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Introduction

Figure 1: Commercial chitosan is derived from the shells 
of crustaceans.

Chitosan is cellulose like naturally derived polysaccharide 
(biopolymer), whereby the chitin shells (Figure 1) of crustaceans 
are treated with alkaline substances such as sodium hydroxide, 
which is also a biocompatible, biodegradable, non-toxic, 
antimicrobial and hydrating agent. The basic polysaccharide 
chitosan can be referred to as a chemically processed form of chitin. 
The cheapest source of chitosan is squid pen which is obtained 
as waste in the squid processing industry. Chitosan has a unique 
structure, various properties, ubiquitous functionalities and broad 
range of application in commercial as well as in bio medicinal field.  

 
They have contained the high percentage of (6.89%) nitrogen make 
them commercially valuable, and also a very good chelating agent. 
Chitosan is a bio polymer chain hitherto linked by two links namely 
β-(1-4) D-glucosamine and N-acetyl-D-glucosamine. The presence 
of these two links within the chain is random in nature (Figure 2).

Figure 2: Chemical structure of chitosan.

The chitosan is synthesized using its parent polymer Chitin 
by deacetylation method, due to its low solubility in aqueous and 
organic solvent chitin is not that much preferable to applications, 
while chitosan preferred in bio applications frequently. Chitosan is 
useful for multitudinous applications. The approximate molecular 
weight of chitosan found in the market lies in the range of 3800 
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Abstract

In the recent years, chitosan is considered as effective biopolymers for biomedical application. This is due to the fact that chitosan has a unique 
structure, various properties, and ubiquitous functionalities in character and provides the possibility for extension of this biopolymer in the in green 
chemistry, drug delivery, an anticancer agent, as well as wound healing etc. The inherent advantages offered by chitosan such as biocompatibility, 
genocompatibility, hemocompatibility, cytocompatibility, non-toxic, biologically suitable polymer properties make them attractive for biomedical 
application. The main aim of this review is to enlighten the importance of chitosan biopolymer for several biomedical technologies and engineering 
purposes.
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to 20,000 Daltons. It is soluble in dilute acids such as acetic acid, 
formic acid etc. In the chitosan chain, nitrogen mostly occurs in 
the form of primary aliphatic amino group. The group undergoes 
amine based reactions like N-acetylation and Schiff ’s reaction. The 
derivatives of chitosan can be considered as substituted glucans and 
are obtained easily under mild conditions. Its chemical properties 
can be summed up as follows:

a. Linear aminopolysaccharide with large nitrogen content;

b. Rigid D-glucosamine structure exhibiting high 
hydrophilicity and crystallinity;

c. Weak base; deprotonated amino group is a powerful 
nucleophile (pKa 6.3);

d. Ability to form intermolecular hydrogen bonds leading to 
high viscosity;

e. It has large number of reactive functional groups for 
cross-linking and chemical activation;

f. Insoluble in water and organic solvents; soluble in dilute 
aqueous acidic solutions;

g. Forms salts with organic and inorganic acids;

h. Chelating and complex properties;

i. Ionic conductivity;

j. Polyelectrolytes (at acidic pH);

k. Cationic biopolymer with high charge density (one 
positive charge per glucosamine residue);

l. Flocculating agent and shows interaction with negatively 
charged molecules;

m.	 Adsorbing	properties	used	for	filtration	and	separation;

n.	 Thin	film-forming	ability;	binding	materials	for	isolation	
of bio molecules.

Naturally occurring polymers like Cellulose, Dextran, Pectin, 
Agar, Agarose have an acidic or neutral nature while chitosan is highly 
basic in nature. Emergent signs indicate that chitosan has the ability 
to decrease plasma and liver triacylglycerol (TG) in addition to the 
cumulative cholesterol (TC) levels, unveiling hypocholesterolemic 
as well as hypolipidemic effects [1]. Chitosan can also reduce the 
risk of cardiovascular diseases, potent fat-binding capacity, increase 
fecal neutral-steroid and excretion of bile acid, by in vitro studies. It 
has been reported that the Hypocholesterolemic effect of chitosan 
in humans’ effectively decreases the plasma lipid levels also free 
from any side effects. Chitosan can easily bind with fat along with 
exhibiting cholesterol- and bile-salt-binding capacities. Different 
reaction conditions will yield various types of chitin with different 
physical and chemical properties. The molecular weight (Mw) and 
the Degree of Deacetylation (DD) and of a chitosan are the two 
key characteristics that prominently affect the chemical as well as 
physiological properties. The capacity of chitosan to bind with fat 
was pointedly more than that of cellulose, and it is also increased 

along with the increase in DD and Mw, whereas the cholesterol-
binding ability was affected by the particle size [2]. 

The antimicrobial activity of chitosan along with its derivatives 
has been acknowledged and is deliberated to be one amongst the 
other	vital	functions,	confirming	the	possible	biological	applications.	
Chitosan revealed antimicrobial properties with bacteria, fungi 
etc. Chitosan is also considered as the top amongst the other 
antimicrobial preservatives in the food industry. In addition to this, 
chitosan also inhibits the fungi growth and other microorganisms, 
specifically	pathogens	affecting	plants	[3].	It	can	persuade	plants	to	
synthesize	enzymes	(chitosanases)	which	can	 fight	with	 invading	
microbes. It should be noted that chitosan shows comparatively 
more antimicrobial activity than chitin because of the positive 
charge of the amine group present in the chitosan. From the studies, 
it is discovered that chitooligosaccharides with higher degrees of 
polymerization (DP) show stronger reticence of fungi and bacteria 
than those by chitosan and chitooligosaccharides of lower DP [4]. 
At the same time, their inhibitory effects increase with the increase 
in the DD. Apart of this, partially hydrolyzed chitosan oligomers 
also exhibit antimicrobial activity against the common bacteria, 
mold, and yeasts that are found in food. Chitin, chitosan, along with 
their oligomers are recounted to exhibit activities elicitor in nature 
in numerous plants and have been broadly used as elicitors during 
the introduction of secondary products in the cell cultures of plants. 
During its attack by pathogens like fungi, viruses, and bacteria, 
higher plants tend to have a number of defensive reactions like 
the creation of phytoalexins, chitinase, and b-glucanase enzymes, 
inhibitors of proteinase, glycoproteins rich in hydroxyproline, 
active	oxygen	species,	 lignification.	From	most	of	the	studies,	 it	 is	
seen clearly that, the chitosan along with its oligosaccharides show 
very strong antimicrobial activities and probably they can be used 
by humans safely [5]. 

The immunostimulating activity of chitosan and 
chitooligosaccharides has been noticed as they could produce 
non-specific	 host	 repellency	when	 the	 animal	 body	was	 infected	
with E [6]. Coli and viruses like Sendai. Studies also proved that 
chitooligosaccharides introverted the tumor growth by increasing 
the immune effects. Chitosan and chitosan derivatives also put 
on a display of an immunity-improving effect by enhancing the 
response towards antibody and anticancer activities. Moreover, 
chitosan is also recognized as a drug carrier which can enhance 
drug absorption as well as targeting and drug release. It also 
stabilizes the drug components. Chitosan can also act as a carrier 
of the gene to shield DNA and increase the period during which 
the genes can express themselves. Henceforth, chitosan has wide-
ranging scenarios for applications as drug and gene carriers. For 
example, chitosan can also be used as a carrier of the drug to deliver 
the anticancer and antitumor agent. Also, conjugates of some kinds 
of agents capable of battling cancer with chitin and its derivatives 
acted as good anti-cancer agents [7].

Figure 3 shows the steps involved in the processing of chitin and 
chitosan, which are the useless products from crabbing and shrimp 
canning industry. During the processing mainly removal of proteins 

http://dx.doi.org/10.31031/RDMS.2017.02.000543


How to cite this article: Yadu N VK, Raghvendrakumar M, Aswathy V, Parvathy P, Sunija S, Neelakandan MS, Nitheesha S, Vishnu KA. Chitosan as Promising 
Materials for Biomedical Application: Review. Res Dev Material Sci. 2(4). RDMS.000543. 2017. DOI: 10.31031/RDMS.2017.02.000543

   Research & Development in Material Science

172

Res Dev Material Sci

and the dissolution of high concentration of calcium carbonate in 
crab shells are the main part. Final chitosan is deacetylated in 40% 
sodium hydroxide for 1-3h at 120 0C to form 70% deacetylated 
chitosan. The chitin and chitosan processing includes crustacean 
shells, size reduction, protein separation, NaOH, washing 
demineralization (HCl), washing and dewatering, decoloration, 
chitin, deacetylation (NaOH), washing and dewatering, chitosan [8].

Figure 3: Processing of chitosan.

