of angiogenic/neurotrophic factors and neuroplasticity systems in the brain. Chinese medicine. 
6(1):1-8. 

5. Barahuie F, Dorniani D, Saifullah B, Gothai S, Hussein MZ, Pandurangan AK, Arulselvan P, Norhaizan ME. (2017). 
Sustained release of anticancer agent phytic acid from its chitosan-coated magnetic nanoparticles for drug-
delivery system. International journal of nanomedicine.  12:2361. 

6. Ramos M, Jiménez A, Peltzer M, Garrigós MC. Characterization and antimicrobial activity studies of 
polypropylene films with carvacrol and thymol for active packaging. Journal of Food Engineering. 
2012;109(3):513-519. 

7. Delmondes PH, Stefani R. (2017). Computational study of natural phenolic acid solubility and their interactions 
with chitosan. InProceedings of MOL2NET 2016, International Conference on Multidisciplinary Sciences. 

8. Niu S, Williams GR, Wu J, Wu J, Zhang X, Chen X, Li S, Jiao J, Zhu LM. (2019). A chitosan-based cascade-responsive 
drug delivery system for triple-negative breast cancer therapy. Journal of nanobiotechnology. 17(1):1-8. 

9. Soofiyani SR, Hallaj-Nezhadi S, Lotfipour F, Hosseini AM, Baradaran B. (2016). Gene therapy based on 
interleukin-12 loaded chitosan nanoparticles in a mouse model of fibrosarcoma. Iranian journal of basic medical 
sciences. 19(11):1238. 

10. Pelegrino MT, Seabra AB. (2017). Chitosan-based nanomaterials for   skin regeneration. Medical Science. 
;4(3):352-381. 

11. Kaczmarek MB, Struszczyk-Swita K, Li X, Szczęsna-Antczak M, Daroch M. (2019). Enzymatic modifications of 
chitin, chitosan, and chitooligosaccharides. Frontiers in bioengineering and biotechnology. 7:243. 

12. Shastri DH. Thiolated chitosan: A boon to ocular delivery of therapeutics. MOJ Bioequiv Availab. 2017;3(2):1-5. 
13. Lucio D, Martínez-Ohárriz MC. Chitosan: strategies to increase and modulate drug release rate. Biological 

activities and application of marine polysaccharides. InTech, Croatia, Rijeka. 2017 :107-127. 
14. Lee DW, Lim C, Israelachvili JN, Hwang DS. Strong adhesion and cohesion of chitosan in aqueous solutions. 

Langmuir. 2013;29(46):14222-14229. 
15. Kim S. Competitive biological activities of chitosan and its derivatives: antimicrobial, antioxidant, anticancer, and 

anti-inflammatory activities. International journal of polymer science. 2018. 
16. Andres Y, Giraud L, Gerente C, Le Cloirec P. Antibacterial effects of chitosan powder: mechanisms of action. 

Environmental technology. 2007;28(12):1357-1363. 
17. Mahmoud MG, El Kady EM, Asker MS. Chitin, Chitosan and Glucan, Properties and Applications. World Journal of 

Agriculture and Soil Science. 2019;3(1):1-9. 
18. Shahidi F, Synowiecki J. (1991). Isolation and characterization of nutrients and value-added products from snow 

crab (Chionoecetes opilio) and shrimp (Pandalus borealis) processing discards. Journal of agricultural and food 
chemistry.;39(8):1527-1532. 

19. Zhao L, Yang G, Shi Y, Su C, Chang J. (2015). Co-delivery of Gefitinib and chloroquine by chitosan nanoparticles 
for overcoming the drug acquired resistance. Journal of nanobiotechnology. 13(1):1-10. 

20. Yuan Y, Chesnutt BM, Haggard WO, Bumgardner JD.(2011).  Deacetylation of chitosan: material characterization 
and in vitro evaluation via albumin adsorption and pre-osteoblastic cell cultures. Materials. 4(8):1399-1416. 

