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Abstract 

In the past decades, the researchers have focused their attention on the synthesis of new polymeric nanoparticles as drug 

delivery systems based on their small particle size and large surface area. The aim of this study was to optimize the synthesis 

of chitosan-based nanoparticles (CSNPs) and to study the influence of different parameters on the formulation process. The 

CSNPs were prepared by the ionic gelation method using sodium tripolyphosphate (TPP) as cross-linking agent and two 

types of chitosan (CS) (low and medium molecular weight). In order to optimize the preparation method, several parameters, 

such as the CS and TPP concentration, the pH of CS solution, the stirring speed and the reticulation time have been varied. 

The CSNPs synthesis was monitored by dynamic light scattering (DLS) technique. The results showed that the optimized 

method use 0.1% TPP and 0.1% CS low molecular weight in ratio of 3:1, with pH ranking between 4.7 and 4.8 and stirring at 

1000 rpm for 1 h. In these conditions the size of CSNPs was 208.8 ± 8.5 nm with 0.151 polydispersity index. Based on the 

obtained results it could be appreciated that optimized CSNPs could be further used as drug carriers. 

 

Rezumat 

În ultimele decenii, cercetătorii și-au axat atenția pe sinteza de noi nanoparticule polimerice ca sisteme de eliberare a 

medicamentelor, datorită dimensiunii mici a particulelor și a suprafeței mari. Scopul acestui studiu a fost optimizarea metodei 

de sinteză pentru nanoparticule de chitosan (CSNPs) prin studierea influenței diferitelor parametrii asupra procesului de 

formulare. Nanoparticulele de chitosan au fost preparate prin metoda gelificării ionice folosind tripolifosfat de sodiu (TPP)  ca 

agent de reticulare și două tipuri de chitosan (CS) (cu greutate moleculară mică și medie). În vederea optimizării metodei de 

preparare, s-au modificat diferiți parametri cum ar fi concentrația de CS și TPP, pH-ul soluției de CS, viteza de agitare a 

amestecului și timpul de reticulare. Sinteza nanoparticulelor a fost monitorizată prin tehnica de dispersie dinamică a luminii 

(DLS). Rezultatele au arătat că metoda optimizată implică folosirea solutiei de TPP 0,1%, de CS cu greutate moleculară mică 

0,1%, în raport de 3:1, cu un pH cuprins între 4,7 – 4,8 și viteză de agitare de 1000 rpm, timp de o oră. În aceste condiții, 

mărimea particulelor obținute a fost de 208,8 ± 8,5 nm, având un indice de polidispersie de 0,151. Pe baza rezultatelor 

obținute se poate aprecia că nanoparticulele de chitosan optimizate pot fi utilizate în continuare ca sisteme de transport a 

medicamentelor. 
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Introduction 

In the last time the researchers have focused on 

nanotechnology, based on its important applications 

in different fields including drug delivery systems 

[19]. Using nanotechnology principles, the features of 

the drugs such as solubility, bioavailability, biological 

effects and toxicity degree were improved. One of the 

intensely studied nanosystems are the nanoparticles 

(NPs), which are frequently used due to their important 

advantages such as small particle size (1 - 1000 nm) 

[25], large ratio active surface area/volume [2], high 

stability, feasibility of different drugs encapsulation, 

high carrier capacity and efficacy [17]. The NPs 

proved to reduce the doses frequency, to provide 

the controlled and targeted release of loaded drugs 

and to improve the tolerability of the active substances 

[16]. The most important types of NPs used as drug 

carrier systems are polymeric biodegradable and ceramic 
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nanoparticles, dendrimers, micelles and liposomes 

[33]. Moreover, the polymeric NPs, solid colloidal 

particles, with a diameter ranging between 10 nm 

and 1000 nm, showed to be the most effective and the 

ideal candidates for different therapies [4, 19, 22]. 

The performance of these nanosystems is depending 

on the polymer’s features such as: pH-sensitive 

solubility, biodegradability, toxicity, and ability to 

load various drugs [18].  

