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In this paper, controlled release of 5- Fluorouracil (5-FU) 

through sodium alginate (NaAlg) and zeolite embedded NaAlg 

composite gel beads has been investigated. Beads were prepared by 

precipitating the viscous solution of zeolite dispersed NaAlg in alcohol 

followed by ionic cross linking with calcium chloride. The formed gel 

beads were characterized by Fourier transform infrared (FT-IR), X-ray 

diffraction pattern (X-RD), thermal analysis by differential scanning 

calorimetry (DSC) and surface morphology was studied by scanning 

electron microscopy (SEM). In vitro drug release profiles of the 

composite gel beads at pH 7.4 in aqueous phosphate buffer medium 

confirmed controlled release nature of the composite beads. The drug 

loading, encapsulation efficiency and drug release patterns are found to 

be dependent on the concentrations of calcium chloride and zeolite. The 

embedded zeolites maintained their structural stability in the composite 

gel beads. The obtained results suggested the versatility of these hybrid 

materials as promising drug carriers. 

 

INTRODUCTION: 

The development and application 

of polymeric biomaterials as drug carriers 

have been played a significant role in 

improving the treatment of various 

diseases and the quality of health care. Use 

of natural polymers in the growth of 

pharmaceutical systems have long been the 

theme, which received immense attention 

during last few years  because of their 

abundance, water solubility, swelling and 

low price (Seeli et al., 2016). Among all 

types of natural polysaccharides, alginates 

are special materials which are widely 

used to make variety of foods, heel tap 

care and as drug carrier devices (Seo et al., 

2013). Alginate exist in a salt form of 

alginic acid, naturally occurring 

polysaccharide derived from brown marine 

algae, is made of mucoadhesive block 

polymers of mannuronic acid (M), 

guluronic acid (G) and mannuronic-

guluronic (MG) blocks. It shows excellent 

biodegradability and/or biocompatibility 

and also nontoxic in nature besides a good 

bacteriostatic (Seo et al., 2013).  Alginates 

showed pH responsive nature with high 

swelling in aqueous fluids and are 

relatively cheap (Li et al., 2011). It 

experiences ionotropic gelation in water in 

the presence of di- and tri-valent cations 

like calcium, barium, zinc, aluminum, etc 

due to intermolecular ionic linking 

between carboxylic moieties of alginate 
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chains and cations of metals and fit into 

electronegative cavities of the sodium 

alginate like eggs in “Egg-Box” to form 

cross linked alginate gels (Nayak et al., 

2011). Sodium alginate (NaAlg) is widely 

used in lipid nanoparticles (Li et al., 2011), 

tissue engineering (Wang et al., 2003), 

protein adsorption (Wang et al., 2014), 

controlled release of liquid pesticide 

(Kulkarni et al., 2000) and adenovirus 

delivery (Park et al., 2012).  

Now-a-days, numerous alginate gel 

beads have been used and it has been the 

best vehicle for delivery of drug in 

sustained release manner (Al-Kassas et al., 

2007). However, in physiological 

environment, these beads have major 

drawbacks such as poor mechanical 

stability, low drug encapsulation due to 

drug leaching through the pores and rapid 

degradation and burst release of in 

intestinal fluids (Nayak et al., 2011). 

Consequentially, many researchers have 

evinced keen interest in alginates for 

improving the long time release of drug in 

controlled manner (Nayak et al., 2013; 

Nayak et al., 2013; Sinha et al., 2015; 

Sinha et al., 2015).  

Recently, polymer-inorganic 

composites have gained significance as 

they are ideal drug delivery vehicles due to 

their improved thermal and mechanical 

stability (Ninan et al., 2013). Zeolites are 

porous solid inorganic crystalline materials 

composing of silicon, aluminum and 

oxygen elements in a three dimensional (3-

D) manner. The porous structure allows 

the accommodation of small molecules 

such as drug and/or biological molecules 

inside the pores, and releases via an ion 

exchange process (Malekian et al., 2011). 

There are many reports the use of zeolites  

for biomedical applications including the 

improvement and identification of low 

occurrence of peptides/proteins (Zhang et 

al., 2004), in the field of  magnetic 

resonance imaging (MRI) and drug 

delivery (Prado et al., 1999; Horcajada et 

al., 2006 ), etc. The main benefit of using 

zeolite materials in drug carriers is that the 

drug molecules can diffuse out of the 

channels by slow degrees so that the rate 

of release of drug will be under control 

(Spanakis et al., 2014).  Recently, Tugba et 

al., developed zeolite 4A nanocomposite 

drug delivery carrier for cancer 

applications. They studied the biological 

assays measuring the association of the 5-

FU to the zeolite magnetic complex and 

investigated their functionality in a cell 

based assay system and inhibit the 

proliferation of human gastric carcinoma 

(AGS) cells and induce greater apoptosis 

to AGS cell lines (Sagir et al., 2002). 

 5-Fluorouracil (5-FU) belongs to 

the family of pyrimidine analogue, 

anticancer agent, broadly used in the 

healing of a broad range of solid tumors 

(Boyer et al., 2004) and the main objective 

of three definite enzymes concerned in the 

metabolism of pyrimidines, such as 

thymidylate synthase (TS), thymidine 

phosphorylase (TP) and di-

hydropyrimidine dehydrogenase (DHDH). 

