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ABSTRACT 

5-fluorouracil (5-FU) is one of the most widely used chemotherapeutic compounds for cancer treatment 

and its rapid metabolization and non-uniform oral absorption are the limitations for its use as an oral 

chemotherapy. Therefore, this study was performed to evaluate the influence of a 5-fluorouracil (5-

FU) nanocomposite microspheres with different diameters to test on a controlled release system in the 

gastrointestinal environment. 5-FU was incorporated into the chitosan/montmorillonite nanocomposite 

microspheres through the intercalation method. The microspheres containing the 5-FU were 

characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and optical 

microscopy (OM). In vitro release fractions at different pHs (1.2, 7.4 and 10.0) were investigated by 

UV-vis spectroscopy. The release profile of 5-FU for the systems studied was adjusted through the 

Korsmeyer-Peppas kinetic model, and the results suggested that the mechanism of controlled release 

at pH 7.4 and 10 occurs by diffusion. In addition, the 5-FU microspheres diameter and roughness 

directly interfere with the release rate and the released fraction, since the F1 / F2 systems showed a 

difference in the released fraction of 5-FU of 7.97% and for the systems F3 / F4 the difference was 

2.86%. The prepared F1, F2, F3 and F4 systems are suitable for delivery of 5-FU to the gastrointestinal 

environment in a controlled manner. 

 

Keywords: Chitosan, 5-Fluorouracil, microspheres, controlled release. 

 

RESUMO 

O 5-fluorouracil (5-FU) é um dos compostos quimioterápicos mais utilizados para o tratamento do 

cancro e a sua rápida metabolização e absorção oral não uniforme são as limitações para a sua utilização 

como quimioterapia oral. Portanto, este estudo foi realizado para avaliar a influência de uma 

microesfera nanocomposta de 5-fluorouracil (5-FU) com diferentes diâmetros para testar num sistema 

de libertação controlada no ambiente gastrointestinal. O 5-FU foi incorporado nas microesferas de 

nanocompósitos quitosano/montmorillonite através do método de intercalação. As microesferas 

contendo o 5-FU caracterizavam-se pela difracção de raios X (XRD), microscopia electrónica de 

varrimento (SEM) e microscopia óptica (OM). As fracções de libertação in vitro a diferentes pHs (1,2, 

7,4 e 10,0) foram investigadas por espectroscopia UV-vis. O perfil de libertação de 5-FU para os 

sistemas estudados foi ajustado através do modelo cinético de Korsmeyer-Peppas, e os resultados 

sugeriram que o mecanismo de libertação controlada a pH 7,4 e 10 ocorre por difusão. Além disso, o 

diâmetro e rugosidade das microesferas de 5-FU interferem directamente na taxa de libertação e na 

fracção libertada, uma vez que os sistemas F1 / F2 mostraram uma diferença na fracção libertada de 5-

FU de 7,97% e para os sistemas F3 / F4 a diferença foi de 2,86%. Os sistemas F1, F2, F3 e F4 

preparados são adequados para a entrega de 5-FU ao ambiente gastrointestinal de forma controlada. 

 

Palavras-chave: Chitosano, 5-Fluorouracil, microesferas, libertação controlada. 
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1 INTRODUCTION 

5-fluorouracil (5-FU) is one of the most widely used chemotherapeutic compound for cancer 

treatment, specifically for breast cancer (Monteiro et al., 2013, Jahani et al., 2017), gastric cancer 

(Kocar et al., 2016; Xu e Tang, 2017; Zhang et al., 2017), pancreatic (Kamisawa et al., 2016; De 

Mestier et al., 2017), colon-rectal (Dodov et al., 2009; Jaferian et al., 2016; Vargo et al., 2016; 

Chandran et al., 2017; Pretel et al., 2017) and brain tumours (Lesniak e Brem, 2004; Sofis et al., 2017; 

Sun et al., 2017). One of the limitations of this chemotherapeutic is its rapid metabolization resulting 

in a biological half-life of only 10-20 min (Rejinold et al., 2011) and a non-uniform oral absorption 

(Joshi et al., 2009). Therefore, to obtain a therapeutic concentration of this drug in the blood, the amount 

of the drug is often increased and administration is given intravenously continuously, which increases 

the toxic side effects of 5-FU (Azhar and Olad, 2014). This form of administration usually occurs in 

hospitals due to associated technical aspects, and oral chemotherapy is an important step towards a 

more humanized treatment of patients: "Chemotherapy at home", which would bring comfort to the 

patient, since the treatment in hospitals usually leads to detachment from home (Feng et al., 2009, 

Tanday, 2014, Morris and Marshall-Lucette, 2017). 