Biological Properties of Chitosan
Biodegradability of chitosan 

It really is an essential to see the metabolic experience in our 
body biodegradation, when polymers utilized as drug delivery 
systems. When we look at the circumstance regarding the systemic 
absorption of hydrophilic polymers such as for example chitosan, 
they must have possessed the right molecular weight. If the 
employee polymer dimensions are bigger, then there is chance for 
the polymer to endure degradation. The biodegradation of chitosan 
could be the splitting of the polymer substance into smaller portions 
and also as monomers i.e. D-glucosamine, N-acetyl-glucosamine 
they will be catalyzed by enzymes or chemicals in vitro or perhaps 
in vivo. The biodegradation rate is must for the usage chitosan 
in tissue engineering and drug-delivery systems. The amount 
of deacetylation (DD) and molecular weight (MW) will be the 
factors managing the biodegradation rates of chitosan. Chemical 
modifications	 to	 chitosan	 also	 influence	 the	 biodegradation	 rate.	
The process of biodegradation commonly involves the chemical 
and enzymatic activity that maked the material into fragments. 
That are suitable for fast renal clearance. In the case of chemical 
degradation, it refers to acid catalyzed degradation that is taking 
place when we look at the stomach [9]. Though it happens to be 

stated the oxidation-reduction depolymerisation and free radical 
degradation [10]. They are not likely to be an amazing source or 
degradation in vivo. Chitosan may be degraded by enzymes that 
hydrolyze glucosamine-glucosamine, glucosamine-N-acetyl-
glucosamine and N-acetyl-glucosamine-N-acetyl-glucosamine 
linkages [11,12]. Chitosan is meant to be degraded in vertebrates 
mostly through lysozyme and also by bacterial enzymes when we 
look at the colon [13]. However, eight human chitinases (when we 
look at the glycoside hydrolase 18 family members) have now been 
recognized, for the reason that three of which may have revealed 
enzymatic action [14]. A variety of microorganisms synthesizes 
and/or degrades chitin, the biological substance of chitosan. 
Generally speaking, chitinases in microorganisms hydrolyze 
N-acetyl-β-1,	4-glucosaminide	 linkages	randomly,	 this	 is	 certainly	
these are generally endochitinases. Chitinases are usually present in 
plants, and even though they do not have chitin structural elements. 
The family 19 chitinases are typically established to plants some 
have been establishing in bacteria [14,15]. This demonstrates 
simultaneously a safeguard mechanism in opposition to microbes 
and insects which have chitin structures and, in many cases, a 
symbiotic relationship [16]. So generally speaking we could state 
that simultaneously rate and degree of chitosan biodegradability in 
living	organisms	are	influenced	by	the	amount	of	deacetylation	(DD)	
[17,18]. Increasing DD decreases the degradation rate. The degree 
of degradation relates to the rate, as most of the researchers are 
revealed	over	a	finite	lifetime.	It	really	is	potential	that,	presented	
appropriately some time recommended conditions; the chitosans 
would certainly degrade adequately for accompanying elimination. 
Chitinases separated from various organisms have actually 
extensively various properties. The suitable pH extends throughout 
the pH scale with chitinase separated from Saccharomyces 
cerevisiae with an optimum of pH 2.5 [19]. Chitinase separated from 
Oreochromisniloticus possessing an optimum of pH 9.0 [20]. The 
precise activity regarding the enzyme, preferably resistant to the 
same substrate, and it also differs mainly amidst different species. 
The three enzymatically active kinds of human chitinases known 
haven’t been examined regarding the degradation of chitosan and/
or its types. 

These sorts are; 

a. di-N-acetyl chitobiose 

b. Chitotriosidase, 

c. The acidic mammalian chitinase (AMCase). 

AMCase is recognized when you look at the gastrointestinal 
tract and lung [20] and has now demonstrated an ability to relax 
and play a crucial role in asthma [21-23]. This role happens to be 
presented to be mediated with the T helper cell type 2 reaction 
that prompts AMCase release from lung epithelial cells in an 
epidermal growth factor receptor (EGFR) dependent manner 
[14,15]. Neutralization of AM Case in a murine model created a 
reduced TH2 cell response and it surely will result in decreased 
inflammatory	response	[24].	Di-N-acetyl	chitobiose	was	recognized	
in Tay Sachs and Sandhoff’s disease patient livers in 1974 [25] 

http://dx.doi.org/10.31031/RDMS.2017.02.000543


How to cite this article: Yadu N VK, Raghvendrakumar M, Aswathy V, Parvathy P, Sunija S, Neelakandan MS, Nitheesha S, Vishnu KA. Chitosan as Promising 
Materials for Biomedical Application: Review. Res Dev Material Sci. 2(4). RDMS.000543. 2017. DOI: 10.31031/RDMS.2017.02.000543

173

Res Dev Material Sci   Research & Development in Material Science

plus in rat liver in 1986. It absolutely was revealed to catabolise 
asparagine linked glycoproteins. Chitotriosidase is contained in 
excessive into the plasma of gaucher disease patients. It really is 
generated by activated macrophages. This enzyme has implications 
in certain diseases such as for example Gaucher disease and 
atherosclerosis. But in addition to protective mechanisms against 
fungi and parasites which may have chitinous structures. 

Toxicity of chitosan
Chitosan is thoroughly noticed to be a non-toxic, biologically 

suitable polymer [46]. It is really approved for nutritional uses in 
Japan, Italy, and Finland [26-34] and has now been authorized by 
the	FDA,	so,	it	can	be	used	in	injury	dressings	[35].	The	modifications	
designed to chitosan will make it just about harmful and any 
residual reactants could be properly removed. It is very important 
to analyze in regards to the composition of chitosan along with a 
drug may possibly replace the pharmacokinetic and biodistribution 
profiles.	By	way	of	example,	when	it	comes	to	chitosan/plasmid	DNA	
nanoparticles, the in vivo kinetics and supply are mainly regulated 
because of the nanoparticle properties such as for example their 
shape and charge. Other sorts of, cellular uptake kinetics can be 
changed as a result of the charge interaction for e.g. in the case 
of DNA complexes. This controlling, or reduction, regarding the 
positive charges from the chitosan molecule, has possessions on 
its interaction along with cells in addition to microenvironment, 
and it also frequently trusted to reduced uptake and a minimize in 
toxicity. When it comes to a covalent drug conjugate, the polymer’s 
physicochemical characteristics (hydrophilicity) and shape are 
altered	(for	example.	micelle	formation)	with	an	arising	influence	
on the distribution and cell uptake [36]. In addition, additionally, it 
is crucial to see the path of administration establishes the uptake, 
concentration,	and	contact	some	time	cell	kinds	influenced.	In	a	few	
reports,	Schipper	et	al.,	[37]	specified	the	consequence	of	chitosans	
with varying molecular weights and amount of deacetylation on 
Caco-2 cells, HT29-H plus in situ rat jejunum. Through the toxicity, 
scientific	studies	unearthed	that	the	amount	of	deacetylation	and	
molecular weight are reliant. At high deacetylation the toxicity 
relates to the molecular weight in addition to concentration, 
at lower DD toxicity is less noticeable much less pertaining to 
the molecular weight. Nevertheless, almost all of the chitosan’s 
examined failed to enhance dehydrogenase activity expressively 
when	you	look	at	the	concentration	range	tested	(1-500μg/ml)	on	
Caco-2 cells. The in situ rat jejunum research displayed no rise in 
LDH	activity	with	some	of	the	chitosans	tested	(50μg/ml)	[38,39].	
The ciliary beat frequency of chicken embryo trachea was examined 
after use of trimethyl chitosan solutions and a marginal effect 
(comparable to physiological saline) was recognized [40]. For the 
style of drug delivery types predicated on chitosan, in vivo toxicity 
especially	after	long	haul	administration	is	a	significant	necessity.	
In	a	somewhat	long	study	(65	days),	no	negative	influence	on	body	
weight was noticed if chitosan oligosaccharides were released [41]. 
Nevertheless, 50mg/kg intravenously applied chitosan triggered 
death, as a result of blood aggregation. A photo crosslinks chitosan, 
produced	 as	 a	 tissue	 glue	 similar	 to	 fibrin	 glue,	 azide-chitosan-
lactose had not been toxic over a 1 month time period after 

administration of just one ml at 30mg/ml i.p., this is not photo-
crosslinked [42]. Nevertheless, no histological evaluation, enzyme 
or any other pathological measures were reported; not enough 
toxicity is induced by survival of >1 month.

Biocompatibility of chitosan
Biocompatibility could be the being compatible along with 

living tissue or an income system through not being toxic, injurious, 
or physiologically reactive rather than leading to immunological 
rejection. Facts associated with undesirable reactions among 
the biomaterials and living systems happens to be acquired from 
retrospective research in humans, and presently biomaterial-tissue 
interactions has been discovered by using bioassays in vitro plus 
in vivo. In previous research, biocompatibility evaluation mainly 
hinges on the area regarding the implant, and materials were 
classified	 as	 “very	 reactive”	 or	 “inert.”	 This	 easy	 category	 has	
differed newly, because of the fact that a couple of materials can 
induce undesirable immune feedback, unwanted interactions with 
blood	as	well	as	other	body	fluids,	and	cause	damage	the	genetic	
material in the chromosomal and DNA level. The good news is times 
almost all recently produced biomaterials suggested for usage in 
humans are confronted with in vitro assessments that are then 
followed closely by in vivo assessments. A number of clinical tests 
exploring the usage chitosan for medical function might not have 
been precisely authenticated and a few of those have examined 
merely very little biocompatibility studies (its operation or possibly 
in vitro cytotoxicity) without having the right control groups. By 
way of example, there clearly was an issue that shrimp-allergic 
individuals may respond to glucosamine-including products since 
they may be made of the shells of crustaceans, shrimp, crab, as well 
as	other	shellfish	[43].