5-FU and its derivative compounds 

showed their anti-cancer activity by 

changing the thymidine bio-synthesis by 

stopping the enzymatic conversion of 

thymine (ribosylation and 

phosphorylation) to the nucleotide, thus 

stopping the regular job of 

Deoxyribonucleic acid (DNA) and 

Ribonucleic acid (RNA) and, as a result, 

cell proliferation (Longley et al., 2003). 

However, 5-FU shows some abnormal 

activities due to its low tumor affinity, 

narrow therapeutic window and its 

effectiveness is acutely reduced due to 

drug resistance (Alvarez et al., 2012). 

Moreover, it has very short-life (10-20 

min) period in the tissue (Winer et al., 

1998) and its bioavailability is also low 

(less than 20% of an injected dose 

undergoes enzymatic activation (Tanaka et 

al., 2000). Its unpredictable behavior 

(Bono et al., 2001) is due to its enzymatic 

degradation, which strictly related to the 

individual patient characteristics (Grem et 

al., 1990).  
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The main objective the of the 

current experimental work in developing 

composite NaAlg-zeolite gel beads is to 

improve the drug loading, increasing the 

bioavailability of the drug and also 

extending the drug residence time. i.e. 

release period.   

MATERIALS AND METHODS 

Materials  

Sodium alginate (NaAlg) was 

purchased from Sigma Aldrich, USA. 

Zeolite 3A was obtained from M/S Zeolite 

and Allied products, Mumbai. Anhydrous 

calcium chloride, methanol, sodium 

hydroxide pellets and 5-Fluorouracil (5-

FU) were purchased from Himedia, 

Mumbai, India. Hydrochloric acid and 

potassium dihydrogen orthophosphate 

were procured from Merck, Mumbai, 

India. Double distilled water produced 

itself in the laboratory and used throughout 

the study. 

Preparation of sodium alginate – zeolite 

composite gel beads  

Sodium alginate-zeolite composite 

gel beads were prepared by inotropic 

gelation method.  A 4 wt. % solution of 

NaAlg in distilled water was prepared 

under constant magnetic stirring. Different 

concentrations (2.5, 5 and 7.5 wt. %) of 

zeolite dispersion in water were prepared 

and sonicated for 30 min. Then, zeolite 

dispersion was added to polymer solution 

by syringe addition. The mixture was 

transferred to a syringe and extruded drop 

wise in to a beaker containing required 

amount (1 to 3 wt. %) of cross linking 

agent, CaCl2 in methanol under constant 

stirring condition. NaAlg-zeoltie 

composite gel beads (CGB) were formed 

immediately, however the stirring was 

continued for 30 min. Finally, the beads 

were filtered, washed two times with 

distilled water to remove unreacted CaCl2. 

Total 6 formulations were prepared by 

varying the concentrations of cross linking 

agent and zeolite and the details are given 

in Table 1. In the first set of experiments, 

three formulations were developed by 

varying the amount of cross linking agent 

1, 2 and 3 wt. % with respect to polymer at 

fixed wt.% of zeolite and these are 

designated, respectively as CGB-1, CGB-2 

and CGB-3. In next set of studies, 

formulations were prepared by varying 

zeolite concentration (0, 5 and 7.5 wt. % 

with respect to NaAlg wt.%) by keeping 

cross linking agent concentration constant 

and are represented  as GB-4, CGB-5 and 

CGB-6 respectively. The protocol used in 

making the beads was outlined 

schematically in scheme 1.  

Characterization of composite gel beads 

FT-IR spectra of plain NaAlg gel 

beads, zeolite, pure 5-FU and 5-FU drug-

loaded composite gel beads were taken on 

FT-IR spectrophotometer (Perkin Elmer, 

model two, UK) by grinding the samples 

separately with KBr and making the pellet 

under a hydraulic pressure of 600 kg/cm2. 

X-ray diffraction (X-RD) patterns of plain 

NaAlg gel beads, 5-FU loaded composite 

gel beads, pure 5-FU and zeolite were 

recorded on X-ray diffractometer 

(RIGAKU SMART LAB, Mini flex 600, 

Japan) operated at 30 kV 100 mA with Cu 

Kα as a radiation source. Thermal analysis 

was performed for plain NaAlg gel beads,  

zeolite 3A, pure 5-FU and 5-FU drug- 

loaded composite gel beads on 

SHIMADZU DSC-60 (Tokyo, Japan) 

machine by heating the samples at the rate 

of 20 o C/min up to 100 oC and cooled 

back to 30 oC and then the  thermo grams 

were recorded from 30oC- 500 oC at a 

heating rate of 10 oC/min. Scanning 

electron microscope (SEM) photographs 

were taken on placebo composite gel beads 

prepared by cross linking with 2 wt.% of 

CaCl2. Beads were sputtered with gold to 

make them conductive and placed on 

copper stub. Image was taken on 

HITACHI S-3700 (Germany) operated at 

an acceleration voltage of 15 kV. 