To minimize the toxic side effects of 5-FU, the encapsulation of this drug in polymeric matrices 

such as alginate (Arıca et al., 2002; Nagarwal, Ramesh et al., 2012; Lakkakula et al., 2017), 

polycaprolactone (Martini et al., 1995; Salerno et al., 2015; Salerno et al., 2017), gelatin (Narayani e 

Rao, 1996; Huang et al., 2009; Rajan et al., 2013) and especially chitosan (Denkbaş et al., 2000; Yan 

et al., 2006; Zheng, Y. et al., 2007; Arias, 2008; Zhang, 2008; Li et al., 2009; Lin e Fu, 2009; Zhu et 

al., 2009; Huang et al., 2010; Ganguly et al., 2011; Li et al., 2011; Rejinold, N. S. et al., 2011; Yan et 

al., 2011; Anitha et al., 2012; Cheng et al., 2012; Lam et al., 2012; Nagarwal, R. C. et al., 2012; Tığlı 

Aydın e Pulat, 2012; Li et al., 2013; Puga et al., 2013; Anitha et al., 2014; Fu et al., 2014; Xu et al., 

2014; E.A.K et al., 2016; Khoee et al., 2017; M et al., 2017) has been proposed. 

The use of chitosan to encapsulate the 5-FU drug is interesting because it comes from an 

abundant and low-cost renewable resource, and in addition is biocompatible, biodegradable, possess 

antioxidant, antimicrobial, anti-inflammatory and healing capacities and when in contact with human 

cells do not cause adverse reactions. Moreover, it can be degraded by enzymes widely found in the 

human body, generating non-toxic residues (Bagheri-Khoulenjani et al., 2009; Dash et al., 2011). 

However, in comparison with protein-based drugs (collagen, albumin, gelatin), the controlled release 

of anticancer drugs such as 5-FU, with low molecular mass, still presents certain limitations when 

encapsulated in polysaccharides such as chitosan. Due to the high degree of swelling of polysaccharides 

in general, followed by erosion and dissolution in aqueous medium and the swelling through hydration, 

with formation of a polymer network connected transversely (without dissolution), affects the release 
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time of drugs of low molar mass (Gupta et al., 2002, Aulton and Ortega, 2008, Yu et al., 2008, Bizerra 

e Silva, 2016). Therefore, the search for an efficient encapsulation to allow a slow release rate of 5-FU 

has motivated studies involving the preparation of chitosan / clay hybrids (Kevadiya et al., 2012; Azhar 

and Olad, 2014). 

 Montmorillonite (MMT) has been investigated for use in controlled release of 5-FU (Lin et al., 

2002; Azhar and Olad, 2014), ibuprofen (Zheng, J. et al., 2007; Dziadkowiec et al., 2017 (Kevadiya et 

al., 2014), insulin (Kamari et al., 2017), ciprofloxacin (Kevadiya et al., 2014), olanzapine (Oliveira et 

al., 2017), gentamicin (Rapacz-Kmita et al., 2017), venlafaxine (Jain and Datta, 2016) and irinotecan 

(Iliescu et al., 2014). All of these studies aim to delay the release of drugs into the gastric environment 

so that they can reach the intestinal mucosa and prolong the effects of the drug in the body. 

 Although 5-FU has been investigated for use in chitosan and montmorillonite systems, the 

preparation of microspheres with different diameters has not been investigated. Because the number of 

studies addressing the 5-FU encapsulation in the chitosan/clay hybrid is limited (Kevadiya et al., 2012, 

Azhar and Olad, 2014) and knowing the various benefits that can be achieved for controlling the release 

of 5-FU associating chitosan with montmorillonite (Yuan et al., 2010, Ennajih et al., 2012, Salcedo et 

al., 2012, Ahsan et al., 2017 and Jayrajsinh et al., 2017), the present study investigated the release of 

5-FU in vitro, starting from microspheres with different chitosan / montmorillonite diameters under 

phosphate-buffered saline (PBS) solutions at pH 1.2, 7.4 and 10. The Korsmeyer-Peppas kinetic model 

was applied to elucidate the mechanism of drug release. 