The chitosan (CS) is a natural polysaccharide obtained 

by alkaline deacetylation of shellfish chitin, being 

considered the largest biomaterial after cellulose 

[11, 14, 37].  

CS has attracted the interest of the researchers, firstly 

due to its unique properties: biocompatibility, bio-

degradability and low toxicity [7, 31] and secondly 

due to its improved processing [29]. Literature reports 

various applications of this biopolymer in pharmacy, 

medicine, and biotechnology fields due to its important 

biological effects, such as antimicrobial (antifungal, 

antibacterial, antiviral) antioxidant, antitumoral, hypo-

cholesterolemiant, and hypoglicemiant [11, 20, 24, 

26, 28]. In addition, CS has good adhesion to mucosal 

surfaces [12] and cationic character, which explain 

its solubility in acidic solutions [8]. With a pKa value 

of 6.5, it is slightly soluble in neutral or alkaline 

solutions due to the deprotonation of amino groups 

[10]. The hydroxyl and amino reactive groups of CS 

allow its chemical modulation and the formation of 

different polyelectrolytes and ionic complexes [8, 9].  

The chitosan-based nanoparticles (CSNPs) can be 

obtained using two different cross-linking methods: 

a chemical one, based on covalent bonds formation 

between the functional groups of the biopolymer and 

a physical one, reversible, based on electrostatic 

forces, hydrogen bonds or hydrophobic interactions 

between the polymer chains [1, 5, 32]. Among these 

methods, the researchers have focused on the ionic 

gelation, because it is an organic solvent free, non-

toxic, and inexpensive process, which can be easily 

performed [13]. This technique is based on ionic 

interactions between the positively charged amino 

groups of CS and the negatively charged groups of 

pentasodium tripolyphosphate (TPP) (Figure 1), 

which is the most used cross-linking agent due to 

its safety and multivalent characteristics [3, 5]. 

 

 
Figure 1. 

The CSNPs formation by ionic gelation method [35] 

 

Materials and Methods 

Materials: Chitosan low molecular weight (CSLMW, 

molecular weight 50 - 190 kDa, 75 - 85% deacetylation 

degree, viscosity 20 - 300 cP), chitosan medium 

molecular weight (CSMMW, molecular weight 190 - 

310 kDa, 75 - 85% deacetylation degree, viscosity 

200 - 800 cP), pentasodium tripolyphosphate (TPP), 

acetic acid (min. 99.8%, p.a. ACS reagent), sodium 

hydroxide (NaOH) and Tween 80 were purchased 

from Sigma Aldrich. 

The preparation of CSNPs 

The chitosan-based nanoparticles (CSNPs) were 

obtained using the ionic gelation method according 

to the literature data with some modifications [2, 

15, 34, 36, 39]. In order to optimize the formation 

of CSNPs, different weight ratio between CS (with 

different molecular weights) and TPP were used. The 

0.1% (w/v) CS solutions were obtained by dissolving 

of CS (CSLMW, CSMMW) in 0.15% (w/v) acetic acid 

under light stirring at room temperature overnight 

[13]. Then, the CS solutions were passed through a 

syringe filter (0.22 μm) and the pH was measured 

(CSLMW - 3.8, CSMMW - 3.7). Separately, the TPP 

was dissolved in distilled water to obtain a solution of 

0.1% (w/v). Different volumes of 0.1% TPP were 

dropped into different volumes of 0.1% CSLMW and 

CSMMW, under magnetic stirring, with a speed of 

700 rpm. The obtained mixture was stirred for 

additional 60 min, at room temperature. In order to 

study the influence of the concentration on CSNPs 

formation, several concentrations (w/v) of TPP (0.1%, 

0.15%, 0.2%) and CS (0.05%, 0.1%, 0.133%, 0.167%, 
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0.2%) were used. The influence of pH of CS solution, 

initially (3.7 - 4.1) and adjusted with 1 M NaOH (4.7 - 

4.8), stirring speed (700 - 1400 rpm), reticulation 

time (0 min - 2 h) and surfactant role (0.5 - 1.5% 

Tween 80) were also studied [3, 13, 21].  