21. Lim C, Lee DW, Israelachvili JN, Jho Y, Hwang DS. (2015). Contact time-and pH-dependent adhesion and cohesion 
of low molecular weight chitosan coated surfaces. Carbohydrate polymers. 117:887-894. 

22. Moghadas B, Solouk A, Sadeghi D. (2020). Development of chitosan membrane using non-toxic crosslinkers for 
potential wound dressing applications. Polymer Bulletin.:1-11. 

23. Jeffryes C, Agathos SN, Rorrer G. (2015). Biogenic nanomaterials from photosynthetic microorganisms. Current 
opinion in biotechnology. 33:23-31. 

24. Mustafa A, Cadar E. (2015). Pharmaceutical uses of chitosan in the medical field. European Journal of 
Interdisciplinary Studies.;1(3):35-40. 

25. Dutta PK, Dutta J, Tripathi VS. (2004). Chitin and chitosan: Chemistry, properties and applications. 63(01):20-31. 
26. Parsian M, Unsoy G, Mutlu P, Yalcin S, Tezcaner A, Gunduz U. (2016). Loading of Gemcitabine on chitosan 

magnetic nanoparticles increases the anti-cancer efficacy of the drug. European journal of pharmacology. 
;784:121-128. 

Darekar  et al 



BEPLS Vol 12 [1] December 2022                  219 | P a g e            ©2022 AELS, INDIA 

27. Yu SH, Hsieh HY, Pang JC, Tang DW, Shih CM, Tsai ML, Tsai YC, Mi FL. (2013). Active films from water-soluble 
chitosan/cellulose composites incorporating releasable caffeic acid for inhibition of lipid oxidation in fish oil 
emulsions. Food Hydrocolloids. 32(1):9-19. 

28. Venter JP, Kotze AF, Auzely-Velty R, Rinaudo M. (2006). Synthesis and evaluation of the mucoadhesivity of a CD-
chitosan derivative. International journal of pharmaceutics. 313(1-2):36-42. 

29. Raafat D, Von Bargen K, Haas A, Sahl HG. (2008). Insights into the mode of action of chitosan as an antibacterial 
compound. Applied and environmental microbiology. 74(12):3764-3773. 

30. Xing Y, Xu Q, Li X, Chen C, Ma L, Li S, Che Z, Lin H. (2016). Chitosan-based coating with antimicrobial agents: 
preparation, property, mechanism, and application effectiveness on fruits and vegetables. International Journal 
of Polymer Science. ;2016. 

31. Tsai GU, Su WH, Chen HC, Pan CL. (2002). Antimicrobial activity of shrimp chitin and chitosan from different 
treatments. Fisheries science. 68(1):170-177. 

32. No HK, Kim SD, Prinyawiwatkul W, Meyers SP. (2006). Growth of soybean sprouts affected by chitosans 
prepared under various deproteinization and demineralization times. Journal of the Science of Food and 
Agriculture. 86(9):1365-1370. 

33. Li J, Wu Y, Zhao L. (2016). Antibacterial activity and mechanism of chitosan with ultra high molecular weight. 
Carbohydrate polymers. 148:200-205. 

34. Goy RC, Britto DD, Assis OB. (2009). A review of the antimicrobial activity of chitosan. Polímeros. ;19(3):241-247.  
35. Vila A, Sanchez A, Tobıo M, Calvo P, Alonso MJ. Design of biodegradable particles for protein delivery. Journal of 

controlled release. 2002 ;78(1-3):15-24. 
36. Katas H, Alpar HO. Development and characterisation of chitosan nanoparticles for siRNA delivery. Journal of 

controlled release. 2006;115(2):216-225. 
37. Seferian PG, Martinez ML. Immune stimulating activity of two new chitosan containing adjuvant formulations. 

Vaccine. 2000;19(6):661-668. 
38. Kumar SR, Ahmed VI, Parameswaran V, Sudhakaran R, Babu VS, Hameed AS. Potential use of chitosan 

nanoparticles for oral delivery of DNA vaccine in Asian sea bass (Lates calcarifer) to protect from Vibrio 
(Listonella) anguillarum. Fish & Shellfish Immunology. 2008;25(1-2):47-56. 