 

2 EXPERIMENTAL 

2.1 MATERIALS 

Chitosan, supplied as a powder by Polymar / Brazil, presented a deacetylation degree of 93.3%. 

Commercial sodium montmorillonite Cloisite® Na+ (CL) was supplied as a powder, produced by 

Southem Clay Products, Texas / USA and purchased from Buntech, São Paulo / BR. This clay presents 

basal interplanar distance (d001) of 1.17 nm and density of 2.86 g / cm3, according to technical 

standards. Glacial acetic acid (99.9% purity) and sodium hydroxide (99.9% purity), were both 

purchased from Vetec Química Fina. Sodium acetate trihydrate (99.5% purity) was supplied by 

Chemical Dynamics. Active substance 5-Fluorouracil (5-FU), molecular formula C4H3FN2O2, molar 

mass 130.1 g.mol-1 and purity ≥ 99%, was supplied by Sigma-Aldrich and phosphate buffered saline 

(PBS) pH 1.2, 7.4 and 10 was acquired from Vetec Química fina. 
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2.2 METHODS 

2.2.1 Encapsulation of 5-Fluorouracil 

To obtain the 5-FU/MMT/chitosan microspheres, the solution of 4% (m/v) chitosan in 5% (v/v) 

acetic acid had the pH adjusted to 4.9 with addition of a hydroxide solution of sodium to 1 molar, under 

magnetic stirring at room temperature. Then, a dispersion of MMT was prepared at a concentration of 

10% water with a stirrer / heater under a rotation of 400 rpm and 50 ± 0.5 °C for 30 min. This dispersion 

was added to the chitosan solution heated to 50 ± 0.5 ° C. The chitosan / MMT mixture was kept under 

mechanical stirring at 50 ± 0.5 ° C for 4 hours and 30 minutes. 

For incorporation of the drug, 5-FU (150 mg) was dissolved in 18 mL of chitosan / MMT 

mixture, obtaining a mass ratio of 5-FU / MMT / chitosan of 1: 2: 4 as suggested by Huang et al. (2010). 

This mixture was used to obtain the microspheres by dripping in sodium hydroxide coagulant solution. 

For the dripping step, sodium acetate (600 mg) was added to the 5-FU / MMT / chitosan mixture 

obtaining a mass ratio of 1: 2: 4: 4 (5-FU / MMT / chitosan / acetate). This dispersion was dripped in 

8% sodium hydroxide coagulant solution and kept under gentle stirring. For the incorporation of 5-FU 

into the chitosan-only microspheres, 5-FU (150 mg) was dissolved in 15 mL of chitosan solution (4%) 

with the addition of sodium acetate (600 mg), obtaining a 5-FU/chitosan/acetate ratio of 1:4:4. This 

solution was also dripped in 8% sodium hydroxide coagulant solution. The coagulant solution 

containing the microspheres was filtered on qualitative filter paper with pore opening of 14 μm, washed 

with distilled water to pH 7.5 and dried at 50 °C for 24 h. All microspheres were prepared with 

equipments developed in our laboratory, based on the work of Prado et al. (2010) and Nascimento et 

al. (2008). The nomenclature and composition of the microspheres are shown in Table 1. 

 
Table 1: Composition of formulations and characterization of microspheres containing 5-FU. 

Microspheres 
5-FU 

(mg) 
MMT (mg) 

Chitosan 

(mg) 

Acetate 

(mg) 

EE 

(%) 

F1 150 0 600 600 37.29 

F2 150 0 600 600 29.37 

F3 150 300 600 600 74.99 

F4 150 300 600 600 64.96 

5-FU – 5-Fluorouracil; MMT – Montmorilonita; EE – Efficiency of encapsulation 

 

 

2.2.2 Scanning Electron Microscopy (SEM) 

The morphology of the chitosan and chitosan/clay microspheres prepared in the absence and 

presence of 5-FU was observed in a scanning electron microscope (SEM). This analysis was conducted 

in a Shimadzu scanning electron microscope model SSY-550, 6000x, 30 KV, with gold coating. 
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2.2.3 Efficiency of encapsulation (EE) 

