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ABSTRACT

Chitosan is a versatile natural polymer Chitosan is a naturally occurring polymer which finds a wide array
of pharmaceutical applications due to its low production costs, biodegradability, biocompatibility, nontoxic nature
and mucoadhesion. As a result of its cationic character, Chitosan is able to react with polyanions giving rise to
polyelectrolyte complexes. Chitosan has found pronounced application in multiparticulate drug delivery and it
enhances the dissolution of drugs having poor solubility. Chitosan microspheres can be prepared by chemical
denaturation process, ion induced coagulation and spray drying methods. This article reviewed different aspects of
Chitosan that’s including preparation and characterization of Chitosan with their applicability in pharmaceutical
formulations. Also, the article included different derivatives of Chitosan and their use in different drug delivery
system. This review emphasized that research on Chitosan based systems containing various drugs for various
therapeutic applications have increased in recent years. So this article has fullfill the requirement of a review on
this naturally derived polymer in present scenario.
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INTRODUCTION

Polymers are macromolecules composed of repeating structural units of monomers
connected by covalent chemical bonds and this process is known as polymerization. There are
many types of polymers including natural and synthetic moiety. Natural polymers such as
proteins (collagen, silk and keratin), carbohydrates (starch, glycogen) are widely used materials
for conventional and novel dosage forms. These materials are chemically inert, nontoxic, less
expensive, biodegradable, eco-friendly and widely available [1, 2]. The development of new
applications for Chitosan and its derivative is mainly due to the fact that these are renewable
source of natural biodegradable polymers and also due to chitin and its derivative are themost
abundant natural polymers. The main factors which stimulated the interest in chitosan
utilization in variousfields from fertilizers to pharmaceuticals are its versatility, economical and
easily availability. Chitosan is no longer just a waste by-product from the seafood processing
industry. This material is now being utilized by industry to solve problems and to improve
existing products, as well as to create new ones. Chitosan (CS) is modified natural,
biodegradable, biocompatible, non toxic, as well as linear nitrogenous polysaccharides, a basic
polysaccharide homo-polymer [2]. CS is produced commercially by deacetylation of chitin,
naturally occurring polysaccharides which is the structural element in the exoskeleton of
crustaceans (crabs, shrimp, etc.). Due to variable and incomplete deacetylation process, it acts
as a copolymer of varying amounts of N-acetyl glucosamine and N-glucosamine repeated units.
The presence of reactive primary amino groups renders special property that makes CS very
useful in pharmaceutical applications. Commercially available CS has an average molecular
weight ranging between 3800 and 20,000 Daltons and is 66 to 95% deacetylated. The solubility
of CS depend on the degree of deacetylation, pH and on the protonation of free amino groups.
CS is readily soluble in dilute solutions of most of the organic acids such as citric, tartaric acid,
while soluble to a limited extent in inorganic acids [3]. CS has a large number of applications in
pharmaceutal dosage form; its further application can be exploited by modifications of basic
structure to obtain polymers with a range of properties. It can be done by number of
approaches such as chemically as well as by enzymatically. CS can be modified in to N-
trimethylene chloride, which is a quaternary derivative of CS and has a superior aqueous
solubility, intestinal permeability as well as higher absorption of neutral and cationic peptide
analogue over a wide pH range [4]. It can be modified in to an ester form such as CS glutamate,
CS succinate, CS phthalate. These CS esters have a different solubility profile. These esteric
forms were insoluble in acidic condition and provide sustained release in basic condition [5].

This article discussed the structure characteristics, physiochemical and biological
properties, its effect on pharmacokinetic release of drugs and its applications in various dosage
forms through various routes.

History of Chitosan

The history of CS was started when Rouget discussed the deacetylated form of CS. N-
Different researchers have been discussed the need of understand and studying these
materials, from better production, purification methods, to the modifications of basic structure
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and its applications. CS has been regarded as a source of potential bioactive material, but it also
has several limitations to be utilized in biological system, including its poor solubility under
physiological conditions. Therefore, to overcome these limitations, researchers focused on the
derivatization of CS by chemical modifications and partially hydrolyzed CS by enzymatic actions
as it contains various reactive functional groups. Chemical modifications of CS structures results
in increased solubility in water as well as in organic solvents have been reported by some
researchers. Partially hydrolyzed CS by enzymatic methods results in enhanced significant
properties [6].

