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ABSTRACT 

Chitosan is a natural linear amino polysaccharide produced from the deacetylation of chitin obtained from crustaceans and insects. 
Chitosan structure consists of 2-acetamido-d-glucose and 2-amino-d-glucose units linked with glycosidic linkages. It is a versatile 
compound due to presence of reactive amino and hydroxyl groups making it easily available for chemical reactions. Various functional 
chitosan derivatives have been prepared using ionic interactions and other chemical modifications. Chitosan is known to exhibit 
excellent properties such as biodegradability, biocompatibility, non-toxicity and easy absorption which led to significant research 
towards industrial, pharmaceutical and biomedical applications. This review discusses the importance and characteristics of chitosan 
and its derivatives by describing various aspects including biological properties, chemical properties, techniques of preparation and 
its applications.  
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INTRODUCTION 

ith the ever-increasing demands of a rising 
human population, the competition for global 
resources is becoming even direr. On the one 

hand, high-performance materials are required for 
advancements in defence, space exploration and 
biomedical research. On the other hand, environmental 
issues related to toxicity, sustainability and cost-
effectiveness need to be addressed. To overcome these 
increasing challenges, researchers around the world strive 
to produce technologies and materials that have positive 
impacts on the living conditions within society, which 
minimize environmental impacts and production costs. 
Polymers obtained from natural resources is one of the 
promising strategies employed and in recent years, the 
biopolymers have been considered as potential eco-
friendly substitute for the use of non-biodegradable and 
renewable materials.  

The field of nanopolymers is greatly increasing and playing 
an important role in a broad spectrum of areas ranging 
from biotechnology, electronics, conducting materials, 
sensors, photonics, medicine, pollution control and 
environmental technology.1 They are designed from 
biodegradable and biocompatible polymers in size range of 
10-1000nm.2 An advantage of polymeric nanoparticles 

includes - Increased stability of any volatile pharmaceutical 
agents fabricated easily in large quantities by a multitude 
of methods. In terms of efficiency and effectiveness, it 
offers a significant improvement over traditional methods 
of oral and intravenous administration.3 Also, helps in 
delivering a higher concentration of pharmaceutical agent 
to a desired location.  It further reveals the choice of 
polymer and the ability to modify drug release from 
polymeric nanoparticles which have made them ideal 
candidates for cancer therapy, delivery of vaccines, 
contraceptives and delivery of targeted antibiotics.  
Polymeric nanoparticles can be incorporated in various 
activities related to drug delivery (tissue engineering).4  

Many authors have reported about the significance and 
efficacy of chitosan nanoparticles. It has been intensively 
developed, not only for its scientific interest but also for 
many technological area applications: gene delivery in 
shrimp,5  factorial designs,6 adsorption of heavy metals and 
also adsorption of dyes etc. Chitosan is the most commonly 
used natural polymer in the preparation of polymeric 
nanoparticles.7-9 It is a cationic polysaccharide, obtained by 
partial deacetylation of chitin. The amine and –OH groups 
endow chitosan with many special properties, making it 
applicable in many areas and easily available for chemical 
reactions.10 Natural chitosan has captivated greater 
attention in pharmaceutical and biomedical fields due to 
its beneficial functional properties. Recently, chitosan has 
paid a great attention in pharmaceutical and biomedical 
research due to its several advantages: a) biocompatible, 
biodegradable with non-toxicity polysaccharide, b) easy 
movement across cell membrane, c) efficient drug 
protection till it reaches the target, d) releasing of drug in 
a regulated manner and e) carrier molecule degradation 
upon drug delivery and other numerous features are 
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rapidly applied to delivery drugs, wound healing, 
antibacterial11and antioxidant properties, anti-
inflammatory, antiulcerogenic12 and anticancer activity.13 
The positive charge of chitosan is responsible for enhanced 
drug absorption by cells.14 In addition, chitosan acts as 
excellent moisturizing agent due to its water retention 
capacity.15 It also provides absorption promoting effect 
that prolongs the contact time between substrate and cell 
membrane.16 

The solubility of chitosan decreases with the increase in 
the molecular weight. The degree of deacetylation is one 
of the fundamental parameters that can affect the 
properties and functionality of chitosan. Chitosan 
nanoparticles have complete power over its own physical, 
chemical and morphological characteristics that actually 
determine their applications. 

TECHNIQUES OF PREPARATION 

The property of nanopolymers has to be optimized based 
on the specific applications. In order to achieve the 
properties of interest, the mode of preparation plays a vital 
role. Thus, it is highly beneficial to have preparation 
techniques at hand to obtain PNPs with the desired 
properties for a particular application. 