The characterization of CSNPs 

The particle size (hydrodynamic diameter) and poly-

dispersity index (PDI) were measured by a dynamic 

light scattering technique (DLS) at 25°C using Delsa 

Nano C Submicron Particle Size Analyzer (Beckman 

Coulter, Inc., Fullerton, CA). 

 

Statistical analysis 

All tests were carried out in triplicate and the results 

were expressed as mean ± standard deviation (SD).  

 

Results and Discussion 

The preparation of CSNPs. The influence of different 

weight ratio between 0.1% (w/v) CS (CSLMW, CSMMW) 

and 0.1% (w/v) TPP on formation of CSNPs, in terms 

of polydispersity index (PDI) and size of particles is 

presented in Table I. In these conditions the optimal 

method (Fo) used a stirring speed of 700 rpm, for 60 min. 

Table I 

The characteristics of CSNPs 

Exp. no. 0.1% CS (mL) 
0.1% TPP  

(mL) 

Ratio CS/TPP 

(w/w) 

CSLMW CSMMW 

PDI value Size (nm) PDI value Size (nm) 

1. 3.0 1.0 3:1 0.291 231.4 ± 8.9 0.172 NPs + MPs 

2. 2.5 1.5 1.66:1 0.240 MPs 0.377 NPs + MPs 

5. 2.0 2.0 1:1  x  x 

4. 1.5 2.5 1:1.66  x  x 

5. 1.0 3.0 1:3  x  x 

6. 0.5 3.5 1:7  x  x 

x = precipitation, MPs = microparticles (> 1000 nm) 

 

Referring to the CSLMW, it was observed that the 

best weight ratio CS/TPP was 3:1, when NPs were 

obtained with the size 231.4 ± 8.9 nm. By decreasing 

the ratio between CS and TPP to 1.66:1, the particles 

size is increasing to values higher than 700 nm 

meaning the MPs were formed. This process could 

be explained by a lower number of cross-linking 

sites which has as result an increasing number of CS 

molecules for one particle formation. The decreasing 

of CS/TPP ratio (1:1 to 1:7) produces precipitation 

due to the full cross-linkage of CS. In this case, the 

decreasing of the surface charge density, and, thus, 

the lowering of the obtained MPs stability is produced. 

This behaviour was also reported in the literature 

by Fan et al. [13]. 

The optimization of CSNPs formation. In order to 

establish the optimal parameters, the influence of 

each one, in the with the constant preservation of the 

others, regarding the particle size, was analysed and 

the results are presented in Tables II and III. 

Table II 

The optimization of CSLMWNPs formation 

TPP  

(%) 
CSLMW (%) 

Ratio CSLMW/TPP 

(w/w) 

pH = 3.7 - 4.1 pH = 4.7 - 4.8 

PDI value Size (nm) PDI value Size (nm) 

0.1 

0.050 1.5:1 > 0.90 x 0.503 MPs 

0.100 3:1 0.204 290.1 ± 9.70 0.151 231.4 ± 8.90 

0.133 4:1 0.245 403.8 ± 12.5 0.271 342.3 ± 9.30 

0.167 5:1 > 0.90 MPs 0.195 459.2 ± 13.6 

0.200 6:1 > 0.90 MPs 0.303 615.9 ± 9.20 

0.15 

0.050 1:1 > 0.90 MPs 0.730 MPs 

0.100 2:1 0.277 343.8 ± 10.5 0.296 280.7 ± 7.70 

0.133 2.66:1 0.303 302.6 ± 9.80 0.281 255.7 ± 12.3 

0.167 3.34:1 0.313 390.5 ± 14.1 0.235 440.7 ± 15.6 

0.200 4:1 0.293 592.2 ± 12.1 0.299 579.8 ± 13.6 

0.2 

0.050 1.5:2 > 0.90 MPs > 0.90 MPs 

0.100 1.5:1 > 0.90 MPs > 0.90 x 

0.133 2:1 0.291 MPs 0.583 MPs 

0.167 2.5:1 > 0.9 MPs > 0.90 MPs 

0.200 3:1 0.287 531.1 ± 10.7 0.262 349 ± 9.40 
x = precipitation, MPs = microparticles (> 1000 nm) 
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Table III 