Further preparation and derivatives of Chitosan are covered by fallowing points given below:
Preparation of Chitosan (CS) from Raw Materials

CS is not a single chemical entity, but varies in composition depending on the source and
method of preparation and also on physiological conditions. CS could be defined as sufficiently
deacetylation of chitin to form a soluble amine salts. The degree of deacetylation must be 80 to
85% or higher or the acetyl content must be less than 4- 4.5% to form the soluble product. CS is
manufactured commercially by a chemical method. Firstly the sources such as crab or shrimp
shells are washed and grinded in to powdered form and then it is deproteinized by treatment
with an aqueous 3-5% solution of sodium hydroxide. After that it is neutralized and
demineralized at a room temperature by treating it with aqueous 3-5% of hydrochloric solution
to form a white or slightly pink precipitate of chitin. Then chitin is deacetylated by treatment
with an aqueous 40-45% of sodium hydroxide solution and the precipitate is then washed with
water. The insoluble part is removed by and dissolving in an aqueous 2% acetic acids solution.
The supernatant solution is then neutralized with an aqueous sodium hydroxide solution to
obtain a purified CS [7].

Properties of Chitosan
Chemistry

CS is a linear randomly distributed, hetero polysaccharide consisting of (1-4) linked 2-
acetamido-2-deoxy-D-glucopyranose and 2-amino-2-deoxy-Dglycopyranose units (Fig. 1). It is
prepared by deacetylation of chitin, a linear polymer of (1-4) linked N-acetyl-D-glucosamine
units composed of mucopolysaccharides and amino sugars [7, 9-10]. Owing to the removal of
acetyl moieties that are present in the amine functional groups, CS is readily soluble in aqueous
acidic solution. The solubilization occurs through protonation of amino groups on the C-2
position of D-glucosamine residues whereby polysaccharide is converted into polycation in
acidic media.

Physicochemical Properties

Generally commercial natural polysaccharides such as, cellulose, carragenans, dextran,
pectin, agar-agar, agarose, heparin, alginic acid and many others are neutral or acidic in nature,
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whereas chitin and chitosan are highly basic polysaccharides due to presence of primary amino
group in its structure. This polymer has some specific properties such as polyoxy salt formation,
polyelectrolyte complexation with oppositely charged polymers (guar gum, carragenans etc.),
acting as a chelating agent, film forming property and specific structural characteristics. The
main factors which may affect the CS properties are its molecular weight and degree of
deacetylation (DD). These factors enable the researcher to formulate different grades of CS
which differ primarily in molecular weight and degree of deacetylation. During the processing
of CS from row material, different conditions such as type and concentration of reagents, time
and temperature employed can affect the physical characteristics of CS product. The molecular
weight of the CS also depends on viscosity, solubility, elasticity and tears strength. In alkaline or
neutral medium, free amino group of chitosan is not protonated and therefore it is insoluble in
water, while in acidic pH, it gets solubilized due to protonation of free amino groups and the
resultant soluble polysaccharide is positively charged. Chitosan forms water-soluble salts with
inorganic and organic acids includes glyoxylate, pyruvate, tartarate, malate, malonate, citrate,
acetate, lactate, glycolate, ascorbate. The degree of deacetylation of molecular chain of chitin
can also be increased by increasing the temperature or strength of the alkaline solution. The
degree of deacetylation can also be determined by its ratio of 2-acetamido-2-deoxy-D
glucopyranose to 2-amino-2-deoxy-D-glucopyranose structural units. When the number of 2-
amino-2-deoxy-D glucopyranose units is more than 50 percent, the biopolymer is said to be
Chitosan and when the number of 2-acetamido-2-deoxy-Dglucopyranose units is higher, the
polymer is said to be chitin. The pka, solubility of CS can be modified by changing the DD or by
modifying the pH and ionic strength of the formulation. In neutral pH, CS molecules losses their
charge and get precipitated from the solution. Chemical modification of various reactive
(amino, hydroxyl) groups present on the molecule provides a powerful means to promote new
biological activities and to modify its mechanical properties. The characteristic features of
Chitosan such as being cationic, insoluble at high pH can be completely reversed by a sulfation
process which makes the molecule anionic and water-soluble and also introduce anticoagulant
properties. Chitosan is a pseudoplastic material and an excellent viscosity-enhancing agent in
acidic environments. The viscosity of CS solution increases with an increase in Chitosan
concentration and decreases with increase in temperature. The viscosity of Chitosan also
influences the biological properties such as wound-healing properties as well as biodegradation
by lysozyme. Since Chitosan is hydrophilic in nature, thereby it has the ability to form gels at
acidic pH. This type of gels can be used as a slow-release drug-delivery system. The solubility of
Chitosan can be decreased by cross-linking it with covalent bonds using glutaraldehyde.
Swelling property of the Chitosan decreases with an increase in the concentration of cross-
linking agent [6, 10].
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Fig. 1: Structural units of chitosan (right) and chitin (left)
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What is Chitin/ Chitosan?
Chitosen is & modified corboliydy ate polymer derived from the
Chitin component of the shells of crustuceun, such us crub, shrimp tnd cuttlefish.

