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  Chitosan is natural biopolymer of amino polysaccharides which is derived from chitin. Chitosan has 

multifunctional biological properties such as non-toxic, biodegradability, biocompatibility, adsorption and 

antimicrobial properties. This important feature is significantly have been widely used in pharmaceutical and medical 

applications as synthetic material for bone tissue engineering, wound healing and drug delivery.  Chitosan based 

nanocomposites have potential antimicrobial activity against different bacterial, viral and fungal pathogens it’s 

valuable for biological application of drug development system. Chitosan or combined with synthetic/ natural 

polymers based composites have been widely investigated for versatile biomedical use of drug delivery, wound 

healing, anti-microbial agent, tissue engineering, food preservative and anti-tumor activities. In this review will focus 

on the advantages of chitosan based nanocomposites or composites for pharmaceutical and biomedical applications.  
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1. Introduction 

  Recently, developed medicine combined with natural polymers 

in understanding molecular biology and cellular processes have been 

led to an increasing demand for medicinal field of biomedical 

applications. Those reasons have effectively stimulated researchers to 

research in the field of pharmaceutical and biomedical science, 

regarding chitosan. Natural biopolymer of chitosan is a linear 

polysaccharide prepared from N-acetylglucosamine of chitin. Which 

is known insoluble amino polysaccharide consist of β-(1,4)-2- 

acetamino-2-deoxy-D-glucose unites. Chitosan have variant 

biological properties including biodegradability, biocompatibility, 

less-toxicity, low immunogenicity, antimicrobial activity, cost-

effective and accessibility (Bozzuto et al., 2015; Johnston et al., 2007; 

He et al., 2019; Van et al., 2019). Chitosan is worldwide most 

abundant secondary biopolymer deacetylated form of chitin, which is 

predominantly naturally found in vertebrate animals, crab, lobster, 

insert and fungi and also occurring in the marine zooplankton species 

as well as jellyfish and coral (Bordi et al., 1991; Rha et al., 1984; 

Struszczyk et al., 1991; Abdou et al., 2008), chitin is also in wings 

like and lady bugs. In furthermore, yeast, plants and mushroom cell 

wall as well as animal cuticle (Nessa et al., 2010; Inmaculada et al., 

2009). Structure and natural sources of chitosan is showed in Fig 1. 

  Naturally occurring polysaccharides such as cellulose, agarose, 

agar, pectin, dextran, carrageenan and alginic acid are acidic or 

neutral in nature. Cellulose and chitosan are naturally presenting 

polysaccharide, and their structural backbone of β-1,4-linked 

glucosamine along with N-acetylation its similar to cellulose. 

Although difference only in the repeated replacement of amino and 

hydroxyl group on C-2 position. But biological properties of 

cellulose difference from chitosan characteristics. Physicochemical 

properties of chitosan are slightly crystalline, hardness, tasteless and 

colorless material. Unique properties of chitosan may include 

polyoxy salt formation capability to form of metal ions chelate, film 

formation and soluble in different media, viscosity, solution 

formation and optical structural characteristics (Pillai et al., 2009). 

Chitosan is deacetylation form of chitin (14) linked 2-amino-2-

deoxy- β-D-glucan. Chitin is highly insoluble and highly 

hydrophobic in water and organic solvent than compared to 

chitosan. But that is soluble in hexafluoroacetone, 

hexafluoroisopropanol, chloroalcohols combined with aqueous 

mineral acids solution and dimethylacetamide along with 5% of 

lithium chloride. Chitosan is soluble in diluted acids solution of 

glacial acetic acid, formic acid and N-methyl morpholine-N-

oxide/H2O (Dutta et al., 2002). The chitosan structure is illustrated 

in (Fig.1). 

 

 

 

 

 

 

 

 

 

Fig. 1. Structure of chitosan 
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  Chitosan is broad range of commercial applications, but it has 

some limitation and drawbacks. In one of the well-known chitosan 

loaded drug delivery system it disturbs adsorption of fat soluble 

substances. Thus modification to change of pH value in stomach 

and it is lead to effects of pregnancy outcome and children growth. 

