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Abstract 

The process of chitin's alkaline deacetylation, the main ingredient in many crustaceans' protective 

cuticles, including those of crabs, shrimp, prawns, lobsters, and so forth, yields chitosan. Extensive 

research has been conducted on the potential uses of chitosan in horticulture, agriculture, medicine, and 

therapeutic settings. Because chitosan is known as non-toxic, biodegradable, bacteriostatic, and 

fungistatic, it finds extensive use in the pharmaceutical industry. The present review provides 

comprehensive details regarding the properties, uses, and potential applications of chitosan in the 

pharmaceutical industry. 
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Introduction 

Over the past 20 years, chitosan and its derivatives have shown to be good and safe options for promoting 

medication transport to the mucosa and transmucosal; this is primarily because of their mucoadhesive 

and absorption-enhancing qualities, which are strongly linked to the cationic nature of the polymer [1,2]. 

Polymers now play a significant part in all biological applications. Utilizing the qualities of novel 

polymeric materials, such as blends and composites, has resulted in numerous noteworthy technological 

advancements [3]. It has been documented that biopolymer contain polymers derived from animal 

proteins (such as collagen, gelatin, chitosan, wool, and silk) and polysaccharides (cellulose and starch). 

In particular, polymers based on carbohydrates have demonstrated a highly promising industrial 

application in a range of forms [4]. 

Chitosan's many vital benefits are its ability to interact with tissue, which results in minimal or no 

toxicity when broken down, and its antibacterial and anti-inflammatory properties [5,6]. Furthermore, 

chitosan promotes tissue regeneration and functions as an active hemostatic agent, aiding wound healing 

[7,8]. 

1. Chitosan's Applications in Biomedicine 

1.1. Antimicrobial Activity 

Chitosan exhibits a wide range of antibacterial action directed against molds, yeasts, and bacteria. It 

works well against foodborne bacteria that are both Gram-positive and negative. Many reasons lead to 

the incomplete understanding of chitosan's precise mechanism of antibacterial activity [9]. Three models 

have been put forth to describe how chitosan works as an antibacterial. The most plausible theory 

contends that chitosan's polycationic composition gives it antibacterial properties. The NH2 groups in 

chitosan's C2 position protonate to produce NH3+ in an acidic environment. This NH3+ binds to the 
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negatively charged carboxylic acid groups (–COO–) on the surface of bacterial and fungal cells, thereby 

impairing the outer membrane (barrier properties) of the microbial and allowing leakage of cellular 

components (10). Studies using electron microscopy have shown that chitosan adheres to the outer 

membrane of bacteria, supporting this theory (11). The relative concentration (ratio) of protonated and 

non-protonated amino groups depends on the pH of the chitosan microenvironment. 50% of the amino 

groups are protonated at pH values below the pKa. Positively charged amino groups provide 90% of the 

concentration at pH 5.5 and 99% at pH 4.5. Chitosan is the most soluble, and its protonated form 

predominates below pH 6.0, which is also the pH at which it appears to be most effective against 

microorganisms [12]. 

1.2. Antioxidant Activity 

There have been reports of high antioxidant action for chitosan and its derivatives. Their capacity to 

chelate metals allows them to scavenge free radicals, which controls lipid oxidation. Chitin and 

chitosan's viscosity, molecular weight, and deacetylation degree all affect their antioxidant activity [10]. 

1.3 Chitosan in biotechnology 

 Importantly, both Chitin and chitosan are helpful as a matrix for the immobilization of different 

enzymes for the production of organic compounds, sugar, and wine, as well as the development of 

advanced biosensors that are used in measurements of environmental pollutants and metabolite control 

in artificial organisms [13]. 

1.4. Chitosan as a matrix for medication delivery  

Chitosan is believed to be the twenty-first century's medicine delivery system. Drugs are delivered 

effectively in the shape of films, granules, microspheres, microparticles, or nanoparticles. According to 

[14], under regulated conditions, chitosan microspheres can be used to release proteins and peptide 

medications, vaccines, anticancer medicines, antihypertensive pharmaceuticals, antibodies, and 

nutraceutical chemicals. 

1.5. Chitosan as a wound healing agent 

Skin ointments contain chitosan as a wound healing agent because it has bacteriostatic and fungistatic 

properties. Animal tissues implanted with chitosan promote hemostatic and wound-healing properties. 