 The microspheres encapsulation efficiency (EE) with 5-FU was determined by UV-vis uptake 

of the microspheres wash water. To determine the amount of 5-FU released in the microspheres wash 

water, a calibration curve for the 5-FU was performed employing seven solutions of different 

concentrations, and the respective absorbance values were measured at λmax 266 nm. The 5-FU EE in 

the systems was calculated according to Equation (1) (Papadimitriou et al., 2008): 

 

EE (%) =  
Wt − Wf

Wt
∗ 100 

(1) 

 

 Where Wt represents the mass of 5-FU present in the microspheres; Wf represents the mass 

of 5-FU released during the washing process of the microspheres.  

All measurements were performed in triplicate and the values were calculated according to Equations 

(2) and (3): 

Wt =  
Mass of  washed microspheres

Mass ratio(5−FU)
 

(2) 

 

 

The wash up volume (Vwash up) of the microspheres was 2200 mL and the concentration (C) was 

obtained through the UV-Vis calibration curve. The calibration curve was obtained from 7 

concentration levels of 5-FU, equidistant and distributed between 0-30 μg.mL-1. The absorption and 

calibration curves are represented below 

 
Figure 1: UV-vis absorption curves of 5-FU in wash water (A) and 5-FU calibration curve in wash water (B). 

 

2.2.4 In vitro release study 

 The in vitro 5-FU release study was performed using 500 mg of the microspheres (F1, F2, F3 

and F4) and 50 mL of PBS solution at different pH (1.2, 7.4 and 10) at 37 ± 0.5°C under constant 
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stirring at 100 rpm. After weighing, each sample was placed in a capped Erlenmeyer and the PBS 

solution was added to the different pHs: 1.2, 7.4 and 10. The 5-FU concentration released in the 

medium was determined from the absorbance spectra collected on a UV-vis spectrophotometer (Perkin 

Elmer model Lambda 35). To determine the concentration of released drug, a calibration curve was 

constructed for 5-FU employing six solutions of different concentrations and in triplicate. The λmax 

values for 5-FU in the different buffer solutions (pH = 1.2, 7.4 and 10) were determined using the UV-

vis spectrophotometer. The absorbance, λmax and linear correlation values are shown in Table 2.

  

Table 2: 5-FU Absorbances (Abs) in PBS pH 1.2, 7.4 and 10. 

 

5-FU 

Abs 

266 nm 

Abs 

266 nm 

Abs 

266 nm 

(µg.mL-1) pH 1.2 pH 7.4 pH 10 

PBS -0.0027        -0.0061 0.0040 

10 0.3820         0.4613 0.4716 

20 0.8004         0.9593 0.9484 

30 1.2372       1.4599 1.3911 

40 1.6616        2.0200 1.7822 

50 2.1644        2.4639 2.0582 

r2 0.9984        0.9992 0.9926 

 

The concentration over time was determined by withdrawing 5 mL aliquots of the PBS release 

solution, in the range of 15 min to 1440 min (0.25-24 h), followed by replacement of the PBS solution. 

The concentration of the drug contained in the PBS aliquot was obtained by averaging the absorbance 

from two readings and applying the 5-FU calibration curve equation at the corresponding pH. The 

released fraction of 5-FU was calculated using Equation (4). 

 

Fraction released (t) =  
Mass released (t)

Mass of the drug
. 100 

(3) 

 

For simulation of gastrointestinal tract conditions, the amount of 5-FU released from the 

microspheres was determined by withdrawing a volume of the delivery system at different times. To 

simulate stomach transit conditions aliquots were withdrawn up to two hours from the PBS pH 1.2 

solution, from 2 to 6 hours from the PBS solution at pH 7.4 and at pH 10 from 6 to 24 hours, simulating 

the gastrointestinal transit conditions (Josué et al., 2000) 

 

2.2.5 X-ray Diffraction (XRD) 

Expansion of the clay basal spacing d001 in the 5-FU / chitosan / MMT system was indicated by 

X-ray diffraction with copper Kα radiation (λ = 1.5418 Å), 40 kV, 30 mA, scanning 2θ from 2 to 70 ° 

and scanning speed of 1°/ min. 
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2.2.6 Optical Microscopy 

Optical microscopy (OM) of the microspheres was conducted in a microscope model Q734ZT 

series 059 - DP Instrumentos Científicos LTDA. The micrographs were obtained with a scale of 1: 2.04 

(pix: μm) and were used to obtain the dimensional data of the microspheres. 

