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ABSTRACT
Nanotechnology is considered as a promising area to develop targeted drug delivery system using particulate
systems as carriers for small and large molecules. Chitosan nanoparticles are good drug carriers because of their good
biocompatibility and biodegradability, and can be readily modified. As a new drug delivery system, they have attracted
increasing attention for their wide applications in loading protein drugs, gene drugs, and anticancer chemical drugs, and also
provide versatile routes of administration including oral, nasal, intravenous, and ocular. The first part of the review is
concerned with the cancer treatment with nanoparticles. The subsequent section covers with characteristics of chitosan,
methods of targeting the cancer and applications.
Keywords: Nanoparticles, Chitosan, Cancer therapy.
INTRODUCTION
Cancer remains to be one of the leading causes
of death worldwide. Over the past several decades’
significant advancements have been made in fundamental
understanding of cancer biology, which has in turn lead
to better diagnostic and treatment methods. A major
reason for this is our inability to administer therapeutic
agents selectively to the targeted sites without adverse
effects on healthy tissue. Current therapeutic strategies
for most cancers involve a combination of surgical
resection, radiation therapy, and chemotherapy (Erkki
Ruoslahti, 2010).
Conventional chemotherapy can wreak havoc on
healthy tissue, causing painful side effects, and it’s not
always effective. At the same time, there is the huge risk
that the drugs entering the body could also possibly kill
the healthy cells near the affected region. This is mainly
because the drugs can not differentiate cancer cells from
the others and also have some disadvatages for the
delivery of conventional drug (Jiao, 2011).
Disadvantages of conventional drug to treat cancer
 Within the stroma of tumour cells, the interstitial
space separates tumour cells and blood vessels. This
distance cannot be crossed by the conventional
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anticancer drugs.
 Because of poor blood supply to tumour cells, the
concentration of drug reaching tumour cells is
decreased.
 Due to the absence of lymphatic network the
development of high pressure gradient in the
interstitial space which obstructs the convective flow
of drug to tumour cells (Vivek Kumar et al., 2010).
In order to overcome this, nanotechnology
became an emerging trend in the delivery of drugs to
target the tumour cells and avoid harm to the normal
cells. Moreover, it can dramatically reduce the side
effects.
Nanoparticles are colloidal carriers with
dimensions on the nano scale i.e., 1 to 1000 nm (Jun Jie
Wang, 2011). They are particularly attractive for cancer
treatment due to their small size, varied composition,
surface functionalization, and stability which provide
unique opportunities to interact and target the tumor
microenvironment. These interactions of nanoparticles
with the tumor include aiding in small molecule transport
to the intracellular organelles to induce the greatest
cytotoxic effect.
Biological nanoparticles are mainly developed
for drug delivery systems as an alternative to liposomal
technology, in order to overcome the problems related to
the stability of these vesicles in biological fluids and
during the storage. Polymer nanoparticles from
biodegradable and biocompatible polymers are good
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candidates for drug carrier to deliver the drugs, because
they are expected to be adsorbed in an intact form in the
gastrointestinal tract after oral administration. With the
development of material processing technology,
nanomaterial is being widely used.
Chitosan, the
deacetylated derivative of chitin, is one of the abundant,
renewable, nontoxic and biodegradable carbohydrate
polymers, and available largely in the exoskeletons of
shellfish and insects. (Shi XY and Fan XG, 2002; Jin MX
and Hu QH, 2008). Chitosan has been widely applied as a
functional biopolymer in food and pharmaceutics.
Chitosan is known to have various biological activities
including immune enhancing effects, antitumoral,
antifungal, and antimicrobial activities. The unique
characteristics of chitosan nanoparticles could provide a
higher affinity for negatively charged biological
membranes and site-specific targeting in vivo. Chitosan
nanoparticles could elicit dose-dependent inhibitory
effects on the proliferation of various tumour cell lines,
while low toxicity against normal human liver cells.
Many drugs have problems of poor stability,
water insolubility, low selectivity, high toxicity, side
effects and so the drug carriers play a significant role in
resolving these problems. Chitosan nanoparticles are the
drug carriers with wide development potential and have
the advantage of slow/controlled drug release, which
improves drug solubility and stability, enhances efficacy,
and reduces toxicity. Because of their small size, they are
capable of passing through biological barriers in vivo
(such as the blood–brain barrier) and delivering drugs to
the lesion site to enhance efficacy. Modified
nanoparticles also have other properties such as improved
drug targeting. Under the action of enzymes in vivo,
biodegradable nanoparticles can produce water and
carbon dioxide without adverse effects, and have thus
become the focus of increasing research.
Fig.1 Structure of Chitosan

