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INTRODUCTION 

Polymer nanoparticles are particles of less than 1 

mm diameter that are prepared from natural or 

synthetic polymers. Nanoparticles have become an 

important area of research in the field of drug 

delivery because they have been extensively used to 

deliver drugs, genes, diagnostics, and vaccines into 

specific cells or tissues. The strategy of using 

nanoparticles as a carrier system for drug and gene 

delivery has attracted increasing interest. The 

important target of many pharmaceutical delivery 

systems is to deliver the drug to the specific cell 

types and is successful only when the drug through 
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its delivery vehicle is internalized into cells. Owing 

to their small size, prolonged circulation time, and 

sustained drug release profile, nano-sized polymeric 

nanoparticles bearing drugs have received an 

increasing amount of attention for their ability to 

improve the efficacy of potent drugs. It has been 

reported that nano-sized drug carriers composed of 

natural and synthetic polymers maintain a 

prolonged circulation time in the body by avoiding 

the reticuloendothelial system (RES), as such 

reduced liver and spleen uptake has been exploited 

in cancer therapies1.  

Recently, polymer nanoparticles have been widely 

used as a carrier for drug delivery. Among them, 

much attention has been paid to the nanoparticles 

made of biodegradable polymers such as chitosan 

(CS) which has feature like good biocompatibility, 

biodegradability, and novel drug release behavior. 

Chitosan nanoparticles are potential delivery 

systems for vaccines, genes, and anticancer agents. 

It has been reported that chitosan nanoparticles are 

having little particle size and enhanced zeta 

potential. Chitosan may be a polysaccharide, same 

in structure to cellulose. Both are made by linear h-

(1Y4)-linked monosaccharides2-7. However, an 

important difference to cellulose is that chitosan is 

mainly composed of 2-amino-2-deoxy-h-d-glucan 

combined with glycosidic linkages. The primary 

amine groups contribute special properties that 

make chitosan very useful in pharmaceutical 

applications. As compared to many other natural 

polymers, chitosan has a positive charge and is 

mucoadhesive. Therefore, it is used extensively in 

drug delivery applications. Chitosan is made from 

the deacetylation of chitin, a naturally occurring and 

abundantly available (in marine crustaceans) 

biocompatible polysaccharide.  

However, applications of chitin are limited 

compared to chitosan because chitin is structurally 

similar to cellulose, but chemically inert. Acetamide 

group of chitins can be converted into amino group 

to give chitosan, which is carried out by treating 

chitin with concentrated alkali solution. Chitin and 

chitosan show long-chain polymers having 

molecular mass up to several million Daltons. 

Chitosan is relatively reactive and can be produced 

in various forms such as powder, paste, film, fiber, 

etc8-11. 

 

MOST USED SPECIES FOR IG 

A search in Pub Med database for articles 

containing ionotropic gelation as a keyword (by 

March 2020) shows 559 occurrences. Of this total, 

83.18% (465) correspond to articles containing 

chitosan or alginate (312 for chitosan, 217 for 

alginate, 64 for both). Together or separately, these 

are the most commonly used polymers in IG 

procedures. Other polymeric species such as gellan 

gum, fibrin, collagen, gelatin, hyaluronic acid, 

dextran, pectin and carboxymethyl cellulose have 

also been used12. 

Chitosan 

CS is a natural polysaccharide that is obtained from 

alkaline deacetylation of chitin. The percentages of 

⊎(1-4)-2-amino-2-deoxy-⊎-D-glucan and ⊎(1-4)-2-

acetamido-2-deoxy-⊎-D-glucan monomers in the 

polymer chain determine the degree of 

deacetylation of CS.1 Since 2001, CS has been 

approved by the US Food and Drug Administration 

as a GRAS substance. Its biocompatibility, absence 

of immunogenicity, muco-adhesion and no skin 

irritation are among the properties that justify CS 

applications in biomedicine13. In the presence of 

diluted acids, CS solubility increases, and 

protonation of the amine groups in the polymer 

molecules occurs. This situation favors its 

electrostatic interactions with negatively charged 

species. A high number of polyanions have been 

used, but non-toxic TPP is possibly the most 

employed anionic cross linker to produce the 

gelation of CS.8 The CS: TPP ratio and the 

interactions between the two molecules are critical 

for the formation of nanoparticles/microparticles14. 