 

3 RESULTS AND DISCUSSION 

3.1 KINETICS OF RELEASE  

The kinetics of 5-FU release from the microspheres was evaluated using the Korsmeyer et al. 

(1983) model. The values found for the 5-FU release profiles at pH 1.2, 7.4 and 10 are shown in Table 

3. The n values indicate that at pH 10 the release of 5-FU from F1 and F2 occurred by an anomalous 

mechanism and at pH 7.4 the mechanism was through Fick diffusion. It is possible that the anomalous 

mechanism of dissolution has occurred as a result of the joint action of the diffusion and erosion 

processes of the polymeric matrix. 

 

Table 3: Parameters of Korsmeyer-Peppas kinetic model of 5-FU release for various systems in PBS pH 1.2, 7.4 and 10. 

pH Parameter F1 F2 F3 F4 

1.2 n 0.01 0.01 0.0025 0.0025 

 r2 0.9571 0.8286 0.8008 0.8288 

7.4 n 0.01 0.12 0.4867 0.4492 

 r2 0.9315 0.8915 0.9845 0.8836 

10 n 0.45 0.72 0.3762 0.4446 

 r2 0.9092 0.8999 0.9621 0.8828 

 

The values of n presented in Table 3 indicate that the release of 5-FU at pH 10 from the F3 and 

F4 systems occurred by a Fick diffusion mechanism (Siepmann and Peppas, 2001). F3 at pH 7.4 

showed a mechanism of release by diffusion of Fick and F4 presented an anomalous mechanism. 

However, the proximity of the exponent n with the anomalous transport range (0.45-0.89) indicates 

that there may be erosion in the polymeric matrix (Siepmann and Peppas, 2001). 

 

3.2 SCANNING ELECTRON MICROSCOPY (SEM) 

 The morphologies of F1, F2, F3 and F4 microspheres were investigated by scanning electron 

microscopy. The microspheres images are represented in Figure 1. The SEM of the F1 and F2 

microspheres present a seemingly smooth and continuous surface characterizing a denser morphology 

(Figure 1a-b). The SEMs of the F3 and F4 microspheres show an increase in the microspheres’ surface 

roughness (Figure 1c-d), and this must be related to the loss of solvent during the drying process, since 

the microspheres F3 and F4 were prepared with the addition of the MMT dispersion, thus raising the 

proportion of the solvent. 
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Figure 2: SEM of the microspheres F1 (a), F2 (b), F3 (c) and F4 (d). 

 

 

 

3.3 OPTICAL MICROSCOPY (OM) 

The F1 and F2 microspheres presented larger dimensional values than F3 and F4 (Table 4), 

because these microspheres preserved the round shape after the drying process. The data demonstrate 

that F3 and F4 suffered a reduction in volume and surface area. According to Sinha et al. (2004), this 

modification may be related to the chitosan/solvent ratio, because the solution used to obtain the F3 

and F4 microspheres had a 20% higher solvent proportion due to MMT dispersion, in agreement with 

the data obtained in the SEM. 
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Figure 3: Images obtained with OM from the 5-FU microspheres. 

 

 
Table 4: Dimensional data of 5-FU microspheres. 