Therefore, chemically modified chitosan have been used and an 

impressed for many biomedical applications due to the presences of 

amino and two -OH functional groups, it’s chemically modified 

chitosan has enhancing biological properties and increasing 

solubility of solution. The chemical modification is mostly using of 

graft copolymerization (Jayakumar et al., 2005; Jenkins et al., 

2001), cross-linking, etherification (Badawy et al., 2004;   

 

 

 

 

  

 

 

 

 

 

 

 

Gorochovceva et al., 2004) and esterification (Yoshifuji et al., 

2006). Chitosan sugar modification was first reported by Hall and 

Yalpani et al., in 1980. Recently, the World Health Organization 

has reported second most death of pathogenic microorganisms to 

cause infection disease of human health. Moreover, genetic mutated 

drug- resistance pathogenic microorganisms to an increased 

mortality in the worldwide. Therefore necessary most important to 

develop potential antimicrobial composite and it’s embedding 

multi-functionality as well as easily fabrication properties. Thus 

chemically modified chitosan or composite materials are known 

appropriated candidate for several biomedical applications shows in 

(Fig 2). 
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In this review paper is to highlight and discuss the recently 

developed various biomedical application of chitosan and chitosan 

emphasis or blended with composites materials.    

2. Biomedical applications of chitosan 

2.1. Drug delivery 

  Recently, the drug delivery system is emerging and interesting 

subject especially using of chitosan based carrier materials for 

numerous applications of biological and pharmaceutical activities. 

Alternative method of disease treatment is well-known that chitosan 

based hydrogel materials, the active drug or substance is once 

loaded into a device or carrier materials it’s providing the prolong-

time to release at a specific site and specific rate, reduced dosage of 

drug and thereby reducing side effects.  The drug loaded chitosan 

based composites can be used to antibacterial, antifungal, 

anticancer, anti-inflammatory and gene delivery (Li et al., 2008; 

Badawy et al., 2014; Dong et al., 2018).  

 Jiang et al., to performed the drug release behavior against the 

antimicrobial activity, which is formulation of tetracycline 

hydrochloride loaded with chitosan/poly(latic acid) (Tet-CS/PLA) 

nanofiber membrane. The Tet-CS/PLA nanofiber composite have 

potential inhibitory activity of Staphylococcus aureus, it’s gradually 

increased inhibition activity to increasing of Tet concentration 

below 20%. The effective drug loaded chitosan based nanofiber has 

significant advantages of nontoxicity, solubility, pH-sensitivity, 

absorbability and furthermore, controlled biodegradability as well 

as sustained drug releases (Suwei et al., 2016). El-Alfy et al., have 

reported chitosan nanoparticles prepared and loaded by antibiotic of 

tetracycline, gentamycin and ciprofloxacin as drug delivery system 

for good improvement of antibacterial properties against both Gram 

positive and Gram negative bacteria. The antibiotic-chitosan 

nanoparticles loaded composite to fabricate with cotton/polyester 

had enhancement in the mechanical and physicochemical 

properties. Cong et al., have reported emodin drug encapsulated 

with alginate hydrogel/chitosan micelle composite, which results 

demonstrated that the biocompatible materials can be a promising 

sustained release or site-specific drug delivery system for instable 

or hydrophobic drugs. Most beneficial purpose of insulin drug 

delivery system for diabetic treatment, the thermosensitive of 

quaternized chitosan based hydrogel is prepared for insulin delivery 

system via the nasal cavity. This hydrogel form of drug delivery 

system results has demonstrated a desirable swelling rate, even 

porous structure and adequate encapsulation. These properties 

contribute to the prolonged release of insulin to improvement of 

therapeutic effects on diabetic treatments.  

2.2. Wound healing 

  Skin is the largest organ of human musculoskeletal system, its 

outer cover of the human body and provided structure as well as fist 

protective barrier of the environmental factors. Wound healing is 

process of preventing deregulated homeostasis, epithelialization and 

inhibition of microbial contamination (Adeli et al., 2019).  When 

the skin damaged, it immediately required ideal wound dressing 

materials its must be possess of exhibit properties to maintenances 

moister environment around in the wound area, permit gaseous 

exchange, adsorbed exudates from the wound secretion and 

protective against microorganisms. A good wound healing practices 

materials or scaffold should be possess important criteria’s such as 

non-toxic, non-adherent, non-allergenic, and biocompatibility with 

potential antimicrobial activity thus it’s to enhanced the wound 

healing process (Gomes et al., 2015; Khorasani et al., 208). Wound 
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healing complication and delayed due to the microbial infection. 

