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ABSTRACT
Objective: The objective of this study was to formulate and evaluate the drug release studies using locust bean gum (LBG) and sodium alginate
(NaAlg) and cross-linked with glutaraldehyde for the controlled release (CR) of Nimesulide, an anti-inflammatory drug.
Methods: Locust bean gum (LBG) and sodium alginate (NaAlg) blend hydrogel beads were prepared by an extrusion method using glutaraldehyde
as a crosslinker. Nimesulide an anti-inflammatory drug was encapsulation within LBG/NaAlg blend hydrogel beads. Morphology, size, encapsulation
efficiency and drug release from these hydrogel beads were evaluated by different characterization techniques such as fourier transform infrared
spectroscopy (FTIR), differential scanning calorimetry (DSC), scanning electron microscopy (SEM), x-ray diffraction (X-RD) studies.
Results: Drug-loaded hydrogel beads were analyzed by FTIR, which indicates the interaction between drug and polymers. DSC thermograms on
drug-loaded microbeads confirmed the polymorphism of Nimesulide and indicated a molecular level dispersion of the drug in the hydrogel beads.
SEM confirmed the spherical nature and rough surface of the hydrogel beads produced. X-RD study was performed to understand the crystalline
nature of drug after encapsulated into the hydrogel beads and confirmed the complete dispersion of the drug in the polymer matrix. In vitro release
studies conducted in pH-7.4 which indicated a dependence of release rate on the amount of drug loading and the amount of LBG/NaAlg, but slow
release rates were extended up to 48 h. The cumulative release data were fitted to an empirical equation to compute diffusion exponent (n) which
indicated the non-fickian trend for drug release.
Conclusion: These results clearly demonstrated that the ability of these newly developed hydrogel beads containing Nimesulide for its sustained
release could possibly be advantageous to patient compliance with reduced dosing interval.
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INTRODUCTION
Carbohydrate polymers are extensively used in recent years in
biomedical and pharmaceutical applications due to their
biocompatibility and biodegradability [1]. Biopolymeric hydrogels
can be prepared as three-dimensional hydrophilic networks that are
capable of imbibing large quantities of water or biological fluids and
release drugs at the controlled rates. Such networks can be
composed of homopolymers or copolymers and are insoluble in
water because of the presence of chemical or physical crosslinks
such as entanglements or crystallites [2, 3]. Polymeric hydrogels
have been studied in a variety of areas such as in chemical
engineering, medicine, pharmaceuticals, food and agriculture [4-7].
However, the use of natural carbohydrate polymers like
polysaccharides and proteins for biomedical applications has
attracted the attention of many investigators [8-10]. Such naturally
abundant carbohydrate polymers even though exhibit some
limitations in their reactivity and processability have been still used
after being modified by crosslinking, blending, etc. Many studies
have been made in the literature to overcome this shortcoming by
chemical and physical alterations of such natural carbohydrate
polymer. Among these, development of hydrogels and
interpenetrating polymer network (IPN) structures has received
greater attention [11, 12]. The successful formulation of a stable and
effective dosage form, therefore, depends on the careful selection of
natural polymers such as gums and other polymeric materials.
Alginates have been used as matrix forming material in the design of
various drug delivery systems to achieve sustained drug release
over a prolonged period due to their hydrogelforming properties
[13]. On the other hand, locust bean gum is also derived from the
endosperm of the seed of ceretonia siliqua linn belonging to the

