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Review Article

Medical, Pharmaceutical, and Biomedical Applications of 
Chitosan: A Review

Rasha A. F. Jasim

Department of Clinical Laboratory Sciences, College of Pharmacy, University of Babylon, Hillah, Iraq

Abstract

Chitosan is a biopolymer chitin derivative discovered in 1811 by Henri Braconnot, and it was first used in 1985 by Charles Rouget. 
It is produced via the deacetylation of chitin (the natural component of the arthropods exoskeletons and the fungal cell wall). The 
unique solubility and the chemical and biological characterization of chitosan attracted more scientific and industrial attention, 
specifically in the past 20 years. Its properties depend on the degree of deacetylation and its molecular weight. Therefore, recently, 
different forms of chitosan (solutions, suspension, gels/hydrogels, sponges, microparticles/nanoparticles, membranes and films, fibers/
nanofibers) and its derivatives have been used in many fields. It has a wide range of applications in various fields, such as medicine, 
industry, agriculture, and commercial research. Medicinally, because of its biocompatibility, biodegradability, nontoxicity, natural 
origin, and similarity with human macromolecules, chitosan is widely used in pharmaceutical applications, antimicrobial applications, 
gene delivery, gene therapy, wound healing and burns, regenerative medicine, tissue engineering, cancer applications, dermatology, 
ophthalmology, dentistry, biosensors, as well as bioimaging, support for immobilized enzymes, and veterinary medicine. In this review, 
some medicinal applications of chitosan will be highlighted.
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IntroductIon
Over the past 30  years, in the vital material field, great 
scientific attention has been directed toward natural 
functional polymers, and these have been used as an 
alternative to the synthetic polymers that are unsafe to 
the environment. Structurally, vital polymers are similar 
to the biological macromolecules; this facilitates them to 
be recognizable and decomposed to the nontoxic remnants 
by the bioenvironment. Chitosan and its derivatives 
are bioactive polymers that received big attention not 
only in the biomedical field but also in numerous fields 
such as agriculture, biotechnology, cosmetics, medicine, 
pharmacy, and food industry.[1-6] Chitosan is a functional 
polysaccharide polymer that originated from a natural 
source (chitin), a component of the cell wall and the 
exoskeleton of fungi and crustaceans. It is characterized 
by a random distribution of deacetylated and acetylated 
units (β-[1–4]-linked D-glucosamine and N-acetyl-D-
glucosamine).[7] Its commercial production involves the 
deacetylation of chitin, which can vary from 70% to 

95%, and its properties are influenced by the degree of 
deacetylation and molecular weight.[8] Chitin and chitosan 
are similar to the cellulose structure; however, commercially, 
they have received more attention than synthetic cellulose 
because of a high content of nitrogen percentage (nearly 
6.89%) compared with synthetic cellulose[9] [Figure 1]. 
Moreover, chitosan’s physical and chemical properties, 
biodegradability, biocompatibility, and functional group 
properties facilitate it to be used in different forms; also, 
its nontoxicity is another reason for it to attract more 
researchers’ attention in various fields.[1,7,10-12]

There are several advantages of using biopolymer chitosan 
as an alternative natural polymer to synthetic polymers. 
First of all, chitosan extraction from a crustacean’s 
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exoskeleton is useful in recycling food waste, which is 
considered convenient economically because it is not an 
expensive resource.[1,7] Second, its commercial production 
benefits in promoting human health because it allows the 
regaining of different nutritional material such as proteins, 
pigments, and nutraceuticals.[6,7,13] The third advantage of 
using chitosan as an alternative polymer is that it provides 
a good source of nitrogen and therefore it is effectively 
used as a chelating and complexing factor.[7]

In conclusion, chitosan is a good alternative biopolymer 
to synthetic polymers such as cellulose. It has unique 
properties that facilitate it to be used in different fields. 
This review will summarize and highlight some medicinal 
applications of this important biopolymer.

MedIcal chItosan’s applIcatIons
Generally, the usage of chitosan in medical and biomedical 
fields can be summarized in pharmaceutical applications, 
as described later, and in biomedical applications.

Pharmaceutical usage
The usage of chitosan and its derivatives in the 
pharmaceutical applications was started in the late 
1980s.[7,14-16] These compounds were mainly used as 
excipients in drug formulations and in drug delivery 
systems.[17] The advantages and important properties of 
using chitosan were thoroughly reviewed.[18] The main 
characteristics of chitosan facilitate and expand its usage 
in the pharmaceutical industry, for example, (a) it is able to 
control drug and protein release such as anti-inflammatory 
naproxen; therefore, it is used in drug delivery as well as in 
vaccines and genes; (b) it shows mucoadhesive activity and 
enhancing absorbant ability, which facilitate it to be used 
in buccal delivery; (c) it is able to enhance transfection; 