Chitosan is actually polycationic in character at a pH<6 and 
simply interacts along with various negatively charged molecules, 
such as anionic polysaccharides, proteins, , essential fatty acids, bile 
acids, as well as others. It is essential to test the biocompatibility 
of chitosan derivatives prior to it really is found in the world of 
chitosan drug conjugate therapeutics since most of those are 
created	 to	 posses	much	 longer	 plasma	 half-lives	 and	 afflicted	 by	
gradual degradation within your body. The detaching of monomers 
through the chitosan by degradation may possibly end up in 
serious complications, such as red cell lysis, immune protection 
system stimulation, tissue toxicity, and cell aggregation. Samples of 
biocompatible	chitosan	types	revealed	consist	of	modification	with	
PEG, dextran, polyvinylpyrrolidone (PVP), arabinogalactan and 
poly-L-glutamic acid [44].

Chitosan derivatives are contained in a variety of kinds, such as 
solutions,	films,	porous	structure	scaffolds,	pastes,	sheets,	hydrogels,	
fibers,	 tablets,	 nanoparticles,	 and	 microspheres.	 Chitosan	 films	
developed with acetic acid (chitosan-AA) and lactic acid (chitosan-
LA) have now been tested with their potential as wound-healing 
materials when comparing to the commercial Omiderm [45].

Chitosan microspheres cross-linked with glutaraldehyde 
display sluggish biodegradability suited to the regulated delivery of 

http://dx.doi.org/10.31031/RDMS.2017.02.000543


How to cite this article: Yadu N VK, Raghvendrakumar M, Aswathy V, Parvathy P, Sunija S, Neelakandan MS, Nitheesha S, Vishnu KA. Chitosan as Promising 
Materials for Biomedical Application: Review. Res Dev Material Sci. 2(4). RDMS.000543. 2017. DOI: 10.31031/RDMS.2017.02.000543

   Research & Development in Material Science

174

Res Dev Material Sci

several drugs; nevertheless, these synthetic cross-linking reagents 
are typical highly cytotoxic, that may impact the biocompatibility 
regarding	the	cross-linked	biomaterials.	So	it	will	be	significant	to	
produce a cross-linking reagent this is certainly ideal for used in 
biomedical applications, or perhaps not cytotoxic, as well as that have 
to posses the proper execution a well balanced and biocompatible 
cross-linked item. As an example Geni pin is employed as a cross-
linking reagent, with better biocompatibility and a more sluggish 
degradation rate compared to the chitosan microspheres cross-
linked with glutaraldehyde [46].The biocompatibility reduces when 
we look at the order chitosan hydrochloride, chitosan glutamate, 
glycol chitosan, chitosan lactate, methylpyrrolidinone chitosan.

In vitro biocompatibility
The in vitro biocompatibility analysis of biomaterials is 

important since it is an important step for the growth of chitosan 
and its own derivatives for biomedical applications. A few 
experiments consist of biosafety evaluation, and biofunctionality 
analysis to determine the biocompatibility of chitosan and its 
own derivatives. In vitro screening centers around the evaluation 
of cytocompatibility and hemocompatibility, from then on in vitro 
genotoxicity ensure that your immune biocompatibility test can 
be executed. The tissue culture strategies can be applied for those 
studies and it is gaining importance and represents a great way to 
obtain all about the behaviour of cell when confronted with these 
biomaterials.	“In	vitro	culture”	is	thought	as	an	experimental	system	
that synthetically reproduces environmentally friendly conditions 
essential to make sure the viability of cells or tissues harvested from 
an income organism, and it is widely utilized for the analysis of cell 
growth and differentiation. A suspension culture of chondrocytes 
was noticed to install, proliferate, and spread on porous chitosan 
microspheres, along with within these microcarriers, suggesting 
that chitosan is an appealing injectable tissue engineering scaffold 
[47].

Cytocompatibility
There are two evaluation stages requires testing the in vitro 

cytocompatibility of chitosan and its various derivatives. During the 
first	stage,	cytotoxicity	tests	are	performed	to	screen	the	materials	
to be employed for external use or implantation. Cytotoxicity tests 
basically consist of morphological evaluations, which highlight 
and measure the cells that have died or have undergone regressive 
phenomena after exposed to the material in question [48-50].

In case there is the cytocompatibility examination appropriate 
choice of cell type is very important to make certain an appropriate 
and	 precise	 description	 of	 results	 and	 it	 is	 noticeably	 influenced	
by the conclusion use of the recently produced chitosan derivative 
product. When chitosan derivatives can be utilized as wound 
dressings, cultured cells, for example human keratinocytes or human 
dermal	 fibroblasts,	 may	 better	 fit	 the	 goal	 of	 cytocompatibility	
compared to the usage of cancerous cell lines. Compared to normal 
cell lines cancerous cell lines or transformed cell lines are far more 
resistant into the cytotoxic consequence of chitosan derivatives 
for that reason these cell lines may often undervalue the degree of 
cytotoxicity. For chitosan-derivative hydrogels, sheets, and pastes 

an indirect contact assay (agarose overlay assay) are suitable, for 
which	cultured	cells	are	covered	with	a	permeable	agar	film,	the	test	
sample permitted to be added to the agar surface without getting in 
touch with membrane cells. It explained that extraction method also 
applicable for chitosan hydrogels, sheets, and pastes. In case there 
is chitosan hydrogels, sheets, and pastes direct-contact method 
could potentially cause the misunderstanding of cytotoxicity, using 
the fragments of sticky chitosan derivatives triggers challenges in 
MTT and MTS assays. The second stage involves cell cultures as 
a result tests. These tests ensure an even more exact assessment 
regarding the biocompatibility of these chitosan derivatives for the 
end use. Cell cultures are widely used to gauge the overall biological 
compatibility regarding the materials connected with toxic effects 
from the body, for example alterations regarding the metabolic 
pathways,	alterations	in	organ	functions,	or	modifications	into	the	
structure regarding the musculoskeletal system, that are responses 
to alterations occurring at the cellular level. Chitosan presents an 
increased in vitro cytocompatibility than does chitin. This property 
is apparently pertaining to the DD regarding the samples. As 
soon as the positive charge regarding the polymer improves, the 
interactions between chitosan in addition to cultured cells may also 
be improved as a result of the existence of free amino groups [48].

Hemocompatibility
Almost all of the biological feedbacks stimulated by materials 

are caused by the phenomena of surface initiation. The polycationic 
characteristics of chitosan prospect into the derivation of varied 
proteins	and	its	own	nonspecific	binding	to	cell	membranes	could	
potentially cause thrombosis. This is why chitosan unsuitable for 
blood-contacting products. When chitosan and its own derivative 
come right into contact with blood, blood proteins are adsorbed 
on the surface leading to the attraction of platelets as well as 
other blood cells to cause platelet activation and thrombosis. The 
activation of platelets fairly lower for surface-sulfonated chitosan 
membrane in an aqueous alkaline medium that will be as a result of 
the phenomenon from the cationic NH3+ group [49].

The evaluation of hemolysis, red cell aggregation patterns, 
fibrinolysis,	 proteolysis,	 platelet	 activation,	 platelet	 adhesion,	
oxidative burst, and production of thrombin upon exposure are 
great for hemocompatibility research regarding the chitosan 
derivatives. If the chitosan derivatives are intravascularly utilized, 
their overall performance mainly hinges on their interaction 
with blood components. Experts are making an effort to create 
hemocompatible chitosan derivatives for a wide array of biomedical 
applications. N-acyl chitosans, like hexanoyl chitosan, have now 
been observed to obtain better hemocompatibility than N-acetyl 
chitosans [50]. The anticoagulant activity of chitosan is going to 
be pertaining to its paid down positive charge which will usually 
trigger interaction with negatively charged membranes of red 
blood cells.

Genocompatibility
Genotoxicity tests gauge the capability of a material resulting 

in mutations or gross chromosomal problems within affected cells. 
Coming from a variety of research it is available that chitosan has the 
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capacity to mediate multiple biological activities, like the avoidance 
of genomic toxicity [51]. Chitosan oligosaccharide avoids mercury-
stimulated chromosomal anomalies in mice, recommending 
that chitosan oligosaccharide is a nontoxic material which can 
be used as a suppressor of heavy metal-stimulated genotoxicity 
[52]. The conventional genotoxicity studies are time-taking in. Per 
currently growing technology named single-cell gel electrophoresis 
(SCGE) (comet assay) is a delicate biological tool utilized for Geno 
compatibility screening. For the assessment of Geno compatibility 
of a variety of chitosans as well as their derivatives comet assay 
happens to be achieving extensive recognition.

In vivo biocompatibility
The restriction of in vitro biocompatibility screening is the fact 

that cells hardly ever interact individually in vivo; examination built 
in vitro are simply just a straight forward section of complex in vivo 
mechanisms. The cultured cells try not to include any system to 
eradicate biological waste elements because culture environment 
is stagnant. 