1. Ionic Gelation Technique 

Chitosan are hydrophilic natural polymers and have been 
used to synthesize biocompatible NPs by the ionic gelation 
method.  This technique involves an interaction of a cation 
(or an anion) with an ionic polymer to generate a highly 
cross linked structure.17  By ionic gelation, Calvo and co-
workers developed a method for preparing hydrophilic 
chitosan nanoparticles. It involves the material undergoing 
transition from liquid to gel due to ionic interaction 
conditions at room temperature.18  

Amir Dustgani et al. in 2008 prepared Dexamethasone 
Sodium Phosphate loaded chitosan nanoparticles by ionic 
gelation method. The method involves a mixture of two 
aqueous phases- one is the polymer chitosan, a di-block 
co-polymer ethylene oxide or propylene oxide (PEO-PPO) 
and the other is a poly anion sodium tripolyphosphate. A 
positively charged amino group of chitosan interacts with 
negative charged tripolyphosphate to form coacervates 
with a size in the range of nanometer. Coacervates are 
formed as a result of electrostatic interaction between two 
aqueous phases.19 

Sujima Anbu in 2016 used 1% (w/v) of the plant extract 
mixed with 0.5% (w/v) of TPP. The solution is added drop 
wise into the chitosan solution containing 0.5% (w/v) 
chitosan and 1% (v/v) acetic acid under gentle magnetic 
stirring. The solution has been incubated for 20 mins and 
used for characterization. The mechanism behind is the 
physical cross linking of chitosan with the multivalent 
anions derived from sodium tripolyphosphate.20 The 
properties such as the quick gelling ability and non-toxic 
nature make the TPP favourable cross-linker for ionic 
gelation. The pH value of the reaction medium has a 

significant role for the formation of nanoparticles. It 
influences the positive charge to neutralize with the 
gradual de-protonation of ammonium groups aiding in the 
formation of smaller nanoparticles. Thus, makes chitosan 
water-soluble and increases its nature of bioadhesivity.21 
The other previous research studies have concluded that 
the properties of chitosan nanoparticles obtained through 
interaction between chitosan and TPP are dependent on 
many parameters that are inherent to the preparation 
method.  

2. Micro Emulsion Method. 

Chitosan nanoparticles prepared by micro emulsion 
technique were first developed by Maitra. Basically it is 
based on involvement of chitosan in the aqueous core of 
reverse micellar droplets and followed by cross-linked 
through glutaraldehyde. In this technique, involvement of 
surfactant is must to n-hexane. Then prepared 
chitosan/acetic solution and glutaraldehyde is mixed with 
the surfactant/hexane and continuously stirred at room 
temperature. One author describes the use of surfactant; 
these molecules are amphiphilic in nature that are in 
presence of water or any organic solvent form a spherical 
aggregate.22 The final solution is kept overnight, for 
removal of organic solvent used a low pressure.  

Many authors described in their papers, the excess 
surfactant which is used particularly in experiment was 
removed by precipitating with CaCl2 and found precipitate 
has been removed by centrifugation. The final nano sphere 
suspension is dialyzed before lyophilisation and by this 
technique, a particle of narrow size distribution of less than 
100nm is found.23 

3. Polyelectrolyte Complex (PEC)  

It is a very simple technique for preparations of 
nanoparticles since no tough condition are involved. It 
formed by interaction between anionic and cationic 
charged polymer, followed by charge neutralization. 

A previous study explains this method with the chitosan. 
The nanoparticles were spontaneously formed after 
addition of alginate solution into chitosan which was 
priorly dissolved in acetic acid solution, under mechanical 
stirring at room temperature. The complexes size range 
from 50nm-700nm.24 These are used for delivery of 
proteins, peptides, drugs and plasmid DNA.25 Effects of pH, 
MW and concentration play a main role in this method to 
determine the size and yield of nanoparticles. 

4. Emulsification/solvent Diffusion (ESD)  

This method is originally developed by Niwa et al. 
employing PLGA. It is a modified solvent diffusion method 
that requires no homogenisation. This is the specific 
method for preparation of CSNPs and involves the addition 
of water-miscible solvents (e.g. methylene chloride and 
acetone) along with organic solvents (e.g. 
dichloromethane or chloroform). Solvent is eliminated by 
evaporation or filtration, according to its boiling point. 
There have been very limited studies on this method, but 
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it has proven to be suitable for encapsulating hydrophobic 
drugs.26  This method offers great reproducibility, 
simplicity, narrow size and easy scale up. But, it eliminates 
high volumes of water from suspension and during 
emulsification; there is leakage of drug from water soluble 
to saturated aqueous external phase. 

APPLICATIONS OF CHITOSAN NANOPARTICLES (CSNPs) 

Over the last few years CSNPs have gained considerable 
attention due to their inherent biological properties. They 
are being used in a variety of different products and 
applications ranging from pharmaceuticals, food 
packaging, bio-sensing, fuel cell manufacturing, larvicidal 
and mosquitocidal activity, and waste-water treatment.  

1. Synthesizing and stabilizing the optically active 
materials 

The cationic polyelectrolyte nature of CS was found to be 
advantageous for stabilizing fascinating photonic materials 
including plasmonic nanoparticles, semiconductor 
nanoparticles, fluoroscent organic dyes, and luminescent 
transitional and lanthanide complexes. Compared to 
reviews published on the usage of CS for various other 
applications, the optically active materials are very 
limited. Therefore, this review highlighted the different 
works involving some of the molecular-nano systems that 
are prepared or stabilized using the CS polymer.27  

2. Pre-oral administration 

As nanoparticles can protect labile drugs from enzymatic 
degradation in gastrointestinal tract, they serve as potent 
oral delivery systems for proteins, macromolecules and 
polynucleotides.28  

