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Abstract: The chitosan nanoparticles because of their biodegradability, biocompatibility, 
better stability, low toxicity, simple and mild preparation methods, offer a valuable tool to 
novel drug delivery systems in the present. The methods such as micro emulsion method, 
emulsification solvent diffusion method are also in use. The present review describes 
properties, different methods of preparation and applications of chitosan nanoparticles.  
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INTRODUCTION 

The nanoparticles are defined as the particulate dispersions or the solid particles with the size 

in a range in between 10-1000nm. In this the drug is dissolved, entrapped, encapsulated or 

attached to the nanoparticle matrix. The Nano capsules, nanoparticles or Nano spheres can be 

obtained, depending upon the method of preparation. The Nano spheres are the matrix 

systems in which the drug is physically & uniformly dispersed. The Nano capsules are the 

systems in which a drug is confined to the cavity which is surrounded by the unique polymer 

membrane. The biodegradable polymeric nanoparticles particularly those that are coated with 

the hydrophilic polymer such as the PEG [polyethylene glycol] known as the long-circulating 

particles in the recent years,   have been used as the potential devices for drug delivery due to 

their ability to circulate for the prolonged period time target the particular organ as the carriers 

of the DNA in the gene therapy & their ability to deliver the genes, proteins & peptides.  In 

designing the nanoparticles as the delivery system the major goals are to control the particle 

size, surface properties & to release of the pharmacologically active agents in order to achieve a 

site specific action of a drug at the therapeutically optimal rate & the dose regimen.  A physical 

approach to alter a pharmacodynamics & pharmacokinetic properties of the API [Active 

pharmaceutical ingredient] is a particulate drug delivery system nanoparticles approach. In the 

drug delivery system, the nanoparticles have captured a lot of attention of the pharmaceutical 

scientist due to its versatility in the accessing deep molecular targets, controlling drug release & 

targeting tissues.  The nanoparticles are composed of the natural, semi-synthetic or the 

synthetic polymers encapsulating the drug molecule & they are the solid colloidal drug carriers 

ranging from 10-1000 nm in diameter. Because of its techniques biocompatibility, 

biodegradability, the easier formulation & versatility in the applications aided with the low 

toxicity the chitosan offers certain advantages over the other amongst the polymeric carriers 

for the Nano particulate drug delivery. [1-4] 

PROPERTIES OF CHITOSAN  

In the past decade the chitosan has attracted the increasing attention because of its unique 

properties which include the biodegradation, nontoxicity & biocompatibility & including many 

others. The One among the much exploited & notable is the antimicrobial commotion inhibiting 

a growth of the wide variety of the bacteria, fungi & yeasts & making it useful for the use in the 

biomedicine field.   

For the use in the air cleaning & water purification applications it can also bind to the toxic 

metal ions which is useful. As the result of the protonation of the NH2 groups on the chitosan 

backbone these properties arise.  The chitosan structurally is the linear-chain copolymer 
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composed of the D-glucosamine & N-acetyl-Dglucosamine which is being obtained by the 

partial deacetylation of the chitin. [5-12]   

 The chitosan structure is very much similar to that of the cellulose & is a 2 nd most abundant 

natural polymer after the cellulose. On the extent of the protonated amino groups in the chain 

of the polymer the biodegradability, solubility & reactivity of the chitosan & the adsorption of 

the substrates depends. The chitosan is incapable of being dissolved in the organic solvents, 

aqueous bases & water however it gets dissolved after stirring in the hydrochloric, acetic, and 

phosphoric nitric & perchloric acids. In neutral or the alkaline medium the amino group of the 

chitosan is not protonated & hence it is insoluble in the water while in the acidic pH it gets a 

resultant soluble protonated polysaccharide.  [13-15] 

 With the inorganic & organic acids including the tartarate, glyoxylate, malonate, glycolate, 

pyruvate, malate, ascorbate, acetate, citrate & lactate the chitosan forms the water-soluble 

salts. The Inherent chitosan becomes soluble in the organic acids when the solutions pH is less 

than 6.5. By the neutralization with the acids such as the acetic acid, formic acid, lactic acid or 

hydrochloric acid the water-soluble salts of the chitosan may be well formed. [16-17] 

METHODS OF PREPARATION 
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 A] Ionotropic Gelation Method  

In this technique the chitosan solution [Positively charged] is dissolved in the acetic acid or any 

other polyanionic solution [Negatively charged] with or without the stabilizing agent such as the 

poloxamer. Due to the complexation between the positive & negative charged species during 

the mechanical stirring at the room temperature the nanoparticles are formed readily which 

results in the separation of the chitosan in the spherical particles of various sizes & surface 

charges. The reported particle size generally ranges from the 20 to 200 & 550 to 900 nm. The 

Chitosan-TPP/vitamin C nanoparticles were prepared via the ionotropic gelation between a 

positively charged amino groups of chitosan-TPP & the vitamin C with the constant stirring at 

the room temperature for 1 hour.  