Which means material’s toxicity can be over anticipated. 
There aren’t any standardized options for in vivo visualization 
of	 biocompatibility	 or	 inflammatory	 reactions	 to	 implanted	
biomaterials. Conventionally, biocompatibility is set via histological 
evaluation. Histology permits when it comes to a determination 
regarding the cell kinds and a wide range of cells nearby the 
implant, such as those from the immune protection system.

Alternatively,	 fluorescence	 imaging	 shows	 a	 collection	 of	
helpful strategies which were used by investigating tumor models, 
transplant	 rejection	 models,	 pulmonary	 inflammation	 and	
inflammation	caused	by	arthritis	[53].

Monocytes and neutrophils began the healing feedback 
if biomaterial is implanted. This feedback is followed closely 
by	 the	 propagation	 of	 fibroblasts	 and	 vascular	 endothelial	
cells. At the beginning of levels of wound healing, chitosan can 
speed the development of healthy granulating tissue. The in 
vivo biocompatibility of chitosan solutions that have glycerol-
2-phosphate (C-beta- GP) to be utilized when it comes to the 
parenteral administration of drugs was decided by injecting the 
C-beta-GP into the hind paw regarding the rate. C-beta-GP with a 
high	DD	yielded	lower	inflammatory	reactions.	Biocompatibility	of	
thermosensitive chitosan-based hydrogels: an in vivo experimental 
approach to injectable biomaterials. Subcutaneous implantation of 
chitosan	micro	fibers	into	mice	suggested	that	the	implantation	of	
rat muscle made of stem cells (rMDSCs) including chitosan micro 
fibers	 stimulated	 fewer	 host-tissue	 responses,	 together	 with	
reduced macrophage accumulation, then performed the injection of 
chitosan	micro	fibers	itself,	that	might	be	as	a	result	of	the	decreased	
immune reactivity regarding the transplanted rMDSCs [54]. This 
particular	outcome	 implies	 that	 chitosan	micro	 fibers	may	act	 as	
a biocompatible in vivo scaffold. In another type of analysis, the 
in vivo biocompatibility of a freshly formulated chitosan-agarose-
gelatin (CAG) scaffold developed by using cryoablation technology 
was evaluated by subcutaneous implantation into Wistar mice.

Neovascularization was noticed on the site regarding the interface, 
showing that CAG cryogel matrices not merely are biocompatible 
but in addition can trigger angiogenesis by developing new blood 
vessels [55].

Biomedical Application of Chitosan Nanoparticles
Chitosan nanoparticles have a large set of application in 

different	filed	of	interests	such	as	tissue	engineering,	bio	imaging,	
cancer treatment, etc. shown in Figure 4. Some of the applications 
in	medicinal	filed	was	discussed	below	like	bone	tissue	engineering,	
drug delivery etc. which explains the real role chitosan nanoparticles 
may reveal.

Figure 4: Illustrates the biomedical applications of chitosan 
NPs.

Chitosan in green chemistry application
Ionic liquids (ILs) happen to be attained so much more thought 

as green solvents due to the product regarding the advance of 
green chemistry. Additionally, it is a vital need for environmentally 
friendly protection [37]. The reception of ILs has appeared as 
a rebel which has been thrilled both the academia in addition to 
chemical companies. The terms and conditions room temperature 
ionic liquid (RTIL), nonaqueous ionic liquid, molten salt, liquid 
organic salt and fused salt have got all already been utilized to 
describe ILs (salts when you look at the molten state) [56]. The ILs 
have exceptional physicochemical characteristics which can be very 
helpful if traditional organic solvents are not really properly active 
or perhaps not appropriate [57].

In line with the mix of their inimitable characteristics in a 
way that ionic liquids possess a wide range of merits with their 
synthesis and extractions. These liquids have trivial vapor pressure 
this is certainly a liquid number of up to a lot more than 400K and 
densities higher than compared to water. The ionic liquids are 
miscible with substances inside an array of polarities. Additionally, 
demonstrates parallel dissolution in organic and inorganic 
substances. In several cases indicates that many processes could be 
amazing with traditional solvents due to their partial liquid range 
or their miscibility. Even greater probably could be the use of RTILs 
for chemical synthesis considering that the charged nature of these 
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solvents may be subjective because of the synthesis itself. The main 
innovative and prominent feature of RTILs as solvents will there 
be	probability	to	develop	one	with	specific	properties	needed	for	a	
certain	application,	referred	to	as	“designer	solvents”	[58].

Ionic liquids have now been related as a replacement solvents 
in various catalytic organic transformations [59,60]. These are 
generally successfully dissolved in biological macromolecules 
which can be linked by intermolecular hydrogen bonds, for 
example	 carbohydrates,	 cellulose,	 wool	 keratin	 and	 silk	 fibroin	
[61]. The Ionic liquid is also employed when it comes to dissolution 
of chitosan for waste water treatment, cosmetics, heavy metal 
and rock chelation, heterogeneous catalysts. Chitosan is made 
from an amino group and two hydroxyl groups when you look 
at the repeating hexosaminide residue. Through the chemical 
modification	of	every	regarding	the	biopolymer,	it’s	very	important	
to make a well balanced homogeneous solution so that you can 
raise	 the	 efficacy	 of	 modification.	 Though,	 the	 solid	 inter	 and	
intramolecular hydrogen bonding amongst the chitin and chitosan 
chains reduces their solubility in a lot of organic solvents. So, dilute 
aqueous solutions of organic and mineral acids solutions are used 
when it comes to dissolution of chitosan. However, these solvents 
are corrosive and need an alkaline solution treatment procedure 
to	 get	 rid	of	 the	 acid	 following	 the	process.	Moreover,	 in	definite	
applications like transition metal sorbents and drug carriers [27] 
the polyelectrolyte solutions have limited application at the same 
time	bioactive	agents	could	be	influenced	because	of	the	occurrence	
of acetic acid intake for dissolving chitosan. Consequently, a unique 
treating strategy for evolving potential applications among these 
bio- renewable resources is necessary [28].

Xie et al. [25] employed 1-butyl-3-methyl-imidazolium 
chloride solvent for chitin and chitosan. Then apply these as 
a	 substitute	 for	 amino-functionalized	 artificial	 polymers	 for	
catching and discharging CO2. When it comes to the creation of 
powerful CO2 recovery techniques from industrial waste gases is 
vital to simultaneously reutilization regarding the CO2 as a carbon 
resource in addition to environmental problems associated with 
greenhouse effects. Conventionally, the essential generally utilized 
process for CO2 recovery is a chemically reversible CO2	 fixation	
with amines at room temperature to make ammonium carbamates. 
Through heating, the CO2 will be released through the ammonium 
carbamates [8]. Amino-functionalized synthetic polymers and 
ionic	liquids	happen	to	be	also	founded	to	fixate	CO2 from the basis 
among this concept [29].

Chitosan is a normal polyamine and as a consequence, it could 
be the right replacement for amino-functionalized polymer when 
it comes to CO2	fixation.	Although	the	ionic	liquids	will	not	totally	
interrupt the crystalline domains of chitosan and just a partial 
dissolution regarding the option would be obtained, it deceptively 
will not distress their use. The chitin/IL and chitosan/IL are in place 
when	 it	 comes	 to	 reversible	 fixation	 of	 skin	 tightening	 and.	 This	
green friendly system has the possibility not merely of recovering 
CO2 from the industrial exhaust but it additionally for CO2 sensing 
[30]. An original polymer/RTIL composite material predicated 

on	 chitosan	 and	 1-butyl-3-methyl-imidazolium	 tetrafluoroborate	
(BMIM.BF4) were well-known by Lu et al. [22] The composite 
system could willingly make use of as an immobilization matrix 
to entrap proteins and enzymes. Hemoglobin (Hb) was chosen 
as a version protein for the research the composite system. The 
bioactive	 composite	 film-modified	 glassy	 carbon	 (GC)	 electrodes	
were produced by direct electron transfer amongst the protein 
in addition to GC electrode. The movie electrode revealed 
melodramatically enhanced bio electrocatalytic action to oxygen 
and trichloroacetic acid alongside it offers effective stability in 
solution. 

Two well-described quasi-reversible redox peaks for 
hemoglobin	 was	 detected	 in	 the	 composite	 film-modified	 GC	
electrode. Thermogravimetric analysis (TGA) indicates that the 
chitosan-BMIM.BF4-Hb	 composite	 has	 finest	 thermal	 stability	
compared to that of chitosan-Hb itself.These unique composite 
materials may possibly deliver a fantastic electrochemical sensing 
platform for redox proteins and enzymes. Thus have possible 
applications in direct electrochemistry, biosensors, and biocatalysis 
by direct electron transfer.