Chitosan nanoparticles are attractive carriers for oral 
delivery vehicle as they promote better absorption of drug. 
Several research groups have studied the absorption 
promoting effect of chitosan and founded, in mucosal cell 
membrane, a combination of mucoadhesion and transient 
opening of tight junctions.29 

Using Chitosan, Captopril mucoadhesive microspheres 
were prepared successfully in combination with 
copolymers (HPMC K4M, eudragit RS-100 and 
polycarbophil) in different proportions. This research study 
concluded that F9 showed better drug entrapment, 
mucoadhesive property and controlled drug release. Thus, 
the formulated chitosan based mucoadhesive 
microspheres seem to be a potential candidate as an oral 
gastro retentive controlled drug delivery system in 
prolonging the drug retention in stomach and increasing 
the bioavailability of drug.30 

3. Waste water treatment  

Chitosan nanoparticles are used in removal/recovery of 
heavy metal ions from wastewaters, removal and binding 
of dye, in biological denitrification, as a dehydration agent 
and in sludge treatment.31  

 

4. Antibacterial 

With rising population, the use of antibiotics has 
significantly increased to treat the diseases. Thus, the 
overuse of these antibiotics has resulted in the rise of 
antibiotic-resistant bacteria. Therefore, materials with 
non-conventional antibacterial systems that avoid the 
development of antibiotic-resistant “superbug” species 
like methicillin-resistant Staphylococcus aureus (MRSA) 
are in high demand. Chitosan is highly attractive compared 
to other antibacterial agents as it inhibits the growth of a 
wide variety of bacteria by exhibiting many advantages 
such as killing a wider range of bacteria, higher killing rates 
and lower toxicity toward mammalian cells.32 

 The CS-stabilized metal and metal-oxide hybrid 
nanoparticles are expected to be more stable, less toxic 
and are expected to exhibit higher antibacterial efficiency 
due to the presence of the CS stabilizer with the metal or 
metal-oxide nanoparticles.33 A recent research study 
demonstrated that the antimicrobial effect of AgNPs 
strongly depended on their size- because the smaller the 
size of nanoparticles, the larger is the surface area in 
contact with the bacterial cells and hence, greater is the 
interaction with cells. The diameter of zone of inhibition 
also increased as the size of the nanoparticles decreased.34 

The chitosan fits within the principles of “Green Synthesis”, 
which is favoured over other chemical reduction methods 
because it avoids the use of harsh chemicals, reducing and 
stabilizing agents.35 

In these works, CS has shown to exhibit a triple role as a 
solvent medium, stabilizing medium and reducing 
medium. Some researchers have extensively 
demonstrated the ability of a CS medium to act as both 
reducing and stabilizing agent to form different sized 
AgNPs and ZnONPs in the absence of any other reducing or 
stabilizing agents.36 In summary, the eco-friendly nature of 
CS and its biocompatibility have attracted much attention 
in the area of nanomedicine as an effective antibacterial 
agent. 

5. Antioxidant 

Oxidative stress is considered a critical factor in various 
degenerative diseases, as well as in the normal process of 
aging. Antioxidant mechanisms include scavenging ROS, 
activating detoxifying proteins, or preventing the 
generation of ROS. Finding natural antioxidants is 
important, because they can protect the human body from 
free radicals and slow the progress of many chronic 
diseases.37 Therefore, using functionalized CS to obtain 
polysaccharide-based compounds with antioxidant 
properties is of growing importance.38 The oxidant 
scavenging activity of CS is due to the strong hydrogen-
donating ability of CS, as well as its ability to chelate metal 
ions. CS polymer has been shown to form very stable 
macromolecular radicals when reacted with certain 
oxygen species. Overall, a higher concentration of low 
molecular weight CS has a positive influence on 
antioxidant activity. Also, CS has been used as an effective 
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antioxidant for human serum albumin (HSA), which is a 
major target of oxidative stress in uraemia and other 
vascular disorders.39 Unfortunately, many methods of 
obtaining functionalized CS involve using toxic chemicals 
such as carbodiimide, ammonium persulfate, or 
formaldehyde. Therefore, newer approaches involve 
enzymatic cross-linking, which is attractive due to an 
enzyme’s high specificity and environmental friendliness.38 

6. Drug delivery 

One of the most promising and useful forms of chitosan are 
CSNPs. Extensive reviews detailing the evaluation of the 
chemistry of CSNPs formation and their impact on drug 
delivery systems for the treatment of diseases like cancer, 
are well documented.40,41 Among various drug delivery 
platforms, nanoparticles-based delivery systems are 
known to exhibit several advantages such as target specific 
drug delivery, sustained release, enhanced solubility of 
hydrophobic drugs, increased concentration of the drug at 
the tumor site, and reducing immunogenicity.  CSNPs have 
also been investigated for the delivery of 
chemotherapeutic agents, cancer imaging agents and are 
used to deliver chemotherapeutic drugs to tumors via the 
enhanced permeability and retention effect.42 

Min et al. demonstrated the use of hydrophobically-
modified glycol CSNPs to deliver camptothecin (CPT). 
Insoluble CPT was encapsulated in the glycol CSNPs with a 
loading efficiency above 80%.43  

Thus, engineering nanostructures from CS polymer under 
the most benign and facile conditions is highly desirable in 
order to take advantage of all the intrinsic biocompatible 
properties of CS polymer. 

