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A B S T R A C T   

In the present research, the development of pH-sensitive IPN (interpenetrating polymeric network) beads made 
of cassia tora gum, sodium carboxymethyl cellulose, and trivalent ions, as well as their applicability for 
controlled release of diclofenac sodium (DFS), is discussed. The prepared IPN beads were characterized by FTIR, 
DSC, XRD and SEM analysis and tested for size, drug encapsulation efficiency, swelling behavior, and drug 
release. The influence of several factors, including polymer ratio, gelation time, and crosslinker concentration, on 
the physicochemical properties and rate of drug release from the IPN beads was studied. The production yield of 
IPN beads was found to be in the range of 89.36%–92.76%. FTIR analysis confirmed the stability of the drug in 
the IPN matrix. The results of DSC and XRD analysis revealed that the drug was present in crystalline form in the 
interpenetrating polymer matrix. The IPN beads were nearly spherical in shape and ranged in size from 215 ±
0.14 to 485 ± 0.20 μm. The drug entrapment efficiency was found to be in the range of 79.50 ± 1.69% to 91.42 
± 1.99%. The swelling ability of IPN beads was found to be low in acidic media and high in alkaline media. The 
swelling efficiency ranged from 122.34 ± 1.22% to 210.56 ± 1.04% in acidic pH (1.2) and from 299.16 ± 1.80% 
to 518.34 ± 1.98% at higher pH (7.4). In acidic pH, IPN beads showed extremely low drug release but a rela
tively high and sustained drug release profile in alkaline pH. The results of the study suggest that DFS-loaded IPN 
beads might be utilized to reduce the release of drug in acidic pH and modify the release in alkaline pH, which 
might reduce the stomach-related side effects of DFS.   

1. Introduction 

Over the past few decades, polymers, the most adaptable class of 
materials, have altered our daily lives. A technical progress in the 
development of innovative drug-delivery systems resulted from the 
merging of pharmaceutical and polymer sciences [1,2]. Polymers have 
facilitated the development of such drug delivery systems by allowing 
therapeutic agents to be released in a controlled manner over an 
extended period of time, delivering active pharmaceutical ingredients 
(APIs) to the specific sites, and improving the stability of hydrophilic 
and hydrophobic drugs. To improve the in vivo behavior of dosage forms, 
selection of right polymer is very crucial. The choice of polymer can, to a 
certain extent, regulate disintegration of the dosage form, release of the 
drug from the dosage form, dissolution, absorption, and bioavailability 
[3]. In order to formulate the customized drug delivery system, poly
mers can be used individually or in combination. In recent years, the 
development of polymer blends has been aided by an ever-increasing 

need for superior polymer qualities for the formulation of different 
drug delivery systems [4]. One of such examples is the “Interpenetrating 
Polymer Network” (IPN), which is built on combining natural and/or 
synthetic polymers, either alone or in combinations. When two polymer 
species are combined, the network built by the first polymeric system 
gets entangled with the polymer chains of the second system, and the 
resulting polymer mixture creates a network that is physically 
cross-linked [5]. Each polymer network in the IPN system maintains its 
unique characteristics, allowing for synergistic improvements in 
strength or toughness [6]. IPNs have outperformed traditional individ
ual polymers, and as a result, the applications for this smart class of 
polymers have expanded quickly [7]. These polymeric systems have 
shown promise in drug delivery, particularly in applications needing 
controlled release. 

Natural polysaccharide gums are one of the most widely used in
dustrial raw materials for drug delivery systems due to their sustain
ability, biodegradability, and biosafety. Due to their availability, low 
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cost, and lack of toxicity, natural gums are favoured over synthetic al
ternatives. Most of the natural gums are used as food additives or drug 
delivery systems and are safe for oral consumption. Cassia tora gum is 
one of the natural polysaccharides extensively used as a food additive. 
Cassia tora gum (CTG) is obtained from the seeds of Cassia tora Linn 
(Family-Leguminoseae). It is an annual herbaceous weed that is widely 
distributed in India [8]. Seed gums, also referred to as seed gal
actomannans, are significant food hydrocolloids utilized in the phar
maceutical, cosmetics and food industries [9]. CTG can be used to 
formulate various pharmaceutical dosage forms for con
trolled/sustained drug release systems because of its outstanding 
emulsifying, stabilizing, binding, thickening, suspending and 
water-retention abilities [10]. 