According to the work of Koukaras et al, smaller 

particles can be synthesized using a CS: TPP ratio 

near to 4:1 (w/w)15. This proportion is in agreement 

with the results obtained by our group for the 

synthesis of CS-TPP nanoparticles with sizes 

around 200nm. 

Wu et al used this system for the production of 

nanoparticles with diameters between 10 and 

500nm. They encapsulated anti-cancer agent 
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resveratrol and synthesized stable nanoparticles that 

were efficiently incorporated by a tumoral cell 

line16. 

Similar results were obtained by other authors in the 

encapsulation of insulin17, magnetic ferrofluids18, 

doxorubicin19 and ascorbyl palmitate20 Looking for 

better and reproducible results of IG formulations, 

the technique has been studied in terms of 

nanoparticle mono-dispersion21, the conditions 

needed to reduce nanoparticle sizes22 and sustained 

drug release kinetics23. The use of other anionic 

species interacting with CS has also been assayed. 

This is the case of sodium sulfate24, our own 

experience with magnesium sulfate and CS to 

obtain nanoparticles and microparticles by IG (data 

not shown), and the interaction of CS with another 

polymer: sodium alginate25. 

Alginate 

Sodium alginate (commonly alginate) is a natural 

polysaccharide which have the biodegradable and 

biocompatible character, composed of ⊎-D-

mannuronic acid and ⊍-l-glucuronic acid26. Alginate 

is soluble in water and, in solution, forms a 

reticulated structure in which its anionic acid groups 

can react with divalent or polyvalent cations to form 

insoluble networks25. Salts of calcium and zinc have 

been reported for cross linking with alginate27,28 in 

the synthesis of nanoparticles and microparticles. 

Electrostatic interactions between CS and alginate 

lead to the formation of CS-alginate beads. These 

particles, obtained by IG, have a CS core and a CS-

alginate surface. Some researchers report that, in 

order to increase the stability of the interaction, the 

classic IG procedure could be complexed with the 

addition of a salt. This way, there could be a pre-

gelation phase, between one of the polymers and a 

salt, such as calcium chloride, and a polyelectrolyte 

complexation phase, in which the second polymer is 

added to the reaction29,30. According to Patil et al, 

this two-phase IG procedure contributes to the 

synthesis of more stable CS-alginate particles25. 

This system has been used for the encapsulation of 

doxorubicin and insulin, among others31-33. For 

applications of the IG method in the encapsulation 

of drugs, physical cross linking between CS and 

alginate could be preferable. The interactions 

between these complex polymers give more 

stability to the particles than when small anionic 

species are used with CS. Apparently, large anionic 

molecules buffer the solution and prevent the 

hydrolysis of CS protective chains34, although an 

adequate selection of the storage conditions, and the 

characteristics of the encapsulated molecule, may 

also be of influence in the long term. 

 

PROCEDURE FOR IONOTROPIC 

GELATION METHOD 

The use of complexation between oppositely 

charged macromolecules to arrange CS 

nanoparticles has attracted much attention because 

the strategy is extremely simple and mild.  To avoid 

the possible toxicity of reagents and other 

undesirable effects reversible physical cross-linking 

by electrostatic interaction should be used. 

Tripolyphosphate (TPP) could also be a polyanion, 

which could interact with the cationic CS by 

electrostatic forces. After Bodmeier et al, 

demonstrated the preparation of TPP–CS complex 

by dropping CS droplets into a TPP solution, many 

researchers have investigated its pharmaceutical 

usage. Within the ionic gelation method, CS is 

dissolved in aqueous acidic solution to induce the 

cation of CS. This solution is then added drop wise 

under constant stirring to polyanionic TPP solution. 

The chitosan molecules have abundant NH3 group 

which can react with negatively charged phosphoric 

ions of TPP to make cross-linked chitosan 

nanoparticles. During the process of cross-linking 

and hardening process water was extruded from the 

particles, which can help in sustaining the discharge 

of drug. Three types of phenomena were observed: 

solution, aggregation and opalescent suspension 

while preparing the nanoparticles. The last stage 

indicates the completion of the method. 