7. Bioimaging and Cancer Research 

Though there are multiple applications of luminescent CS 
hybrids, we have selected the most prevalent works. 
Although great progress has been achieved relative to the 
diagnosis and therapy for various cancers in last decades, 
cancer remains one of the leading causes of death. 
Patients treated with conventional chemotherapy 
commonly suffer from severe side effects. One of the goals 
of chemotherapy is to develop a drug delivery system that 
can intelligently trigger the drug release targeted at the 
cancer cells, to reduce the drug’s side effects on the 
patient and improve the overall therapeutic efficacy.44  As 
ICG is photo-degraded in aqueous solution and is unstable 
at high temperature, resulting in loss of absorption and 
fluorescence. All of these disadvantages restrict its use in 
Photothermal therapy (PTT). Therefore, recently a CS-
based ICG-containing nanostructure for effective 
molecular tumor imaging has been developed by Song et 
al. to overcome these disadvantages and an effort has 
been made to improve ICG’s photo and thermal-stability, 
pharmacokinetics and biodistribution in tumor tissue.45  

Carbon Dots (CDs) have also been studied for targeted 
release of cancer drugs. CDs with unique optical properties 
have been incorporated into different nanomaterials for 

applications as higher quality membranes, catalysts, drug 
carriers, MRI contrast agents and nanodevices. As per a 
recent study, when these optically active nanoparticles are 
embedded into materials such as CS, the resultant hybrid 
material can be applied in the sensing field44 and can 
inhibit tumor growth. 

8. Gene therapy 

Gene therapy can be broken into two main approaches. In 
the first approach, there is gene augmentation to 
upregulate tumor suppressor genes. The second approach 
involves gene knockdown using short, interfering RNA 
(siRNA). For successful nanoparticle gene therapy, the 
therapeutic genes have to be protected from gene 
cleavage enzymes and transported into the targeted 
intracellular compartments.46  Oligonucleotide-coated NPs 
conjugates are useful for drug delivery, gene therapy and 
diagnostics.47 Kenneth et al. reported that the CS/siRNA 
nanoparticles enhance the green fluorescent protein gene 
knockdown in both human lung carcinoma cells and 
murine peritoneal macrophages.48 These NP-
oligonucleotide structures showed high levels of cellular 
uptake and transfection efficiency. Moreover, these 
structures showed resistance against degradation by 
nuclease with minimal immune response; low toxicity; and 
highly effective gene regulating capabilities.47  

9. Sensing 

Irrespective of various platforms used in sensing, a 
polymer support to load the indicator is an integral part of 
the sensor.49 

Baranwal et al. have summarized many sensing 
applications using CS polymer. The group explained the 
significance and impact of CS polymer for biosensing, 
highlighting its potential versus other biological polymers 
like poly-lysine, poly-glutamate, and alginic acid. Many 
optically active materials including AuNPs and AgNPs have 
been fabricated with CS polymer for developing 
electrochemical immune-sensors and electrochemical 
enzyme biosensors.50  

In the case of optical sensors, Bhatnagar et al. have 
constructed a nanobiosensor for diagnosis of 
invasive Aspergillosis using CS-stabilized AuNPs.51  An 
excellent work by Wang et al. resulted in fabrication of 
biosensors based on a combination of CS and Prussian blue 
dye. The biosensors included a glucose sensor, glutamate 
sensor and a galactose sensor. The sensors’ interference 
with ascorbic acid and uric acid were also selectively 
analyzed. The biosensors based on a CS platform were able 
to detect glucose, galactose and glutamine in human blood 
serum and in fermented solutions.52 

Realizing the significance of heparin in the regulation of 
various physiological and pathological processes, many 
sensors have been fabricated based on different platforms. 
CS-stabilized AuNPs were prepared and based on the 
intensity of scattered light, the presence vs. absence of 
heparin was investigated.53 
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10. Cytotoxic activity 

A very recent research investigation was carried out on 
Synthesis of bioactive chemicals cross-linked Sodium 
Tripolyphosphate (TPP)- Chitosan nanoparticles for 
enhanced cytotoxic activity against Human ovarian cancer 
cell line (PA-1). This study strongly suggested that the 
fabricated phytochemicals cross-linked CSNPs from 
G.sylvestre leaf extracts exhibited enhanced cytotoxic 
activity and it could be effectively used as a promising 
anticancer agent in the near future because of its 
stimulated cytotoxic activity and reduction in the 
nanodrug dosage.54 

11. Larvicidal activity 

Several advanced research studies have been performed 
over the years on mosquito breeding and larvicidal activity 
by using jasmine extracts. But, a recent study by Varun 
Tyagi in 2017 has depicted that benzyl alcohol in jasmine 
oil revealed moderate-high rate of larval mortality. 
Another recent research on CSNP synthesis by TPP has 
revealed its potential mosquito larvicidal activity against 
3rd instar of A.egypti that has been contemplated with the 
varieties of chitosan.55 

CONCLUSION  

Chitosan is a natural second most abundant aminated 
polycationic polysaccharide. The solubility of chitosan 
decreases with the increase in molecular weight. The 
degree of deacetylation is a fundamental parameter that 
affects the functionality of chitosan. It offers excellent 
physiological properties such as biocompatibility, 
biodegradability, bio adhesiveness, nontoxicity and easy 
movement cross the membrane.  Its unique chemical 
nature, positive charge, presence of reactive amino and 
hydroxyl groups provides wide applications. 

