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ABSTRACT
Background: The implementation of chitosan as an enhanced vehicle for drug delivery is 
an interesting domain in the pharmaceutical dosage form. The combination of commonly 
accessible natural polysaccharides like gum may provide a new arrangement of dosage forms 
such as polyelectrolyte complex. Such modern improvements facilitate the modulated release of 
active, which can be beneficial in avoiding adverse consequences. There have been no reports 
on chitosan and sesbania gum-based polyelectrolyte complexes for drug delivery applications 
to date. Objectives: The chitosan-sesbania gum polyelectrolyte complex was developed 
for modified drug delivery of diclofenac sodium. Materials and Methods: pH-responsive 
polyelectrolyte complexes were accomplished utilizing the coacervation technique. It 
forms complex due to the capability of chitosan amine groups and sesbania gum carboxylic 
functionality. Results: The SEM analysis assured the aggregated polyhedral shape particles with 
a smooth surface of the final polyelectrolyte complex. The Diffractogram of the polyelectrolyte 
complex resulted in an amorphous form of diclofenac. The polyelectrolyte complex batch (B:3) 
showed satisfactory drug entrapment capabilities. It showed 88.96% of the drug release in 8 hr 
(pH 6.8). Importantly, it is because of the unprotonated condition of sesbania gum containing 
hydrophilic functionality that offers boosted hydrogen bonding via interaction with dissolution 
medium containing water molecules. Therefore, it offers the insertion of water molecules into 
a complex followed by the swelling of a matrix. Conclusion: The developed chitosan-sesbania 
gum polyelectrolyte complex offers a pH-responsive sustained release of diclofenac sodium. In 
the future, chitosan and sesbania gum-based polyelectrolyte complex can be preferred as an 
innovative drug carrier for diclofenac sodium delivery.
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INTRODUCTION

Presently, the use of polymeric-based systems for the delivery 
of active is opening a new era that may be because of their  
prospective applications. These methods control drug delivery 
rates, maintain therapeutic action, and/or target drugs to 
tissues. In addition, they enhance and modify physicochemical 
properties such as stability and solubility, which provide the 
therapeutic effects of drugs with greater benefits. Due to their 
bioadhesive nature, they have been utilized as matrices for drug 
administration via oral, buccal, transdermal, and nasal routes. 

However, they function as carrier systems for drugs, enzymes, or 
DNA because charged species may be conveniently incorporated 
into complex particles. These can be used as membranes, coatings 
on films and fibers, targeted nucleic acid delivery, nucleic acid 
isolation and fractionation, pharmaceutical product binding, 
preparation of microcapsules for drug delivery membranes for 
dialysis, contact lenses,1 enzyme mimics,2 medical applications,3 
nanoparticles for targeted tissue delivery, and the development of 
biosensors.4

Out of several kinds of polymeric systems, polyelectrolytes-based 
systems are recently reported that solely relied on charged-based 
components. Interestingly, two oppositely charged 
polyelectrolytes are simultaneously combined in solution without 
using any chemical covalent cross-linker leading to the formation 
of a polyelectrolyte complex.5 The polyelectrolyte complex has 
attracted attention due to its nontoxicity and well-tolerated 
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properties. In addition, it provides mucoadhesion abilities, 
biocompatibility, biodegradability, sustainable releases, stability, 
and sensitivity to changes in environmental conditions, offering 
significant advantages as a pharmaceutical excipient, for instance 
in regulating drug release.

A polyelectrolyte complex is formed due to interactions such as 
electrostatic interactions, hydrogen, and hydrophobic interaction 
that occur between cationic and anionic polymers.6 The amino 
group of chitosan interacts with carboxyl or sulfate groups of 
other polysaccharides, such as carboxymethyl cellulose,7 alginate,8 
carrageenan,9 hyaluronic acid,10 acacia gum,11 pectin,12 dextran 
sulfate,13 heparin,14 promotes the formation of polyelectrolyte 
complexes. To date, several polyelectrolyte complexes revealed 
for clindamycin phosphate,15 diclofenac sodium,16 clotrimazole,17 
tetracycline,18 etc. This polyelectrolyte can be converted into 
modified dosage forms such as a tablet, microcapsule, beads, film, 
hydrogel, etc. Hence, the use of polyelectrolyte complex for the 
development of advanced dosage forms will reveal a new path for 
delivery of active.