Insulin loaded CS nanoparticles are prepared by 

mixing insulin with TPP solution and then adding 

this to CS solution under constant stirring. Two 

sorts of CS within the variety of hydrochloride salt 

(Seacure R 210 Cl and Protasan R 110 Cl), varying 

in their relative molecular mass and degree of 

deacetylation, were utilized for nanoparticle 

preparation. For both sorts of CS, TPP 
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concentration was adjusted to urge a CS/TPP ratio 

of 3.6:1. Chitosan nanoparticles thus obtained were 

within the size range of 300–390 nm with a positive 

surface charge ranging from +34 to +45 mV. Using 

this method, insulin loading was modulated 

reaching the values up to 55%. Efficiency of the 

strategy was dependent upon the deacetylation of 

CS, since it involves the gelation of protonated 

amino groups of CS1,35,36,37. 

There are many ongoing investigations, which 

demonstrate the improved oral bioavailability of 

peptide and protein formulations. Bioadhesive 

polysaccharide CS nanoparticles would appear to 

further enhance their intestinal absorption. Yan et 

al. prepared the insulin-loaded CS nanoparticles by 

ionotropic gelation of CS with TPP anions. Particle 

size distribution and zeta potential were determined 

by photon correlation spectroscopy. The flexibility 

of CS nanoparticles to the pharmacological 

bioavailability of insulin was investigated by 

monitoring the plasma glucose level of alloxan-

induced diabetic rats after the oral administration of 

various doses of insulin-loaded CS nanoparticles. 

The positively charged, stable CS nanoparticles 

showed particle size within the range of 250-

400nm. Insulin association was up to 80%. The in 

vitro release experiments show initial burst effect, 

which is pH-sensitive. The CS nanoparticles 

enhanced the intestinal absorption of insulin to a 

greater extent than the solution of CS in vivo. After 

administration of 21 I.U/kg insulin within the CS 

nanoparticles, hypoglycemia was prolonged over 15 

h. The common pharmacological bioavailability 

relative to S.C injection of insulin solution was up 

to 14.9%2,4,6,8. 

 

STABILITY OF IONIC GELATION 

OBTAINED NANOPARTICLES 

Drug delivery applications are the main destination 

of the particles obtained by IG. This method 

produces nanoparticles/microparticles in aqueous 

dispersion, which can also be dried38 to obtain 

powder formulations. Both presentations require 

stability of the carrier, which depends on factors 

such as the surface electrostatic charge and the pH 

of the solution, which can be altered during long-

time storage39. The ionic strength, reagent 

concentrations and the anionic-cationic species ratio 

employed in the particle preparation directly affect 

the stability of the particles40. The use of nonionic 

stabilizers during the synthesis of the particles, 

added to one of the ionic species of the reaction, 

and also vacuum freeze-drying of the 

nanoparticles/microparticles, are to be considered 

effective factors against charge and zeta potential 

variability due to long-term storage32. For 

preparations in dispersion, storage temperatures 

around 4°C are preferable over 25°C. Some 

polymeric particles can be thermo-responsive and 

suffer a pH variation at 25°C. This could lead to a 

reduced stability and to the loss of other important 

properties, e.g. the antimicrobial character41. 

It is also important to consider that particles loaded 

with macromolecules or drugs can be more stable 

than polymer-salt beads, because of stronger 

interactions between the drugs and the gel 

network42. On the other hand, when storing 

polymer-based particles in powder form, their 

sensitivity to hydrolysis caused by environmental 

humidity must be prevented. The resistance of the 

specific polymer, and drug, to the freeze-drying 

process should also be considered. 

 

ADVANTAGES OF IONOTROPIC 

GELATION METHOD1,5,7 

• The method is very economic and simple 

• The method requires less equipment and 

time 

• To avoid the possible toxicity of reagents 

and other undesirable effects reversible 

physical cross-linking by electrostatic 

interaction is used. 

• No use of organic solvent. 