Green synthesis of CSNP is a major focus on modern 
nanotechnology research. Various techniques of 
preparation of CSNP have been demonstrated such as ionic 
gelation, poly-electric complex, micro emulsion, 
emulsification and solvent diffusion. 

Chitosan polymer can be used in waste water treatment by 
efficient removal of heavy metal ions, dyes and organic 
pollutants. 

CSNP proved to exhibit antimicrobial activity by 
mechanism which includes ionic surface interaction 
resulting in cell wall leakage, inhibition of mRNA and 
protein synthesis by penetrating into nuclei of microbes 
and chelating metal ions provoking the suppression of 
essential nutrients to microbial growth. 

The antioxidant activity of chitosan has been established 
by strong proton donating ability and high degree of 
quaternization. Phenolics and polyphenolic compounds 
condensed with chitosan to form natural prodrugs exhibits 
positive influence on antioxidant activities.  

In addition to the aforementioned nature of chitosan- it’s 
potentially used as a carrier for target drug delivery, 

controlled release and enhanced solubility of hydrophobic 
drugs. 

Chitosan due to its cationic and low immunogenicity can 
be used as a non-viral vector material for efficient gene 
delivery. Positively charged Chitosan can be easily 
complexed with DNA and protected from nuclease 
degradation and hence used in transfection. 

Chitosan-a multipurpose biomaterial, is known to exert 
effects against several types of cancer through induction of 
apoptosis and cell cycle arrest. Chitosan and its derivatives 
have been reported to selectively permeate through 
membrane of cancer cells and show anticancer activity 
through cellular enzymatic, antiangiogenic, 
immunoenhancing and antioxidant defense mechanism. 

Medicinal oil encapsulated Chitosan capsule shows 
potential larvicidal activity. The mortality mechanism is 
owed to the interaction mediated by the electrostatic 
forces forming the protonated ammonium group and the 
antagonistic residues presumably competing with calcium 
for electro-negative sites on the membrane surface of the 
larvae. 

Along with the biomedical and pharmaceutical application, 
Chitosan also has industrial and biotechnological 
applications such  as a hydrocolloid in cosmetic products ,  
immobilization of enzymes in food processing , water 
engineering, manufacture of paper and biodegradable 
packaging material for food wrap and other products, 
textile industry, agriculture, fixing agent for the acid dyes 
in developing photographs, presence of amino and 
hydroxyl groups in chitosan makes it an useful 
chromatographic support for separation of DNA and 
fabrication of solid state batteries. 

Acknowledgement: The authors wish to acknowledge the 
Department of Chemistry (PG Biochemistry) and the 
management of Mount Carmel College, Autonomous, 
Bengaluru for their support and patronage. 

REFERENCES 

1) Schmid G. Nanoparticles: from theory to applications. 
Weinheim, Germany: Wiley-VCH Publishers; 2004. 

2) Bhowmik D, Chatterjee DP, Mallik A, Roy A. Study of the 
Analgesic Activity of Methanolic Extract of Jasmine Root 
(Jasminum sambac). Indian Journal of Research in Pharmacy and 
Biotechnology. 2015;1(1):14-16. 

3) Abhilash M. Potential applications of Nanoparticles.  Int J 
Pharm Bio Sci. 2010;1(1):15-22. 

4) Kayser O, Lemke A, Hernández-Trejo N. The impact of 
nanobiotechnology on the development of new drug delivery 
systems. Curr Pharm Biotechnol. 2005 Feb;6(1):3-5. Doi: 
10.2174/1389201053167158. PMID: 15727551. 

5) Vimal S, Abdulmajeed S, Taju G, Nimbi K. S. N, Sundar Raj N, 
Madan N, Farook M.A, Rajkumar T, Gopinath D, Sahul Hameed 
A.S.  Chitosan tripolyphosphate nanoparticles: preparation, 
characterization and application for gene delivery inshrimp. 
Actatropica. 2013;128(3):486-493. Doi: 
10.1016/j.actatropica.2013.07.013; PMID: 23906611. 

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/


Int. J. Pharm. Sci. Rev. Res., 68(2), May - June 2021; Article No. 24, Pages: 165-171                                                          ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

170 

6) Neves A, Milioli C, Muller L, Riella H, Kuhnen N, Stulzer H. 
Factorial design as tool in chitosan nanoparticles development by 
ionic gelation technique, Colloids and Surfaces A: 
Physicochemical and Engineering Aspects. 2014;34-39. Doi: 
10.1016/j.colsurfa.2013.12.058. 

7) Farrugia C.A, Grover M.J. Gelatin behaviour in dilute aqueous 
solutions: Designing a nanoparticulate formulations. J. Pharm. 
Pharmacol. 1999; 51: 643–649. 

8) Kreuter J. Nanoparticles, in: J. Kreuter (Ed.) Colloidal Drug 
Delivery Systems.  Marcel Dekker, New York; 1994. p.219-342.  