Biological properties of chitosan
Bio adhesiveness
The amino and carboxyl groups in the chitosan
molecule can be combined with glycoprotein in mucus to
form a hydrogen bond, leading to an adhesive effect. As
mucoprotein in mucus is positively charged, chitosan and
mucus are attracted to each other to prolong the retention
time of drugs and continuous drug release in vivo as well
as improve drug bioavailability (Dudhani AR and
Kosaraju SL, 2010).
Biodegradability and safety of chitosan
The biodegradability of chitosan is important for
its use in drug delivery systems. Chitosan of suitable
molecular weight can be cleared by the kidney in vivo,

while that of excessive molecular weight can be degraded
into fragments suitable for renal clearance (Kean T,
Thanou M, 2010).
Fig.2 Anti tumour activity of chitosan nanoparticles

Chitosan can act on tumor cells directly to
interfere with cell metabolism, inhibit cell growth, or
induce cell apoptosis. It also has an antitumor role
through improving the body’s immune function (Cao J,
Zhou NJ, 2005). It was showed that low-molecularweight chitosan and chito-oligosaccharide could inhibit
tumor growth in S180-bearing mice (Maeda Y, Kimura
Y, 2004). It was found that a diet containing chitosan
could reduce the generation of precancerous lesions in
colon cancer induced by azomethane compounds
(Torzsas T et al., 1996). In vitro antitumor testing of
chitosan nanoparticles indicated that inhibition rate of
500 mg/L chitosan nanoparticles was 27% on Hela cells
of cervical cancer, 23% on liver SMMC-7721 cells, 29%
on gastric cancer BGC-823 cells, and as high as 55% on
breast cancer MCF-7 cell (Zhou SH, 2007). These studies
suggested that chitosan had antitumor effects in vitro and
in vivo, leading to good prospects for their application as
a supplementary antitumor drug and drug carrier. Studies
have also indicated significant differences in antitumor
activity of nanoparticles prepared by chitosan from
different producers, and chitosan nanoparticles also had a
selectivity for tumour cells (Fang GJ, 2007).
Targeting of chitosan nanoparticles
Positive charges of chitosan have selective
adsorption and neutralizing effects on the tumor cell
surface. As a drug carrier, it has a targeting function to
liver, spleen, lung, and colon (Park K et al., 2007).
Doxorubicin–chitosan polymeric micelles had excellent
drug-loading properties, were suitable for targeting the
liver and spleen, and significantly reduced drug toxicity
to the heart and kidney (Xu XY, 2008).
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Metabolism of chitosan nanoparticles
Nanoparticles are recognized as foreign matter
in vivo and are absorbed by antibodies generated in the
human body. Plasma protein, lipoprotein, immune
protein, and complement C protein in plasma are also
adsorbed
on
nanoparticles,
accelerating
the
reorganization of the reticuloendothelial system.
Nanoparticles are engulfed by macrophage and cleared
from the body’s circulation (Mei ZN, 2002). The bridge
between nanoparticles and macrophage is formed
because of plasma protein adsorbed on the nanoparticle
surface. The ability of nanoparticles to adsorb plasma
protein is determined by surface charge of nanoparticles,
thereby influencing the transfer intensity of nanoparticles
by macrophage (Redhead H et al., 2001). Nanoparticles
with polarity and high surface potential as well as
amphipathic or hydrophilic nanoparticles are engulfed
less and have a longer circulating time in vivo (Nam et
al., 2009).
Cancer-targeted drug delivery using chitosan and its
derivatives
The critical bottleneck of conventional cancer
chemotherapeutics includes high toxicity of most
anticancer drugs, due to indiscriminate distribution of
drugs towards disease and healthy cells. In addition,
anticancer drugs often suffer from poor solubility in
water and thus need to use organic solvents or detergents
for clinical applications, resulting in undesirable side
effects such as venous irritation and respiratory distress.
Therefore, designing a distinct carrier system that
encapsulates a large quantity of drugs and specifically
targeting tumor cells is indispensable for successful
cancer therapy.
Passive targeting
The origin of the EPR (enhanced permeability
and retention) concept dates back to the late 1970s, when
Maeda et al. discovered the selective accumulation of
macromolecular drugs in tumor tissues. The specific
passive accumulation of macromolecules was attributed
to defective tumor vasculature with disorganized
endothelium at the tumor site and a poor lymphatic
drainage system. Since then, researchers have capitalized
this concept for the delivery of various drugs by
conjugating them with polymers or encapsulating within
nanoparticles. Nowadays, it was evident that the long
circulating macromolecules (polymer–drug conjugates)
and nano-sized particulates (such as micelles and
liposomes) accumulate passively at the tumors due to the
EPR effect (R Duncan, 2003).
Chitosan–drug conjugates
The polymer–drug conjugates are composed of a
water-soluble polymer that is chemically conjugated to a
drug via a biodegradable spacer. The spacer is usually
stable in the bloodstream but cleaved at the target site by
hydrolysis or enzymatic degradation. Such drug
conjugates can be selectively accumulated at the tumor
site by the EPR effects, followed by release of the drug
by cleavage of the spacer. Based on this concept, several