39. Felt O, Furrer P, Mayer JM, Plazonnet B, Buri P, Gurny R. Topical use of chitosan in ophthalmology: tolerance 
assessment and evaluation of precorneal retention. International journal of pharmaceutics. 1999;180(2):185-
193. 

40. Calvo P, Vila-Jato JL, Alonso MJ. Evaluation of cationic polymer-coated nanocapsules as ocular drug carriers. 
International Journal of Pharmaceutics. 1997;153(1):41-50. 

41. de la Fuente M, Raviña M, Paolicelli P, Sanchez A, Seijo B, Alonso MJ. Chitosan-based nanostructures: a delivery 
platform for ocular therapeutics. Advanced drug delivery reviews. 2010;62(1):100-117. 

42. Riva R, Jérôme C. (2014). Chitosan: a versatile platform for pharmaceutical applications. Material Matters: 
Chemistry Driving Performance. 9(3):95-98. 

43. Ruo L. (2012). Chitosan particles for the controlled release of proteins. Biomedical Engineering Doctoral 
Dissertation]: Polytechnic University of Turin. 

44. Morin-Crini N, Lichtfouse E, Torri G, Crini G. (2019). Applications of chitosan in food, pharmaceuticals, medicine, 
cosmetics, agriculture, textiles, pulp and paper, biotechnology, and environmental chemistry. Environmental 
Chemistry Letters. 17(4):1667-1692. 

45. Valachová K, Šoltés L. (2021). Versatile Use of Chitosan and Hyaluronan in Medicine. Molecules. ;26(4):1195. 
46. Yadav RP, Chauhan MK. (2017). Pharmaceutical Diversity of Chitin and Chitosan: A Review. International Journal 

of Pharmaceutical Science and Research. 2:6-11. 
47. Gokarneshan N. (2017). Role of Chitosan in Wound Healing-a Review of the Recent Advances. Global Journal of 

Addiction & Rehabilitation Medicine. 4(3):61-64. 
48. Jameela SR, Jayakrishnan A. (1995). Glutaraldehyde cross-linked chitosan microspheres as a long acting 

biodegradable drug delivery vehicle: studies on the in vitro release of mitoxantrone and in vivo degradation of 
microspheres in rat muscle. Biomaterials. 16(10):769-775. 

49. Scheffel U, Rhodes BA, Natarajan TK, Wagner HN. (1972). Albumin microspheres for study of the 
reticuloendothelial system. Journal of Nuclear Medicine. 13(7):498-503. 

50. Katas H, Raja MA, Lam KL. (2013). Development of chitosan nanoparticles as a stable drug delivery system for   
protein/siRNA. International journal of biomaterials. 201.17-23 

51. Liu Z, Jiao Y, Wang Y, Zhou C, Zhang Z. (2008). Polysaccharides-based nanoparticles as drug delivery systems. 
Advanced drug delivery reviews. 60(15):1650-1662. 

52. Dodane V, Vilivalam VD. (1998). Pharmaceutical applications of chitosan. Pharmaceutical Science & Technology 
Today. 1(6):246-253. 

53. Chakraborty S, Stalin S, Das N, Choudhury ST, Ghosh S, Swarnakar S. (2012). The use of nano-quercetin to arrest 
mitochondrial damage and MMP-9 upregulation during prevention of gastric inflammation induced by ethanol in 
rat. Biomaterials. 33(10):2991-3001. 

54. Arya RK, Juyal V, Kunwar N. (2015). Preparation of carbamazepine chitosan nanoparticles for improving nasal 
absorption. Journal of Drug Delivery and Therapeutics. :101-108. 

55. Arafa MG, Mousa HA, Afifi NN. (2020). Preparation of PLGA-chitosan based nanocarriers for enhancing 
antibacterial effect of ciprofloxacin in root canal infection. Drug delivery. 27(1):26-39. 