 

DISADVANTAGES OF IONOTROPIC 

GELATION METHOD7 

• The only disadvantage of TPP/CS 

nanoparticles is their poor mechanical 

strength. 
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Figure No.1: Schematic representation of preparation of chitosan nanoparticles by ionotropic gelation 

method 

 
Figure No.2: Chitosan nanoparticles prepared by ionotropic gelation method 

CONCLUSION 

The advantages of nanoparticles and microparticles 

obtained by IG position this method amongst those 

for election for biological uses. Biocompatible 

polymers and reagents guarantee a preliminary 

interest in the formulation that must be confirmed 

with in vitro and in vivo experiments. The 

characterization of the particles in terms of size, 

shape, zeta potential and drug release provide an 

accurate knowledge of the system and allows its 

long-term behaviour to be estimated. Higher 

biological specificity of the formulation is 

sometimes desirable to ensure correct drug 

targeting. This can be obtained by a site-specific 

functionalization of the particles, after the synthesis, 

or using a previously modified polymer. Commonly 

applied strategies involve the activation of carboxyl 

groups in the polymeric chains and their interaction 

with amine groups of proteins (e.g. antibodies)43. 

ACKNOWLEDGEMENT 

The author wishes to express their sincere gratitude 

to Department of Pharmaceutical Sciences, 

Rashtrasant Tukadoji Maharaj Nagpur University 

Campus, Nagpur, Maharashtra, India for providing 

necessary facilities to carry out this review work. 

 

CONFLICT OF INTEREST 

We declare that we have no conflict of interest. 

 

BIBLIOGRAPHY 

1. Ana Grenha, Seijo B, Lopez C R. 

Microencapsulated chitosan nanoparticles for 

lung protein delivery, Eur. J. Pharm Sci, 

25(4-5), 2005, 427-437. 

2. Serpe L, Catalano M, Cavalli R, Ugazio E, 

Basco O, Canaparo R, Munton E, Friaria R, 

Grasco M R, Eandi M, Zara G P. Cytotoxicity 

of anticancer drugs incorporated in solid lipid 



    

Shrinish A. Mohite. / Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry. 8(3), 2020, 111-118. 

Available online: www.uptodateresearchpublication.com        July – September                                              116 

 

nanoparticles on HT-29 colorectal cancer cell 

line, Eur. J. Pharm and Biopharm, 58(3), 

2009, 673-680. 

3. Yesim Aktas, Andrieux K, Alonso M J, Calvo 

P, Gurso R N, Couvreu Pr, Capan Y. 

Preparation and in vitro evaluation of chitosan 

nanoparticles containing a caspase inhibitor, 

Int .J. Pharm, 298(2), 2005, 378-383. 

4. Colona C, Conti B, Perugini P, Pavanatto F, 

Modena T, Dorat R, Iadarola D, Genta I. Ex 

vivo evaluation of prolidse loaded chitosan 

nanoparticles for the enzyme replacement 

therapy, Eur .J. Pharm and Biopharm, 70(1), 

2008, 58-65. 

5. Bodmeier, Park J S, Han T H, Lee K Y, Han 

S S, Hwang J J, Moon D H, Kim S Y. 

N.acetyl histidine-conjugated glycol chitosan 

self-assembled nanoparticles for 

intracytoplasmic delivery of drugs: 

Endocytosis, exocytosis and drug release, J. 

Control. Rel, 115(1), 2006, 37-45. 

6. Dong-won Lee, Powers K, Bane R. 

Physicochemical properties and blood 

compatibility of acylated chitosan 

nanoparticles, Carbohydrates Polymers, 

58(4), 2004, 371-377. 

7. Ana Vila, Sanchez A, Jsabel K, Kisse T, Jato 

J L V, Alonso M J. Low moleculer weight 

chitosan nanoparticles as new carriers for 

nasal vaccire delivery in mice, Eur. J. Pharm 

and Biopharm, 57(1), 2003, 123-131. 

8. Seijo B, Grenha A, Lopez C R, Carvallo E. 

Microspheres containing lipid/ chitosan 

nanoparticles complexes for pulmonary 

delivery of therapeutic proteins, Eur J. Pharm 

and Biopharm, 69(1), 2008, 83-93. 