family fabaceae [14]. Locust bean gum has a wide potential in drug
formulation due to its extensive application as a food additive and its
recognized lack of toxicity. It can be tailored made to suit the
demands of applicants in both the pharmaceutical and biomedical
areas. This group of polymers possesses several characteristics that
make it useful as a formulation aid, both as a conventional excipient
and more specifically as a tool in polymeric controlled drug delivery.
It consists mainly of a neutral galactomanan polymer made up of
1,4-linked D-mannopyronosyl units and in every fourth or fifth chain
unit is substituted on C6 with a D-galactopyranosyl unit [15].
Nimesulide is a potential nonsteroidal anti-inflammatory drug
known to provide better activity profile, greater safety and higher
therapeutic index [16]. Nimesulide belongs to the class-II
biopharmaceutical classification drug with a low solubility and high
permeability [17, 18]. Nimesulide is a weak inhibitor of
prostaglandin synthesis in vitro and it appears to show its effects by
a variety of mechanisms like free-radical scavenging, involving in
neutrophil myeloperoxidase pathway, phosphodiesterase type IV
inhibition, histamine release, tumor necrosis factor-alpha release,
cartilage degradation, bradykinin activity, metaloprotease synthesis,
platelet aggregation, and synthesis of platelet activity factor [19, 20]
used the Nimesulide in control drug delivery [21, 22]. Nimesulide
produces gastric irritation in some cases and shows loss of its
inhibitory cyclooxygenase-2 (COX-2) selectivity [23, 24]. Nimesulide
is sparingly soluble in water (0.01 mg/ml). This poor aqueous
solubility would create difficulties in pharmaceutical formulations
for oral and parenteral delivery that in turn may lead to variable
bioavailability [25]. To overcome some of these drawbacks, we have
planned the blend hydrogels of NaAlg and LBG by encapsulating
with Nimesulide for drug release in a controlled manner as there
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were no reports on the use of these blends for drug delivery
application.

Preparation of sodiumalginate–locust bean gum hydrogel beads
and drug loading

In continuation of our ongoing research work on drug delivery
studies [25-29], these hydrogel beads were characterized by FTIR
SEM, X-RD, and DSC. The dissolution experiments were performed
to study the drug release characteristics of the hydrogels and the
results are presented here.

The hydrogel beads used for the study were prepared by extrusion
of the mixture through a syringe having a diameter of 0.1 mm with
different alginate to locust bean gum percentage weight ratios
(3.75:0.25, 3.5:0.5, 3.25:0.75, 3:1, 2.75:1.25). The locust bean gum
solution of the required concentration is prepared first and then
the required amount of alginate is added and stirred well to form a
uniform mixture. To this mixture, glutaraldehyde was added to a
final concentration followed by Nimesulide with different
variations and blended well. The final solution is kept undisturbed
for some time to remove the trapped air bubbles. Beads are made
in 0.5M CaCl2 solution, cured for 1 h in the same solution and
removed by filtration and washed with deionized water to remove
excess glutaraldehyde and CaCl2. The beads were then either
lyophilized or air-dried at room temperature and then stored in
the refrigerator. The different formulation of hydrogel beads is
given in table 1.

MATERIALS AND METHODS
Materials
Locust bean gum and Nimesulide were purchased from sigma
aldrich chemical company, Milwankee, WI, USA. Sodium alginate
(viscosity: 395 cps for a 5% solution) was purchased from M/S moly
chemicals, Mumbai (India). Analytical reagent grade glutaraldehyde
(GA) [aqueous solution 25% (v/v)] and calcium chloride (CaCl2)
were purchased from Sd. Fine chemicals, Mumbai, India. Water used
was of high purity grade after double distillation.

Table 1: The percentage of polymers, drug (Nimesulide) and cross-linked for the preparation of different Nimesulide-loaded hydrogel beads
Formulation
code
A1
A2
A3
A4
A5
A6
A7
A8

Sodium alginate
(% w/v)
3.75
3.5
3.25
3.0
3.0
3.0
3.0
3.0

LBG
(% w/v)
0.25
0.5
0.75
1.0
1.0
1.0
1.0
1.0

Glutaraldehyde
(ml)
1.5
1.5
1.5
1.5
1.5
1.5
1
2

Fourier transform infrared (FTIR) spectral measurements
FTIR spectral data were obtained using a Nicolet (Model Impact 410,
Milwaukee, WI) instrument to confirm the formation of IPN
structure and to find out any possible chemical interactions present
among the polymers, drug and crosslinker.