Thickness of the gold layer obtained with 

sputtering was 1 µm. For observation of 

the internal structure of the beads, they 

were cut into half with a steel blade and 

cross sectional image was taken in the 

same way. 
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Swelling studies  

The swelling behavior of the 

composite gel beads was measured in both 

acidic (pH 1.2) and basic (pH 7.4) buffer 

media. Composite gel beads were allowed 

to swell completely in the buffer for 24 hrs 

at 37 °C temperature. After that the 

swollen beads were taken out, the solution 

adhered to the bead surface was blotted 

gently with tissue paper and weight of the 

beads was taken. In order to gain 

reproducible and accurate results, the 

swelling studies were performed in 

triplicate for each formulation. The 

percentage equilibrium swelling (% ES) 

was calculated using the following 

equation 1. 

% ES =

(
Weight of swollen bead (𝒲1)− Weight of dry bead (𝒲2)

Weight of dry bead (𝒲2)
) x

100                                 (1) 

Drug loading and encapsulation 

efficiency 

Known quantity of composite gel 

beads were equilibrated with known 

concentration of 5-FU drug solution for 48 

hrs with occasional shaking. In the drug 

solution, the beads swell and absorbs drug. 

After 48 hrs, the drug loaded beads were 

separated by filtration and dried at ambient 

conditions.  

It is important to estimate the 

amount of drug present in the drug carrier 

so as to analyze its drug release behavior. 

The drug 5-FU from the drug loaded 

composite gel beads was extracted by 

stirring vigorously the known amount of 

dried samples in known concentration of 

buffer solution for 2 days. Finally, the 

solution was filtered and the amount of 

drug present in the solution was analyzed 

by measuring the absorbance at lambda 

maximum values of the drug viz., 270 nm. 

The results of percent drug loading (% 

DL) and percent encapsulation efficiency 

(% EE) were calculated by using the 

following equations 2 and 3, respectively.  

% DL = (
Weight of drug in gel beads

Weight of gel beads
) x 100           

                   

(2)  

% EE = (
Actual loading 

Theoritical loading 
) x 100     

                               

(3)                    

RESULTS AND DISCUSSION 

Preparation of NaAlg -zeolite composite 

gel beads 

 NaAlg is a water soluble anionic 

natural polysaccharide and its gelling 

ability with divalent positively charged 

ions (calcium) is well recognized for the 

formulation of beads. When aqueous 

suspension of NaAlg-zeolite was dropped 

into cross linking methanol solution 

containing calcium chloride, spherical and 

transparent gel beads were formed. Within 

the composite gel bead matrix, zeolite 

might have dispersed in the cross links 

formed between Ca+2 ions with carboxylic 

groups of neighboring NaAlg polymer 

chains, leading to the formation of egg box 

like structure.  

Fourier transform infrared (FT-IR) 

results 

Fig. 1 shows the FT-IR results of 

(a) plain NaAlg, (b) zeolite 3A (c) 5-FU 

and (d) 5-FU drug-loaded composite gel 

beads. In the spectrum of NaAlg, peak at 

high frequency region of 3444 cm–1 

corresponds to O-H vibrations and sharp 

peak at 1610 cm–1 can be assigned to 

carbonyl group of carboxylate (Olukman 

et al., 2012).  In FT-IR spectrum of zeolite 

3A, the bands at low frequency region of 

456, 547 and 970 cm–1 correspond to the  

stretching vibrations of Si–O or Al–O 

bending vibrations, double ring and MeO4 

asymmetric stretching vibrations (Me = Si 

or Al), respectively. The peak at 3000–

3600 cm–1 represents inter and intra 

molecular hydrogen bonding. The broad 

absorption band in the high frequency 

region of 3374 cm–1 can be attributed to 

last silanol groups on the outer surface of 

the zeolite crystals (Orha et al., 2011; 

Flanigen et al., 1971). This broad band 

overlapped with wide and strong peaks of 
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hydroxyl stretching between 3100 and 

3500 cm–1. Absorption band at 1673 cm–1 

corresponds to O-H bending vibration 

(Orha et al., 2011). In the spectrum of 5-

FU drug, characteristic peak observed at 

1736 cm–1 is due to vibration of C=O 

group and peak at 1642 cm–1 corresponds 

to nitrile stretching, peak at 1244 cm–1 may 

be due to C-N vibration (in plane) and 

carbonyl vibration was observed at 1186 

cm–1 observed. In spectrum of drug loaded 

NaAlg-zeolite composite gel bead wide 

broad band at 3500 cm–1 may be due to the 

overlapping of hydroxyl group of  alginate 

with –NH band of 5-FU. The peak 

observed at 1326 cm–1 in pure 5-FU is due 

to stretching vibration of C-F (Zhang et al., 

2012) was observed with less intensity in 

the drug loaded NaAlg-zeolite beads. In 

addition to this, most of the zeolite peaks 

were also observed in drug loaded 

composite gel beads. This confirms the 

encapsulation of drug 5-FU in compsoite 

gel beads along with zeolite. 