9. Ana A K, Stevens W K, Lopez C R. 

Ionotropic cross-linked chitosan microspheres 

for controlled release of ampicillin, Int J 

Pharm, 312(1-2), 2006, 166-173. 

10. Alonso M J, Campos A M D, Sancheg A. 

Chitosan nanoparticles a new vehicle for the 

improvement of the delivery of drugs to the 

occular surface, Application to cyclosporine 

A, Int. J. Pharms, 224(1-2), 2001, 159-168. 

11. Fernandez-Urrusuno R, Calvo P, Remunan-

Lopez C, Vila-Jato J L, Alonso M J. 

Enhancement of nasal absorption of insulin 

using chitosan nanoparticles, Pharm. Res, 

16(10), 1999, 1576-1581. 

12. Patil P, Chavanke D and Wagh M. A review 

on ionotropic gelation method: Novel 

approach for controlled gastroretentive 

gelispheres, Int J Pharm Pharm Sci, 4(4), 

2012, 27-32. 

13. Hu Z, Zhang D Y, Lu S T, Li P W and Li S 

D. Lipid-Lowering polyketides from the 

fungus penicillium steckii HDN13-279, Mar 

Drugs, 16(1), 2018, 1-25. 

14. Fernandez-Quiroz D, Loya-Duarte J, Silva-

Campa E, Arguelles-Monal W, Sarabia-Sainz 

A, Lucero-Acuna A et al. Temperature 

stimuli‐responsive nanoparticles from 

chitosan‐graft‐poly(N‐vinylcaprolactam) as a 

drug delivery system, J Appl Polym Sci, 

136(32), 2019, 47831. 

15. Koukaras E N, Papadimitriou S A, Bikiaris D 

N and Froudakis G E. Insight on the 

formation of chitosan nanoparticles through 

ionotropic gelation with tripolyphosphate, 

Mol Pharm, 9(10), 2012, 2856-2862. 

16. Wu J, Wang Y, Yang H, Liu X and Lu Z. 

Preparation and biological activity studies of 

resveratrol loaded ionically cross-linked 

chitosan-TPP nanoparticles, Carbohydr 

Polym, 175, 2017, 170-177. 

17. Pan Y, Li Y, Zhao H, Zheng J and Xu H. 

Bioadhesive polysaccharide in protein 

delivery system: chitosan nanoparticles 

improve the intestinal absorption of insulin in 

vivo, Int J Pharm, 249(1-2), 2002, 139-147. 

18. Zamora-Mora V, Fernandez-Gutierrez M, 

Gonzalez-Gomez A, Sanz B, San Roman J, 

Goya G F et al. Chitosan nanoparticles for 

combined drug delivery and magnetic 

hyperthermia: From preparation to in vitro 

studies, Carbohydr Polym, 157, 2017, 361-

370. 

19. Soares P I P, Sousa A I, Carvalho Silva J, 

Ferreira I M M, Novo C M M and Borges J P. 

Chitosan-based nanoparticles as drug delivery 



    

Shrinish A. Mohite. / Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry. 8(3), 2020, 111-118. 

Available online: www.uptodateresearchpublication.com        July – September                                              117 

 

systems for doxorubicin: Optimization and 

modelling, Carbohydr Polym, 147, 2016, 304-

312. 

20. Yoksan R, Jirawutthiwongchai J and Arpo K. 

Encapsulation of ascorbyl palmitate in 

chitosan nanoparticles by oil-in-water 

emulsion and ionic gelation processes, 

Colloids Surf B, 76(1), 2010, 292-297. 

21. Fan W, Yan W, Xu Z and Ni H. Formation 

mechanism of monodisperse, low molecular 

weight chitosan nanoparticles by ionic 

gelation technique, Colloids Surf B, 90, 2012, 

21-27. 

22. Pant A and Negi J S. Novel controlled ionic 

gelation strategy for chitosan nanoparticles 

preparation using TPP-β-CD inclusion 

complex, Eur J Pharm Sci, 112, 2018, 180-

185. 