Darekar  et al 



BEPLS Vol 12 [1] December 2022                  220 | P a g e            ©2022 AELS, INDIA 

56. Wani TU, Raza SN, Khan NA. (2019). Rosmarinic acid loaded chitosan nanoparticles for wound healing in rats. 
IJPSR. 10:1138-1147. 

57. Ehterami A, Salehi M, Farzamfar S, Vaez A, Samadian H, Sahrapeyma H, Mirzaii M, Ghorbani S, Goodarzi A. 
(2018). In vitro and in vivo study of PCL/COLL wound dressing loaded with insulin-chitosan nanoparticles on 
cutaneous wound healing in rats model. International journal of biological macromolecules. 117:601-609. 

58. Bildstein L, Dubernet C, Marsaud V, Chacun H, Nicolas V, Gueutin C, Sarasin A, Benech H, Lepetre-Mouelhi S, 
Desmaele D, Couvreur P. (2010). Transmembrane diffusion of gemcitabine by a nanoparticulate squalenoyl 
prodrug: an original drug delivery pathway. Journal of controlled release. 147(2):163-170. 

59. Govindasamy K, Fernandopulle C, Pasbakhsh P, Goh KL. (2014). Synthesis and characterisation of electrospun 
chitosan membranes reinforced by halloysite nanotubes. Journal of Mechanics in Medicine and Biology. 
14(04):1450058. 

60. Chung TW, Yang J, Akaike T, Cho KY, Nah JW, Kim SI, Cho CS.(2002). Preparation of alginate/galactosylated 
chitosan scaffold for hepatocyte attachment. Biomaterials. 23(14):2827-2834. 

61. Shi P, Zuo Y, Zou Q, Shen J, Zhang L, Li Y, Morsi YS.(2009). Improved properties of incorporated chitosan film 
with ethyl cellulose microspheres for controlled release. International journal of pharmaceutics. 375(1-2):67-74. 

62. Yuan Q, Hein S, Misra RD. (2010). New generation of chitosan-encapsulated ZnO quantum dots loaded with drug: 
synthesis, characterization and in vitro drug delivery response. Acta biomaterialia. 6(7):2732-2739. 

63. Wu Y, Liu Y, Li X, Kebebe D, Zhang B, Ren J, Lu J, Li J, Du S, Liu Z. (2019). Research progress of in-situ gelling 
ophthalmic drug delivery system. Asian journal of pharmaceutical sciences. 14(1):1-5. 

64. Kast CE, Bernkop-Schnürch A. (2001). Thiolated polymers-thiomers: development and in vitro evaluation of 
chitosan–thioglycolic acid conjugates. Biomaterials. 22(17):2345-2352. 

65. Kafedjiiski K, Föger F, Werle M, Bernkop-Schnürch A. (2005). Synthesis and in vitro evaluation of a novel 
chitosan–glutathione conjugate. Pharmaceutical research. 22(9):1480-1488. 

66. Chandrasekar S, Vijayakumar S, Rajendran R. (2014). Application of chitosan and herbal nanocomposites to 
develop antibacterial medical textile. Biomedicine & Aging Pathology. 4(1):59-64. 

67. Kas HS. (1997). Chitosan: properties, preparations and application to microparticulate systems. Journal of 
microencapsulation. 14(6):689-711. 

68. Lee JY, Crake C, Teo B, Carugo D, de Saint Victor M, Seth A, Stride E. (2017). Ultrasound‐enhanced siRNA delivery 
using magnetic nanoparticle‐loaded chitosan‐deoxycholic acid nanodroplets. Advanced health care materials. 
;6(8):1601246. 

69. Müller RH. (1961). Colloidal carriers for controlled drug delivery and targeting: modification, characterization 
and in vivo distribution. Taylor & Francis. 

70. Tabata Y, Ikada Y. (1988). Macrophage phagocytosis of biodegradable microspheres composed of L‐lactic 
acid/glycolic acid homo‐and copolymers. Journal of biomedical materials research. 22(10):837-858. 