The optimization of CSMMWNPs formation 

TPP  

(%) 
CSMMW (%) Ratio CSMMW/TPP (w/w) 

pH = 3.7 - 4.1 pH = 4.7 - 7.8 

PDI value Size (nm) PDI value Size (nm) 

0.1 

0.050 1.5:1 0.245 NPs + MPs 0.317 NPs + MPs 

0.100 3:1 0.235 NPs + MPs 0.278 251.3 ± 11.4 

0.133 4:1 0.312 NPs + MPs 0.215 385.6 ± 15.1 

0.167 5:1 0.367 NPs + MPs 0.311 MPs 

0.200 6:1 0.652 NPs + MPs 0.458 MPs 

0.15 

0.050 1:1 > 0.90 MPs >0.90 MPs 

0.100 2:1 0.266 NPs + MPs 0.260 282.0 ± 9.20 

0.133 2.66:1 0.224 NPs + MPs 0.267 477.2 ± 14.2 

0.167 3.34:1 0.258 NPs + MPs 0.215 524.3 ± 17.3 

0.200 4:1 0.457 NPs + MPs 0.370 NPs + MPs 

0.2 

0.050 1.5:2 > 0.90 MPs >0.90 X 

0.100 1.5:1 > 0.90 NPs + MPs >0.90 MPs 

0.133 2:1 0.224 NPs + MPs 0.232 NPs + MPs  

0.167 2.5:1 0.205 NPs + MPs 0.249 NPs + MPs 

0.200 3:1 0.365 NPs + MPs 0.364 NPs + MPs 
x = precipitation, MPs = microparticles (> 1000 nm) 

 

The influence of the TPP and CS concentration. 

Different studies have reported a strong influence of 

the cross-linking agent (TPP) and CS concentration 

and their correlation with the hydrodynamic diameter 

of the obtained particles [3, 13, 36]. In the majority 

of the experiments, the TPP concentrations of 0.1% 

and 0.15% was correlated with the NPs formation, 

while increasing the TPP concentration to 0.2% is 

associated with the MPs formation. The same behaviour 

was also observed by Al-Nemrawi et al. [3] and can 

be explained based on the interactions between the 

molecules of CS and TPP. Small amounts of TPP 

are not enough to form a compact matrix with CS 

and, thus, the CS molecules associate each other and 

form MPs. Increasing the TPP amount is correlated 

with an improvement in the cross-linkages CS-TPP 

and so in the NPs formation, the particles size thus 

decrease until a critical point. When the TPP exceeds, 

the CS aggregation occurred, leading to MPs formation. 

Referring to the influence of the CS concentration, 

it was noted that the 0.05% (w/v) CS was correlated 

with MPs formation, while an increase of the CS 

amount was associated with the increase of the NPs 

size. This process is due to the excess of the CS when 

several molecules are involved in the formation of a 

single particle. The most significant example was 

obtained for CSLMW and TPP (0.1%, w/v), when the 

particles size ranged from 231.4 ± 8.9 nm (0.1% 

CSLMW) to 615.9 ± 9.2 nm (0.2% CSLMW). 

In the light of the presented data, it was observed 

that the optimal parameters for NPs formation are: 

TPP in concentration of 0.1%, CSLMW in concentration 

of 0.1% dissolved in acetic acid solution 0.15% 

with pH adjusted at 4.7 - 4.8, CS/TPP ratio = 3:1, 

stirring at 700 rpm for 1 h at room temperature. 

This formulation was used in further analyses for 

studying the influence of the other parameters. 

The effect of the molecular weight of CS on the 

formation and the size of the CSNPs was investigated 

using two types of CS (CSLMW, CSMMW). According 

to the literature, the increase of molecular weight is 

associated with the increase of particle size, in the 

same range of pH [15]. The results of our experiments 

(depicted in Tables II and III) support the linear 

relationship molecular weight-size, generally. The 

influence of CSLMW and CSMMW in different concentrations 

(0.05%, 0.1%, 0.133%, 0.167%, 0.2%) on particle 

size, in presence of TPP (0.1%, 0.15%), is presented 

in Figures 2 and 3. 