9) Luppi B, Bigucci F, Corace G, Delucca A, Cerchiara T, Sorrenti 
M, Catenacci L, Di Pietra AM, Zecchi V. Albumin nanoparticles 
carrying cyclodextrins for nasal delivery of the anti-Alzheimer 
drug tacrine. European Journal of Pharmaceutical Sciences: 
Official Journal of the European Federation for Pharmaceutical 
Sciences. 2011 Nov;44(4):559-565. Doi: 
10.1016/j.ejps.2011.10.002. 

10) Malesu VK, Sahoo D, Nayak PL. Chitosan sodium alginate 
nanocomposites  blended with cloisite 30B as a novel drug 
delivery system for anticancer drug curcumin. IJABPT 2011;2: 
402-411. 

11) Manik A, Sathiyabama M. Green synthesis of copper-chitosan 
nanoparticles and study of its anti-bacterial activity. Journal of 
Nanomedecine & Nanotechnology. 2015;6: 1-5. 

12) Servat-Medina L, González-Gómez A, Reyes-Ortega F, Sousa 
IM, Queiroz Nde C, Zago PM, Jorge MP, Monteiro KM, de 
Carvalho JE, San Román J, Foglio MA. Chitosan-tripolyphosphate 
nanoparticles as Arrabidaea chica standardized extract carrier: 
synthesis, characterization, biocompatibility, and antiulcerogenic 
activity. Int J Nanomedicine. 2015 Jun 9;10: 3897-909. Doi: 
10.2147/IJN.S83705; PMID: 26089666; PMCID: PMC4467739. 

13) Swarnalatha Y, Gunna GK, Jacob CM. Synthesis of alkaloid 
loaded chitosan nanoparticles for enhancing the anticancer 
activity in A549 lung cancer lines. Der Pharmacia Lettre 2015;7: 
378-390. 

14) Al- Remawi, Mayyas MA. Properties of chitosan nanoparticles 
formed using Sulfate anions as cross-linking bridges. American 
Journal of Applied Sciences. 2012;9(7):1091-1100. Doi: 
10.3844/ajassp.2012.1091.1100 

15) Albuquerque P, Coelho LC, Teixeira JA, Carneiro-da-Cunha 
MG. Approaches in biotechnological applications of natural 
polymers. AIMS Molecular Science. 2016;3(3): 386-425. Doi: 
10.3934/molsci.2016.3.386. 

16) Mosmann T. Rapid colorimetric assay for cellular growth and 
survival: application to proliferation and cytotoxicity assays. J 
Immunol Methods. 1983 Dec 16;65(1-2):55-63. Doi: 
10.1016/0022-1759(83)90303-4; PMID: 6606682. 

17) Swarbrick J, Boylan JC. Encyclopedia of Pharmaceutical 
Technology.  Volume 5 Dekker;2004. 

18) Calvo P, Remuñan-López C, Vila-Jato JL, Alonso MJ. Chitosan 
and chitosan/ethylene oxide-propylene oxide block copolymer 
nanoparticles as novel carriers for proteins and vaccines. Pharm 
Res. 1997 Oct;14(10):1431-1436. Doi: 
10.1023/a:1012128907225; PMID: 9358557. 

19) Dustgania A, Farahania EV, Imanib M. Preparation of Chitosan 
Nanoparticles Loaded by Dexamethasone Sodium Phosphate. 
Iranian Journal of Pharmaceutical Sciences. 2008; 4(2): 111-114. 

20) Lee DW, Lim C, Israelachvili JN, Hwang DS. Strong adhesion 
and cohesion of chitosan in aqueous solutions. Langmuir. 2013 
Nov 19;29(46):14222-14229. Doi: 10.1021/la403124u. Epub 2013 
Nov 6; PMID: 24138057; PMCID: PMC3888206. 

21) Gan Q, Wang T. Chitosan nanoparticle as protein delivery 
carrier--systematic examination of fabrication conditions for 
efficient loading and release. Colloids Surf B Biointerfaces. 2007 
Sep 1;59(1):24-34. Doi: 10.1016/j.colsurfb.2007.04.009. Epub 
2007 Apr 24; PMID: 17555948. 

22) Chandra Hembram K, Prabha S, Chandra R, Ahmed B, Nimesh 
S. Advances in preparation and characterization of chitosan 
nanoparticles for therapeutics. Artif Cells Nanomed Biotechnol. 
2016;44(1):305-14. Doi: 10.3109/21691401.2014.948548. Epub 
2014 Aug 19; PMID: 25137489. 

23) Sailaja AK, Amareshwar P, Chakravarty P. Different 
techniques used for the preparation of nanoparticles using 
natural polymers and their application.  International Journal of 
Pharmacy and Pharmaceutical Sciences 2011; 3(2): 0975- 1491 

24) Sailaja AK, Amareshwar P, Chakravarty P. Chitosan 
nanoparticles as a drug delivery system. Research Journal of 
Pharmaceutical, Biological and Chemical Sciences. 2010;1(3): 
474. 