71. Tiyaboonchai W. (2013). Chitosan nanoparticles: a promising system for drug delivery. Naresuan University 
Journal: Science and Technology (NUJST). 11(3):51-66. 

72. Walsh AM, Sweeney T, Bahar B, O’Doherty JV. (2013). Multi-functional roles of chitosan as a potential protective 
agent against obesity. PLOS one. 8(1):e53828. 

73. Loni PP, Patil JU, Phugare SS, Bajekal SS. (2014). Purification and characterization of alkaline chitinase from 
Paenibacillus pasadenensis NCIM 5434. Journal of basic microbiology. 54(10):1080-1089. 

74. Ha SH, Liang YS, Jung H, Ahn MJ, Suh SC, Kweon SJ, Kim DH, Kim YM, Kim JK. (2010). Application of two 
bicistronic systems involving 2A and IRES sequences to the biosynthesis of carotenoids in rice endosperm. Plant 
biotechnology journal. 8(8):928-938. 

75. Srere PA. (1987). Complexes of sequential metabolic enzymes. Annual review of biochemistry. 56(1):89-124. 
76. Kaczmarek MB, Struszczyk-Swita K, Li X, Szczęsna-Antczak M, Daroch M. (2019). Enzymatic modifications of 

chitin, chitosan, and chitooligosaccharides. Frontiers in bioengineering and biotechnology.  7:243. 
77. Dodane V, Vilivalam VD. (1998). Pharmaceutical applications of chitosan. Pharmaceutical Science & Technology 

Today. 1(6):246-253. 
78. Chakraborty S, Stalin S, Das N, Choudhury ST, Ghosh S, Swarnakar S. (2012). The use of nano-quercetin to arrest 

mitochondrial damage and MMP-9 upregulation during prevention of gastric inflammation induced by ethanol in 
rat. Biomaterials. ;33(10):2991-3001. 

79. Arya RK, Juyal V, Kunwar N. (2015). Preparation of carbamazepine chitosan nanoparticles for improving nasal 
absorption. Journal of Drug Delivery and Therapeutics. 101-108. 

80. Arafa MG, Mousa HA, Afifi NN. (2020). Preparation of PLGA-chitosan based nanocarriers for enhancing 
antibacterial effect of ciprofloxacin in root canal infection. Drug delivery. 27(1):26-39. 

81. Wani TU, Raza SN, Khan NA. (2019). Rosmarinic acid loaded chitosan nanoparticles for wound healing in rats. 
IJPSR. 10:1138-1147. 

82. Ehterami A, Salehi M, Farzamfar S, Vaez A, Samadian H, Sahrapeyma H, Mirzaii M, Ghorbani S, Goodarzi A.(2018). 
In vitro and in vivo study of PCL/COLL wound dressing loaded with insulin-chitosan nanoparticles on cutaneous 
wound healing in rats model. International journal of biological macromolecules. 117:601-609. 

83. Bildstein L, Dubernet C, Marsaud V, Chacun H, Nicolas V, Gueutin C, Sarasin A, Benech H, Lepetre-Mouelhi S, 
Desmaele D, Couvreur P. (2010). Transmembrane diffusion of gemcitabine by a nanoparticulate squalenoyl 
prodrug: an original drug delivery pathway. Journal of controlled release. 147(2):163-170. 

Darekar  et al 



BEPLS Vol 12 [1] December 2022                  221 | P a g e            ©2022 AELS, INDIA 

84. Govindasamy K, Fernandopulle C, Pasbakhsh P, Goh KL. (2014).Synthesis and characterisation of electrospun 
chitosan membranes reinforced by halloysite nanotubes. Journal of Mechanics in Medicine and Biology. 
2014;14(04):1450058. 

85. Chung TW, Yang J, Akaike T, Cho KY, Nah JW, Kim SI, Cho CS.(2002).Preparation of alginate/galactosylated 
chitosan scaffold for hepatocyte attachment. Biomaterials. 23(14):2827-2834. 