X-ray diffraction (X-RD) results 

     X-RD was employed to understand 

the crystallinity of 5-FU drug in the 

composite gel beads.  Fig. 2 shows the X-

ray diffractograms of (a) plain NaAlg gel 

bead, (b) zeolite 3A (c) 5-FU and (d) 5-FU 

drug-loaded composite gel beads. In the 

case of plain NaAlg gel bead (Fig. 2a), two 

major diffraction peaks at 2θ of 13.5º and 

22º due to the reflection of its (110) plane 

from the polyguluronate unit and (200) 

plane from the polymannuronate, 

respectively were observed (Seeli et al., 

2016). The diffraction pattern for zeolite 

3A (Fig. 2b) showed the crystalline 

alumino silicate characteristic peaks at 2θ 

of 30.92, 32.66, 34.16, 35.5, 35.82, 36.6, 

38.18, 40.28, 41.66, 42.98, 43.64, 44.26, 

47.44, 47.96, 49.82, 52.26, 54.36, 56.56, 

57.68 and 58.74 indicated the micro 

porous structure of  zeolite (Jahangirian et 

al., 2013). 5-FU has specific peaks at 2θ of 

17o, 29o and 31o due to the crystalline 

nature of the drug (Naidu et al., 2011) 

presented in Fig. 2c. 5-FU loaded 

composite beads exhibits less intensive 

characteristic peaks of 5-FU displayed in 

Fig. 2 d. This may due to the molecular 

level distribution of 5-FU within 

polymeric matrices and further, the large 

of size of the polymer chains compared to 

drug could shield the drug molecules (Datt 

et al., 2013). However, zeolite peaks are 

observed in the composite gel beads 

suggested that zeolite maintained its 

crystalline nature even after embedded into 

NaAlg matrix.  

Differential scanning calorimetric 

(DSC) results 

     DSC profiles of (a) plain NaAlg gel 

beads, (b) zeolite 3A, (c) pure 5-FU and 

(d) 5-FU drug- loaded composite gel beads 

are displayed in Fig. 3. 5-FU drug shows a 

characteristic melting endothermic 

transition at 287 oC due to polymorphism 

and melting. In the case of plain and drug 

loaded composite gel beads broad 

endothermic peak was observed around 

100 oC, which could be due to evaporation 

of moisture from the gel beads. However, 

in case of drug loaded beads, characteristic 

endothermic peak of 5-FU was not 

observed suggesting that the 5-FU was 

well distributed at molecular level (Ding et 

al., 2007).  

Scanning electron microscopy (SEM) 

results 

SEM study was performed to find out a 

topographical characterization of prepared 

composite gel beads. It revealed that the 

composite gel beads are closely spherical 

in appearance with a size ranging from 1 to 

2 mm as shown in Fig. 4. The beads are 

hard without any aggregation and slightly 

rough external surface, which is due to the 

inward shrinkage of the blank matrix 

during drying. The cross sectional image 

showed that zeolites are uniformly 

dispersed throughout the composite gel 

bead matrix.   

Swelling study results 

The results of swelling studies 

were presented in Table 1.  
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Scheme  1. Schematic representation of the preparation of sodium alginate – zeolite 

composite gel beads. 

 

Figure 1.FT-IR Spectra (a) plain NaAlg gel beads, (b) zeolite-3A, (c) 5-FU and (d) 5-FU 

drug -loaded NaAlg composite gel beads. 
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Figure 2. X-RD patterns of (a) plain NaAlg gel beads, (b) zeolite-3A, (c) 5-FU and (d) 5-FU  

drug-loaded   NaAlg composite gel beads. 

 

Figure 3. DSC tracings of (a) plain NaAlg gel beads, (b) zeolite 3A, (c) 5-FU and (d) 5-FU 

drug- loaded NaAlg composite gel beads. 
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Figure 4. (A) and (B) SEM micrographs of composite gel beads, (C) cross section of 

composite gel bead and (D) surface morphology of porous NaAlg composite gel bead. 

 

Figure 5. Percent cumulative release of 5-Fluorouracil from NaAlg composite gel beads at 

pH 7.4. (A) cross linking variation and (B) zeolite variation. (The data presented is average 

three independent measurements and errors bars are drawn from standard deviation). 
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Table 1. Release parameters calculated by cumulative release data 

Gel bead 
Code 

Concentra

tion of 
CaCl2 

(w/v)% 

 

 
Zeolite 

(wt.%) 

Percent 

encapsulation 
efficiency± 

Standard deviation 

Percent equilibrium swelling 

± Standard deviation 
n k 

At pH 1.2 At pH 7.4 

CGB-1 1 2.5 40.67±1.3 75.80±1.06 180.56±1.12 0.407 7.379 

CGB-2 2 2.5 35.55±2.5 70.47±1.15 165.85±1.06 0.403 6.576 

CGB-3 3 2.5 30.45±1.5 52.85±1.44 128.54±1.32 0.382 6.426 

GB-4 2 0 25.68±1.9 44.67±1.38 106.66±1.84 0.409 5.688 

CGB-5 2 5 48.26±2.1 68.09±1.02 148.45±1.32 0.409 6.902 

CGB-6 2 7.5 77.75±.05 80.50±1.03 210.25±1.19 0.393 8.260 

 

Swelling capacity of composite gel beads 

is low in acidic medium compared to 

alkaline medium. The matrix polymer 

chains contain carboxylic group which 

accept or release protons in response to the 

changes in external pH of the media. In 

acidic medium (pH 1.2), the occurrence of 

high concentration of H+ ions induces the 

exchange of  ions between H+ and Ca2+, 

transforming the alginate salt into alginic 

acid on the surface of the composite gel 

beads. The low solubility of alginic acid 

restricts the penetration of the fluid inside 

the beads, as a result, the beads swell less 

(Agarwal et al., 2015). But, at higher pH 

7.4, the carboxylic groups will be 

deprotonated and converting into 

carboxylate –COO– groups. Owing to the 

negatively charged ionic groups present on 

the chains of polymer structure causes the 

electrostatic repulsion, as a result the 

distance between the polymer chains 

increases.  