Microspheres Equivalent diameter Volume Surface area 

 (mm) (mm3) (mm2.g-1) 

F1 0.836  0.042 0.310  0.043 1428.0 227.9 

F2 0.451  0.014 0.048  0.004 2138.9   302.5 

F3 0.560  0.023 0.0370.001 2172.9  198.9 

F4 0.4130.015 0.0130.001 2475.9  84.8 

 

 

3.4 XRD 

X-ray diffraction is a technique that is used to identify the crystalline phase and the structural 

properties of solid materials. The X-ray diffraction patterns of chitosan and 5-FU / chitosan / MMT are 

shown in Figure 4. The XRD pattern of chitosan shows two characteristics diffraction peaks at 10° and 

20° (Fig. 4a) (Lizardi-Mendoza et al., 2016). The pure MMT exhibits a characteristic peak at 2θ = 

7.13°, which corresponds to a basal spacing of 1.24 nm (Olad, 2011). For the nanocomposite 5-FU / 

chitosan / MMT (Fig. 4b), the characteristic peak related to mineral clay (2θ = 7,13 °), was shifted to a 

smaller degree (2θ = 4.87 °), corresponding to a basal interplanar distance (d001), calculated on the basis 

of the Bragg equation, of 1.81 nm. This indicates that intercalated nanocomposites were obtained and 

that possibly chitosan and 5-FU bilayers were positioned between the montmorillonite layers. This 

interaction is favored by electrostatic interaction of groups (-NH3
+) in the second-layer with acetate 

ions of the chitosan solution, making the sites accessible for anion exchange (Tan et al., 2008). 
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Considering that the silicate layer thickness is 0.96 nm (Azhar and Olad, 2014), chitosan and 5-FU 

expanded the intercalation space by 0.85 nm, indicating the intercalation of 5-FU in the interspace and 

the confirmation of the 5-FU / chitosan / MMT intercalated nanocomposite. 

 
Figure 4: X-ray diffraction (a) chitosan, (b) 5-FU/chitosan/MMT. 

 

3.5 ENCAPSULATION EFFICIENCY (EE) 

 The drug encapsulation process was performed during the production of chitosan (F1 and F2) 

and chitosan / clay (F3 and F4) microspheres, with 5-FU being dissolved in the chitosan solution and 

subsequently dripped into the coagulant solution. In this way, the drug can be entrapped in the polymer 

matrix. The encapsulation efficiencies ranged from 29.37% to 74.99% (Table 1). Previous work reports 

5-FU encapsulation efficiencies between 28-66% (Yang and Hon, 2009) and 29-69% (Aydin and Pulat, 

2012). In this study, the results showed a good correlation with previous studies. 

The presence of MMT affected the 5-FU encapsulation, verified by the 5-FU by UV-Vis 

quantification in the wash water of the microspheres. The wash water of the microspheres F1; F2; F3 

and F4 presented levels of 19.79; 21.15; 7.07 and 8.89 μg.mL-1 of 5-FU, showing that the presence of 

MMT reduces the loss of 5-FU during the washing process, corroborating with the data on formation 

of intercalated nanocomposites, with 5- FU interspersed between the MMT layers. 

 

3.6  SIMULATION OF GASTROINTESTINAL RELEASE 

Figure 4 shows two release steps in all of the systems, the first with fast release (burst) in the 

first two hours and another long phase (lag) release until the end of the test. Usually abrupt release 

occurs in a short period of time compared to the entire release process (Yang et al., 2016). The high 

initial release of 5-FU should have occurred mainly by dissolving the 5-FU present on the surface of 

the systems and the second release phase must have involved diffusion, according to the kinetic release 

model. 
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At pH 1.2, the release of 5-FU occurred during the time interval from 0 to 2 hours, with release 

of 6.35%, 9.40%, 13.21% and 16.87% for the microspheres F1, F2, F3 and F4, respectively. At pH 7.4 

it was observed that there was 5-FU release of 7.74%, 13.23%, 14.06% and 17.15% from 2 to 6 hours. 

Finally at pH 10 and in the time interval of 6 to 24 hours, the release of 5-FU was 8.83%, 16.80%, 

15.30% and 18.16%. 

 

Figure 5: In vitro simulation of gastrointestinal release of 5-FU from the microspheres without MMT (A) and with MMT 

(B). 