Chitosan is a linear polysaccharide composed of glucosamine 
and N-acetyl glucosamine units linked together by (1–4) links 
distributed randomly or block-wise throughout the biopolymer 
chain.19 Chitin is a naturally occurring polymer primarily found 
in the exoskeletons of crustaceans, insects, and fungi, and is 
converted to chitosan through the N-deacetylation process. After 
deacetylation, the protonation of amino groups on the chitosan 
backbone helps it to dissolve in acidic solutions, making it the only 
polysaccharide with a high positive charge density.20 Chitosan is 
naturally cationic, and this property is used for the formation of 
polyelectrolyte complex by interacting with polyanions such as 
Tripolyphosphate (TPP), other anionic natural polysaccharides 
such as alginate, pectin, carrageenan, xanthan gum, and gum 
kondagogu, synthetic anionic polymers such as polyacrylic acids, 
and semi-synthetic such as carboxymethylcellulose.21 To date, 
it has been reported for delivery of bovine serum albumin,22 
amikacin,23 ciprofloxacin hydrochloride,24 tetracycline, 
gentamycin,25 etc. Hence, we can employ chitosan for the 
development of polyelectrolyte complexes with naturally obtained 
polysaccharides.

Presently applications of gum in pharmaceutical dosage form 
development are extensively revealed that might because of 
their several merits including biocompatibility, mucoadhesion, 
drug release modulation potential, etc. In addition, it has been 
preferred for the development of polyelectrolyte complexes that 
might be because of their anionic surface functionality. Out of 
several types of gum, sesbania is not explored in the development 
of polyelectrolyte complex since it naturally exists. Sesbania 
gum is synthesized from the endosperm of Sesbania grandiflora  
seeds that belong to the Leguminosae family (Papilionaceous). 
Galactomannans are heterogeneous polysaccharides made up of 
a (1-4) D-mannan backbone with α - (1-6) linked D-galactose 

molecule.26 It comprises hydro colloidal polysaccharides with 
a high molecular weight that are made up of galactan and 
mannan units linked together by glycosidic linkages.27 The good 
swelling properties of treated sesbania gum make it suitable 
for the manufacturing of slower-release tablets, as the swelling 
of the polymer can control drug release from the matrix. In 
another investigation, sesbania mucilage was evaluated as a 
gelling agent for diclofenac topical administration.28 As per a 
report, natural gum offers pH-responsive swelling that benefits 
the targeted release of active.29 Therefore, we intended to design 
the pH-responsive polyelectrolyte complex with consideration of 
sesbania gum functionality.

Diclofenac is widely used around the entire globe for several 
applications. It is a non-steroidal anti-inflammatory drug 
suffering from low plasma half-life (1–2 hr). Moreover, gastritis 
and peptic ulcers are the drug's most common adverse effects of 
the diclofenac. Literature reported that diclofenac sodium was 
used as a model drug for novel drug delivery.30 Therefore, there is 
a need to develop advanced nanocarriers for the targeted delivery 
of diclofenac that can help to avoid the adverse effects and 
overcomes the pharmacokinetics and pharmacodynamics issue. 
In this case, the use of a pH-responsive sesbania gum-mediated 
polyelectrolyte complex will provide the alternative to release the 
drug at the targeted site only. To the best of our knowledge, no 
pH-responsive polyelectrolyte combination including sesbania 
gum and chitosan has been described to date.