Sodium carboxymethyl cellulose (SCMC), a cellulose derivative and 
an anionic cellulose derivative that is widely employed in a various in
dustry due to its unique emulsifying, suspending, thickening, adhesion, 
film-forming, water retention and high acid resistance capabilities [11, 
12]. 

According to a study, trivalent metal ions perform much better as a 
crosslinker than divalent metal ions because they crosslink faster due to 
their higher valency. Furthermore, the study found that beads cross- 
linked with trivalent metal ions released the API in simulated intesti
nal fluid for an extended time duration than those cross-linked with 
divalent metal ions [13]. Due to this, trivalent Al+++ ions were 
employed in this study to produce IPN beads for extended 
intestinal-specific administration of diclofenac sodium (DFS). 

DFS was used as a model drug in the present investigation. DFS is an 
effective non-steroidal anti-inflammatory drug that is clinically utilized 
to treat inflammation-induced pain, such as arthritis pain [14]. DFS has 
a biological half-life of between 1 and 3 h [15], hence frequent dosing is 
needed to keep the therapeutic drug level in the blood. The solubility of 
DFS is poor in acidic pH and at alkaline pH it solubilizes rapidly [16]. If 
present in the gastrointestinal tract in large dose, DFS might lead to 
stomach ulcers [17]. Therefore, an effort to formulate a delayed release 
delivery system of DFS can reduce side effects in the gastrointestinal 
environment, reduces the need of repeated dosing and enhance patient 
compliance. 

The objective of this research work was to formulate DFS encapsu
lated IPN beads made up of combining two polymers (CTG and SCMC) 
using AlCl3 as a crosslinking agent. The prepared IPN beads will be 
tested for size, shape and surface morphology, drug encapsulation effi
ciency, swelling behavior and drug release from IPN beads. 

2. Experimental 

2.1. Materials 

DFS was purchased from Central Drug House (P) Ltd. New Delhi, 
India (purity-98.5%). CTG (10,000cps (1%); Brookfield. Spindle No. 7, 
20 RPM at 25 ◦C) was received from Sarda Gums and Chemicals, 
Rajasthan, India as a gift sample. SCMC (3000–5000 mPa (2%) at 20 ◦C) 
and calcium chloride, barium chloride, aluminium chloride, ferric 
chloride, zinc chloride was purchased from Hi-Media Laboratories Pvt. 
Ltd., Mumbai, India. All the chemicals used were of analytical grade. 

3. Method 

3.1. Preliminary trials for IPN bead formulation 

Blank (placebo) IPN beads were made by varying the ratios of 
polymers (CTG and SCMC), and the concentration of crosslinking agent. 
First, an aqueous solution of CTG and SCMC was prepared. The resulting 
polymeric blend was dropped into a slightly agitated aqueous solution of 
the crosslinker using a hypodermic needle (21-gauge flat-tipped). In the 
preliminary stage, the salts Mg++, Ca++, Cu++, Ba++, Cd++, Co++, Zn++, 
Al+++ and Fe+++ (as chlorides) were used as crosslinking agents at 

concentrations between 4 and 6% w/v, and their capacity to produce 
strong, spherical, and separable beads was assessed. It was seen that in 
the presence of AlCl3 ions, the IPN beads were formed properly in 
comparison to other crosslinkers used. The prepared beads were sepa
rated by filtration and dried at 40 ◦C. 

3.2. Formulation of drug loaded IPN beads 

DFS loaded IPN beads were prepared by an ionotropic gelation 
technique using AlCl3 as a crosslinker (Fig. 1) [18]. To begin, an aqueous 
homogeneous solution of polymers (CTG and SCMC) was prepared, and 
the drug (DFS) was dispersed into it with continuous stirring in a mag
netic stirrer at a low speed (50 rpm) to avoid air bubble entrapment. In a 
separate beaker, the required amount of AlCl3 was dissolved in water. 
Using a flat-tipped hypodermic needle (21 gauge), the prepared 
dispersion of drug and polymers was dropped into an aqueous solution 
of AlCl3 that had been gently agitated using a magnetic stirrer. The 
prepared IPN beads were allowed to incubate in the crosslinker solution 
for 30 or 60 min (gelation time). After that, the IPN beads were filtered 
and washed 2–3 times with distilled water and then allowed to dry at 
40 ◦C in hot air oven. Table-1 represents the formulation composition of 
prepared IPN beads. 