86. Shi P, Zuo Y, Zou Q, Shen J, Zhang L, Li Y, Morsi YS. (2009). Improved properties of incorporated chitosan film 
with ethyl cellulose microspheres for controlled release. International journal of pharmaceutics. 375(1-2):67-74. 

87. Yuan Q, Hein S, Misra RD. (2010). New generation of chitosan-encapsulated ZnO quantum dots loaded with drug: 
synthesis, characterization and in vitro drug delivery response. Acta biomaterialia. 6(7):2732-2739. 

88. Wu Y, Liu Y, Li X, Kebebe D, Zhang B, Ren J, Lu J, Li J, Du S, Liu Z. (2019). Research progress of in-situ gelling 
ophthalmic drug delivery system. Asian journal of pharmaceutical sciences. 14(1):1-5. 

89. Kast CE, Bernkop-Schnürch A.(2001). Thiolated polymers-thiomers: development and in vitro evaluation of 
chitosan–thioglycolic acid conjugates. Biomaterials. 22(17):2345-2352. 

90. Kafedjiiski K, Föger F, Werle M, Bernkop-Schnürch A. (2005). Synthesis and in vitro evaluation of a novel 
chitosan–glutathione conjugate. Pharmaceutical Research. ;22(9):1480-1488. 

91. Chandrasekar S, Vijayakumar S, Rajendran R. (2014). Application of chitosan and herbal nanocomposites to 
develop antibacterial medical textile. Biomedicine & Aging Pathology. 4(1):59-64. 

92. Kas HS. (1997). Chitosan: properties, preparations and application to microparticulate systems. Journal of 
microencapsulation.14(6):689-711. 

93. Lee JY, Crake C, Teo B, Carugo D, de Saint Victor M, Seth A, Stride E. (2017). Ultrasound‐enhanced siRNA delivery 
using magnetic nanoparticle‐loaded chitosan‐deoxycholic acid nanodroplets.Advanced health care materials. 
6(8):1601246. 

94. Müller RH. (1991). Colloidal carriers for controlled drug delivery and targeting: modification, characterization 
and in vivo distribution. Taylor & Francis. 

95. Tabata Y, Ikada Y. (1988). Macrophage phagocytosis of biodegradable microspheres composed of L‐lactic 
acid/glycolic acid homo‐and copolymers. Journal of biomedical materials research. 22(10):837-858. 

96. Tiyaboonchai W. (2013). Chitosan nanoparticles: a promising system for drug delivery. Naresuan University 
Journal: Science and Technology (NUJST). 11(3):51-66. 

97. Walsh AM, Sweeney T, Bahar B, O’Doherty JV. (2013). Multi-functional roles of chitosan as a potential protective 
agent against obesity. PLOS one. 8(1):e53828. 

98. Loni PP, Patil JU, Phugare SS, Bajekal SS. (2014). Purification and characterization of alkaline chitinase from 
Paenibacillus pasadenensis NCIM 5434. Journal of basic microbiology. 54(10):1080-1089. 

99. Ha SH, Liang YS, Jung H, Ahn MJ, Suh SC, Kweon SJ, Kim DH, Kim YM, Kim JK. (2010). Application of two 
bicistronic systems involving 2A and IRES sequences to the biosynthesis of carotenoids in rice endosperm. Plant 
biotechnology journal. 8(8):928-938. 

100. Srere PA. (1987). Complexes of sequential metabolic enzymes. Annual review of biochemistry. ;56(1):89-124. 
101. Kaczmarek MB, Struszczyk-Swita K, Li X, Szczęsna-Antczak M, Daroch M. (2019). Enzymatic modifications of 

chitin, chitosan, and chitooligosaccharides. Frontiers in bioengineering and biotechnology. 7:243. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
CITATION OF THIS ARTICLE 
Sayali S. Darekar, Prashant L. Pingale, Sunil V. Amrutkar.Chitosan: A Boon of Medicine. Bull. Env. Pharmacol. Life Sci., 
Vol 12[1] December 2022: 209-221. 

Darekar  et al 