B] Emulsification Solvent Diffusion Method 

By mixing the organic solvent into the solution of the chitosan with the stabilizer under the 

mechanical stirring which is followed by the high pressure homogenization the o/w emulsion is 

prepared. With this method the size range of the 300–500nm could be achieved. When the 

large amount of water is added to the emulsion the polymer precipitation occurs which results 

in forming the nanoparticles. This method is best suited for the entrapment of the hydrophobic 

drugs for which the entrapment efficiency is found to be high.  

C] Micro emulsion Method 

 In this micro emulsion method the chitosan in the acetic acid solution & the glutaraldehyde are 

added to the surfactant in the organic solvent such as hexane. The continuous stirring of this 

mixture at the room temperature is done & allowing the nanoparticles to form overnight as the 

cross-linking process is completed. By evaporating under the low pressure the organic solvent is 

then removed. At this point the product has the excess surfactant which could be removed by 

precipitating it with the calcium chloride which is followed by the centrifugation. The final 

nanoparticles suspension is then dialyzed & then it is lyophilized. The very narrow size 

distribution is seen by this method & the size can be controlled by a concentration of the 

glutaraldehyde in a preparation of the nanoparticles. By this method the small sized 

nanoparticles are formed. [18-20]  

APPLICATIONS OF CHITOSAN NANOPARTICLES  

 Against the Escherichia coli & Staphylococcus saprophyticus the chitosan nanoparticles show 

effective antimicrobial activity.  

 For the preservative purposes while packaging of the foods & in the dentistry to eliminate 

the caries the chitosan nanoparticles can be used.  
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 The chitosan nanoparticles can be used as the gene delivery vectors, antibacterial agents & 

carriers for the protein release & drug. 

 To prolong the residue time & to improve the bioavailability of the drugs instilled topically 

on to the eye. 

 To prevent the infection in the wounds & quicken the process of wound-healing by 

enhancing the growth of the skin cells.   

 Chitosan nanoparticles are used as a potential adjuvant for the vaccines such as the hepatitis 

B, piglet paratyphoid vaccine & influenza vaccine.  

 For producing clothes for the healthcare & other professionals chitosan nanoparticles can 

also be used as an additive in the antimicrobial textiles. [21] 

Table 1. Drugs encapsulated in chitosan [22-25] 

Name of drug encapsulated in the chitosan Carrier 

Doxorubicin  The Core shell chitosan nanoparticles 

Docetaxel  The Chitosan nanoparticles 

5-fluorouracil The N,O-carboxymethyl chitosan [N,OCMC] 

nanoparticles 

Gemcitabine The Chitosan–pluronic nanoparticles 

 

CONCLUSION 

The chitosan is considered as the safe material as it is the natural polymer that possesses the 

biodegradable & biocompatible properties.  The chitosan are available in the wide range of the 

molecular weights & it can be easily chemically modified by the coupling with the ligands 

providing the flexibility in the development of formulation. As chitosan is a water-soluble 

polymer which is an ideal property for the drug delivery carriers hence the mild & simple 

methods of preparation can be applied. So the chitosan nanoparticles are the most suitable for 

controlled drug delivery of a drug. 

 

 



Review Article              CODEN: IJPRNK           Impact Factor: 5.567           ISSN: 2277-8713                                               
S. S. Upadhye, IJPRBS, 2019; Volume 8(1): 1-7                                                                     IJPRBS 
 

Available Online at www.ijprbs.com 
6 

REFERENCES 

1. Sabarikumar K, ilavarasanp, Sheema Meenaz Shaik. Formulation and evalution of 

nanoparticle containing atenolol by ionic gelation technique; Int J Res Pharm Nano Sci. 2002; 

1(1): 11 - 18. 

2. Alok Kumar Dash, Jhansee Mishra. Formulation and in vitro characterization of chitosan-

nanoparticles loaded with Ciprofloxacin hydrochloride. Scholars Res Lib. 2013; 5(4): 126-131. 

3. Langer R. Biomaterials in drug delivery and tissue engineering one laboratory's experience. 

Acc Chem Res. 2000; 33: 94101. 

4. Bhadra D, Bhadra S, Jain P, Jain NK.A review of PEG-ylated systems. Pharmazie. 2002; 57: 5-

29. 