A delicate glucose biosensor, making use of an electrodepositing 
chitosan-ionic liquid-glucose oxidase biocomposite onto nano-gold 
electrode, was generated by Zeng et al. [11]. A nano-gold electrode 
is produced by electrochemically depositing gold nanoparticles 
onto	a	 flat	gold	electrode	surface	monitored	by	 immersing	 into	a	
bath containing benzoquinone (BQ), chitosan, glucose oxidase 
(GOD) and IL for electrodeposition of enzymatic electrode. This 
biosensor shows a wild amperometric response (<5s) to glucose 
with a good up-to-date sensitivity, this is certainly 2.8 times a lot 
better than a biosensor synthesized by electrodepositing chitosan-
IL-GOD	 biocomposite	 on	 a	 flat	 gold	 electrode.	 The	 enlightening	
limit for glucose was 20-fold better set alongside the biosensor 
designed	from	the	flat	gold	electrode.	The	biosensor	offers	higher	
reproducibility, long-time period storage space stability, and 
acceptable anti-interference capability [31]. Chitosan/cellulose 
composites, hybrids composite, as biodegradable bio sorbents, was 
produced on such basis as an ionic liquids; no agent that is cross-
linking adsorption for heavy metal and rock ions by Lu et al. [22] 
The chitosan/cellulose that is freeze-dried was displayed to put 
on higher adsorption capability as well as enhanced stability. The 
interaction regarding the two components in addition to materials 
that	are	resulting	in	the	ability	to	Ni(II)	was	verified	by	IR	and	XPS.	
In	inclusion,some	other	heavy	metal	and	rock	ions,	were	efficiently	
adsorbed using the appropriate capacity Cu(II) > Zn(II) > Cr(VI) 
> Ni(II) >Pb(II) [12]. A method that is inventive the building of an 
auspicious glucose sensor, GOx/C60-Fc-CS-IL, that achievements the 
interactive advantages of fullerene (C60), ferrocene (Fc), chitosan 
and ionic liquid (IL) for glucose oxidase (GOx). The electrocatalytic 
action of C60 and Fc unusually upgraded the electron relays which 
activate the oxidation regarding the glucose and enhanced the 
reaction that is electrochemical the chitosan-IL network offering 
an accepting micro environment which conserved the bioactivity 
of GOx. The biosensor exhibited a rather sensitivity that is high low 
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detection boundaries, quick response time, substantial calibration 
range and exceptional long-term stability as much as 30 weeks [32]. 
Both in cross-linking attitudes and in dosage forms while chitosan 
is relatively nontoxic, biocompatible material, attention must be 
taken to safeguard that it is pure and free from contaminations, 
such as protein, metal or other contaminants that might potentially 
cause various harmful things. Afterward each chemical reaction, 
understanding	must	certainly	be	filled	to	systematically	eradicate	
the un-reacted reagents, particularity those who are cytotoxic, in 
order to prevent results that are mystifying.

Drug delivery
Conveyance	of	the	medicinal	drug	to	a	specific	place	in	the	body	

was a major complication in the remedy of various diseases [54]. 
Associating already designed medicinal therapeutics to drug delivery 
entity	 easily	 evolves	 in	 terms	 of	 performance	 that	 is	 efficiency,	
safeness of the patient, and fewer side effects. Drug delivery 
entities that are built by Polymers can boost the pharmacokinetics 
of medicine, advances the therapeutic index, lower their side effects 
and accordingly escalate the resourcefulness of the entire system 
[55].	Considering	a	process	in	drug	delivery	mechanism,	first	of	all,	
the drug conveyed to the site where treatment is required, the drug 
acts on the present issues and accumulates in the area, so the next 
time drug only needs to contain lower dose amount of therapeutics 
[56].	 Chitosan	NPs	have	developed	 into	 a	 colossal	 significance	 in	
polymeric therapeutic conveyance entity for the advancement of 
recent pharmacological and medicinal release to the targeted site 
including	good	bio	distribution,	elevated	specificity,	and	sensitivity.	
Chitosan is one of the most popular natural polymers have wide 
application in the discipline of drug delivery entities due to its 
cationic functionality and the aqueous medium solubility of the 
material. It also has some upper hand due to its non-toxicity and 
degradability in nature with no harmful effect. As a therapeutic 
delivery entity, chitosan NPs have drawing attention towards their 
vast relevance in, such asstoring protein therapeutics, genetic and 
adverse tumor chemical therapeutics by means different path 
ways often intake such as oral, nasal and intravenous. The affected 
site	 specific	 delivery	 of	 this	 chitosan	 therapeutic	 conveyance	
entity was exceptionally greater due to the positive charge of 
nanoparticles, which give them an advantage on drawing attention 
to the negatively charged cell membranes. The hydrobhobic nature 

of	 chitosan	 influences	 the	 efficient	 encapsulation	 of	 hydrophilic	
therapeutics into the chitosan Nps. 

Due to the better bio adhesive functionality and capability to 
control the discharge of the active constituents, it was utilized in 
topical conveyance system. Chitosan shows cationic nature due to 
its	primary	amino	groups	which	define	many	of	the	characteristics,	
like disciplined drug discharge, in situ gelation transfection, and 
permeation	 enlargement	 and	 efflux	 pump	 inhibitory	 properties	
used in therapeutic conveyance system. In gene delivery, chitosan 
NPs can inter-react with negatively charged DNA and transform into 
a polyelectrolyte complex. Nuclease degradation was ineffective 
when DNA was in this complexes leading to better transfection 
efficiency.	Storing	considerable	amounts	of	anti-cancer	therapeutic	
using chitosan NPs is crucial for outstanding results in cancer 
treatment. Absorption and bioavailability of drug encapsulated 
into chitosan NPs can be improved, so they can be used to deliver 
gene drugs, protein drugs and can protect them effectively from 
enzyme degradation in-vivo. Blood capillary was capable enough 
to administrate chitosan intravenously, the bio distribution of NPs 
can	vary	confide	in	the	size,	surface	charge,	and	hydrophobicity	of	
the administrated particles. Chitosan acts as an inactive ingredient 
added to tablet or capsule in order to control the release of the drug 
.The elimination of chitosan after the delivery was easy through 
renal clearance, however, this applies for chitosan with suitable 
molecular weight. Enzyme degradation is required for very large 
molecular weight chitosan. Previously numerous investigations has 
been made known the biomedical applications of chitosan NPs. Lu 
et al. [22], synthesized copolymer of poly (L-lysine) with chitosan 
and	 studied	 its	 efficiency	 in	 relation	 to	 plasmid	 DNA	 adherence	
capability as well as gene transfection effect in HEK 293T cell with 
pristine chitosan polymer. Synthesised chitosan- montmorillonite 
NPs stored with isoniazid therapeutic and investigated the 
influence	of	particle	size	on	the	release	characteristics.	They	found	
that swelling and release of isoniazid from the NPs were found to 
increase with a decrease in the PH of the medium and the size of 
the NPs. They also found that mucoadhesive property of NPS was 
superior in gastric pH and expanded with lowering in particle 
size.	Agnihotri,	et	al.	 [26]	expressed	 the	chemical	modification	of	
chitosan or its derivatives and the application of its micro and NPs 
in drug delivery Table 1 shows the different chitosan based drug 
delivery.

Table1: Chitosan based drug delivery systems prepared by different methods [34].

Types of System Method of Preparation

Tablets Coating Mixture

Capsules As encapsulator

Microspheres Emulsion cross-linking, Coacervation/ presipitation, Spray-drying, Ionic gelation, Sieving method

Nanoparticles Emulsion-droplet coslescence Coacervation/precipitation

Beads Coacervation/precipitation

Films Solution casting

Gel Cross-linking

Antimicrobial activity
Even with the enormous advancement in antimicrobial 

progression,	 Distinct	 contagious	 inflammation	 still	 left	 which	 is	

challenging us with no cure, because of a cluster of reasons such as 
the	evolution	and	advancement	of	resistant	clones,	the	insufficiency	
of the antimicrobial systems and suboptimal pharmacological 
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characteristics of the ongoing antimicrobial structures, which 
sometimes	 are	 difficult	 to	 reach	 active	 concentrations	 inside	
bacterial strains or in some body sites. Chitosan is a promising 
biocompatible and biodegradable natural polymer shows unique 
antibacterial activity Zheng et al., [62].

The antimicrobial activity is due to the fact that chitosan is a 
cationic polyelectrolyte polymer. Low-molecular-weight chitosan 
can go through microbial cellular areas, bind with DNA and limit 
DNA interpretation and mRNA functions, while high-molecular-
weight chitosan can merge to the negatively charged components 
on the microbial cellular areas. It forms an impermeable layer 
around the cell, changes cell permeability and blocks transport 
into the cell., Microbes are capable of hooking to the exterior of 
chitosan NPs drastically in the small instance of just 30 minutes; 
thus chitosan NPs displays antimicrobial activity [63]. 

The degree of chitosan polymerization and type of chitosan 
affects the antimicrobial activity. Establish that chitosan NPs 
demonstrates decent antibacterial activity contradicts to a 
numerous amount of gram negative and gram positive bacteria 
[51], patterned the antimicrobial activity of copper loaded NPs 
and chitosan NPs [42]. They discovered that chitosan NPs displays 
superior antimicrobial activity than copper loaded NPs. Chitosan 
NPs express advanced interaction with gram negative bacteria 
due to the hydrophilicity and negative charge on the cell surface 
than those of gram-positive bacteria, which resulted in stronger 
antibacterial activity against them. 