Following variable were considered while preparing the IPN beads-  

1 The polymer concentration was kept constant at 3% w/v.  
2 The ratio of CTG to SCMC was altered.  
3 The concentration of the crosslinking agent varied from 4 to 6% w/v.  
4 The gelation time in the crosslinker solution ranged from 30 to 60 

min. 

4. Analytical methods 

4.1. Fourier transform infrared (FTIR) spectroscopy 

The FTIR spectra of DFS, placebo IPN beads and DFS loaded IPN 
beads were taken by Shimadzu FTIR-Spectrophotometer (Model FTIR- 
8400S, Shimadzu, Japan) using KBr pellets. DFS/placebo/drug loaded 
IPN beads were crushed and combined with KBr and converted into the 
pellet separately at 100 kg pressure by using the hydraulic press pellet 
technique. The FTIR spectra was recorded in a region of 400–4000 cm− 1. 

4.2. Differential scanning calorimetry (DSC) analysis 

A Differential Scanning Calorimeter (Perkine-Elmer instrument, 
Pyris-Diamond TG/DTA, Singapore) was used to record the DSC ther
mogram of the DFS, polymers, placebo IPN beads and drug-loaded IPN 
beads. The DSC thermogram was recorded at a heating rate of 10.00 

◦

C/ 
min, and a heating range of 30.00 ◦C–440.00 ◦C. 

4.3. X-ray diffraction (XRD) analysis 

XRD analysis of DFS, placebo IPN beads and drug-loaded IPN beads 
was done with the help of an X-ray diffractometer (Model: D/Max 2200, 
Rigaku Corporation, Japan). The samples were scanned from 0 to 50 ◦C 
at a diffraction angle of 2θ using a Ni-filtered Cu-Kα (λ = 1.54) radiation 
source, a current of 30 mA, a voltage of 40 kV, and a scan speed of 5◦/ 
min. 

4.4. Size of IPN beads 

An optical microscope was used to measure the size of IPN beads. The 
eyepiece micrometer was calibrated using a standard stage micrometer. 
The IPN beads were kept on a glass slide, the number of divisions of the 
calibrated eyepiece was counted, and lastly, the individual particle 
diameter was determined [18]. 200 beads were randomly selected and 
mean particle diameter was determined. 
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4.5. Scanning electron microscopy (SEM) 

Scanning Electron Microscopy (SEM) examination reveals details 
about the IPN beads, such as their shape and exterior morphology 
(surface texture). The SEM analysis was performed by a scanning elec
tron microscope (JEOL India Pvt Ltd; Model: JEOL JSM 7610f) at low 
(x55) and high (×1800) magnifications at an acceleration voltage of 
5.0Kv. 

4.6. Production yield of IPN beads 

The production yield of prepared IPN beads was determined with the 
help of the total amount of polymers (CT and SCMC) and drug used for 
the preparation of IPN beads. Production yield (%) was calculated with 
the help of the following formula [19]: 

Production yield (%)=
Total amount of prepared IPN beads

Amount of drug + total amount of polymers used
x100  

4.7. Drug entrapment efficiency 

50 mg of dried drug-loaded IPN beads were accurately weighed and 
crushed in a glass mortar with a pestle. The crushed beads were added to 
50 ml phosphate buffer (pH 7.4). This mixture was stirred on a magnetic 

stirrer (50 rpm) for 6 h and then filtered. The filtered sample was 
analyzed by a UV–Visible spectrophotometer at 277 nm. The drug 
entrapment efficiency (%) was calculated by the following formula [20]: 

Drug entrapment efficiency (%)=
Experimental drug content
Theoritical drug content

x100  

4.8. Swelling behaviour of IPN beads 

The swelling behaviour of prepared IPN beads was observed in acidic 
medium (pH 1.2) and basic medium (phosphate buffer; pH 7.4). 100 mg 
IPN beads were taken and allowed to swell in the medium (50 ml) 
separately at 37 ◦C for 12 h. After that, the swollen IPN beads were 
filtered, the adhered liquid was blotted gently with the help of soft tissue 
paper and the weight of the swollen IPN beads was noted. The swelling 
efficiency was determined by applying the following formula [19]. 