23. Hou Y, Hu J, Park H and Lee M. 

Chitosan‐based nanoparticles as a sustained 

protein release carrier for tissue engineering 

applications, J Biomed Mater Res A, 100A(4), 

2012, 939-947. 

24. Masalova O, Kulikouskaya V, Shutava T and 

Agabekov V. Alginate and chitosan gel 

nanoparticles for efficient protein entrapment, 

Phys Procedia, 40, 2013, 69-75. 

25. Patil J S, Kamalapur M V, Marapur S C and 

Kadam D V. Ionotropic gelation and 

polyelectrolyte complexation: the novel 

techniques to design hydrogel particulate 

sustained, modulated drug delivery system: a 

review, Dig J Nanomater Biostruct, 5(1), 

2010, 241-248. 

26. Rodriguez S. Current perspective and 

advancements of alginate- based 

transplantation technologies, Intech Open 

Book in Preparation, 2019. 

https://doi.org/10.5772/intechopen.87120. 

27. Khalid A, Bashir S, Sohail M and Amirzada 

M I. Characterization of doxorubicin 

nanoparticles prepared by ionic gelation, Trop 

J Pharm Res, 17(12), 2018, 2329-2334.  

28. Bittencourt L L, Silva K A, de Sousa V P, 

Fontes-Sant Ana G C and Rocha-Leao M H. 

Blueberry residue encapsulation by ionotropic 

gelation, Plant Foods Hum Nutr, 73(4), 2018, 

278-286. 

29. Sarmento B, Ribeiro A J, Veiga F, Ferreira D 

C and Neufeld R J. Insulin-loaded 

nanoparticles are prepared by alginate 

ionotropic pre-gelation followed by chitosan 

polyelectrolyte complexation, J Nanosci 

Nanotechnol, 7(8), 2007, 2833-2841. 

30. Sarmento B, Ferreira D, Veiga F and Ribeiro 

A. Characterization of insulin-loaded alginate 

nanoparticles produced by ionotropic pre-

gelation through DSC and FTIR studies, 

Carbohydr Polym, 66(1), 2006, 1-7. 

31. Goycoolea F M, Lollo G, Remunan-Lopez C, 

Quaglia F and Alonso M J. Chitosan-alginate 

blended nanoparticles as carriers for the 

transmucosal delivery of macromolecules, 

Biomacromolecules, 10(7), 2009, 1736-1743. 

32. Szymanska E and Winnicka K. Stability of 

chitosan-A challenge for pharmaceutical and 

biomedical applications, Mar Drugs, 13(4), 

2015, 1819-1846. 

33. Dounighi M N, Damavandi M and 

Zolfagharian H. Preparing and characterizing 

chitosan nanoparticles containing 

hemiscorpius lepturus scorpion venom as an 

antigen delivery system, Arch Razi Inst, 

67(2), 2012, 145-153. 

34. Masarudin M J, Cutts S M, Evison B J, 

Phillips D R and Pigram P J. Factors 

determining the stability, size distribution, 

and cellular accumulation of small, 

monodisperse chitosan nanoparticles as 

candidate vectors for anticancer drug 

delivery: application to the passive 

encapsulation of [14C]-doxorubicin, 

Nanotechnol Sci Appl, 8, 2015, 67-80. 

35. Maitra A, Banarje T, Mitra S, Sing A K, 

Sharma R K. Preparation, characterization 

and biodistribution of ultrafine chitosan 

nanoparticles, Int. J. Pharms, 243(1-2), 2002, 

93-105. 

36. Gomez B C, Duncan R. Evaluation of the 

biological properties of soluble chitosan and 

chitosan microspheres, Int. J of Pharm, 

148(2), 1997, 231-240. 



    

Shrinish A. Mohite. / Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry. 8(3), 2020, 111-118. 

Available online: www.uptodateresearchpublication.com        July – September                                              118 

 

37. Kim Y H, Hwang H Y, Kim I, Kwon I C. 

Tumor targetability and antitumor effect of 

docetaxel loaded hydrophobically modified 

glycol chitosan nanoparticles, J. Control. Rel, 

128(1), 2008, 23-31. 