The void space of network 

increases, so that the network becomes 

more permeable to large molecules and 

much water can penetrate into the network, 

leading to the higher degree of swelling. 

Moreover, the ionic exchange process 

between Na+ and Ca2+ takes place. Na+ 

ions diffused into alginate beads 

substituting calcium ions out of the 

network and leading to the swelling of 

beads. When the ionic exchange involved 

the Ca2+ ions in the egg-box network 

causes the loss of the rigidity of the 

structure and disruption of the system. 

 

Encapsulation efficiency results    

The results of percent 

encapsulation of 5-FU drug in composite 

NaAlg gel beads and plain NaAlg gel bead 

were given in Table 1. These values 

showed a dependence on the concentration 

of cross linker (CaCl2) and also on the 

amount of zeolite in the composite gel 

matrix. The percent encapsulation 

efficiency values decreased from 

40.67±1.3 to 30.45 ± 1.5 %  with increase 

in amount of CaCl2 from 1 to 3 wt.%. As 

the concentration of calcium salt i.e. cross 

linking agent increased, more cross linking 

networks will be formed between calcium 

ions with carboxylate groups of NaAlg and 

forms hard gel beads. Due to the rigid 

nature, only few void spaces are available 

between the networks and hence, only less 

amount of drug could load into the 

composite gel beads. The percent 

encapsulation efficiency of composite gel 

beads increased from 25.68 ±1.9 to 77.75 

±.05 % with increase in the wt. % of 

zeolite from 0 to 7.5 %. This is obvious, as 

the more and more zeolite is available in 

the composite gel beads, more drug 

molecules can accommodate because of 

increased porosity of the composite gel 

matrix. In NaAlg composite gel beads, 

hydrogen bonding may be possible 

between the electronegative atoms of 5-FU 

and zeolites with hydroxyl groups of 

NaAlg, which also helps in increasing the 

encapsulation efficiency of 5-FU in the 

composite gel beads. 
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In vitro drug delivery results 

The release results of 5-FU from 

composite gel beads in 7.4 pH aqueous 

buffer medium at 37 oC were presented in 

Fig. 5. The drug release pattern of 

composite gel beads were affected by the 

amount of cross linking agent as well as 

zeolite used. All formulations showed 

release profile as an initial small burst 

release followed by slower release. 

Effect of amount of cross linking agent 

on drug release 

The percentage cumulative drug 

release data against time for different 

amounts of CaCl2 at fixed amount of 

zeolite are displayed in Fig. 5 (A). The 

cumulative release of 5-FU from CGB-1 

beads prepared using 1 wt. % CaCl2 

solution was faster compared with other 

formulations. At 1wt. % CaCl2, the gel 

beads formed were inhomogeneous, where 

higher amount alginate was present at 

surface of the bead compared to the core 

causes the more drug on the surface of the 

gel beads. Consequently, a faster release of 

the 5-FU was observed at the beginning of 

the dissolution studies. As the amount of 

cross linking agent increased, polymeric 

matrix becomes more rigid due to more 

number of cross links formed between 

polymer chains reduces the swelling of the 

beads in release medium thereby 

decreasing the release of the drug from the 

beads.  

Effect of zeolite content on drug release  

The plots of % cumulative release 

against time from beads with varying 

amount of zeolite (0, 2.5, 5 and 7.5 wt. %) 

at fixed concentration of cross linking 

agent are displayed in Fig. 5 (B). As the 

amount of zeolite increases, the cumulative 

drug release from the beads gets increased. 

This is obvious, because as the zeolite 

content increases more drug was 

encapsulated in to the composite gel beads 

thereby making the drug release at faster 

rates.   

Drug release kinetics 

The release kinetics of all the 

formulations of 5-FU loaded composite gel 

beads were estimated from percentage 

cumulative release (Mt/M∞) values with 

time studied at 37 oC in aqueous buffer 

solution using the equation. 4. 

         Mt/M∞ = ktn (4) 

Here, Mt/M∞ denotes release of 

drug at time t, n is a diffusion parameter 

characterizing the release phenomenon and 

k is constant corresponds to drug-polymer 

system. The type of release mechanism is 

governed by the n value in equation, where 

n≤ 0.5 follows Fickian diffusion pattern; 

while 0.5 <n < 1 follows non-Fickian trend 

(Jahangirian et al., 2013). The n and k 

values were calculated for the various 

formulations are included in Table 1. The 

n values were between 0.382–0.409 

suggest that the release mechanism follows 

Fickian diffusion behavior. The k values 

gradually decreases from 7.3 for 

formulation CGB-1 to 6.4 for formulation 

CGB-3 due to reduced interaction of drug 

within the gel bead matrix due to the 

formation of tight rigid polymer networks. 

Moreover, k values gradually increase 

from 5.6 for formulation GB-4 to 8.2 for 

formulation CGB-6 due to more 

interaction between drug and polymer gel 

matrix (Babu et al ., 2006).   