Swelling (%)=
mass of swollen beads − mass of dry beads

mass of dry beads
x100  

4.9. Drug release, kinetics and mechanism study 

In-vitro drug release study was performed by using Basket type 
dissolution apparatus (USP Apparatus I) (Electro Lab TDT-08, Mumbai, 
India). Drug release from prepared IPN beads was analyzed in gastric 
condition i.e., at pH 1.2 for initial 2 h and then at pH 7.4. Drug loaded 
IPN beads (equivalent to 50 mg of drug) were placed in dissolution 
media (900 ml; 37 ± 0.5 ◦C) and the paddle was rotated (50 rpm). At 
regular time intervals, a 5 ml sample aliquot was taken out and the same 
volume of fresh medium was added right away. The withdrawn aliquots 
were examined using a UV spectrophotometer (UV-1800, Shimadzu, 
Tokyo, Japan) at 277 nm. 

The kinetics of drug release from IPN beads was studied using a 
number of empirical equations, including zero-order, first-order, Higu
chi square root, and Korsmeyer-Peppas. 

The dissolution profiles of all the formulations were also analyzed by 
calculating two factors, f1 (difference factor) and f2 (similarity factor). 
Factor f1 indicates the percentage difference (dissimilarity) between two 
dissolution profiles; factor f2 indicates the average percentage of simi
larity between two dissolution profiles. The values of fit factors (f1 and 
f2) are dependent on the number of sampling time points chosen. Ac

Fig. 1. Graphical representation of IPN beads formulation.  

Table 1 
Composition of the DFS loaded IPN beads.  

Code Polymer Ratio 
(CTG: SCMC) (% 
w/v) 

Drug 
loadinga (% 
w/w) 

Concentration of 
AlCl3 (%w/v) 

Gelation 
time (min) 

A1 1:1 30 4 30 
A2 1:1.5 30 4 30 
A3 1:2 30 4 30 
A4 1:1 30 6 30 
A5 1:1.5 30 6 30 
A6 1:2 30 6 30 
A7 1:1 30 6 60 
A8 1:1.5 30 6 60 
A9 1:2 30 6 60  

a (% w/w of total polymer). 
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cording to FDA, the difference factor (f1) calculates the percent (%) 
difference between the two curves at each time point and is a mea
surement of the relative error between the two curves: 

f1=

{[
∑n

t=1
|Rt − Tt|

]/
∑n

t=1
Rt]}x100 

The similarity factor (f2) is a logarithmic reciprocal square root 
transformation of the sum of squared error and is a measurement of the 
similarity in the percent (%) dissolution between the two curves. 

f2= 50x log

{[

1 +

(
1
n

)
∑n

t=1
(Rt − Tt)2

]− 0.5

x100

}

where n is the number of dissolution intervals, Rt indicates the per
centage release results of the reference at time point t, and Tt indicates 
the percentage release results of the test formulation at time t. Disso
lution was performed by taking 12 units of each formulation. 

5. Results and discussion 

5.1. Capacity of metal ions to form isolatable discreet beads 

In the preliminary stage, the salts Mg++, Ca++, Cu++, Ba++, Cd++, 
Co++, Zn++, Al+++ and Fe+++ (as chlorides) were used as crosslinking 
agents at concentrations between 4 and 6% w/v, and their capacity to 
produce strong, spherical, and separable beads was assessed. Mg++, 
Cu++ and Cd++ not even managed to form nascent IPN beads. Utilizing 
Ca++, Ba++, Co++ and Zn++, IPN beads were initially visible when the 
polymeric blend solution was added; however, during the curing period, 
the beads did not become sufficiently rigid and failed to separate after 
filtration. In the case of trivalent metal ions (Fe+++ and Al+++), it was 
found that they require a very short span of time to produce spherical, 
rigid and separable IPN beads. It was observed that when Al+++ was 
used, the rigidity of IPN beads was high and their shape was almost 
spherical without tailing. This was further confirmed by a study that 
reported that trivalent metal ions crosslink much more quickly than 
divalent metal ions due to their higher valency [13]. Due to this, 
trivalent Al+++ ions were employed in this study to produce IPN beads 
for extended and site-specific drug release. 

5.2. Formation of IPN beads 

During the formulation, it was observed that the polymeric blend of 
CTG and SCMC was able to gel in the presence of trivalent metal ions to 
form IPN beads (Fig. 2). This can be explained as follows: when both the 
polymers blend together, the polymeric chains become physically 
entangled with each other, and when this blend is added to the cross
linking solution, a tight helix-helix agglomeration is formed in the 
presence of trivalent metal ions, i.e., Al+++. 