(d) it can increase the permeation ability; (e) it works as a 
gelling agent; and (f) it is able to inhibit an efflux pump.[7,18] 
Moreover, the possibility of chitosan being available in 
different forms and derivatives, and the variability of their 
taken route contributed to the expansion of application 
and the decrease of toxicity. For example, solutions or 
tablets or capsules form can be taken orally, vaginally, 
ocularly, and nasally.[19] Over the past 20 years, chitosan has 
been used orally as a safe excipient.[15,16,20] Also, compared 
with commercial products, tablets represent the sustainable 
release of the drug. Tablets form is the most favorable 
because of several reasons, such as the accuracy of their 
dose, facility of their manufacturing and handling, and their 
favorability by patients.[18] Moreover, lately, considerable 
attention has been directed toward the preparation of 
chitosan as an injected form. Further, chitosan properties 
contribute to the development of vaccine delivery.[18] 
Chitosan also plays an important role in delivering polar 
drugs orally and nasally, the administration of peptide 
proteins, and vaccine delivery because of its transmucosal 
absorption.[7,21] Also, chitosan is used as a film form in 
tissue engineering and wound care dressing because of its 
adhesion property.[21,22] In fact, the applications of chitosan 
and its derivatives in different forms were expanded to 
involve biomedical applications also.

Biomedical applications
The biomedical application of chitosan involves the 
engineering of tissue and the healing of wound and gene 
therapy. In wound healing, chitosan helps in preventing the 
infection as it has antibacterial and antifungal properties. 
The positive charge of chitosan’s molecule enables it to 
bind with the microbial cell wall, which brings a negative 
charge and disrupts the cell membrane function. Therefore, 
intracellular components leak and the nutrients’ transport 
into the cell is inhibited.[9,23-25] This ability explains chitosan’s 
antimicrobial activity against a wide range of bacteria and 
fungi. Another suggestion for the antimicrobial activity of 
chitosan is its ability to penetrate the nuclei and interfere with 
DNA, mRNA, and protein synthesis, eventually suppressing 
microbial growth. Further, chitosan’s biocompatible 
properties and its ability to aid in pharmaceutical delivery 
help in the prevention of inflammation and irritation.[7,26] 
Therefore, chitosan is widely used in preparing various 
wound dressings and it exhibits long antibacterial activity.[9] 
Moreover, chitosan helps in accelerating the healing of 
wounds and the regeneration of the dermis because of its 
stimulation activity to the cells.[7] In addition, chitosan’s 
structure facilitates the transporting of oxygen and nutrients 
as well as its adhesion properties, thereby reducing scaring. 
Therefore, it is used in tissue engineering.[7,27,28] Many 
chitosan derivatives are used as emerging products in tissue 
engineering of the bone .[28,29]

In addition to antimicrobial activity and biocompatibility, 
chitosan has the ability to protonate and form a complex 
with DNA in acidic medium.[30] Therefore, it is used widely in Figure 1: Differences between chitosan, chitin, and cellulose structure
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gene therapy to treat a variety of diseases.[27,30-33] Compared 
with the commonly used system, chitosan–DNA complex 
is prepared easily and more effectively; also, it can be 
transfected in a variety of cells, such as embryonic cells of the 
human kidney, cancer cervical cells, and fibroblast cells.[31]

Finally, there are several extensive medical applications of 
chitosan. One of them is using chitosan as an anticoagulant. 
The interference of the chitosan derivative (sulfated 
chitosan) with blood clots and the lack of antiplatelet 
activity facilitate the use of chitosan as an anticoagulant 
agent. Consequently, no more bleeding occurs in patients 
as with heparin usage.[31] Another application involves 
treating chronic vaginal diseases through the preparation 
of vaginal tablets.[18] However, this application could 
have a negative impact because of the antimicrobial 
activity of chitosan, which could affect the normal flora 
in the vagina.[34] An additional application involves using 
modified particles of chitosan in bioimaging.[20,27]

In conclusion, polysaccharide biopolymer chitosan has a 
unique chemical structure and properties that subject it and 
its derivatives to several pharmaceutical and biomedical 
applications, such as pharmaceutical formulations, 
drug delivery, wound healing, engineering of tissue, 
antimicrobial agents, gene therapy, and bioimaging.

conclusIon
The first biopolymer polysaccharide that was identified 
by humans is chitin, and it was found about thirty years 
before cellulose. The product of chitin’s deacetylation is 
called chitosan, and it is the most attractive biopolymer 
that is of scientific interest in different fields. There are 
major reasons behind the interest and attraction of 
scientists. One of them is the big similarity between 
chitosan molecules and biological macromolecules. In 
addition, the uniqueness of its biological properties as 
well as the availability of different forms of chitosan and 
it modification possibility open new scientific horizons 
in various fields. This review focused on the usage of 
chitosan in medical science, particularly pharmaceutical 
and biomedical applications, because they have direct 
contact with human health. Therefore, mention is made 
of the various pharmaceutical and biomedical benefits of 
chitosan based on its different biological properties.
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