15 hellfish wastes from food processin g

Y

Decalcification in dilute aqueous HCIsolufion

Deproteination in dilute aqueons NaOH solution

Decolorization in 0.5% KMnO4 aq. and Oxadic acid aq. or sunshine

( Chitin )

H OH OH OH
o) 0 vg
0 0 0 0
H HO HO HO
NHAcC NHAG NHAC NHAC

Deacetylation in kot concentrated NaOH solution (40-50%)

( Chitosan )
0

OH g OH OH
NH, NH, NH,

H
Hib

Fig. 2. Prepration of chifin and chitosan

Biological Properties
During the last two decades, CS has been used as a safe excepient in drug formulations.
Due to its bioadhesive property, it can adhere to hard and soft tissues and has been used in

dentistry, orthopedics and ophthalmology and in surgical procedures. It adheres to epithelial
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tissues and to the mucus coat present on the surface of the tissues. It also has a fungistatic or
bacteriostatic, anticancerogen and anticholestermic action. Clinical tests of CS has been carried
out in order to promote CS-based biomaterials do not report any inflammatory or allergic
reactions following implantation, injection, topical application or ingestion in the human body
[10].

Drug Release and Release Kinetics

The release of drug from CS based dosage form depends upon the morphology, size,
density and extent of cross-linking of the particulate system, physicochemical properties of the
drug as well as the polymer characteristics such as either it is hydrophilic or hydrophobic, gel
formation ability, swelling capacity, muco-adhesive or bioadhesive properties and also on the
presence of other excepient present in the dosage form. In vitro release of drug from the
prepared dosage form in the dissolution media also depends upon volume of dissolution
medium, pH and polarity, rate of stirring, temperature, sink condition and presence of enzyme.
The release of drug from CS particulate systems involves three different mechanisms: (a)
erosion, (b) by diffusion and (c) release from the surface of particle. The release of drug mostly
follows more than one type of mechanism. In case of release from the surface, adsorbed drug
dissolves rapidly and it leads to burst effect when it comes in contact with the release medium.
He et al. [11] observed that CS based microspheres prepared by spray drying technique have
shown burst release of cimetidine. The burst release of drug can be prevented by use of cross
linking agents such as glutaraldehyde and formaldehyde or by washing microparticles with a
proper solvent. Al-Helw et al. [12] observed that a high release of the phenobarbitone in initial
hours and drug release rate was dependent on the molecular weight of CS and particle size of
the microspheres. The microspheres prepared from high molecular weight CS have shown slow
release of drug as compared to those prepared from low molecular weight CS. This is due to the
fact that high molecular weight CS has lower solubility and formation of the high viscosity gel
layer around the drug particles upon contact with the dissolution medium. Microspheres having
the size range of 250-500 um, the release of drug were 75-95% up to 3h but for particles having
the size range of 500-1,000 um, drug release was 56-90% in 5h. Kweon and Kang [13] prepared
the CS-g-poly (vinyl alcohol) copolymer matrix to study the release pattern of prednisolone
under various conditions. In this study drug release was controlled by the extent of PVA
grafting, heat treatment or cross-link density. He observed that there was a linear relationship
between the amount of drug release and square root of time indicating that release was based
on diffusion mechanism. Ganza-Gonzalez et al. [14] analyzed the controlled release of
metoclopramide by using Higuchi equation [15]. Ritger and Peppas [16] has given equation for
diffusion- controlled matrix system in which the early time release data can be fitted to obtain
the diffusion parameters (equation1),

(M/Mg ) = kt" (1)

M:/M _is the ratio of drug concentration released at time t, k is a constant characteristic of the
drug and polymer interaction and n is an empirical parameter characterizing the release
mechanisms. Based on the diffusion exponent [17] drug release is classified as Fickian (n=0.5),
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non-Fickian or anomalous (0.5<n<1), Case Il transport (n =1) and super Case Il (n>1). Jameela et
al. [18] observed a linear relationship between amount of drug released and the square root of
time, indicating that the release is diffusion-controlled and obeys Higuchi equation.