5.3. Fourier transform infrared (FTIR) spectroscopy 

The development of an interpenetrating polymer network and the 
stability of DFS in the IPN was examined using FTIR study. Fig. 3 rep
resents the FTIR spectrum of DFS (Fig. 3A), physical mixture of drug and 
polymers (Fig. 3B), placebo IPN beads (Fig. 3C), and DFS loaded IPN 
beads (Fig. 3D). The OH group from the absorbed water is responsible 
for the absorption bands at 3257.28 cm− 1 and peak at 3386.57 cm− 1 was 
due to the N–H stretching in the FTIR spectra of the DFS. The FTIR peak 
at 1556.46 cm− 1 is due to the C––O stretching vibration for carbonyl 
groups, and the peaks observed at 1468.83 cm− 1 and 1498.28 cm− 1 

represent the scissoring vibration of the CH2 group adjacent to the 
carbonyl. The C–O stretching and C–N stretching absorption, together 
with the C–H bend (in plane) from the aromatic ring, are all related to 
the doublet peak at 1305.07 cm− 1 and 1282.08 cm− 1. The out-of-plane 
C–H bend is shown by the sharp peak at 766.38 cm− 1 and 746.98 cm− 1. 
Because placebo beads do not contain drug, no DFS-specific peaks were 
observed in their FTIR spectra. The FTIR spectra of physical mixture 
(drug and polymers) as well as drug-loaded IPN beads were seen to have 
the majority of the distinctive peaks of the drug with only small varia
tions in the selected peaks. The results of the FTIR analysis showed that 
the drug was compatible with the polymers used in the study. 

5.4. Differential scanning calorimetry (DSC) analysis 

The changes in crystallinity, melting point, and the possibility of a 
drug-polymer interaction are all determined by the DSC study. DSC 
analysis of DFS, CTG, SCMC, placebo IPN beads and drug loaded IPN 
beads was done and shown in Figs. 4 and 5. DSC thermogram of DFS 
showed an endothermic peak at 285.82 ◦C and an exothermic peak at 
289.14 ◦C (Fig. 4A). The DSC thermogram of CTG showed a broad 
endothermic peak at 73.36 ◦C, probably related to the evaporation of 
water (Fig. 4B). DSC thermogram of SCMC revealed an endothermic 
peak at 62.81 ◦C that was likely caused by water evaporation and 
decomposed at 290.46 ◦C with an exothermic peak (Fig. 4C). On the DSC 
thermogram of placebo IPN beads, two clear endothermic peaks at 
147.96 ◦C and 194.65 ◦C were observed (Fig. 5D). These peaks may have 
become evident as a result of the formation of the IPN structure. The DSC 
thermogram of drug-loaded IPN beads (Fig. 5E) revealed a strong 
endothermic peak at 286.82 ◦C, similar to the DSC thermogram of DFS. 
This observation suggests that the drug was present in the IPN structure 
in the crystalline form. No exothermic peak was seen in the DSC ther
mograms of drug-loaded IPN beads, which indicates that IPN is ther
mally more stable in comparison to the native polymers. 

5.5. X-ray diffraction (XRD) analysis 

Preferred crystal orientations, phases, structures, and several struc
tural factors, including strain, crystallinity, medium grain size, and 
crystal fissures, are all revealed by X-ray diffraction investigation. XRD 
study of DFS, placebo IPN beads, and drug-loaded IPN beads was done in 
order to validate the physical condition of the drug in the IPN beads. The 
results are displayed in Fig. 6. The X-ray diffraction patterns of DFS 
(Fig. 6A) showed sharp peaks due to the crystalline nature of the drug. 
The crystalline nature of the drug was clearly demonstrated by the 
characteristic and significant crystallographic reflection at various 
scattering angles appearing at 11.4, 15.4, 18.9, 19.2, 21.6, 24.4, 16.6, 
29.1, 33.1, 34.0 to at 2θ. In the XRD diffractogram of placebo IPN beads 
(Fig. 6B) the signal intensities were too weak, indicating that the poly
meric blend of CTG-SCMC was dispersed at the molecular level. There 
was no indication of the presence of DFS as it was not loaded in the 
placebo IPN beads. IPN beads that had been loaded with DFS showed 
almost same reflections at the same 2θ degree angle as the XRD dif
fractogram of DFS (Fig. 6C). The outcomes amply demonstrated that the 
crystallinity of DFS in drug loaded IPN beads was retained and no 
amorphization of the drug took place. 