 

CONCLUSIONS  

In this paper, we have developed 

stable new NaAlg-zeolite composite gel 

beads by using CaCl2 as cross linker 

through simple ionotropic gelation method 

for encapsulation of 5-FU drug. The 

developed composite gel beads were 

characterized by FT-IR, X-RD and DSC 

confirms the encapsulation and good 

distribution of drug in the composite 

beads. SEM micrograph revealed the 

rough surface, closely spherical shape and 

size of the beads ranges from 1-2 mm. The 

swelling ratio of beads depicted an 

opposite relationship of cross linker 

concentration and zeolite with water 

uptake capacity of gel beads. The drug 

release from these composite beads were 

extended over 8 hrs suggests the controlled 

release nature of these beads.  



Vijay Kumar Naidu Boya et al, J. Global Trends Pharm Sci, 2018; 9(1): 4728 - 4740 

4738 
 

CONFLICT OF INTEREST 

 

The authors declare that we have 

no conflict of interest. 

 

REFERENCES 

1.  Agarwal  T,  Narayana  SN,  Pal  

K, Pramanik  K,  Giri  S, Banerjee 

I. Calcium alginate-carboxymethyl 

cellulose beads for colon-targeted 

drug delivery. Int J Biol Macromol. 

2015; 75: 409–417. 

2. Al-Kassas R, Al-Gohary OMN, Al-

Fadhel MM. Controlling of 

systemic absorption of gliclazide 

through incorporation into alginate 

beads. Int J Pharm. 2007; 341: 

230–237. 

3. Alvarez P, Marchal JA, Boulaiz H, 

Carrillo E, Velez C, Rodrıguez-

Serrano F, Melguizo C, Prados J, 

Madeddu R, Aranega A. 5-

Fluorouracil derivatives: a patent 

review. Expert opin Ther Pat. 

2012; 22 (2): 107–23. 

4. Babu VR, Krishna Rao KSV, 

Sairam M, Vijaya Kumar Naidu B, 

Hosamani KM, Aminabhavi TM. 

pH Sensitive Interpenetrating 

Network Microgels of Sodium 

Alginate-Acrylic Acid for the 

Controlled Release of Ibuprofen. J 

Appl Polym Sci. 2006; 99: 2671–

2678.  

5. Bono JS, Twelves CJ. The oral 

fluorinated pyrimidines. Invest 

New Drugs. 2001; 19(1): 41–59. 

6. Boyer J, McLean EG, Aroori S, 

Wilson P, McCulla A, Carey PD, 

Longley DB, Johnston P G. 

Characterization of p53 wild-type 

and null isogenic colorectal cancer 

cell lines resistant to 5-fluorouracil, 

oxaliplatin, and irinotecan. Clin 

Cancer Res. 2004; 10 (6): 2158–67. 

7. Bunnell CA, Winer EP. Oral 5-FU 

analogues in the treatment of breast 

cancer. Oncology. 1998; 12 (Suppl 

7): 39–43. 

8. Datt A, Burns EA, Dhuna NA, 

Larsen SC. Loading and release of 

5-fluorouracil from HY zeolites 

with varying SiO2/Al2O3 ratios. 

Microporous and Mesoporous 

Materials. 2013; 167: 182–187.  

9. Ding P, Ke-Long H, Li G-Y, Liu 

Y-F, Preparation and properties of 

modified chitosan as potential 

matrix materials for drug sustained-

release beads. Int J Biol Macromol. 

2007; 41: 125–131. 

10. Flanigen EM, Khatami H, 

Szymanski HA. Molecular Sieve 

Zeolites. Adv Chem Ser. 1971; 

101: 201.  

11. Grem JL, Chabner BA, Collins JM, 

(Eds) 1990. In Cancer 

chemotherapy: Principles and 

Practice.  JB Lippincott Company, 

Philadelphia. 180–224.  

12. Horcajada P, Alvarez CM, Ramila 

A, Perez-Pariente J, Vallet-Regi M. 

Controlled release of Ibuprofen 

from de aluminated faujasites. 

Solid State Sciences. 2006; 8: 

1459−1465.  

13. Jahangirian H, Ismail MHS, Haron 

MDJ, Moghaddam RR, Shamelie 

K, Hosseini S, Kalantari K, 

Khandanlou R, Gharibshahi E, 

Soltanineja S. Digest J 

Nanomaterials and Biostructures. 

2013; 8 (4): 1405–1413.  

14. Kulkarni AR, Soppimath SK, 

Aminabhavi TM, Dave AM, Mehta 

MH. Glutaraldehyde cross linked 

sodium alginate beads containing 

liquid pesticide for soil application. 

J Contr Rel. 2000; 63: 97–105. 

15. Li Y, Hu M, Du Y, Xiao H. 

Clements Mc DJ. Control of lipase 

digestibility of emulsified lipids by 

encapsulation within calcium 

alginate beads. Food 

Hydrocolloids. 2011; 25: 122–130. 