25) Erbacher P, Zou S, Bettinger T, Steffan AM, Remy JS. Chitosan-
based vector/DNA complexes for gene delivery: biophysical 
characteristics and transfection ability. Pharm Res. 1998 
Sep;15(9):1332-1339. Doi: 10.1023/a:1011981000671; PMID: 
9755882. 

26) Gupta S, Jassal PS, Chand N. Chitosan Nanoparticles: 
Synthesis and Their Applications. Journal of Basic and Applied 
Engineering Research. 2016;3(8): 688-92. 

27) Wang X, Luo Y, Li X, Ling Y, Shen Z, Han G, Sun R. 
Nanocomposites: Synthesis, Characterization and Applications.  
Nova Science: New York, USA; 2013. p. 1–26. 

28) Tiyaboonchai W. Chitosan Nanoparticles: A Promising System 
for Drug Delivery. Naresuan University Journal. 2003;11(3):51-66. 

29) Artursson P, Lindmark T, Davis SS, Illum L. Effect of chitosan 
on the permeability of monolayers of intestinal epithelial cells 
(Caco-2). Pharm Res. 1994 Sep;11(9):1358-1361. Doi: 
10.1023/a:1018967116988; PMID: 7816770. 

30) Krishnan S, Ahmed MG, Ramesh B, Kirankumar P. Design and 
evaluation of Chitosan based mucoadhesive microspheres of 
Captopril. International Journal of Universal Pharmacy and Bio 
Sciences. 2012;1(2);67-78. 

31) Nechita P, Shalaby E. Applications of Chitosan in Wastewater 
Treatment, Biological Activities and in Marine Polysaccharides. 
IntechOpen. 2017; Doi: 10.5772/65289.  

32) Fei LX, Guan LY, Yang DZ, Li Z, Yao KD. Antibacterial Action of 
Chitosan and Carboxymethylated Chitosan.  Journal of Applied 
Polymer Science. 2001;79(7):1324–1335. Doi: 10.1002/1097-
4628(20010214)79:7. 

33) Wang Y, Zhang Q, Zhang CL, Li P. Characterisation and 
cooperative antimicrobial properties of chitosan/nano-ZnO 
composite nanofibrous membranes. Food Chem. 2012 May 
1;132(1):419-27. Doi: 10.1016/j.foodchem.2011.11.015. Epub 
2011 Nov 10; PMID: 26434310. 

34) Honary S, Ghajar K, Khazaeli P, Shalchian P.  Preparation, 
Characterization and Antibacterial Properties of Silver-Chitosan 
Nanocomposites using Different Molecular Weight Grades of 

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/


Int. J. Pharm. Sci. Rev. Res., 68(2), May - June 2021; Article No. 24, Pages: 165-171                                                          ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

171 

Chitosan. Trop. J. Pharm. Res. 2011;10(1): 69–74. 
Doi: 10.4314/tjpr.v10i1.66543. 

35) Huang H, Yang X. Synthesis of polysaccharide-stabilized gold 
and silver nanoparticles: a green method. Carbohydr Res. 2004 
Oct 20;339(15):2627-31. Doi: 10.1016/j.carres.2004.08.005; 
PMID: 15476726. 

36) Ahmad MB, Tay MY, Shameli K, Hussein MZ, Lim JJ. Green 
synthesis and characterization of silver/chitosan/polyethylene 
glycol nanocomposites without any reducing agent. Int J Mol Sci. 
2011;12(8):4872-4884. Doi: 10.3390/ijms12084872. Epub 2011 
Aug 2; PMID: 21954331; PMCID: PMC3179138. 

37) Xing R, Yu H, Liu S, Zhang W, Zhang Q, Li Z, Li P. Antioxidant 
activity of differently regioselective chitosan sulfates in vitro. 
Bioorg Med Chem. 2005 Feb 15;13(4):1387-1392. Doi: 
10.1016/j.bmc.2004.11.002; PMID: 15670946. 

38) Sousa F, Guebitz G, Kokol V. Antimicrobial and antioxidant 
properties of chitosan enzymatically functionalized with 
Flavonoids. Process Biochemistry. 2009; 44(7):749–756. 
Doi:10.1016/j.procbio.2009.03.009 

39) Vinsova, J.; Vavrikova, E. Chitosan Derivatives with 
Antimicrobial, Antitumour and Antioxidant Activities—A Review. 
Curr. Pharm. Des. 2011;17: 3596–3607. 

40) Elgadir MA, Uddin MS, Ferdosh S, Adam A, Chowdhury AJK, 
Sarker MZI. Impact of chitosan composites and chitosan 
nanoparticle composites on various drug delivery systems: A 
review. J Food Drug Anal. 2015 Dec;23(4):619-629. Doi: 
10.1016/j.jfda.2014.10.008. Epub 2014 Dec 4; PMID: 28911477. 

41) Kumar N, Patel AK, Kumari N, Kumar A.  A Review on Chitosan 
Nanoparticles for Cancer Treatment. Int. J. Nanomater. Biostruct. 
2014;4: 63–65. 

42) Key J, Park K. Multicomponent, Tumor-Homing Chitosan 
Nanoparticles for Cancer Imaging and Therapy. Int J Mol Sci. 2017 
Mar 8;18(3):594. Doi: 10.3390/ijms18030594; PMID: 28282891; 
PMCID: PMC5372610. 