Fig. 2. Prepared IPN beads; A- IPN beads in crosslinker solution; B– IPN beads 
after filtration. 
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5.6. Production yield of IPN beads 

The production yield of IPN beads is shown in Table-2. It was found 
in the range of 89.36%–92.76%. Results showed that factors like poly
mer ratio, crosslinker concentration and gelation time did not signifi
cantly affect production yield. 

5.7. Size analysis of IPN beads 

The prepared IPN beads exhibited a narrow and mono-model particle 
size distribution. The size of IPN beads was found to be in the range of 
215 ± 0.14 to 485 ± 0.20 μm as shown in Table-2. It was noticed that 
the polymer ratio, crosslinker concentration, and gelation time had an 
impact on the size of the IPN beads. It was observed that when the SCMC 
content of the polymer blend increased, so did the size of the IPN beads. 
This can be explained by the hydrodynamic viscosity concept, which 

states that increasing the proportion of SCMC in the polymer ratio in
creases the viscosity of the polymer inside the polymer droplets. Because 
of this, there are fewer free sites available for crosslinking, which results 
in an increase in the size of IPN beads [21]. 

The crosslinker concentration and gelation time both had a similar 
impact on the size of IPN beads. IPN beads shrank in size as gelation time 
and crosslinker concentration was increased. This is explained by the 
fact that when the blended polymer gel comes into contact with the 
Al+++ ions present in the crosslinking solution, an influx of Al+++ ions 
from the solution to the inside of the droplet and an efflux of water from 
the droplet to the outside solution take place, causing the gel layer to 
move inward. Increased gelation time and crosslinking concentration 
will lead to a greater influx of Al+++ ions inside the droplet, resulting in 
more squeezing out of water that leads to the contraction of beads and a 
decrease in IPN bead size. Nearly similar results were reported by 
Hosney et al., in 1998 [22]. This implies that throughout the 

Fig. 3. FTIR spectra A- FTIR spectra of DFS; B- FTIR spectra of physical mixture of DFS, cassia tora gum and SCMC; C- FTIR spectra of placebo IPN beads; D- FTIR 
spectra of drug loaded IPN beads. 
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crosslinking process, the polymeric network shrank rapidly, which 
causes the formation of smaller, more rigid IPN beads at higher cross
linker concentration. 

5.8. Scanning electron microscopy (SEM) 

The results of SEM are shown in Fig. 7. The effect of AlCl3 concen
tration and gelation time was closely monitored. Photos taken during 
the scanning electron microscopy show that the IPN beads become more 
spherical as the crosslinking ion (Al+++) concentration rises. This might 
be explained by the fact that, as soon as the polymer blend droplets came 
into contact with the Al+++ ions in solution, the polymer droplets 
quickly crosslinked to produce spherical IPN beads. This reaction would 
have occurred quickly, resulting in the spherical shape of IPN beads. The 
surface morphology of IPN beads showed that the surface stiffens with 
increasing crosslinker concentration (Fig. 7; A3 and A6). The gelation 
time also had an influence on shape and surface morphology of IPN 
beads. The surface of the IPN beads became stiffer as gelation time 
increased (Fig. 7; A1, A6 and A9). The beads had a spherical shape and a 
smooth, wrinkle-free surface. Because of the high rigidity, low water 
evaporated while drying, resulting of low surface folding and wrinkles. 

5.9. Drug entrapment efficiency 

The results of the drug entrapment efficiency of IPN beads are 
summarized in Table-2, which ranged from 79.50 ± 1.69% to 91.42 ±
1.99%. The effect of all the variables (polymer ratio, crosslinker con
centration, and gelation time) on drug entrapment efficiency was clearly 
visible. It was found that a higher degree of crosslinking results in a 
higher rigidification of the IPN network, which reduces the likelihood of 
drug leaching out during the formation of the IPN matrix structure and 
causes the retention of more drug particles into the core of the IPN bead, 
resulting in an increase in drug entrapment efficiency. 

A higher amount of SCMC caused a decrease in drug entrapment 
efficiency. This might be because higher solubility of SCMC leads to the 
creation of a loose polymer matrix and higher swelling of an IPN bead 
during the gelation process in the crosslinker solution, which causes 
drug particles to leach out of the interpenetrating polymer matrix and 
reduces drug entrapment efficiency. A longer gelation time also reduces 
the drug entrapment efficiency because longer gelation times lead to 
increased Al+++ ion diffusion inside IPN beads, which displaces free 
drugs and reduces drug entrapment. 