 

  
Figure 2. 

The influence of different CSLMW concentrations on 

particle size 

Figure 3. 

The influence of different CSMMW concentrations on 

particle size 
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The effect of the pH particle size was investigated 

for three pH intervals: 3.7 - 4.1 (pH of CS solution), 

4.7 - 4.8 (adjusted pH of CS solution with 1M NaOH), 

4.8 - 7 for optimized formula Fo. It is known that a 

pH around 5 can modify the structure of CS and at 

a pH higher than 6 the amino groups will be de-

protonated, meaning the CS becomes uncharged, 

and the cross-linkage doesn’t occur [16, 30]. In the 

same time, CS is soluble in acidic conditions and an 

increase of pH to 6 and more is associated with 

precipitation [6]. The analysis of data (presented in 

Tables II and III) revealed that the smallest size was 

obtained for CSLMW at pH of 4.7 - 4.8. For pH = 5.5, 

the size of CSNPs was slightly higher (245 ± 10.2 nm) 

and for pH = 7 the precipitation was observed.  

The effect of the CS/TPP ratio. It was observed that 

TPP in concentration of 0.2% (w/v) was associated, 

in the most of the cases, with the formation of MPs 

or mixture of NPs and MPs, while the concentration 

of 0.1% (w/v) conducted to the most efficient cross-

linking process. Therefore, the influence of different 

CS/TPP ratio, ranging between 1:1 (w/w) and 6:1 

(w/w), on the particles size at pH = 4.7 - 4.8 was 

investigated. The best NPs were obtained using CS 

and TPP in concentration of 0.1% and CS/TPP ratio of 

3:1 (CSLMW – 231.4 ± 8.9 nm, CSMMW – 251.3 ± 11.4 nm). 

The increase of CS/TPP ratio to 4:1 was associated 

with a higher particle size, depending on CS, TPP, 

and as well as on CS molecular weight, as follow: 

CSLMW – 342.3 ± 9.3 nm to 579.8 ± 13.6 nm, 

CSMMW – 385.6 ± 15.1 nm to a mixture of NPs and 

MPs (Tables II and III). It was noted the critical 

role of CS/TPP ratio for the formation of NPs using 

both types of CS (CSLMW, CSMMW). In case of 

CSLMW, only the CS/TPP ratio of 1.1 and 1.5/1 were 

associated with the MPs formation, while in the 

case of CSMMW the NPs are produced when CS/TPP 

ratio ranged between 2/1 and 4/1.  

This behaviour is similar with that reported by Gan 

et al. and Koukaras et al. who found the optimal CS/ 

TPP ratio 4/1. The differences could be attributed to 

the differences in molecular weight or deacetylation 

degree of the CS [15, 21]. 

When the concentration of CS decreases, that means 

the CS/TPP ratio also minimizes in the critical point, 

the interactions between the CS decrease, which led 

to an increase of the cross-linkages between the TPP 

and the CS [13]. The increase of CS/TPP ratio will 

be associated with the of MPs formation.  

The effect of the reticulation time. The results revealed 

that the particle size decreases from 0 min to the 

critical point of 1 h, after which an aggregation was 

observed (Figure 4). 

 

 
Figure 4. 

The effect of the reticulation time on the NPs size 

 

The effect of the surfactant agent. The surfactants, 

known as coating agents, are often used to avoid the 

particle aggregation due to their high effect on the 

dispersion. These substances decrease the interfacial 

tension between materials and the pressure between 

the outside and the inside of the particle, and so reduce 

the size particle [27]. For example, the Poloxamer 

188, a polymer with amphiphilic structure, was used 

to develop new CSNPs loaded with rosuvastatin 

calcium by ionotropic gelation method [35]. Tween 80, 

called also Polysorbate 80, is a common non-ionic 

compound, with amphiphilic properties, characterized 

by biodegradability and cellular non-toxicity at low 

concentrations. It is used as coating agent for NPs 

and to improve the drug-targeted delivery, leading to 

an improved biological effect [38]. Tween 80 acts as 

stabilizing agent [23, 26], its effect on particle size 

being dependent on the concentration [6]. 