43) Min KH, Park K, Kim YS, Bae SM, Lee S, Jo HG, Park RW, Kim 
IS, Jeong SY, Kim K, Kwon IC. Hydrophobically modified glycol 
chitosan nanoparticles-encapsulated camptothecin enhance the 
drug stability and tumor targeting in cancer therapy. J Control 
Release. 2008 May 8;127(3):208-18. Doi: 
10.1016/j.jconrel.2008.01.013. Epub 2008 Feb 7; PMID: 
18336946. 

44) Wang H, Mukherjee S, Yi J, Banerjee P, Chen Q, Zhou S. 
Biocompatible Chitosan-Carbon Dot Hybrid Nanogels for NIR-
Imaging-Guided Synergistic Photothermal-Chemo Therapy. ACS 
Appl Mater Interfaces. 2017 Jun 7;9(22):18639-18649. Doi: 
10.1021/acsami.7b06062. Epub 2017 May 22; PMID: 28485151. 

45) Song X, Wu H, Li S, Wang Y, Ma X, Tan M. Ultrasmall Chitosan-
Genipin Nanocarriers Fabricated from Reverse Microemulsion 

Process for Tumor Photothermal Therapy in Mice. 
Biomacromolecules. 2015 Jul 13;16(7):2080-2090. Doi: 
10.1021/acs.biomac.5b00511. Epub 2015 Jul 1; PMID: 26075349. 

46) Key J, Park K. Multicomponent, Tumor-Homing Chitosan 
Nanoparticles for Cancer Imaging and Therapy. Int J Mol Sci. 2017 
Mar 8;18(3):594. Doi: 10.3390/ijms18030594; PMID: 28282891; 
PMCID: PMC5372610. 

47) Zhang L, Zheng W, Tang R, Wang N, Zhang W, Jiang X. Gene 
regulation with carbon-based siRNA conjugates for cancer 
therapy. Biomaterials. 2016 Oct;104:269-78. Doi: 
10.1016/j.biomaterials.2016.07.015. Epub 2016 Jul 19; PMID: 
27472164. 

48) Choi C, Nam J, Nah J. Application of Chitosan and Chitosan 
Derivatives as Biomaterials.  Ind. Eng. Chem. Res. 2016;33:1–10. 
Doi: 10.1016/j.jiec.2015.10.028. 

49) Wolfbeis O. Optical Fiber Sensors. Artech House; Boston, MA, 
USA: London, UK; 1997.p. 53–107 

50) Baranwal A, Kumar A, Priyadharshini A, Oggu GS, Bhatnagar I, 
Srivastava A, Chandra P. Chitosan: An undisputed bio-fabrication 
material for tissue engineering and bio-sensing applications. Int J 
Biol Macromol. 2018 Apr 15;110:110-123. Doi: 
10.1016/j.ijbiomac.2018.01.006. Epub 2018 Jan 13; PMID: 
29339286. 

51) Bhatnagar I, Mahato K, Ealla KKR, Asthana A, Chandra P. 
Chitosan stabilized gold nanoparticle mediated self-assembled 
gliP nanobiosensor for diagnosis of Invasive Aspergillosis. Int J 
Biol Macromol. 2018 Apr 15;110:449-456. Doi: 
10.1016/j.ijbiomac.2017.12.084. Epub 2017 Dec 15; PMID: 
29253546. 

52) Wang Y, Zhu J, Zhu R, Zhu Z, Lai Z, Chen Z. Chitosan/Prussian 
Blue-Based Biosensors.  Meas. Sci. Technol. 2003;14: 831–
836.  Doi: 10.1088/0957-0233/14/6/317. 

53) Chen Z, Wang Z, Chen X, Xu H, Liu J. Chitosan-capped gold 
nanoparticles for selective and colorimetric sensing of heparin. J 
Nanopart Res. 2013;15(9):1930. Doi: 10.1007/s11051-013-1930-
9. Epub 2013 Aug 25; PMID: 24078791; PMCID: PMC3782634. 

54) Sujima Anbu A, Sahi SV, Venkatachalam P.  Synthesis of 
Bioactive Chemicals Cross-linked Sodium ripolyphosphate (TPP) - 
Chitosan Nanoparticles for Enhanced Cytotoxic Activity against 
Human Ovarian Cancer cell Line (PA-1).  J Nanomed Nanotechnol. 
2016;7(6):418. Doi: 10.4172/2157-7439.1000418.  

55) Tyagi V, Patel R, Hazarika H, Dey P, Goswami D, 
Chattopadhyay P. Chemical composition and bioefficacy for 
larvicidal and pupicidal activity of essential oils against two 
mosquito species. International journal of mosquito research 
2017;4(4):112-118. 

 

Source of Support: The author(s) received no financial support for the research, authorship, and/or publication of this article. 

Conflict of Interest: The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or 
publication of this article. 

For any question relates to this article, please reach us at: editor@globalresearchonline.net  

New manuscripts for publication can be submitted at: submit@globalresearchonline.net and submit_ijpsrr@rediffmail.com   

 

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/
mailto:editor@globalresearchonline.net
mailto:submit@globalresearchonline.net
mailto:submit_ijpsrr@rediffmail.com