Therefore, potential antimicrobial agents embedded wound healing 

dressing materials are great demand in the field of wound care 

market. The chitosan derivative can be used well-known promising 

dressing materials, thus high biodegradability, biocompatibility, 

non-toxicity, antimicrobial activity and good moisturizing capacity 

preserve around wound healing area. Furthermore, easily 

fabrication with desired materials and nanofibers resemble the ECM 

of the skin thus features further enhancing of wound healing 

process (Xu et al., 2018).    

  Sarhan et al., developed antimicrobial nanofibers for wound 

dressing by loading two natural plant aqueous extract. The 

fabricated nanofibers compositing honey, PVA and chitosan 

nanofibers (HPCS). Dried plant aqueous extract of Cleome 

droserifolia (CE) and Allium sativum are loaded within the HAPCS 

nanofibers, it’s noted as HPCS-CE, HPCS-AE and HAPCS-AE/CE 

nanofibers, respectively. Report revealed that the HAPCS-AE/CE 

nanofibers potential antibacterial activity against Methicillin 

resistant and S. aureus bacteria than compared to untreated control.  

Two plant aqueous extract combination with HPCS nanofibers 

potential enhancement of wound healing was observed in mice and, 

in further histological study was demonstrated to wound healing 

rate (Sarhan et al., 2016).  

  Carboxymethyl chitosan, hyaluronic acid and gelatin are 

cytocompatibility was examined by seeding of primary rabbit 

corneal epithelial cells (CEpCS) on the prepared scaffold to 

estimate the proliferation and growth rate. CEpCs/CMC scaffold 

was treated for the alkali-induced corneal injury in rabbits and 

wound healing process was evaluated that the CEpCs/CMC 

membrane could significantly improve corneal epithelial 

reconstruction and repair cornea transparency/thickness confirming 

this nanofiber membrane was effectively for corneal wound healing 

(Xu et al., 2018). Zhou et al., developed biocompatible nanofibrous 

scaffolds of photocrosslinked maleilated chitosan/methacrylated 

poly(vinyl alcohol) (MCS/MPVA), the nanofiber membrane water 

stability was improved by electrospining and photopolymerization 

method. The photocrosslinked nanofibrous cytotoxicity to 

evaluation by using of L929 cells that showed good proliferation 

and cellular compatibility it’s could be applied as potential wound 

dressing material (Zhou et al., 2017). Alavarse et al., prepared 

wound healing dressing scaffold which containing of PVA/chitosan 

and PVA/Chitosan/Tetracycline hydrochloride. This scaffold was 

investigated their physiochemical and biological properties of 

thermal, mechanical, morphological, antibacterial, cytotoxicity and 

drug release studies.  Scaffold showed significant antibacterial 

activity against Gram positive and Gram negative bacteria of 

Staphylococcus epidermidis, Staphylococcus aureus and 

Escherichia coli. In-vitro MTT assay revealed good 

cytocompatibility of the drug loaded nanofiber scaffold, which 

indicated that scaffold could be used an antibacterial wound 

dressing material for tissue engineering application (Alavarse et al., 

2017).  

2.3. Antimicrobial activity 

  Chitosan has a potential antimicrobial activity against Gram 

positive and Gram negative bacteria as well as fungal pathogens 

(Qin and Li, 2020; Cheah et al., 2019; Wei et al., 2019). Interaction 

and antimicrobial properties of chitosan based on the different 

essential environmental factors, including virulence factors, pH of 

medium and bacterial membrane structural protein properties and 

their concentration of composite materials. Bactericidal activity of 



 

6 
 

chitosan is based on the type of microorganisms due to their 

membrane proteins. Biopolymer of chitosan possesses good anti-

bacterial activity against Gram-positive bacteria of Bacillus 

megaterium, S. aureus, Listeria monocyogenes, Bacillus cereus, 

Lactobacillus plantarum, Lactobacillus bulgaricus and 

Lactobacillus brevis and Gram negative bacterial of E. coli, 

Pseudomonas fluorescens, Salmonella typhimurium, Pseudomonas 

aeruginosa, Vibrio cholera, Vibrio parahaemolyticus and 

Enterobacter aerogenes (Sahariah, 2017; Hosseinnejad and afari 

2016). Antimicrobial activity of quaterized derivative chitosan has 

better bactericidal activity against the Gram positive bacteria of S. 

aureus than compared to Gram negative bacteria of E. coli reported 

by Alessandro (Alessandro et al., 2014). In general, the chitosan 

antibacterial properties derivative differs against from Gram 

positive and Gram positive bacteria are somewhat controversial. In 

some researchers reported, unmodified chitosan usually strong act 

against Gram negative than on Gram positive bacterial strains.  