16. Li Y, Maciel D, Tomas H, 

Rodrigues J, Ma H, Shi X. pH 

sensitive Laponite/alginate hybrid 

hydrogels: swelling behavior and 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Agarwal%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25680962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Narayana%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=25680962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pal%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25680962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pramanik%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25680962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Giri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25680962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Banerjee%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25680962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bunnell%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=9830624
http://www.sciencedirect.com/science/article/pii/S1293255806002287
http://www.sciencedirect.com/science/article/pii/S1293255806002287
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=66tWHW0AAAAJ&citation_for_view=66tWHW0AAAAJ:UeHWp8X0CEIC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=66tWHW0AAAAJ&citation_for_view=66tWHW0AAAAJ:UeHWp8X0CEIC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=66tWHW0AAAAJ&citation_for_view=66tWHW0AAAAJ:UeHWp8X0CEIC
http://www.sciencedirect.com/science/article/pii/S0268005X10001177
http://www.sciencedirect.com/science/article/pii/S0268005X10001177
http://www.sciencedirect.com/science/article/pii/S0268005X10001177
http://www.sciencedirect.com/science/article/pii/S0268005X10001177
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=LMTC4vcAAAAJ&citation_for_view=LMTC4vcAAAAJ:W7OEmFMy1HYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=LMTC4vcAAAAJ&citation_for_view=LMTC4vcAAAAJ:W7OEmFMy1HYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=LMTC4vcAAAAJ&citation_for_view=LMTC4vcAAAAJ:W7OEmFMy1HYC


Vijay Kumar Naidu Boya et al, J. Global Trends Pharm Sci, 2018; 9(1): 4728 - 4740 

4739 
 

release mechanism. Soft Matter. 

2011; 13: 6231–6238. 

17. Longley DB, Harkin DP, Johnston 

PG. 5-fluorouracil: mechanisms of 

action and clinical strategies. Nat 

Rev Cancer. 2003; 3(5): 330–8 

18. Malekian R, Abedi-Koupai J, 

Eslamian SS, Mousavi SF, 

Abbaspour KC, Afyuni M, Ion-

exchange process for ammonium 

removal and release using natural 

Iranian zeolite. Appl Clay Sci. 

2011; 51: 323–329.  

19. Malet-Martino M, Jolimaitre P, 

Martino R. The pro drugs of 5-

fluorouracil. Curr Med Chem  

Anticancer Agents. 2002; 2(2): 

267–310 

20. Naidu BVK, Paulson AT. A New 

Method for the Preparation of 

Gelatin Nanoparticles: 

Encapsulation and Drug Release 

Characteristics. J Appl Polym Sci. 

2011; 121: 3495–3500.   

21. Nayak AK, Pal D, Pradhan J, 

Hasnain MS. Fenugreek seed 

mucilage-alginate mucoadhesive 

beads of metformin HCl: design, 

optimization and evaluation. Int J 

Biol Macromol. 2013; 54: 144–

154. 

22. Nayak AK, Pal D, Santra K, 

Plantago ovata F. Mucilage-

alginate muco adhesive beads for 

controlled release of 

glibenclamide: development, 

optimization and in vitro–in vivo 

evaluation. J Pharm. 2013; 2013:1–

11.  

23. Nayak AK, Pal D. Development of 

pH-sensitive tamarind seed 

polysaccharide-alginate composite 

beads for controlled diclofenac 

sodium delivery using response 

surface methodology.  Int J Biol 

Macromol. 2011; 49: 784–793. 

24. Ninan N, Muthiah M, In-Kyu P, 

Kalarikkal N, Elain A, Wong TW, 

Thomas S, Grohens Y. Faujasites 

incorporated tissue engineering 

scaffolds for wound healing: in 

vitro and in vivo analysis. ACS 

Appl Mater Interfaces. 2013; 5 

(21): 11194–206.   

25. Olukman M, Sanl O, Solak EK. 

Release of Anticancer Drug 5-

Fluorouracil from Different 

Ionically cross linked alginate 

Beads. J Biomaterials and 

Nanobiotech. 2012; 30: 469–479. 

26. Orha C, Pop A, Lazau C, Grozescu 

I, Tiponut V, Manea F. Structural 

characterization and the sorption 

properties of the natural and 

synthetic zeolite. J Optoelectron 

Adv Mater. 13 2011; 5: 544–549.  

27. Park H, Kim PH, Wang TH, Kwon 

OJ, Park TJ, Choi SW, Yun CO, 

Kim JH. Fabrication of cross 

linked alginate beads using electro 

spraying for adenovirus delivery. 

Int J Pharm. 2012; 427: 417– 425. 

28. Prado PJ, Balcom BJ, Jama M. 

Single-point magnetic resonance 

imaging study of water adsorption 

in pellets of zeolite 4A. J Magnetic 

Resonance. 1999; 137: 59−66.  

29. Sagir T, Huysal M, Durmus Z, 

Kurt BZ, Senel M, Isik S. 

Preparation and in vitro evaluation 

of 5-fluorouracil loaded magnetite–

zeolite nanocomposite (5-FU-

MZNC) for cancer drug delivery 

applications. Biomedicine & 

Pharmacotherapy. 2016; 77: 182–

190. 

30. Seeli DS, Dhivya S, Selvamurugan 

N, Prabaharan M. Guar gum 

succinate-sodium alginate beads as 

a pH-sensitive carrier for colon-

specific drug delivery. Int J Biol 

Macromol. 2016; 17 (91): 45–50.  

31. Seeli DS, Dhivya S, Selvamurugan 

N, Prabaharan M. Guar gum 

succinate-sodium alginate beads as 

a pH-sensitive carrier for colon-

specific drug delivery. Int J Biol 

Macromol. 2016; 91: 45–50. 