5.10. Swelling behaviour of IPN beads 

The swelling ability of the IPN matrix was determined to study the 
release of the drug from the IPN bead. The water absorption capability of 
IPN beads was evaluated to identify their swelling behaviour at a pre
determined time-interval. The swelling results are shown in Table-2. The 
swelling behaviour of IPN beads was determined in acidic (pH 1.2) and 
alkaline (pH 7.4) media. Results showed that the swelling ability of IPN 
beads was low in acidic media and high in alkaline media. The swelling 
efficiency of IPN beads in acidic pH ranged from 122.34 ± 1.22% to 
210.56 ± 1.04% and in higher pH ranged from 299.16 ± 1.80% to 
518.34 ± 1.98%. The –OH and –COOH groups were the primary func
tional groups in CTG and SCMC respectively, that underwent cross- 
linking with Al+++ ions. In an acidic media (pH 1.2), these groups 
continue to be protonated and exert a moderate electrostatic repulsive 
force, which causes the beads to swell to a much lesser extent. These 
groups become ionised at higher pH levels (in alkaline media), which 
causes electrostatic repulsion between ionised groups and lengthens the 
distance between polymeric chains. This makes it easier for more water 
to be absorbed, leading to higher swelling. Furthermore, as a result of 
ionization, the concentration of counterions inside the interpenetrating 
polymeric network becomes high and a difference in osmotic pressure 
exists between the external and internal solutions of the IPN bead. The 

Fig. 4. DSC thermogram, A- DSC thermogram of Drug; B- DSC thermogram of 
cassia tora gum; C- DSC thermogram of SCMC. 

Fig. 5. DSC thermogram, D- DSC thermogram of placebo IPN beads; E− DSC 
thermogram of drug loaded IPN beads. 
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swelling of the beads balanced the increasing osmotic pressure. 
From the results, it was observed that the swelling of IPN beads was 

indirectly proportional to the concentration of crosslinker. Swelling of 
IPN beads was observed to be high at low concentrations of crosslinker 
(4%w/v) and low at high concentrations of crosslinker (6%w/v). This is 
because mobility in crosslinked polymeric chains is spurred on by the 
swelling of IPN beads. Since Al+++ ions are responsible for the cross
linking of polymeric chains, at high concentration the polymer network 
density increases, resulting in the formation of a highly rigid and stable 
polymer network with reduced mobility that shows a slower tendency to 
swell. Similar findings were reported by Hezaveh et al., when genipin 
was used as a crosslinking agent [23]. From the observations, it was 
noted that an increase in gelation time reduces the extent of swelling. 
This might result from the matrix’s pore volume shrinking as gelation 
time increases. 

5.11. Drug release, kinetics and mechanism study 

IPN beads were used to study the release of the drug, which was first 
done in an acidic media (pH 1.2) for the initial 2 h and then in alkaline 
media (phosphate buffer pH 7.4). The graph of cumulative drug release 
(%) vs. time (hrs) is presented in Fig. 8. The results revealed that the 
drug release was very low in acidic media but as the pH of the media 
increased to 7.4 the release of drug from IPN beads increased signifi
cantly. In both the dissolution media, the IPN beads containing a low 
concentration of crosslinking agent (4%w/v) showed high drug release 
in comparison to the IPN beads containing a high concentration of 
crosslinker (6%w/v). A Similar effect was observed with gelation time. 
This is because high concentration of crosslinker or gelation time causes 
high rigidization of polymer network, resulting in slow drug release. 

Data on drug release kinetic modelling are given in Table-3. The IPN 
bead formulations followed zero order release kinetics, and the results 

Fig. 6. X-ray diffraction (XRD) analysis, A- X-ray Diffractogram of Drug; B- X-ray diffractogram of placebo IPN beads; C- X-ray diffractogram of drug loaded 
IPN beads. 

A. Lohani et al.                                                                                                                                                                                                                                  



Journal of Drug Delivery Science and Technology 81 (2023) 104308

8

suggested that the drug release rate was independent of the 

concentration of dissolved species. The Korsmeyer-Peppas equation’s 
estimated value of “n" was in the range of 0.890–0.985, indicating that 
the drug release mechanism from IPN beads was non-Fickian release 
kinetics. It relates the drug transport mechanism to stresses and state- 
transitions in polymers that swell when exposed to water or biological 
fluids. Disentanglement and erosion of polymers are also included in this 
term [24]. 