In this study, the influence of the Tween 80, in 

different concentrations (v/v), on particle size was 

investigated. Tween 80 (0.5%, 1%, 1.5%) was added 

to 0.1% CSLMW and the mixture was stirred for 30 

min, after which the TPP was added. The results noted 

a bimodal distribution of the CSNPs when the surfactant 

agent was added, as shown in Table IV. The analysis 

of the results highlighted that the first population of 

particles was formed only between CSLMW and 

Tween 80, the increase of Tween 80 concentration 

from 0.5% to 1.5% (v/v) being associated with slightly 

increasing of the particles size (10.1 nm - 13.1 nm). 

When TPP was added the second population of particles 

was formed by ionic gelation. The study showed that 

Tween 80 was absorbed to the CSNPs surface, leading 

to slightly larger particles (273 ± 13.2 nm – 299.2 ± 

11.5 nm) depending to the concentration, and lower 

dispersity due to the PDI value increasing from 0.345 

to 0.381. 

 

 

 

 

 



FARMACIA, 2019, Vol. 67, 6 

 991 

Table IV 

The effect of the Tween 80 concentration on CSNPs formation 

Tween 80 concentration (%) 1st population size (nm) 2nd population size (nm) PDI value 

0 - 231.4 ± 8.9 0.291 

0.5 10.1 273.0 ± 13.2 0.345 

1.0 10.3 280.0 ± 10.6 0.372 

1.5 13.1 299.2 ± 11.5 0.384 

 

The stability in time of NPs can be affected by different 

variables, such as the concentration and the pH of 

the solutions or the room temperature. The stability 

of CSNPs synthesized according to the optimized 

procedure (Fo), in terms of particle size, was analysed 

during 48 h at constant room temperature. The hydro-

dynamic particle size was measured at different 

time intervals: 0 min, 12 h, 24 h, 36 h and 48 h 

(Figure 5). It was observed only a slight increase of 

CSNPs size over time, without the appearance of any 

aggregates, as previously reported by Gan et al. [15]. 

 

 
Figure 5. 

The stability of CSNPs (particle size) during 48 h 

 

The effect of the stirring speed. It is known that the 

stirring speed is an important parameter which 

influences the particle size and stability or drug 

loading [23].  

The results showed that the increase of the speed 

from 700 rpm to 1000 rpm was associated with a 

reducing of the CSNPs size from 231.4 ± 8.9 nm to 

208.8 ± 8.5 nm and also with a decreasing of PDI 

value from 0.291 to 0.151 (Table V). 

Table V 

The stirring speed effect on CSLMW particles size 

Stirring speed (rpm) 
CSLMW 

PDI value Size (nm) 

700 0.291 231.4 ± 8.9 

850 0.275 226.9 ± 7.6 

1000 0.151 208.8 ± 8.5 

1150 0.138 Bimodal 

1300 0.149 NPs + MPs 

1400 0.141 NPs + MPs 
MPs = microparticles 

 

This behaviour is according to the literature [23] and 

can be explained by the increase of the TPP dispersion 

in the CS solution due to the accelerated shear forces 

which lead, finally, to a particle size reducing and a 

monodispersity [3]. It was observed that a higher 

stirring (1150 rpm - 1400 rpm) triggered the aggregation 

of the particles with the formation of MPs due to 

the lower surface charge of the particles and to the 

lower repulsion energy between them [13]. 

 

Conclusions 

In this study CSNPs were synthesized using the ionic 

gelation method and the influence of several factors 

such as CS and TPP concentration, pH of CS solution, 

stirring speed and reticulation time, on cross-linking 

process were investigated. The optimized CSNPs 

with size of 208.8 ± 8.5 nm were obtained using the 

following parameters: 0.1% CSLMW (pH = 4.7 - 4.8), 

0.1% TPP, stirring for 1 h at 1000 rpm. Based on 

this optimized method, the synthesized CSNPs will be 

used in the next applications, as drug delivery systems 

for antidiabetic and anti-inflammatory drugs. 
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