It was also stated that the quantity of chitosan binding to the 
bacterial cell wall was reliant on the surrounding pH value, molecular 
weight and degree of acetylation of chitosan. Low environmental 
pH increases the positive charge in the chitosan polymer, which 
drawing towards to the bacterial cell wall more often. Antifungal 
activity of chitosan varies with the fungus due to the effects of 
molecular weight and degree of acetylation of chitosan. Chitosan 
exhibit antifungal activity against several phytopathogenic fungi like 
Penicillium sp. in citrus fruit, Botrytis cinerea in cucumber plants, 
Phytophthorainfestans, Alternariasolani and Fusariumoxysporum 
in	 tomatoes	 etc.	 A	 permeable	 chitosan	 film	 formed	 on	 the	 crop	
surface which interfered with the fungal growth and activated 
several defense processes like chitinase accumulation, proteinase 
inhibitor	 synthesis,	 callus	 synthesis	 and	 lignification,	 is	 the	
suggested mechanism involved in the activity. 

Chitosan as an anticancer agent
Although there is considerable medical progress in medical 

research, cancer is still one of the high ranking causes of death 

in the world. Conventional therapy has several disadvantages. A 
major problem is an inability to administrate therapeutic agents 
selectively to the target sites without adverse effects on healthy 
tissues [60]. Successful cancer management depends on accurate 
diagnostics	along	with	specific	treatment	protocols.	Nanoparticles	
are the colloidal carrier with size on the nanoscale. They are 
particularly attractive for cancer treatment due to small size, varied 
composition, surface functionalization, and stability. Recent studies 
have shown that chitosan and its derivatives exhibited antitumor 
activity in both in vitro and in vivo models. Chitosan nanoparticles 
can act on tumor cells directly to interface with cell metabolism, 
inhibit cell growth, or induce cell apoptosis. Tokoro and co workers 
found that the antitumor effect of chitosan derivatives is due to 
the increase in secretion of interleukin-1 and 2 which caused 
maturation	and	 infiltration	of	cytolytic	T-lymphocytes.	 It	also	has	
an antitumor role through improving the body’s immune function. 
Long circulating macromolecules (polymer drug conjugates) and 
nanosized particulates (such as micelles and liposomes) accumulate 
passively at the tumor due to the Enhanced permeability effect (EPR 
effect).Some studies revealed that chitosan involved in the direct 
killing of tumor cells by inducing apoptosis as shown in Figure 5 the 
nanoparticle will accumulates on the leaky vasculature. .

Figure 5: Antitumor activity of chitosan NPs.

Chitosan oligosaccharide- arachidic acid conjugate has been 
successfully prepared and used for the development of self-
assembled NPs for doxorubicin, Table 2 shows the rest of chitosan 
derivatives as antitumouragents . The biodegradable polymer- drug 
conjugate of doxorubicin conjugated with a stearic acid grafted 
chitosan	 nano-sized	 oligosaccharide	 showed	 high	 efficiency	 for	
cellular	 uptake	 and	 found	 efficient	 on	 the	 suppression	 of	 tumor	
growth [61].

Table2: A summary of antitumor activities of chitosan and its derivatives [75].

Compound Target Cell Lines or in vivo Model Remarks

Chitosan meth-A solid tumoruprooted into BALB/c mice
Elevated expansion of interleukins 1 and 2, piloting to the exhibition of anticancer 

effect through proliferation of cytolytic T-lymphocytes with the optimum 
inhibition ratio at the dose of 10mg/kg.

Chitosan aberrant crypt tumor lesions in the colon of mice Increased lymphokine production and proliferation of cytolyticT-lymphocytes at 
the dose of 5mg/kg
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Chitosan A375, SKMEL28, and RPMI7951 cell lines

chitosan was coated in culture wells in which cultures with A375, SKMEL28, and 
RPMI7951 cells were carried out, decreased adhesion of A375 cells, decreased 
proliferation	of	SKMEL28	cells,	inhibited	specific	caspases,	upregulated	Bax	

and downregulated Bcl-2 and Bcl-XL in RPMI7951 cells, induced CD95 receptor 
expression in RPMI7951 cell surface which renders them more susceptible to 

FasL-induced apoptosis

Carboxymethyl 
chitosan

hydrogen peroxide induced apoptosis models of 
Schwann cells

The cell viability was improved in a dose-dependent manner with maximum 
effect	of	2.02±0.16	fold	at	the	dose	of	200μg/mL	carboxymethyl	chitosan,	

decreased caspase-3, -9 and Bax activities and increased Bcl-2 activity

Carboxymethyl 
chitosan

BEL-7402 cell line, hepatoma-22 cells in 
Kunming mice

reduced the expression of MMP-9 in a dose-dependent manner, inhibited the lung 
metastasis mouse model with the highest inhibition of 66.56% at the dose of 

300mg/kg

Chitosan PC3 A549 and HepG2 cell line suppressed cancer cell growth of PC3 A549 and HepG2 cells for 50% cell death at 
25μg/mL,	25μg/mL	and	50μg/mL,	respectively

Chitosan HepG2 and LCC cell line, HepG2 and LCC 
xenografts in mouse model

inhibited MMP-9 expression, reduced cells in S-phase and decreased the rate of 
DNA synthesis, upregulated p21 and downregulated PCNA, cyclin A and CDK-2 
with the highest inhibition at the dose of 1mg/kg, inhibited tumor growth and 

decreased the number of metastatic colonies at the dose of 500mg/kg

Chitosan for tissue engineering
In bone tissue engineering: Bone tissue engineering is 

a	 research	 field	 which	 develops	 new	 3D	 scaffolds	 with	 highly	
interconnected porous structures. These scaffolds should match 
the characteristics of tissues that we have replaced. These 
tissue engineering scaffolds should contain some properties 
like, biocompatibility, osteoinductive, osteoconductive and 
mechanically well-suited in order to restore bone which has been 
lost or damaged. Santo et al. [24], synthesized hybrid scaffolds 
based on poly (D, L- lactic acid) incorporated with chitosan 
chondroitin sulfate NPs with drug release capabilities due to the 
presence of chitosan /chondroitin sulfate NPs, these scaffolds show 
increased swelling properties and adequate mechanical properties 
for cell adhesion and support for bone tissue engineering. Hybrid 
scaffolds based on calcium phosphate and chitosan have been used 
as bone graft substitutes because of their in-situ setting ability and 
bioactivity. Meng et al. [25] synthesized bioactive cement based 
on	 CPC	 (chitosan-	 polyglactinfiber	 scaffold)	 containing	 chitosan	
nanospheres as an injectable material for the bone regeneration 
[64]. They found that these scaffolds increase the formation of 
more new bones and degradation of the bioactive cement in the 
bone defects. Mansur and costa studied the physical, mechanical, 
biological properties of hybrid scaffolds containing poly (vinyl 
alcohol), chitosan and bioactive glass. The results show that these 
hybrid scaffolds can use for bio tissue engineering due to their 
mechanical, morphological and cell viability properties.

In cartilage tissue engineering: In recent years, different 
chitosan- based biomaterials have been developed as scaffolds for 
cartilage tissue engineering because of its biocompatibility, high 
porous	structure,	non-	cytotoxicity,	flexibility	and	elasticity.	Kim	et	
al.	[65],	stabilized	transforming	growth	factor	(TGF-β1)	signalling	
in the chitosan hydrogel for use in cartilage regeneration. They 
found	that	TGF-β1	linked	chitosan	promotes	cartilage	regeneration	
in	 a	 rat	 partial-	 thickness	 chondral	 defect	model	was	 confirmed.	
Silva et al., [66] synthesised chitosan and chondroitin sulphate 
3D nanostructures to support the attachment and proliferation of 
bovine chondrocytes. The results show that cells were attached, 

proliferated and metabolically active over the entire 3D chitosan 
and chondroitin sulfate nanostructure scaffolds.

Anti-inflammatory effects and repair of arthritic tissue: 
Chitosan can neutralize the gastric acids due to the alkaline 
nature of the free amino group present in it. It forms a shielding 
membrane in the stomach, so chitosan can be used to cure acid 
indigestion	 and	 peptic	 ulcer.	 The	 anti-inflammatory	 mechanism	
of chitosan is because of the acid hydrolysis of chitosan to 
glucosamine hydrochloride or its sulfate, phosphate and other 
salt preparation by salt conversion. These monosaccharides found 
in connective tissues and cartilages are the structural units of the 
proteoglycans. These tissues can be restored and regenerated by 
absorbing these monosaccharides when they are damaged or 
inflamed	 [67].Therefore,	 these	 monosaccharides	 are	 an	 active	
treatment for the prevention and curing of rheumatoid arthritis, 
as well as bone hyperplasia. They are also used as antiarthritic 
drugs in clinical practice. Moreover, contrasting with some usual 
anti-arthritic	 steroidal	 anti-inflammatory	 drugs	 or	 analgesic	 and	
anti-inflammatory	drugs,	these	monosaccharides	have	no	harmful	
side effects or deadliness and can be taken for a long period. The 
experiments pointed that taking glucosamine for two weeks 
can eliminate arthritic pain and improve movement in patients 
suffering from severe arthritis.