Table 2 
Results of Production yield, arithmetic mean diameter, drug entrapment effi
ciency and equilibrium swelling of IPN beads.  

Formulation 
Code 

Production 
yield (%) 

Arithmetic 
mean 
diameter 
(μm) ±SD 

Entrapment 
efficiency 
(%) 

Equilibrium 
swelling (%) ±SD 

pH1.2 pH7.4 

A1 89.36 320 ± 0.12 85.20 ±
1.62 

160.20 
± 1.62 

432.13 
± 2.52 

A2 89.45 412 ± 0.16 80.46 ±
1.02 

180.42 
± 1.32 

492.65 
± 1.95 

A3 90.26 485 ± 0.20 79.50 ±
1.69 

210.56 
± 1.04 

518.34 
± 1.98 

A4 90.48 275 ± 0.18 91.42 ±
1.99 

140.36 
± 1.02 

302.15 
± 2.00 

A5 90.20 382 ± 0.10 89.62 ±
0.97 

162.42 
± 1.02 

389.82 
± 1.96 

A6 91.23 420 ± 0.24 86.62 ±
1.00 

182.75 
± 1.69 

482.25 
± 1.80 

A7 92.76 215 ± 0.14 88.40 ±
1.45 

122.34 
± 1.22 

299.16 
± 1.80 

A8 92.45 308 ± 0.12 86.62 ±
1.32 

152.13 
± 1.56 

322.63 
± 1.94 

A9 90.67 346 ± 0.20 84.62 ±
1.78 

168.30 
± 1.85 

415.24 
± 1.90  

Fig. 7. SEM analysis of IPN beads. Key-concentration of AlCl3 4%w/v (A1, A3), 6%w/v (A6); Gelation time 30min (A1, A3), 60min (A9).  

Fig. 8. DFS release profiles of drug loaded IPN beads in acidic media (pH 1.2) 
For initial 2 h and then in alkaline media (pH 7.4). 
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The dissolution profiles of all the formulations were also compared 
by calculating two factors, f1 (difference factor) and f2 (similarity fac
tor). According to the FDA The f1 value is equal to zero when the test and 
reference profiles are identical and increases as the two profiles become 
less similar. The f2 value between 50 and 100 is considered significantly 
similar. f2 factor 100 indicates that two processes are the same. The f2 
values were found to be 42.86, 37.42, 34.46, 44.28, 52.71, 46.94, 53.44, 
69.88, 62.96 and f1 values were 39.04, 52.26, 60.76, 35.31, 26.26, 
34.03, 20.28, 10.73, 15.87 for the formulations A1 to A9 respectively. 
Results indicated that for formulations A8 and A9, the f1 value was near 
to zero (10.73, 15.87) and the f2 value was close to 100 (69.88, 62.96) 
respectively, among all other formulations. 

6. Conclusion 

Polymers have facilitated the development of innovative drug de
livery systems by allowing therapeutic agents to be released in a 
controlled dose over an extended period of time, delivering the drug to 
specific sites, and improving stability. IPN, a novel class of polymers 
based on the mixing of natural and/or synthetic polymers, either alone 
or in combinations. The IPN beads were successfully developed by using 
CTG, SCMC and AlCl3 (crosslinking agent) to encapsulate DFS as a model 
drug. The IPN beads were characterized by FTIR, DSC, XRD and SEM 
analysis and tested for size, encapsulation efficiency, swelling behavior, 
and drug release. FTIR analysis confirmed the stability of the drug in an 
interpenetrating polymer network. The DSC and XRD analysis revealed 
that the drug was present in crystalline form in the interpenetrating 
polymer matrix. The IPN beads were almost spherical in shape and the 
size ranged between 196 ± 0.22 to 0.548 ± 0.45 mm. Swelling effi
ciency ranged from 122.34 ± 1.22% to 210.56 ± 1.04% in acidic pH and 
from 299.16 ± 1.80% to 518.34 ± 1.98% at higher pH. IPN beads 
showed extremely minimal drug release in an acidic media but a rela
tively high and sustained drug release profile in alkaline pH. Results 
showed that the ratio of polymer, concentration of crosslinking agent 
and gelation time have influenced IPN bead size, encapsulation of drug, 
swelling of beads and drug release in different ways. The results imply 
that DFS-loaded IPN beads may be used to lessen the drug’s release in an 
acidic medium and to alter the drug’s release in an alkaline medium, 
thus minimizing the gastric adverse effects of DFS. 
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