Role of Chitosan in Colon Targeted Drug Delivery

Chitosan is a well-accepted and a promising polymer for drug delivery in colonic part,
since it can be biodegraded by the microflora present in the human colon. Jitendra kawadkar et
al. [19] prepared the CS coated microsphere matrix system for the treatment of ulcerative
colitis-A. In these study the microspheres of Chitosan Hcl was directly compressed with the
drug 5-aminosalisylic acid (5-ASA), into matrices. These matrices were compressed into tablets
or introduced into capsules and coated. The release of 5-ASA from these compressed matrices
by the polymer degrading action of the caecal microflora was evaluated in vitro using rat caecal
microflora in virtue of the similarity with human intestinal microflora and it provides better
release of 5-amino salicylic acid in the colon having ulcerative colitis. M.L. Lorenzo-Lamosa et
al. [20] proposed the design of microencapsulated chitosan microspheres for colonic drug
delivery. He prepared the pH-sensitive multicore microparticulate system containing CS micro-
cores entrapped into enteric acrylic microspheres. CS micro-cores in which sodium diclofenac
was entrapped and then it was microencapsulated into Eudragit (L-100 and S-100) to form a
multi reservoir system have been prepared. In vitro release study revealed no release of the
drug in gastric pH for 3 h and after the lag-time, a continuous release for 8-12 h was observed in
the basic pH.

Chitosan as a Coating Material

Chitosan is used as coating material in drug delivery applications as it has a good film
forming properties and also due to its good mucoadhesive property. CS as a coating material
has many advantages such as controlled release of drug for a prolonged period of time,
improvement of drug payloads and bioadhesive property over the uncoated particles. Shu and
Zhu [21] observed the effect of the novel technique in formulating CS beads for controlled
release drug delivery. They prepared the alginate beads coated with CS by three different
methods. The release of brilliant blue was not only affected by CS density on the particle
surface, but also on the preparation method and other factors. Chiou et al. [22] observed the
effect of the characteristics of CS on controlling the release of drugfrom CS coated PLLA
microspheres. They used different molecular weight of CS for coating the microspheres. The
initial burst release was observed in the first hour with 50% release of lidocaine. But, 19.2%
release occurred at 25™ hour for the uncoated particles and 14.6% at the 90" hour for the CS-
coated microsphere.

REFERNCES

[1] Malviya RP, Srivastava V Bansal and PK Sharma. International J Pharma and Bio Sci 2010;
1(2): 1-8.

October - December 2012 RJPBCS Volume 3 Issue 4 Page No. 315



[2]
3]

[4]
[5]
[6]
[7]

[8]
[9]

[10]
[11]
[12]

[13]
[14]

[15]
[16]
[17]
[18]

[19]
[20]

[21]
[22]

aCS

{ ISSN: 0975-8585

[ =

Malviya R, Srivastava P, Bansal M and Sharma PK. International J Pharmaceutical Sci
2010; 2(1): 395-399.

Roberts GAF. In: GAF Roberts, ed. Chitin Chemistry. MacMillan, Houndmills, 1992. pp:
274-329.

Thanou M, JC Verhoef, P Marbach and HE Junginger. J Pharm Sci 2000; 89(7): 951-957.
Sinha VR and R Kumria. International J Pharmaceutics 2001; 224(1-2): 19-38.

Chen YL. University Sains Malaysia 2008; pp: 1-181.

Pandaya JS, D Harinarayana, D Jain, JS Bidkar, S Kulthe and MN Kadam. Pharmainfo Net
2007; 15(3).

Hon DNS. In: S Dumitriu Ed. Polysaccharides in Medicinal Applications, Marcel Dekker,
New York, 1996; pp: 631-649.

Kurita K. In: Muzzarelli RAA, Jeuniaux C and Gooday GW eds. Chitin in Nature and
Technology. Plenum: New York, NY, 1986; pp: 287-293.

Dutta PK, J Dutta and VS Tripathi. J Sci Ind Res 2004; 63: 20-31.

He P, SS Davis and L lllum. Int J Pharm 1999; 187: 53-65.

Al-Helw AA, Al-Angary AA, Mahrous GM and Al-Dardari MM. J Microencapsulation 1998;
15:373-382.

Kweon DK and DK Kang. J Appl Polym Sci 1999; 74: 458-464.

Ganza-Gonzalez A, S Anguiano-lgea, FJ Otero Espinar and JB Mendez. Eur J Pharm
Biopharm 1999; 48: 149-155.

Higuchi T. ) Pharm Sci 1963; 52: 1145-1149.

Ritger PL and NA Peppas. J Control Release 1987; 5: 37-42.

Peppas NA and RW Korsmeyer. NA Peppas, Editors 1987; 3: 109-136.

Jameela SR, TV Kumary, AV Lal and A Jayakrishnan. J Control Release 1998; 52(1-2): 17-
24,

Kawadkar J and A Ram. Pharmainfo Net 2007; 5(4).

Lorenzo-Lamosa ML, C Remunan-Lopez, JL Vila-Jato and MJ Alonso. J Control Release
1998; 52: 109-118.

Shu XZ and KJ Zhu. Int J Pharm 2000; 201: 51-58.

Chiou SH, WT Wu, YY Huang and TW Chung. J Microencapsulation 2001; 18: 613-625.

October - December 2012 RJPBCS Volume 3 Issue 4 Page No. 316