38. Jonassen H, Kjoniksen A L and Hiorth M. 

Stability of chitosan nanoparticles cross-

linked with tripolyphosphate, 

Biomacromolecules, 13(11), 2012, 3747-

3756. 

39. No H K, Kim S H, Lee S H, Park N Y and 

Prinyawiwatkul W. Stability and antibacterial 

activity of chitosan solutions affected by 

storage temperature and time, Carbohydr 

Polym, 65(2), 2006, 174-178. 

40. Lopez-Leon T, Carvalho E L S, Seijo B, 

Ortega-Vinuesa J L and Bastos-Gonzalez D. 

Physicochemical characterization of chitosan 

nanoparticles: electrokinetic and stability 

behaviour, J. Colloid Interface Sci, 283(2), 

2005, 344-351. 

41. Canepa C, Imperiale J C, Berini C A, Lewicki 

M, Sosnik A and Biglione M M. 

Development of a Drug Delivery System 

Based on Chitosan Nanoparticles for Oral 

Administration of Interferon-α, 

Biomacromolecules, 18(10), 2017, 3302-

3309. 

42. Smeets A, Clasen C and Van den Mooter G. 

Electrospraying of polymer solutions: Study 

of formulation and process parameters, Eur J 

Pharm Biopharm, 119, 2017, 114-124. 

43. Seidy Pedroso-Santana and Noralvis Fleitas-

Salazar. Ionotropic gelation method in the 

synthesis of nanoparticles/microparticles for 

biomedical purposes, Polymer International, 

69(5), 2020, 443-447.  

44. Alonso M J, Fresneau M P, Marazuel A, 

Fabra A, James K A. Chitosan nanoparticles 

as delivery systems for doxorubicin, J. 

Controlld M L, 73(2-3), 2001, 255-267. 

 

45. Yang W, Zheng Y, Wang C, Hu J, Fu S, 

Dong L, Wu L, Shen X. Nanoparticles based 

on the complex of chitosoan and polyaspartic 

acid sodium salt: Preparation, characterization 

and the use of 5-flurouracil delivery, Eur J. 

Pharm and Biopharm, 67(3), 2007, 621-631. 

46. Yan Wu, Yang W, Wang C, Hu J, Fu S. 

Chitosan nanoparticles as a novel delivery 

system for ammonium glycyrrizinate, Int. 

J.Pharm, 295(1-2), 2005, 235-245. 

47. Du Y, Wang Q, Zhang N, Hu X, Yang J. 

Chitosan/starch fibres and their properties for 

drug-controlled release, Eur. J. Pharm and 

Bio Pharm, 66(3), 2007, 398-404. 

48. Dadashazadeh S, Derakhashandeh K, Erfan 

M. Encapsulation of 9-nitro-camphothecin, a 

novel anticancer durg, in biodegradable 

nasnoparticles: Factorial design, 

characterization and release Kinetics, Eur J. 

Pharm and Biopharm, 66(1), 2007, 34-41. 

49. Maitra A N, Mitra S, Gaur U, Ghosh P C. 

Tumor Targeted delivery of encapsulated 

dextran-doxorubicin conjugate using chitosan 

nanoparticles as carriers, J. Control. Release, 

74(1-3), 2001, 317-323. 

50. Ugo Bilati, Allemann E, Doelkar E. 

Development of a nanoprecipitation method 

intended for the entrapment of hydrophilic 

drugs into nanoparticles, Eur. J. Pharm Sci, 

24(1), 2005, 67-75. 

51. Lifeng Qi, Xu X, Jiang X, Li Y, Yang M. 

Cytotoxic activities of chitosan nanoparticles 

and copper-loaded nanoparticles, Bioorganic 

and Med. Chem. Let, 15(5), 2005, 1397-1399. 

52. Zengshuan Ma, Lin T M, Lime L Y. 

Pharmacological activity of peroral chitosan-

insulin nanoparticles in diabetics, Int. J. 

Pharm, 293(1-2), 2005, 271-280. 

 

 

 

 

 

Please cite this article in press as: Shrinish A. Mohite. Ionotropic gelation - A novel method to prepare chitosan 

nanoparticles, Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry, 8(3), 2020, 111-118. 