5. Dong YM, Qiu BW, Ruan HY, Wu SY, Wang MA and Xu CY: Chemical Syntheses of the 

Conducting Material Formed by Heteropolyacids and Polyaniline Polymer Journal. 2001; 33: 

387-389.   

6. Shigemasa Y and Minami S: Applications of Chitin and Chitosan for Biomaterials. 

Biotechnology and Genetic Engineering Reviews.1995; 13: 383-420.   

7. Borchard G, Junginger HE: Modern drug delivery applications of chitosan. Advanced Drug 

Delivery Reviews. 2001; 52: 103-150.   

8. Karlsen J and Skaugrud O: Excipient properties of Chitosan. Manufacturing Chemist. 1991; 

62: 18. 

9. Payne GF, W Sun Q and Sohrabi: A. Tyrosinase reaction/chitosan adsorption for selectively 

removing phenols from aqueous mixtures.  Biotechnology and Bioengineering. 1992; 40: 1011-

1018. 

10. Sun K, Li ZH: Preparations, properties and applications of chitosan based nanofibers 

fabricated by electrospinning. Express Polymer Letters. 2011; 5, 4: 342–361.  

11. Angelova N, Manolova N, Rashkov I, Maximova V, Bogdanova S, Domard A: Preparation 

and properties of modified chitosan films for drug release. Journal of Bioactive and Compatible 

Polymers. 1995; 10: 285–298.  

12. Selmer-Olsen E, Ratnaweera HC, Pehrson R: A novel treatment process for dairy 

wastewater with chitosan produced from shrimp-shell waste. Water Science and Technology. 

1996; 34: 33–40. 

13. Dee JD, Rhode O, Wachter R: Chitosan multifunctional marine polymer. Cosmetics and 

Toiletries. 2001; 116: 3944.  

14. No HK, Meyers SP and Lee KS: Isolation and Characterization of Chitin from Crawfish Shell 

Waste. Journal of Agricultural and Food Chemistry. 1989; 37: 575-579. 

15. DeAlvarenga ES: Characterization and Properties of Chitosan, Biotechnology of 

Biopolymers, Prof. MagdyElnashar (Ed.), 2011, ISBN: 978-953-307-179-4. 



Review Article              CODEN: IJPRNK           Impact Factor: 5.567           ISSN: 2277-8713                                               
S. S. Upadhye, IJPRBS, 2019; Volume 8(1): 1-7                                                                     IJPRBS 
 

Available Online at www.ijprbs.com 
7 

16. Bansal V, Sharma PK, Sharma N, Pal OP and Malviya R: Applications of Chitosan and 

Chitosan Derivatives in Drug Delivery. Advances in Biological Research. 2011; 5, 1: 2837. 

17. Irom BC, Kavitha K, Rupeshkumar M and Jagadeesh Singh SD: Applications of Natural 

Polymer Chitosan and Chitosan Derivatives in Drug Delivery: A Review. RJPBCS. 2012; 3, 4: 309-

316. 

18. Yi H, Wu LQ, Bentley WE, Ghodssi R, Rubloff GW, Culver JN, Payne GF. Biofabrication with 

chitosan. Biomacromolecules.2005; 6: 2882-2894.  

19. Lee M, Kim SW. Polyethylene glycol-conjugated copolymers for plasmid DNA delivery. 

Pharm Res. 2005; 22: 1-10.  

20. Ren D, Yi H, Wang W, Ma X.: The enzymatic degradation and swelling properties of chitosan 

matrices with different degree of N-acetylation. Carbohydr Res. 2005; 340: 2403-2410. 

21. Wang X, Chi N, Tang X. Preparation of estradiol chitosan nanoparticles for improving nasal 

absorption and brain targeting. Eur J Pharm Biopharm. 2008; 70(3): 735-740. 

22. P. Naruphontjirakul, K. Viravaidya-Pasuwat, International Conference on Biomedical 

Engineering Technology, 2011, IPCBEE. 

23. L. Henglun, T. Jian, L. Jing, Z. Fuwei, R. Baoqin, Preparation and evaluation of docetaxel-

loaded chitosan nanoparticles in vitro, Chongqing Med. J. 40 (2011) 3154-3156. 

24. A. Anitha, K.P. Chennazhi, S.V. Nair, R. Jayakumar, 5-Flourouracil loaded N,O-

carboxymethyl chitosan nanoparticles as an anticancer nanomedicine for breast cancer, J. 

Biomed. Nanotechnol. 8 (2012) 29-42.  

25. H. Hosseinzadeh, F. Atyabi, R. Dinarvand, S.N. Ostad, Chitosan–pluronic nanoparticles as 

oral delivery of anticancer gemcitabine: preparation and in vitro study, Int. J. Nanomed. 7 

(2012) 1851-1863.  

 