Chitosan for wound healing: Wound healing is a pathway of 
biologically regulated reactions allied to the general phenomenon 
of growth and tissue regeneration. It progresses through a series 
of stages in which different cellular and matrix components act 
together to re-establish the damaged and replacement of lost 
tissues	[68].	Many	studies	have	been	reported	about	the	beneficial	
effects of chitin and chitosan for wound healing using in-vitro, 
animal and clinical studies. The effects of chitin and its derivatives 
on	the	proliferation	of	fibroblast	and	on	the	synthesis	of	cytokinesis	
in vitro. They found that cell proliferation is accelerated indirectly 
by chitin and its derivatives when these materials are used in-
vivo. The effect of chitin and chitosan NPs with different degree 
of deacetylation (DDA) but the similar molecular weight on the 
proliferation	 of	 skin	 fibroblast	 and	 keratinocytes	 in-vitro. Their 
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results reveal that chitosan with relatively high DDA (89%) strongly 
stimulated	fibroblast	proliferation	while	samples	with	lower	DNA	
showed less activity.

The	composite	films	made	of	chitosan	acetate	exhibits	properties	
leading to wound healing. Some medical reports regarding the 
wound healing are given below. The report seems positive for the 
effective healing of wounds caused by burning, infection etc. The 
Figure.6a	shows	the	film	set	up	previous	compressive	hemostasis,	
Figure.6b	 shows	 the	 film	 after	 application.	 The	 Figure.6c	 shows	
the third-day evolution. An absence of liquid collections and the 
presence	of	clots	in	the	film	are	observed.	On	Figure.6d	it	is	possible	
to see the sixth-day evolution, there is partial epithelialization 
and	some	partial	 film	falls	off	 is	observed.	The	Figure.6e	shows	a	
great degree of epithelialization. Figure.6f the injury after 14th-day 
evolution [49].

Figure 6: Films application on a tattoo removal. 
6a: The film setup
6b: The film after the application
6c: The third day evolution 
6d: The sixth day evolution
6(e,f): Fourteenth day of evolution [69].

Chitosan NPs in gene delivery and bioimaging
The cellular delivery of nucleic acids is the foundation of gene 

therapy and it has potential to treat many currently incurable 
diseases. Chitosan NPs shows many features of an ideal gene 
delivery system. Chitosan-DNA NPs formulation readily done 
by coacervation between positively charged amino groups on 
the chitosan and negatively charged phosphate groups on the 
DNA resulting increases in stability and enhancing gene transfer 
properties. Application of nano-chitosan in bioimaging is gaining 
rapid attention due to its biocompatible properties. Nie et al., 
[69] studied the effects of chitosan NPs on bioimaging. They 
have checked the effect of quantum dot for bio detection and bio 
imaging. They also incorporated the QDs into the chitosan NPs and 
checked	 the	efficiency	of	both	media	on	bio	 imaging.	They	 found	
that	the	fluorescence	of	quantum	yield	of	QDs	in	chitosan	is	found	
to be 11.8% higher than that of free QDs.

Currently, polymer-inorganic hybrid nano spheres have 
attracted growing attention because of the synergic homes arising 
from each the compound nanospheres and inorganic nanomaterials, 
significantly	those	that	square	measure	biocompatible	and	capable	
of emitting light area unit considerably useful in statement 
nanosphere journey in cell and frame, detection illness websites 
and reportage medical helpful resource reaction. Compared with 
natural	 fluorescent	 dyes,	 the	 inorganic	 light-emitters	 similar	 to	
quantum	dots	(QDs)	showcase	extra	sturdy	fluorescence	intensity,	
larger photostability, a broader excitation wavelength vary, and a 
narrower spectrum [4] so, thorough analysis has focused on the 
utility of QDs as imaging dealers for multi-coloured imaging cells, 
tissues,	 and	 animals	 [4-7]	 but,	 the	 scientific	 space	 of	 experience	
and clinical applications of QDs region unit restricted by suggests 
that of their unhealthy biocompatibility and instability in various 
physiological environments. Several ways of vicinity unit being 
advanced to beat these boundaries. The foremost wealthy approach 
has been to coat QDs with biocompatible soluble polymers, on the 
thanks to growth QDs mixture stability in resolution and organic 
surroundings, and improves their bio compatibility.

Molecular imaging permits the noninvasive assessment of 
biological and organic chemistry processes in living subjects. Such 
technologies thus have the potential to reinforce our understanding 
of unwellness and drug activity throughout pre symptomatic and 
clinical drug development. Molecular imaging permits a repetitive 
and noninvasive study of similar living subject exploitation identical 
or different biological imaging assays at completely different time 
points, therefore harnessing the applied math power of longitudinal 
studies, and reducing the rate of animals needed and value. 
Chitosan could be a hydrophilic and non-antigenic biopolymer 
and contains a low toxicity toward class cells. Hence, It is nice 
potential as a biomaterial owing to its glorious biocompatibility. 
Conjugated to further materials, chitosan composites end in a 
replacement category of biomaterials that possess mechanical, 
physicochemical and practical properties that have potential to 
be used in advanced medical imaging applications. Chitosan [poly 
(1,	 4-β-D-glucopyranosamine)],	 an	 abundant	 natural	 biopolymer,	
is made by the deacetylation of polyose obtained from the shells 
of crustaceans. It is a polycationic chemical compound that has 
one group and 2 hydroxyl radical teams within the continuance 
hexosamine residue. Chitosan has nice potential as a biomaterial 
owing to its bio-compatible properties. It hydrophilic, nonantigenic 
and contains a low toxicity toward class cells. Additionally, chitosan 
is thought to facilitate drug delivery across cellular barriers and 
transiently open the tight junctions between animal tissue cells. 
polyose and chitosan area unit aminoglucopyrans composed of 
N-acetylglucosamine (GlcNAc) and glucosamine (GlcN) residues. 
These polysaccharides are renewable resources which are 
currently also being explored intensively for their applications 
in pharmaceutical, cosmetics, biomedical, biotechnological, 
agricultural and food industries [68,70].

The goal of molecular imaging is to check biological processes 
noninvasively. Molecular imaging plays a vital role in an effort the 
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challenges of the characterization of biological processes at the 
cellular level in living objects. Most of the diagnostic techniques 
that area unit applied for routine clinical use have a counterpart 
within the experimental analysis setting. Hence, It is attainable 
to style pre symptomatic experiments that not solely facilitate to 
outline the clinical protocol, however, can even give a mechanistic 
understanding of the discovered biological response. Molecular 
imaging holds the promise of the noninvasive assessment of 
biological and organic chemistry processes in living subjects. 
Since the beginning of X-ray technology for medical imaging, 
several noninvasive methodologies are unreal and with success 
used	 for	 applications	 starting	 from	 clinical	 identification	 to	
analysis in cellular biology and drug discovery. Such technologies 
so have the potential to reinforce our understanding of malady 
and drug activity throughout pre symptomatic and clinical drug 
development. The advantage of molecular imaging techniques over 
a lot of standard readouts (e.g. immunohistochemistry) is that they 

will be performed within the intact organism with spare abstraction 
and temporal resolution for learning biological processes in vivo. 
Moreover, molecular imaging permits a repetitive and noninvasive 
study of equivalent living subject exploitation identical or various 
biological imaging assays at completely different time points, so 
harnessing the applied math power of longitudinal studies, and 
reducing the rate of animals needed and price. Imaging techniques 
have potential impact in the day-after-day activities of the medicine 
mortal.	 Every	 imaging	modality	 has	 bound	 benefits	Moreover	 as	
limitations, and also the alternative of associate degree imaging 
modality, or a combination of techniques, is decided by the 
particular biological queries being asked. Every modality has its 
own characteristics in terms of sensitivity and determination, 
complexity, time of knowledge acquisition and money price. Most of 
the techniques exhibit helpful overlap with one another. However, 
there is no single modality that matches all applications [70] (Table 
3).

Table3: Different types of molecular imaging.

Types Advantages Disadvantages

Computed Tomography

High spatial resolution

Clinical translation

dynamic

Nontarget	specific

Radiation

Poor soft tissue contrast

Magnetic resonance Imaging (MRI)

 High spatial resolution

Clinical translation

Dynamic

Superior soft tissue contrast

Cost

 Imaging time

Low sensitivity

Optical Imaging

High sensitivity

 High through put screening

Broad range of probes

Limited clinical translation

Limited depth penetration

Ultrasound Imaging

High spatial and temporal resolution

Clinical translation

Low cost

Operator dependent

Limited targeted imaging

Single photon emission CT(SPECT)