(%) of drug loaded
5
5
5
5
10
15
5
5

Encapsulation
efficiency (%)±SD
42.58±0.6
53.25±1.2
49.87±0.5
71.63±0.7
74.23±0.5
63.98±0.8
61.03±1.1
68.59±0.8

For FTIR measurements, samples were crushed with KBr to make
pellets using 600 kg/cm2 pressure. FTIR spectra of placebo IPN
hydrogel beads, drug-loaded blend beads, and plain Nimesulide
were all scanned between 4000 and 500 cm-1. The probable
schematic representation of IPN hydrogel beads is shown in fig. 1.

Fig. 1: Formation of IPN structure between LBG and NaAlg
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Differential scanning calorimetry studies
DSC curves of the plain sodium aliginate-locust bean gum hydrogel
beads, plain drug and drug-loaded gel beads were recorded using TA
instruments (Model−STA, Q 600 USA). The analysis was performed
by heating the sample from 30 to 500 °C at the rate of 10 °C/min
under inert atmosphere.
X-Ray diffraction studies
The X-RD patterns of the plain drug, plain gel beads and drug-loaded
gel beads were recorded using a Rigaku Geigerflex Diffractometer
(Tokyo, Japan) equipped with Ni-filtered CuKα radiation (l = 1.5418
Å). The dried gel beads of uniform size were mounted on a sample
holder and the patterns were recorded in the range 0−50 ° at a
scanning rate of 5 °/min to determine the crystallinity.
Scanning electron microscopic studies
SEM micrographs of gel beads were obtained under high resolution
(magnification, ×300; 5 kV) using JOEL MODEL JSM 840A, SEM,
equipped with phoenix energy dispersive analysis of EDAX and Leica
400, Cambridge, UK instrument.
Estimation of drug loading and encapsulation efficiency
The specific amount of drug loaded dry gel beads was vigorously
stirred in a beaker containing 10 ml of 7.4 pH phosphate buffer
solution to extract the drug from hydrogel beads. The solution was
then filtered and analyzed by ultraviolet (UV) spectrophotometer at
the λmax of 398 nm. These results of % drug loading and
encapsulation efficiency were calculated using Equations (1) and (2)
respectively and are compiled in table 1.
% Drug loading = [

Amount of drug in hydrogelbeads
Amount of hydrogel beads

Encapsulation efficiency = [

Actualloading

Theoreticalloading

] x 100 ………. (1)

] x 100.……… (2)

In vitro release studies
In vitro release studies have been carried out by dissolution
experiments using the tablet dissolution tester (Lab India, DS 8000,
Mumbai, India) equipped with eight baskets. Dissolution rates were
measured at 37 °C under 100 rpm rotation speed in 600 ml
dissolution medium. Drug release from the hydrogel beads was
studied in intestinal (7.4 pH phosphate buffer) like fluid. At regular
intervals of time, aliquot samples were withdrawn and analyzed
using UV spectrophotometer at the fixed max value of λmax at 398

nm. The measurements were taken three times for estimation of
standard deviation.
Swelling characteristics of alginate-locust bean gum hydrogel
beads
The swelling characteristics of alginate-LBG hydrogel beads were
determined a method described Madhusudana et al., [26]. The dried
test samples were immersed in 10 ml distilled water at specific time
intervals, the absorbed excess water on the surface of the beads was
removed by the gentle touch of tissue paper to measure the swollen
sample weight. The swelling ratios (Qs) of test samples were
calculated from the equation:
Qs =

Ws Wd
Wd

x 100 …………. (3)