polymer–drug conjugates have recently entered into
phase I/II clinical trials. The representative example is N(2-hydroxypropyl)methacrylamide (HPMA) copolymerbased drug conjugates such as HPMA copolymer –
doxorubicin conjugate (PK1) and HPMA copolymer–
doxorubicin conjugate containing galactosamine as a
targeting moiety (PK2), developed for the treatment of
primary or secondary liver cancer (L.W. Seymour, 1991).
In recent years, chitosan–anticancer drug conjugates have
also been investigated. Low molecular weight chitosan
conjugated with paclitaxel (LMWC-PTX) was also
synthesized by chemical conjugation of LMWC and PTX
through a succinate linker, which can be cleaved at
physiological conditions (E. Lee, 2008). This conjugate
was evaluated as a carrier for the oral delivery of
paclitaxel. LMWC (MW<10 kDa) exhibited more
favourable characteristics than high molecular weight
chitosan, such as lower toxicity and higher water
solubility. Moreover, LMWC could quickly and
reversibly open the tight junctions between human
epithelial colorectal adenocarcinoma cells (Caco-2). This
is a highly useful characteristic for a carrier of drug
molecules, especially for oral delivery. LMWC-PTX was
absorbed in the small intestine after oral administration
and remained in its intact conjugate form until it reached
the bloodstream. An advantage of LMWC-PTX for oral
delivery of PTX is that LMWC-PTX has the ability to
bypass the Pgp mediated barrier (efflux pump) in the
gastrointestinal tract and CYP450-dependent metabolism
in the intestine and liver. N-succinyl chitosan derivatives
were conjugated with mitomycin C (MMC) using
carbodiimide chemistry. Owing to the hydrophilicity of
N-succinylchitosan, the conjugate is water-soluble when
the MMC content in the conjugate is less than 12%. The
N-succinylchitosan conjugates exhibited good antitumor
activities against various tumours such as murine
leukaemias (L1210 and P388), B16 melanoma, Sarcoma
180 solid tumor, a murine liver metastatic tumor
(M5076), and a murine hepatic cell carcinoma (MH134)
(Y Kato, 2004). Chitosan and its derivatives can be
covalently cross-linked to prepare nano-sized particles as
the drug carriers (M. Prabaharan, 2005). The crosslinking process involves formation of the covalent bonds
between the chitosan chains and functional cross-linking
agents. The representative chemical cross-linkers that
have been widely used for chitosan include bi-functional
agents such as PEG dicarboxylic acid, glutaraldehyde, or
monofunctional agents such as epichlorohydrin (M
Goldberg, 2007; M Bodnar, 2005).
Chitosan-based polyelectrolyte complex (PEC)
nanoparticles
PECs, prepared by electrostatic interactions
between oppositely charged polyions, have received
considerable attention as carrier systems for drug and
gene delivery (W Sun, 2008). The complex formation
and the physical properties of PECs are influenced by
many factors such as degree of ionization of the chitosan
and anionic counterparts, chain flexibility, charge
distribution over the polymer chain, pH, temperature,
time of interaction, ionic strength, and concentration of
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Applications of chitosan nanoparticles
Method of
S. No
Drug
preparation
Dialysis