Hydrogels, xerogels, powders, composites, and films are among the biocompatible wound dressings 

made from chitin [15]. 

1.6. Drug-Loaded Scaffolds Based on Chitosan for Wound Healing 

Additionally, the researchers tested with chitosan scaffolds filled with drugs. It was discovered that 

thiolated chitosan loaded with poly (N-isopropyl acrylamide) was cytocompatible and modified the 

integrated ciprofloxacin's release sustainably, suggesting that it was appropriate for long-term wound 

protection. When thiolated chitosan, poly (N-isopropyl acrylamide), and ciprofloxacin were combined, 

the deadly bacterium Escherichia coli exhibited antimicrobial properties, indicating that the combination 

has potential as a wound dressing [16]. 

1.7. Anticancer Activity 

The use of chitosan derivatives in nano drug delivery systems is an innovative delivery technique used 

in the biomedical field. With its highest cytotoxicity to cancer cells and tumors and minor systemic 

damage, this approach is a necessary targeted treatment for cancer [17]. Chitosan can directly inhibit 

tumor cell development, induce necrosis and cell death, and increase immunity to achieve anticancer 

effects. The chitosan-containing nanoparticles can operate on cancer cells by accurately delivering the 

loaded drugs and maintaining drug stability [18]. 
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1.8. Nanoparticles 

The discipline of biomedicine has recently shown a growing interest in nanomaterials. The essential 

functions of Chitosan nanoparticles are to improve the loaded pharmaceuticals' stability and control the 

drug release rate while preserving chitosan's biological properties. Anticancer medications incorporated 

into chitosan nanoparticles to target malignant tumors have been supported by data that increases the 

medication's anticancer efficacy, lowers its toxicity, and extends its duration of action [19]. Chitosan 

nanoparticles are a promising technique for gene delivery because they are non-toxic, biodegradable, 

and simple to build DNA or protein complexes with [20] 

1.9. Regeneration of Nerves 

The nerves not connected to the brain or spinal cord are known as peripheral nerves. Injuries in these 

nerves may develop problems with motor and sensory abilities. Nerve injury can be treated with 

biomaterials that contain chitosan as the primary polymer. The pertinent mechanism is displayed. [20] 

Talk about how chitosan may be used as a gene transfer tool. It has been proposed that the nanofibrous 

hydrogels in a mouse sciatic nerve defect model, electrospinning, and mechanical stretching can be used 

to prepare the sciatic nerve for healing; this can induce the production of neurotrophic silver secretion, 

Schwann cell proliferation, and brain-derived neurotrophic factor. [21]. Furthermore, anomalies of the 

sciatic nerve in rats were treated using chitosan nerve guides longitudinally reinforced with chitosan 

membranes. An autologous nerve graft anastomosis was the outcome [22]. 

1.10. Regeneration of Tendons 

The tendon is among the crucial elements in charge of preserving the range of motion in the body's many 

joints. Permanent limitation of movement can result from a traumatic tendon rupture. Furthermore, in 

addition to alginate gel, a unique naturally occurring biological scaffold suitable for tendon restoration 

in the outer layer, with poly (L-lactic acid) nanofibers modeling the tendon structure may both encourage 

the regeneration of the damaged flexor tendons and inhibit tendon adhesion. Rat tendon stem/progenitor 

cells have been encased in asymmetric chitosan scaffolds to stimulate tendon regeneration [23]. The 

electrostatic spinning procedure produces a polycaprolactone/chitosan nanofiber biocomposite that can 

assist in the repair of tendons and ligaments and encourage human osteoblast adhesion and proliferation 

[24]. Patients suffering from torn tendons may benefit from using biomaterials that promote tendon 

healing and reduce adhesion around tendons by utilizing chitosan and its derivatives. 

Conclusion 

Based on the data presented in the review above, it is simple to determine that chitosan is a readily 

available, affordable, and naturally occurring supply. Chitosan has several uses in the pharmaceutical, 

food, biological, and clinical domains. Therefore, proper preparation techniques and conjugates will 

produce the required results. The best topic to explore is chitosan, a popular subject for many scholars. 

When chitosan and traditional excipients are evaluated for a particular purpose, it is observed that the 

chitosan has better qualities than the traditional one. Moreover, chitosan is extensively employed in 

various delivery methods, such as controlled medication delivery systems that produce an extended 

hormone release effect. Additionally, it is utilized in nasal and oral drug delivery systems. 
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