 

Legenda: Fraction released – Time – mudra as virgulas para pontos no eixo X e os pHs 

 

 

We could observe that there was higher release of 5-FU in acid medium, because the amino 

groups of chitosan are protonated (-NH3+) easily in acid medium (Gierszewska and Ostrowska-

Czubenko, 2016). The release data of the microspheres during 2 hours in the gastric environment 

confirm the permeability of the microspheres to PBS at pH 1.2. Comparatively, the F3 and F4 systems 

showed greater release in the gastric environment, probably associated with the montmorillonite 

lamellae that were exposed to water; the water molecules are adsorbed on the surface of the layers, 

which are then separated from each other. Another aspect that may have contributed to the higher 

release of 5-FU is the roughness of the surface of F3 and F4 systems, as can be observed in Figure 1c-

d, since an increased roughness leads to a faster drug release (Kalosakas and Martini, 2015). Higher 

roughness favors interlamellar swelling, and leads to increased surface area. This increase may have 

favored diffusion of 5-FU, as it is accompanied by increased erosion and diffusion front (Lopes et al., 

2005; Lee et al., 2012). 

At neutral (7.4) and alkaline pH (10) the released fraction of 5-FU was lower, evidencing a 

greater stability of the polymer matrix. As pH increases, the protonation of chitosan decreases, which 

reduces the degree of swelling. At pH close to neutrality, there is a balance between the charges, which 

promotes maximum interaction between the ionizable groups, providing greater stability to the matrix 

(Mendes et al., 2011). This stability reduces the number of protonated amino groups in chitosan, 
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affecting the swelling and release properties of 5-FU by the microspheres. At pH 10 most amino groups 

were deprotonated, indicating that the release of 5-FU in this medium should depend on the swelling 

characteristics of the clay and the solubility of 5-FU in the alkaline medium (Azhar and Olad, 2014). 

The released fraction of 5-FU was higher in F3 and F4 systems, and this characteristic must be related 

to the increase of the surface area and the size of the microspheres, since the release is influenced 

directly by particle size and surface area (Fangueiro et al., 2012). The increased release in F3 and F4 

formulations should show significant improvements in the absorption and bioavailability properties of 

5-FU in vivo (Shegokar and Muller, 2010; Moschwitzer, 2013). 

Differences between the released fractions of 5-FU at the end of the test (F1 / F2 = 2.86%, F3 / 

F4 = 7.97%) are probably related to the increase in the surface area and the presence of MMT. In the 

F1 / F2 system, there was an increase in the surface area from 1428.0 to 2138.9 mm2.g-1 and in the F3 

/ F4 system from 2172.9 to 2475.9 mm2.g-1. The magnitude of area increase of the systems justifies the 

increase of the mass released, since the increase of the surface area of the microspheres increases the 

released mass of 5-FU. This occurs because the mass flow (J) is a relation between the total mass (m) 

that goes through an area (A) per unit of time (t), according to Equation (6) (Livi, 2000; Lee and Yeo, 

2015). 

 

 

 

The results revealed that at pH 7.4 and pH 10, 5-FU is slowly released by the MMT-containing 

microspheres as compared to the release profile of the MMT-free microspheres. Probably the release 

difference should be related to the 5-FU intercalation in the silicate layers, resulting in smaller diffusion 

within the matrix, delaying and suppressing 5-FU release (Azhar and Olad, 2014). Molecular dynamics 

simulations agree with these experimental observations and suggest that pH variation significantly 

affects the conformation and solubility of chitosan, as well as the release of drugs by MMT, interfering 

with the drug release process (Silva et al., 2011; Madeleine-Perdrillat et al., 2016; Sanchis et al., 2017). 

Therefore, 5-FU release occurs faster at pH 1.2 for all systems studied and slower at pH 7.4 and 10, as 

shown in Figure 5. This suggests that the systems studied can be used for delivery of 5-FU in the 

gastrointestinal environment, with predominance of release in the gastric environment. 

 

4  CONCLUSIONS  

In this study, 5-FU was incorporated into MMT through the intercalation method to obtain 

chitosan-based microspheres. The microspheres with chitosan nanocomposites (F3 and F4) presented 

controlled release characteristics, with a significant reduction in the release rate, mainly at pH 7.4 and 
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10. The encapsulation efficiency was higher in the nanocomposite systems, due to the interaction 

between the biopolymer, 5-FU and MMT. The release profiles of 5-FU containing microspheres 

showed high correlation with the Korsmeyer-Peppas kinetic model. The release of 5-FU in 

nanocomposite systems showed controlled release characteristics in the gastrointestinal environment. 

Reducing the diameter of the microspheres increases the released fraction of 5-FU, which can 

significantly increase absorption and bioavailability in the gastrointestinal environment. 
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