Polymers used
Polylactic acidgrafted chitosan
Chitosan and dextran
sulphate
Chitosan & eudragit
S100

1

Amphotericin B

2

Flutamide

3

5-Fluorouracil

4

Gemcitabine

Chitosan

5
6
7

Doxorubicin
Silver
Didanosine

8

Curcumin

Thiolated chitosan
Chitosan
Chitosan
Chitosan and pluronic
127

9

Lomustine

Chitosan

10

5-aminolaevulinic
acid

11

Paclitaxel

Polymerization

12

Camphothecin

Micro precipitation

13

oxaliplatin

Solvent evaporation

Succinate modified
chitosan
Thiolated Chitosancoated PMMA
N-trimethyl chitosan
Chitosan & eudragit
S100

14

Carboplatin

Poly electrolyte
complex

Chitosan-alginate

15

5-aminolaevulinic

Ionotropic gelation

Chitosan

16

Cisplatin

Glycol chitosan

17

Methotrexate

Self assembly
Complexation
process

Poly Electrolyte
complex
Emulsion droplet
coalescence

Ionotropic gelation

Chitosan

the polymeric solutions (A Drogoz, 2007). The
preparation of PEC nanoparticles is quite simple and can
be easily performed under mild conditions without the
use of toxic organic reagents. It has been demonstrated
that chitosan can form PEC nanoparticles with various
polyanions such as hyaluronic acid, chondroitin sulfates,
alginate, carboxymethyl cellulose, carrageenan, heparin,
and poly (acrylic acid) (A Denuziere, 1998).
Self-assembled chitosan nanoparticles
Polymeric amphiphiles can form self-assembled
nanoparticles (SNPs) in an aqueous environment via
hydrophobic interactions between the hydrophobic parts,
primarily to minimize interfacial free energy. Since
chitosan is a hydrophilic and cationic polysaccharide,
chitosan-based SNPs can be readily obtained by
chemically attaching the hydrophobic moiety to the
backbone of chitosan and its derivatives. Enhanced
accumulation at the tumor site can be achieved by
conjugating the targeting moiety to the SNPs. By varying
the degree of substitution of the hydrophobic moiety, it is
easy to control the particle size and zeta potentials of the
nanoparticles which are important parameters affecting
biodistribution of nanoparticles in vivo. As described
earlier, chitosan-based SNPs can encapsulate a quantity
of hydrophobic drugs inside the nanoparticles. Studies

Applications

References

Ocular

Wenjun Zhou, 2013

Prostate cancer

A. Anitha, 2013

Colon cancer

Anto shering, 2011

Haemotological
malagnancies
Breast cancer
Lung cancer
Brain cancer

Katayoun
Derakhshandeha, 2011
Fatemeh Talaei, 2011
Sanda C, 2011
Al-Ghananeem, 2010
Thi Minh Phuc Le,
2013
Archana mehrotra,
2011