Such excellent antibacterial efficiency attributed due to their cell 

membrane characteristic, that consist thinner cell wall of Gram 

negative bacteria and consequently more susceptible than the Gram 

positive bacteria (no et al., 2002; Silva et al., 2010).  

  Several researchers have been reported, the electrostatic 

interaction between the negatively charged bacterial membrane and 

positively charged chitosan is assumed as the major antibacterial 

mechanism (Rabea et al., 2003). The peptidoglycan layer of the 

bacterial membrane can play important role in providing a rigidity 

of structure and which can act barrier against chitosan interactions 

(Zheng and Zhu 2003). The thickness of E. coli cell membrane 

around 7-8nm while the compared to Gram positive bacteria of S. 

aureus is 20-80 nm thus difference can difficult to bacterial cellular 

lysis (Eaton et al., 2008). Another research reported, mannose 

functionalized chitosan has enhanced antibacterial activity of 

multidrug resistant pathogenic bacteria of Escherichia coli and 

Listeria monocytogenes (Sadaf et al., 2020).   

2.4. Tissue engineering  

  Skin skeleton is largest organ of the human body system, which 

is protect from external environmental factors including mutagenic 

chemical substance, pollutant and pathogenic microorganisms 

(Kabashima et al., 2019). Currently are available several options to 

treatment of tissue injuries as including skin grafting techniques, 

which is improper and delayed healing as well as trigger negative 

immunogenic response. Therefore, tissue engineering immediately 

required promising and effective healing of naturally derived bio-

materials of this area. The biopolymer based composites are 

potential enhancing cell growth and proliferation and, moreover, 

growth factor embedded biomaterials significantly improving cell 

differentiation and migration of skin cells (Pereira and Bártolo, 

2016; Liu et al., 2018; Shpichka et al., 2019). Chitosan based 

developed composites or nanocomposites are suitable for tissue 

engineering due to their major biological properties of 

biodegradable, biocompatible and non-toxic.     

  Biopolymer of chitosan loaded with glycerol and antibacterial 

agents, as adding of glycerol enhancing the stability of the 

membrane while antibacterial agents provided long inhibition 

against Gram negative and Gram positive bacteria of Escherichia 

coli and S. aureus. The in-vitro study showed good proliferation of 

the fibroblast cells on the developed membrane. The results 

revealed that prepared membrane has potential applicable to 

antimicrobial dressing materials for skin burn treatment (Ma et al., 

2017).  Another study reported, chitosan with aloe vera-curcumin 



 

7 
 

embedded membrane scaffold was investigated regeneration of skin 

tissue in wound healing properties. The physicochemical property 

of prepared membrane was appropriated and exhibit antimicrobial 

activity of against pathogenic microbes. Cytotoxicity of the 

prepared membrane was performed mouse fibroblast NIH-3T3 cells 

culture on the membrane, which efficiently proliferated cell growth. 

The chitosan, aloe vera-curcumin loaded membrane has efficiently 

enhancing wound healing and along with inhibition of microbial 

pathogens (Liu et al., 2019). Similarly, aggregated with another 

research report, chitosan and silk microfibers membrane scaffold 

was prepared to evaluated physiochemical and mechanical 

properties which suitable for biological applications. Scaffold was 

revealed no toxicity effect on L929 cells and also promoted cell 

proliferation. Moreover, in-vivo study suggested reduction of 

inflammation response, and stimulated uniform distribution of 

fibroblast as well as collagen deposition (Xu et al., 2015) 

Conclusion 

  The review focused on current application of chitosan based 

biomaterials and it was discussed future prospects of natural derived 

or synthetic materials along with biopolymers combined scaffold 

used for various biomedical applications. Chitosan is natural 

biopolymer of polysaccharides have potential various biomedical 

applications of antimicrobial activity, drug delivery, wound healing 

and tissue engineering. The incorporation of chitosan based 

developed biomaterials potential applicable for several 

pharmaceutical and drug manufacturing industries, due to their 

excellent biological characteristic of nontoxic, biodegradable and 

biocompatible. In the review article concluded the chitosan based 

biomaterials applications are need translated from laboratory stage 

to further examination are required to use as commercial applicable 

for pharmaceutical and biomedical in the clinical applications. 
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