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a b s t r a c t

This review outlines the new developments on chitosan-based bioapplications. Over the
last decade, functional biomaterials research has developed new drug delivery systems
and improved scaffolds for regenerative medicine that is currently one of the most rapidly
growing fields in the life sciences. The aim is to restore or replace damaged body parts or
lost organs by transplanting supportive scaffolds with appropriate cells that in combination
with biomolecules generate new tissue. This is a highly interdisciplinary field that encom-
passes polymer synthesis and modification, cell culturing, gene therapy, stem cell research,
therapeutic cloning and tissue engineering. In this regard, chitosan, as a biopolymer derived
macromolecular compound, has a major involvement. Chitosan is a polyelectrolyte with
reactive functional groups, gel-forming capability, high adsorption capacity and biodegrad-
ability. In addition, it is innately biocompatible and non-toxic to living tissues as well as
having antibacterial, antifungal and antitumor activity. These features highlight the suit-
ability and extensive applications that chitosan has in medicine. Micro/nanoparticles and
hydrogels are widely used in the design of chitosan-based therapeuticsystems. The chemi-
cal structure and relevant biological properties of chitosan for regenerative medicine have
been summarized as well as the methods for the preparation of controlled drug release
devices and their applications.
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1. Introduction

The history of chitosan dates back to the 19th century,
when Rouget [1] discussed the deacetylated forms of the
parent chitin natural polymer in 1859. During the past 20
years, a substantial amount of work has been reported
on chitosan and its potential use in various bioapplica-
tions. Chitosan is derived from naturally occurring sources,
which is the exoskeleton of insects, crustaceans and fungi
that has been shown to be biocompatible and biodegrad-
able [2]. Chitosan polymers are semi-synthetically derived
aminopolysaccharides that have unique structures, multi-
dimensional properties, highly sophisticated functionality
and a wide range of applications in biomedical and other
industrial areas [3–5]. They have become interesting not
only because they are made from an abundant renew-

able resource but because they are very compatible and
effective biomaterials that are used in many applica-
tions [6–8]. Chitosan is a linear copolymer of �-(1–4)
linked 2-acetamido-2-deoxy-�-d-glucopyranose and 2-
amino-2-deoxy-�-d-glycopyranose (Fig. 1). It is obtained
by deacetylation of its parent polymer chitin, a polysaccha-
ride widely distributed in nature (e.g. crustaceans, insects
and certain fungi) [9,10]. Due to chitin’s poor solubility
in aqueous solution and organic solvents, it does not find
practical applications whereas chitosan as an artificial vari-
ant of chitin is more suitable for useful bioapplications
[11]. The positive facets of excellent biocompatibility and
admirable biodegradability with ecological safety and low
toxicity with versatile biological activities such as antimi-
crobial activity and low immunogenicity have provided
ample opportunities for further development [12–17].
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