Where Ws is the weight of the swollen sample and Wd is the weight
of the dried test sample. The sample which had the best swelling
characteristics suitable for the drug delivery among the studied
groups was selected for further Nimesulide release profile studies.
RESULTS AND DISCUSSION
Fourier transform infrared spectroscopy
FTIR spectra of samples were recorded using FTIR as to ascertain the
presence of different functional groups. FTIR spectra analysis of pure
Nimesulide (a), Nimesulide-loaded hydrogel beads (b) and placebo
hydrogel beads (c) is shown in (fig. 2). The FTIR spectrum of the pure
drug (fig. 2a), showed the characteristic peaks at 3425.33 cm-1 due to
N-H (amide group) stretch, 1581.76 cm-1 for NO2 (aromatic) group,
1354.21 cm-1 for CH3 (alkane group) and 1157.20 cm-1 for S=O group
which revealed the purity of the drug. The FTIR spectrum of drugloaded blend hydrogels (NaAlg/lBG) showed (fig. 2b) characteristic
peaks at 3409.90 cm-1 due to stretching of OH, 2854.44 cm-1 due to
stretching of C-H, 1596.94 cm-1 indicating the bending vibration of CH2
groups, 1126.35 cm-1 showed the –C-O- asymmetric stretching
frequency, 1072.34 cm-1 related to C-O-H stretching, 763.76 cm-1 and
617 cm-1 due to aromatic groups of plain blend. The FTIR spectrum of
placebo blend hydrogel beads (fig. 2c) showed the characteristic peaks
at 3764.77 cm-1 due to stretching of-OH, 2360.70 cm-1 due to C-H
stretching, 1126.35 represented C-O-H stretching. These FTIR spectral
observations suggest that all functional groups were present in the
polymeric hydrogel beads indicating presence of interactions between
the drug and blended polymers. A similar observation was reported by
Neelam Jain et al.,[30] about the famotidine drug delivery through
locust bean gum/PVA polymer network microparticles.

Fig. 2: FTIR spectra analysis of pure Nimesulide (a), Nimesulide loaded blend hydrogels beads (b) and placebo blend hydrogel beads (c)
(Results are expressed as mean, n=3)
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Differential scanning calorimetry
To study the molecular level dispersion of Nimesulide with polymer
IPN hydrogel beads, DSC thermograms were produced for pure
Nimesulide (a), Nimesulide loaded blend hydrogel beads (b) and
placebo hydrogel beads (c) are shown in (fig. 3).
As shown in (fig. 3a) Nimesulide exhibits a sharp peak at 153.5 °C
corresponding to the melting temperature (150 °C) as reported in the
literature Sudhakar et al., [27]. In case of Nimesulide loaded NaAlg-LBG

blend hydrogel beads (fig. 3b) the melting temperature peak of
Nimesulide was shifted to lower temperature with reduced intensity
indicating a significant reduction of the drug crystallinity and was
probably marked by the amorphous nature of the blend hydrogel beads.
However, ignoring the appearance of a very small peak at around 153 °C
and the absence of such a peak in placebo (fig. 3c) we can conclude that
the drug is molecularly dispersed in the IPN hydrogel beads. This
observation is in accordance with the DSC results of Manjanna et al., [31]
from the drug release studies of NaAlg-LBG microbeads.

Fig. 3: DSC thermograms of (a) pure drug (Nimesulide) (b) Nimesulide loaded blend hydrogel beads and (c) placebo blend hydrogel beads
(Results are expressed as mean, n=3)

Scanning electron microscopy
Typical SEM images of a placebo drug loaded hydrogel group of beads
(fig. 4a) and single hydrogel beads (fig. 4b) are shown in (fig. 4). From
(fig. 4a) it is observed that a group of beads and from (fig. 4b) it is

noticed the formation of the individual bead. From the SEM images, it is
evident that the surface of the hydrogel beads have rough surface in the
single bead it was clearly observed (fig. 4b). A similar observation was
reported by Aminabhavi et al.,[32] from the isoniazid drug release
through blend hydrogel microspheres of NaAlg and PNIPAAm-g-GG.

