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Chitosan and its Derivatives: What are the Main 
Synthesis Strategies?

From past to tomorrow natural bioactive molecules have 
fascinated researchers around the world. We cannot talk about 
biomolecules without talking about polysaccharides which are 
biopolymers broadly found in the nature such as from animals, 
plants, fungi and bacteria [1]. Generally, polysaccharides possess 
diverse biological and technical functions such as cell wall 
architecture (cellulose or chitin), the storage of the energy (starch),  

 
and gel formation (pectins, alginates, glycosaminoglycans). All 
these properties are essentially valorized and exploited in cosmetic 
and food industries. Nevertheless, lots of studies from the last 
two decades have largely suggested that polysaccharides have 
functional properties directly implicated in the biological responses 
for pharmaceutical applications. In this context, with starch and 
cellulose, chitosan which is synthesized by deacetylation of chitin 
(Figure 1) is probably ranked in the top 3 of the more published 
polysaccharides in the last scientific publications from literature.
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Abstract

From long time, scientists are looking for natural biomolecules in order to discover new pharmaceutical agents. Therefore polysaccharides which 
are natural molecules from several biotopes (microbial, plant, algae, fungi, animals, and insects) constitute a very large potential of application for 
medical treatment. Among them, chitosan a deacetylated form of chitin (one of the most abundant polysaccharide in the world) and its derivatives are 
probably the pharmaceutical polysaccharides of now and the future due to intrinsic biological and chemical properties. In this present editorial opinion 
we describe the mainly commonly chemical and enzymatic processes investigated to generate chitosan and derivatives with pharmaceutical efficiency 
such as antitumoral agent, antimicrobial agent, antioxidant agent and tissular engineering agent.
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Figure 1: Production of chitosan using deacetylation of chitin in alkakine media (NaOH and/or KOH).

As shown in (Figure 1), chitosan is produced from alkali 
N-deacetylation of chitin a natural polysaccharide constituted by 
β-(1,4)-2-acetamido-2-deoxy-D-glucose repeating units patterns. 
Chitin is certainly after cellulose the most abundant polysaccharides 
found in lot of natural biotope such as insect cuticles, fungi, 

crustacean shells and mollusks. In a recent publication, Mati et al. 
[2] have given a very interesting overview of chitin and chitosan 
characteristics and more especially about physical and chemical 
properties of these two important polysaccharides. In summary, 
authors indicated that nearly 1000 to 1500 tons of chitin is 
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generally produced each year in the world. The main difference 
that characterized chitosan is the amount of N-acetyl glucosamine 
groups. In fact chitin is a high N-acetylated polysaccharide (near 
to 90-95%mol) whereas chitosan contain low amount of N-acetyl 
glucosamine groups (between 30-40%mol) [2-5]. Due to the low 
amount of acetylated glucosamine, chitosan is extremely soluble 
in acid solution which allows a large applications domain thanks 
to its exclusive greatly cationic polysaccharidic structure. Chitosan 
is then considered as a non-toxic renewable polysaccharide with 
very high biocompatibility and biodegradability [2,4,5]. In order 
to improve and try to modulate the biological activities, chitosan 
constitutes a perfect model for specific chemical and/or enzymatic 
modifications. In that way, lots of publications have been published 

these last year’s [4,6-16]. Generally, in a chemical point of view, 
chitosan is very reactive due to the presence of active functions 
such as primary amine groups (-NH2) and hydroxyl groups (-OH). 

Therefore, as summarized in (Figure 2), chemical modifications 
of chitosan such as: 

a) N-acylation, 

b) N-alkylation, 

c) N-quaternization and, 

d) C-6 carboxylation are certainly the main functionalization 
described in literature.

Figure 2: Main chemical modification of chitosan to generate bioactive chitosan derivatives.

All these chemical modification of chitosan have been carried 
in order to regulate the global cationic charge of chitosan via the 
-NH3

+ function to increase the high solubilization of chitosan and 
its derivatives for a large range of pH (from acid to alkaline). That’s 
why the synthesis of N,N,N-trimethyl chitosan chloride and others 
derivatives by using a specific quaternization mechanism of the -NH2 
group is the most described in literature [4,13-16]. In the following 
paragraph, some examples of bioactive chitosan derivatives are 
presented for theirs putative pharmaceutical applications.

Pharmaceutical Applications
For more than a decade, chitosan and its derivatives continues 

to be the preferred candidate used to develop biologically active 
polysaccharides. In fact, some publications reported the efficiency 
of chitosan in lot of field such as pharmaceutics and medicine [4-6]. 

More particularly as shown in (Figure 3), due to its 
biocompatibility and physic chemical properties (cationic charge, 
deacetylation degree, solubil), during the last 10 years chitosan 
and its derivatives were well appreciated for theirs very good 
performance in pharmaceutical applications as:

a) Antiparasitic agent, 

b) Antimicrobial agent,

c) Biomaterial, 

d) Wound healing, 

e) Biomedical adhesive, 

f) Tissue engineering agent, 

g) Antitumoral agent and

h) Antioxidant agent. 

Figure 3: List of the most important pharmaceutical 
applications of chitosan and its derivatives.

Recently, in very interesting reviews it was given an overview 
concerning the last advances in pharmaceutical application of 
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chitosan [4,17]. It was principally mention the impact of chitosan 
and derivatives in drug delivery, wound dressing and biomedical 
applications. In some publications, chitosan biomaterial based 
hydrogels form was efficiently applied for tissue engineering 
and anticancer drug delivery [18-21]. As a general rule, modern 
biomaterial based on chitosan (2D and 3D scaffolds such as sponge, 
foam, gels fibers or film) are more and more developed for tissue 
and bone engineering [21,22]. The last but not the least application 
using chitosan and derivatives is then the anticancer field. For 
example it was above all established the potential application of 
N-trimethyl N-octyl-chitosan for the high controlled release of 
hydroxycamptothecin derivatives as anticancer drug [23]. In the 
same way, others works has shown the antitumor drug delivery 
application of a new hybrid magnetic nanoparticle based on 
maltosyl chitosan derivative [24]. 

Finally, it was clearly mentioned in several studies the real 
impact of chitosan in cancer chemoprevention due to the specific 
micronutrients encapsulation with chitosan derivatives in order to: 

a) Increase drug delivery in blood and, 

b) Reduce side effects on healthy cells [25-28]. 
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