Skin cancer
Lung cancer
oral cancer
Colon cancer
Melanoma
Colorectal
cancer
Retinoblastoma
Colorectal
cancer
Liver cancer
Breast and neck
cancer

Shu-Jyuan Yang, 2013
SeyedehParinaz
Akhlaghi, 2010
Xian-Ping, 2010
Anekant Jain, 2010
Parveen S, 2010
Qin Tiana, 2009
Li FR, 2008
Daniele Rubert
Nogueira, 2004

using chitosan nanoparticles have been carried out for
various anticancer drugs (JH Kim, 2006).
PEGylated chitosan nanoparticles
Engineering the surface of the chitosan
nanoparticles with PEG has attracted increasing attention
because of its great potential in the therapeutic
applications. There are numerous publications that
reviewed the importance and advantages of PEGylated
nanoparticles for biological and pharmaceutical
applications. PEGylation of chitosan nanoparticles can
increase their physical stability and prolong their
circulation time in blood by reducing the removal by the
reticuloendothelial system (Z Zhao, 2009).
Active targeting — receptor-mediatedendocytosis
(RME)
The accumulation of drugs in tumour tissue does
not always guarantee successful therapy if the drug does
not reach the target site of the tumor cell such as the cell
membrane, cytosol, or nucleus. Therefore, a more
effective mechanism should be employed such that the
therapeutic agents are able to reach their molecular
targets. Cancer cells often over-express some specific
antigens or receptors on their surfaces, which can be
utilized as targets in modern nanomedicine. Active
targeting can be achieved by chemical alteration of

321

Aruna U. et al / International Journal of Innovative Pharmaceutical Research. 2013,4(3),318-324.

nanosized drug carriers with targeting components that
precisely recognize and specifically interact with
receptors on the targeted tissue (X Yang, 2008).
Physical targeting
Increasing efforts have been made to exploit
physiological signals such as pH, temperature, ionic
strength, and metabolites for targeted drug delivery
applications (IF Tannock, 1989; T Yahara, 2003; HC
Hurst, 2001). Of the various stimuli, pH and temperature
have been widely investigated for the treatment of solid
tumors. Numerous reports have demonstrated that
neoplastic tissues could exhibit a lower pH value
(acidosis) or a higher temperature (hyperthermia) than
healthy tissue. Therefore, drug targeting to solid tumors
can be achieved by designing stimuli sensitive drug
carriers, which disintegrate and release the entrapped
drugs in response to a lower pH or higher temperature
specifically at the tumour site. The interstitial pH of the
tumour plays a prominent role in cancer therapy. In a
healthy human, the extracellular pH of the body tissue
and blood is maintained around 7.4. In contrast, the
tumor tissue exhibits substantially lower pH values
varying from 5.7 to 7.8, depending on the tumor
histology and volume (M Dellian, 1996). The decrease in

extracellular pH values in the tumour tissue is primarily
due to poor organization of the vasculature in the tumor,
resulting in low blood pressure, local hypoxia, and
accumulation of acidic metabolites. This difference in pH
between tumors and normal tissue has stimulated many
investigators to design novel pH-sensitive carriers (VA
Sethuraman, 2008; ES Lee, 2008). In case of paclitaxel,
whose primary site of action is the microtubule, its
intracellular concentration is critical for its
pharmacological effect. Therefore, efficient intracellular
delivery of such drugs is essential to eradicate cancer
cells. Recently, N-acetyl histidine conjugated glycol
chitosan (NAcHis–GC), where histidine (with imidazole
group, pKa value of 6.5) acts as pH-responsive fusogen,
was developed for the efficient intracytoplasmic delivery
of paclitaxel (JS Park, 2006).
CONCLUSION
Chitosan is a multifunctional biopolymer with
many interesting applications. The present review
concluded from the above discussion that the chitosan
with its versatile characteristics like adhesiveness, bio
degradable nature and anti-tumour activity acts as a best
carrier for the cancer therapy when compared to other
natural polymers available.
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