Fig. 4: SEM micrographs of drug loaded IPN hydrogel beads (a) and (b) (Results are expressed as mean, n=3)
X-ray diffractometric analysis
The presence or absence of crystallinity of the drug and polymer was
determined by the X-Ray Diffraction studies by comparing some
representative peaks. X-Ray diffractogram of pure Nimesulide drug
(a), drug-loaded formulation (b) and placebo formulations (c) are
given in (fig. 5). The Nimesulide peaks are observed at 2θ of 18 °, 21 °
and 29 ° suggesting its crystalline nature. In case of placebo blend
hydrogel beads, no intense peaks were observed suggesting that it’s

amorphous nature. But drug loaded hydrogel beads of NaAlg-LBG
shows two small peaks appeared at 2θ = 20 ° and 26 ° which are possibly
due to the surface adhered drug on the polymer blend hydrogel beads.
On the other hand, the absence of most of the characteristics peaks of
Nimesulide in the drug-loaded hydrogels beads confirms that
Nimesulide is molecularly dispersed into the polymer blend matrix. A
similar observation was noted by Krishna Rao et al., [33] from the
cefedroxil drug release studies through interpenetrating network
microgels of chitosan/acrylamide grafted PVA.
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Fig. 5: X-RD patterns of pure Nimesulide (a), Nimesulide loaded IPN hydrogels beads (b) and placebo IP Nhydrogel beads (c) (Results are
expressed as mean, n=3)

Swelling behavior
The swelling index for the various formulations is shown in (fig. 6).
These profiles indicate the uptake of water into the hydrogel beads
producing an increase in weight. The swelling ratio increased with
increasing NaAlg content due to its hydrophilicity. In the case of
crosslinker variations, the swelling ratios of hydrogel beads increased,
with increasing amount of NaAlg, which enhanced the diffusion of water
molecules into the hydrogel beads. The decrease in swelling with

decreasing crosslinker was attributed to polymeric chains that become
rigid due to the contraction of microvoids. The presence of Nimesulide
embedded in the hydrogel caused enlargement of the hydrogel
networks. A considerable variation in the swelling capacity was
observed when the hydrogel beads were modified or loaded with
Nimesulide. The overall results suggested that the dried beads swelled
slightly in the acidic medium. When they were subsequently transferred
to alkaline medium a thick diffusion layer surrounding the particles was
formed, thereby sustaining the release of the incorporated drug.

Fig. 6: Comparison of the swelling behavior of hydrogel beads of NaAlg/lBG containing Nimesulide (Results are expressed as mean, n=3)

In vitro release studies
In vitro drug release data are discussed in terms of the effect of drug
loaded, NaAlg/lBG blend composition and amount of crosslinking.
Effect of drug loading
The effect of percentage drug loading on in vitro release for different
formulations is displayed in (fig. 7). To study the effect of drug
loading on release rates, we have taken the formulations (A4, A5,

and A6 with respect to drug loading of 5%, 10%, 15%), wherein A6
shows higher drug release than A5 and A4. This indicates that
release rates vary depending upon the amount of drug present in the
matrices. During the first 2h, burst release is observed for all
formulations and observed that drug release rates almost same after
that the release of drug was extended up to 48 h. Whereas A6 shows
around 80% of drug release, A5 and A4 shows around-76% of drug
release. A similar observation was reported by Patil and Bhoskar
[34] from their drug release studies.
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Fig. 7: % of cumulative release of Nimesulide loaded hydrogel beads containing different amounts of drug (A4-5 %), (A5-10%) and (A15%) in 7.4 pH solution (Results are expressed as mean, n=3)

Effect of crosslinking
Fig. 8 displays the in vitro release profiles of hydrogel beads crosslinked with different amounts of GA containing 1.0 ml, 1.5 ml, 2.0 ml
(i.e., formulations A7, A4 and A8). Cumulative (%) drug release is
higher in the case of hydrogel beads crosslinked with 1 ml of GA. It
may be noted that the release rates increased with decreasing cross

linking because the loose matrices allow faster diffusion of the drug
into the dissolution media. This may be due to the fact that at higher
crosslinks, the free volume of the matrix will be reduced, thereby
hindering easy transport of drug molecules through the matrix. The
drug was much similar in all formulations. However, in all
formulations, the burst effect is observed, but the release was
extended up to 48h. Similar results were reported in literature [35].