High sensitivity

Unlimited depth penetration

Broad range of probes

Limited spatial resolution

No anatomical resolution

Positron emission tomography

Broad range probes

Clinical translation

Very high sensitive with unlimited depth penetration

Cost

Limited spatial resolution

No	anatomical	definition

Molecular imaging techniques normally want a distinction 
agent to report on the organic process of interest. These imaging 
agents’	 square	 measure	 ordinarily	 classified	 in	 2	 main	 classes,	
i.e. endogenous and exogenous agents. Endogenous agents are 
either naturally gift within the tissue of interest, or they are made 
in place following genetic manipulation. Exogenous distinction 
agents square measure injected, in most cases intravenously, and 
have not intrinsic to biological tissues. Endogenous agents the 
foremost ordinarily utilized newsperson systems square measure 
the	 fluorescent	 proteins,	 similar	 to	 inexperienced	 fluorescent	
macromolecule (GFP) (and its mutants) and also the luciferin/

luciferase light system, each of that square measure introduced into 
cells of interest via molecular biological techniques. These systems 
will either be constitutively expressed or their expression is created 
to depend upon the presence or absence of alternative factors. GFP 
proteins	 need	no	 any	 substances	 or	 substrates	 to	 figure.	 Though	
fluorescent	 proteins	 provide	 wonderful	 and	 really	 numerous	
opportunities for extracting molecular and cellular level info in tiny 
animals, they presently have not any role in clinical applications 
. On the opposite hand in luminescence imaging, a substrate 
(typically luciferin) is run to associate in a nursing animal that 
has	been	designed	to	provide	the	luciferase	protein	specified	once	
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the substrate and protein meet, the animal pigment changes. This 
results in the emission of light, so sanctionative detection of sites of 
luciferase expression. Bioluminescence is accustomed overcome a 
number	of	the	problems	encountered	with	endogenous	fluorophores	
and has promising applications in vivo tracking of injected cells. 
However, current drawbacks embody point uncertainty of sunshine 
emitting cells thanks to nonhomogeneous scattering, light-weight 
penetration problems and a lucid want for a stable expression of 
the optical reporter. Like mixture particles used for drug delivery, 
imageable nanoparticles are conjugated with ligands to focus on 
them to a molecular marker of interest, permitting indirect marker 
detection by totally different imaging techniques. What is more, pH- 
and temperature-sensitive nanoparticles is accustomed visualize 
regional variations in these parameters with trendy imaging 
techniques. Self-assembling nanoparticles are usually composed 
of copolymers with each hydrophobic and hydrophilic segment. 
The	core	of	the	self-assembled	nanoparticles	provides	an	efficient	
loading compartment for several hydrophobic and hydrophilic 
drugs,	fluorescent	probes,	and	distinction	agents,	whereas	the	shell	
improves the suspension stability of nanoparticles in solution [68].

Chitosan is an exemplary biopolymer in biological applications 
due to its biocompatible properties. It is a natural polycationic 
chemical compound and composed of D-glucosamine and N-acetyl-
D-glucosamine joined by b-(1.4)-glycosidic bonds, and so has one 
free radical and 2 free radical teams within the repetition hex-
osaminide residue. This cluster may be changed with hydrophobic 
segments to enhance the self-assembling capabilities by increasing 
unit hydrophobic interactions between segments. Conjugated to 
further materials, chitosan composites end in a replacement cat-
egory of biomaterials that possess mechanical, chemistry and use-
ful properties that cannot be achieved either by native chitosan or 
the incorporated material alone. The incorporation of laborious 
and brittle phosphate or hydroxyapatite into chitosan yields a bi-
oresorbable composite with favourable mechanical properties for 
bone and gristle tissue engineering. Moreover, incorporation of 
imaging agents like Fe3O4 for imaging into the self-assembled nan-
oparticles may enhance hepatocyte-targeted imaging and also the 
particle may serve as MR molecular imaging agent. Numerous inor-
ganic materials, as well as metals, may be incorporated within the 
chitosan composite preparations and their combined characteris-
tics have tried using for many biomedical applications. Chitosan 
polyion advanced composites may be prepared by interactions of 
chitosan	with	 natural	 and	 artificial	 polyanion	molecules.	 Making	
ready	 fluorescent	 chitosan	 quantum	 dot	 composites	 permits	 the	
mixture of targeted drug and sequence delivery with optical im-
aging.	 Polyacrylic	 acid	 (Carbopol),	 AN	 anionic	 artificial	 chemical	
compound having mucoadhesive properties, is extensively used 
with chitosan to make polymer composites, which have longer cir-
culation times in vivo, leading to higher bioavailability of incorpo-
rated therapeutic agents. The latter composites also can be created 
to contain distinction agents for imaging functions. The power of 
chemical element-loaded chitosan bubbles to market the exchange 
of oxygen within the presence people. Oxygen delivery is increased 

by sonication and each frequency and time period people affected 
the exchange dynamics [69].

Lee et al., [71] have developed novel self-assembling nanoparti-
cles composed of amphipathic soluble chitosan-linoleic acid (WSC-
LA) conjugates for encapsulation of SPIOs as a distinction agent to 
focus on hepatocytes. The WSC-LA conjugates self-assembled into 
core-shell structures in solution. The SPIO clusters fashioned with-
in the hydrophobic core had an awfully high imaging relaxivity. The 
T2-weighted mister pictures of the liver showed a symptom drop 
of sixty-nine.2, 78.2, and 62.9% at thirty min, 1 h, and a couple of 
h when injection of the nanoparticles, severally. These SPIO-loaded 
WSC-LA nanoparticles may be used as a distinction agent to assist 
within the diagnosing of viscus diseases [72].

Saha et al., [72] discussed the success ready biocompatible 
chitosan nano particles encapsulating each CdSe-ZnS QDs and Gd-
DTPA.	These	multifunctional	nano	beads	may	be	used	as	fluorescent	
biomarkers and additionally as distinction agents for imaging. The 
careful characterization was done by the authors incontestible 
that their chitosan-based nanobeadsare spherical, concerning 
fifty	50nm	in	size	and	possess	a	 far	 improved	quantum	yield	still	
as	favorablerelaxivity	of	the	Gd-DTPA.	The	3MPA-modified	soluble	
CdSe/ZnS-3MPA QDs exhibit AN intense, slim spectrum with a peak 
at 565 nm. Similarly, nanobeads encapsulating each QDs ANdGd-
DTPA possess an equally intense and slim spectrum, with its peak 
position at 567nm. These multifunctional chitosan nanobeadsare 
promising for future medical specialty applications. Hwang et al., 
loaded HGC nanoparticles with the antineoplastic drug docetaxel 
(DTX) employing a qualitative analysis technique, and also the 
ensuing docetaxel-loaded HGC (DTX-HGC) nanoparticles had a 
mean diameter of 350 nm in solution. The authors showed that 
these nanoparticles were well spread and stable for two weeks in 
vitro beneath physiological conditions (pH 7.4 and 37 °C) with a 
sustained	drug	unharness	profile.	The	DTX-HGC	nanoparticles	were	
moderately stable within the presence of excess bovine albumen 
that steered that these nanoparticles may also be stable within 
the blood stream. The authors additionally evaluated the time-
dependent	excretion	profile,	in vivo biodistribution, the circulation 
time, and tumor targeting ability of DTX-HGC nanoparticles 
by employing a non-invasive live animal imaging technology. 
Beneath best conditions for cancer medical care, the DTX-HGC 
nanoparticles showed higher anticancer effectuality like reduced 
tumor volume and exaggerated survival rate in A549 carcinoma 
cells-bearing mice and powerfully reduced antineoplastic drug 
toxicity compared thereto of free DTX [147]. Ex vivo labeling of cells 
with nanoparticles for ensuant in vivo detection is of huge interest 
to varied medical specialty applications. To check these cells, Ge Y 
et	al.,	[69].	ready	novel	fluorescent/magnetic	nanoparticles	coated	
with changed chitosan possessing a magnetic iron compound core 
and a covalently hooked up dye . So as to localize the magnetic 
nanoparticles within the cells, the authors performed microscopy 
and microscopy. The practicability and potency in labeling cancer 
cells (SMMC-7721) was additionally evaluated, showing a high level 
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of	incorporation,	as	incontestible	by	flow	cytometry	and	resonance	
imaging.	These	new	magneto-fluorescent	nano	agents	so	have	the	
potential for advanced bio imaging studies [70].

Gd-DTPA could be a widely used imaging distinction agent. 
Since its incorporation in nanoparticles, its potential for in vivo 
molecular imaging applications has exaggerated enormously. in an 
exceedingly similar fashion, chitosan-based Gd-nanoparticles are 
ready by incorporating Gd-DTPA victimization the emulsion-droplet 
union technique. Their unharness properties ANd their ability for 
long retention of Gd-DTPA within the tumor indicated that these Gd 
nanoparticles could be helpful as an i.t. inject able device for metal 
neutron-capture medical care (Gd-NCT). The extent of Gd loading 
was totally different for various forms of chitosans utilized in the 
preparation. The very best Gd load was achieved with a hundred 
deacetylated chitosan in V-J Day Gd-DTPA solution, and also the 
particle size was 452 nm, whereas chitosan with lower deacetylation 
level made abundant larger particles with weakened Gd-DTPA 
content. Similarly, CMS-Gd-DTPA ready at Gd-DTPA: chitosan 
ratios of one.5:1 and 1.7:1 had fairly regular, spherical shapes but, 
all CMS-Gd-DTPA ready at a magnitude relation of 15:1 Gd-DTPA: 
chitosan were nonspherical, rough-faced, folded and/or aggregate. 
Method improvement expedited production of gadolinium-loaded 
chitosan nanoparticles with an especially high Gd-DTPA content 
(45.3%) and an acceptable size for injection (452nm). Adolinium-
loaded chitosan nanoparticles displayed prolonged retention in 
tumor tissue when in vivo intratumoral injection. Kumar et al., 
[73] additionally represented the chemistry and preparations of 
Holmium-166 and Samarium-153 chitosan complexes that are 
primarily suited for pharmaceutical applications [74].
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