32. Seo SR, Kim JC. Photo-responsive 

interpenetrating network beads of 

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=LMTC4vcAAAAJ&citation_for_view=LMTC4vcAAAAJ:W7OEmFMy1HYC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=kKfF1M0AAAAJ&citation_for_view=kKfF1M0AAAAJ:LkGwnXOMwfcC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=kKfF1M0AAAAJ&citation_for_view=kKfF1M0AAAAJ:LkGwnXOMwfcC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=kKfF1M0AAAAJ&citation_for_view=kKfF1M0AAAAJ:LkGwnXOMwfcC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=kKfF1M0AAAAJ&citation_for_view=kKfF1M0AAAAJ:LkGwnXOMwfcC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=bktXSLkAAAAJ&citation_for_view=bktXSLkAAAAJ:2osOgNQ5qMEC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=bktXSLkAAAAJ&citation_for_view=bktXSLkAAAAJ:2osOgNQ5qMEC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=bktXSLkAAAAJ&citation_for_view=bktXSLkAAAAJ:2osOgNQ5qMEC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=bktXSLkAAAAJ&citation_for_view=bktXSLkAAAAJ:2osOgNQ5qMEC
https://scholar.google.com/citations?view_op=view_citation&hl=fr&user=gqxkROkAAAAJ&citation_for_view=gqxkROkAAAAJ:UeHWp8X0CEIC
https://scholar.google.com/citations?view_op=view_citation&hl=fr&user=gqxkROkAAAAJ&citation_for_view=gqxkROkAAAAJ:UeHWp8X0CEIC
https://scholar.google.com/citations?view_op=view_citation&hl=fr&user=gqxkROkAAAAJ&citation_for_view=gqxkROkAAAAJ:UeHWp8X0CEIC
https://scholar.google.com/citations?view_op=view_citation&hl=fr&user=gqxkROkAAAAJ&citation_for_view=gqxkROkAAAAJ:UeHWp8X0CEIC
http://www.sciencedirect.com/science/article/pii/S0378517312001044
http://www.sciencedirect.com/science/article/pii/S0378517312001044
http://www.sciencedirect.com/science/article/pii/S0378517312001044


Vijay Kumar Naidu Boya et al, J. Global Trends Pharm Sci, 2018; 9(1): 4728 - 4740 

4740 
 

alginate/polyvinyl alcohol-

coumarin conjugate. Drug Dev Ind 

Pharm. 2013; 39: 1921–1927.  

33. Sinha P, Ubaidulla U, Hasnain MS, 

Nayak A K, Rama B. Alginate-

okra gum blend beads of diclofenac 

sodium from aqueous template 

using ZnSO4 as a cross-linker. Int J 

Biol Macromol. 2015; 79: 555–

563. 

34. Sinha P, Ubaidulla U, Nayak AK. 

Okra (Hibiscus esculentus) gum-

alginate blend mucoadhesive beads 

for controlled glibenclamide 

release. Int J Biol Macromol. 2015; 

72:1069–1075. 

35. Spanakis M, Bouropoulos N, 

Theodoropoulos D, Sygellou L, 

Ewart S, Moschovi AM, Siokou A, 

Niopas I, Kachrimanis K, 

Nikolakis V, Cox PA, Vizirianakis 

IS, Fatouros DG. Controlled 

release of 5-fluorouracil from 

microporous zeolites. 

Nanomedicine. 2014; 10: 197–205.  

36. Tanaka F, Fukuse T, Wada H, 

Fukushima M. The history, 

mechanism and clinical use of oral 

5-fluorouracil derivative 

chemotherapeutic agents. Curr 

Pharm Biotechnol. 2000; 1: 137–

64. 

37. Wang L, Shelton RM, Cooper PR, 

Lawson M, Triffitt JT, Barralet JE. 

Evaluation of sodium alginate for 

bone marrow cell tissue 

engineering. Biomaterials. 2003; 

24: 3475– 3481. 

38. Wang W, Xiao-Jun H, Jian-Da C, 

Lan P, Wu W. Immobilization of 

sodium alginate sulfates on 

polysulfone ultra filtration 

membranes for selective adsorption 

of low-density lipoprotein. Acta 

Biomaterialia. 2014; 10: 234–243. 

39. Zhang T, Li G, Guo L, Chen H. 

Synthesis of thermo-sensitive CS-

g-PNIPAM/CMC complex 

nanoparticles for controlled release 

of 5-FU. Int J Biol Macromol. 

2012; 51: 1109–1115.  

40. Zhang YH, Yu XJ, Wang XY, 

Shan W, Yang PY, Tang Y. Zeolite 

nanoparticles with immobilized 

metal ions: Isolation and MALDI-

TOF-MS/MS identification of 

phophopeptides. Chem Commun. 

2004; 2882−2883. 

 

 

 

 

 

 

 

 

 

 

 

https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=cKFLEWkAAAAJ&citation_for_view=cKFLEWkAAAAJ:2osOgNQ5qMEC
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=cKFLEWkAAAAJ&citation_for_view=cKFLEWkAAAAJ:2osOgNQ5qMEC
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=cKFLEWkAAAAJ&citation_for_view=cKFLEWkAAAAJ:2osOgNQ5qMEC
http://www.sciencedirect.com/science/article/pii/S1742706113004248
http://www.sciencedirect.com/science/article/pii/S1742706113004248
http://www.sciencedirect.com/science/article/pii/S1742706113004248
http://www.sciencedirect.com/science/article/pii/S1742706113004248
http://www.sciencedirect.com/science/article/pii/S1742706113004248