Fig. 8: % of cumulative release of Nimesulide through hydrogel beads containing different amounts of crosslinker formulations A7 (1 ml),
A4 (1.5 ml) and A8 (2 ml) in pH7.4 solution (Results are expressed as mean, n=3)

Effect of polymer variation
The cumulative percentage drug release from Nimesulide loaded
hydrogel beads were found sustained over a period of 50h (fig.
9). The percentage drug released from Nimesulide loaded NaAlgLBG hydrogel beads in 24h was within the range of 30-40%. As
the polymer (LBG) concentration increased, the release rate of
Nimesulide from the hydrogel beads was decreased. The slower
release rate can be explained by the increase in the extent for

swelling and rate can be explained by the increase in the extent
for swelling and the gel layer thickness that acted as a barrier for
the penetration medium thereby retarding the diffusion of the
drug from the swollen beads. The results also explained that the
initial burst release of drug was reduced by increasing the
concentration of LBG because of formation of diffusional bridges
due to swelling of hydrophilic linkage. A similar observation was
made by Durgapal et al. [36] from their Ciprofloxacin drug
delivery studies.
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Fig. 9: % Cumulative release of Nimesulide loaded hydrogel beads for different ratios of polymer composition (A1, A2, and A3) (Results
are expressed as mean, n=3)

Drug release kinetics
Drug release kinetics was analyzed by plotting the cumulative
release data Vs time by fitting to the empirical equation [37].
Mt/Mα = ktn ………….. (4)
Here Mt/Mα represents the fractional drug release at time t, k is a
constant characteristic of the drug-polymer system, and n is an
empirical parameter characterizing the release mechanism. Using
the least squares procedure, we have estimated the values of n and k
for all the eight formulations and these values are given in table 2. If
n = 0.5, then drug diffuses and releases from the polymer matrix
following a Fickian diffusion. For n>0.5, anomalous or non-Fickian is
operative. The intermediary values ranging between 0.5 and 1.0 are
attributed to the anomalous type transport [23].

The values of k and n have shown a dependence on the extent of
crosslinking, % drug loading and polymer blend composition. Values
of n for hydrogel beads prepared by varying the amount of LBG in
the beads of 0.25, 0.5 and 0.75 by keeping Nimesulide (5%) and
GA(1.5 ml) constant ranged from 0.493 to 0.678, leading to a shift of
transport from Fickian to anomalous type. The Nimesulide loaded
hydrogel beads varying the amount of drug (Nimesulide) (5%, 10%,
15%) by keeping blend ratio (3:1) and GA (1.5) concentration have
the ‘n’ values ranging from 0.621 to 0.769, indicating the shift from
erosion type release to a swelling-controlled non-Fickian
mechanism. This is because of a reduction in the regions of low
microviscosity and closure of micro activities in the swollen state of
the IPN matrix. Similar findings have been observed by Jana et al.,
[38] wherein the effect of different polymer ratios on dissolution
kinetics was studied.

Table 2: Results of % of release kinetics parameters (k, and n) of drug in different IPN hydrogel beads formulations
Formulation code
A1
A2
A3
A4
A5
A6
A7
A8

pH 7.4
n
0.493
0.562
0.678
0.621
0.648
0.769
0.591
0.654

k
4.98
4.98
4.58
3.15
3.52
3.88
3.56
4.37

CONCLUSION
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