Therefore, the current study presented the innovative sesbania 
gum and chitosan-mediated pH-sensitive polyelectrolyte  
complex for the targeted delivery of diclofenac sodium. 
In summary, the polyelectrolyte complex was constructed 
based on the carboxyl and amino functionality of both 
components, and spectroscopic analysis validated the effective 
synthesis of the complex. As an outcome, sesbania gum and 
chitosan-polyelectrolyte complex have good drug entrapment. 
Furthermore, chitosan-sesbania gum cross-linking aids in 
the delayed drug release of diclofenac sodium, as well as the 
conversion of diclofenac sodium from crystalline to amorphous 
form. Interestingly, the unprotonated condition of sesbania 
gum containing hydrophilic groups offers a high number of 
hydrogen bonding via interaction with water molecules present 
in dissolution media. As an effect, it assists to penetrate the water 
molecules into a polyelectrolyte complex that offers the swelling 
of a matrix at pH 6.8. In the future, a polyelectrolyte complex 
based on chitosan and sesbania gum may be selected as a new 
drug carrier for diclofenac sodium delivery.

MATERIALS AND METHODS

Materials

Gum sesbania (Mol. wt. 5,00,000 g/mol) was obtained from Badar 
Enterprises, Jodhpur, India. Chitosan (Mol. wt.: 3800-20,000 
Daltons; deacetylation degree: 80%) was obtained from 
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Sigma–Aldrich Chemie. Diclofenac sodium (Mol. wt. 296.148 g/
mol; plasma half-life- 2 hr; MP. 283°C-285°C) was procured from 
Meditech Chemicals Pvt. Ltd., Gurgaon, India. Glacial acetic 
acid (Mol. Wt. 60.052 g/mol) and Sodium hydroxide (Mol. Wt. 
40 g/mol) was received from Loba Chemie Pvt. Ltd., Mumbai. 
All other chemicals and reagents were used exactly as they were 
supplied to us.

Methods
Preparation of diclofenac sodium-loaded gum sesbania and 
chitosan polyelectrolyte complex

The 20 mL aqueous acetic acid (2% w/v) solution was used for the 
dissolving of chitosan at a concentration of 0.25-1.5% w/v along 
with continuous magnetic stirring until completely dissolved. 
Simultaneously, a 20 mL aqueous dispersion of gum sesbania at 
a concentration of 0.25-1.25% w/v containing 100 mg diclofenac 
sodium was prepared under magnetic stirring. Gum sesbania 
dispersion containing diclofenac sodium was added dropwise into 
the chitosan solution with continuous stirring for 30 min. After 
that, the reaction solution was probed sonicated for 15 min and 
then filtered and dried in the oven at 45°C.31 The same procedure 
was preferred for further batches from B2-B6. The formulation 
concentration of sesbania gum and chitosan-polyelectrolyte 
complex is shown in (Table 1).

Characterization of Gum Sesbania-Chitosan 
Polyelectrolyte Complex
Spectrometric analysis

The FTIR analysis of diclofenac sodium, sesbania gum, chitosan, 
and diclofenac sodium–loaded polyelectrolyte complex was 
performed to study the drug excipients’ interaction. In a ratio of 
1:100, the sample and potassium bromide were mixed. The samples 
were analysed by FTIR spectrometer at frequencies ranging 
from 400 – 4000 cm-1.32 A Differential Scanning Calorimeter 
(DSC) obtained thermograms of the diclofenac sodium, sesbania 
gum, chitosan, and diclofenac sodium-loaded polyelectrolyte 
complexes were obtained using a Differential Scanning 
Calorimeter (DSC). DSC data were recorded throughout a wide 
range of temperatures (30-225°C) at a heating rate of 10°C/min 
with purging nitrogen gas at a 20 mL/min flow rate. The DSC 
thermogram data of diclofenac sodium, sesbania gum, chitosan, 
and diclofenac sodium-loaded polyelectrolyte complexes were 
obtained.33 Despite this, Powder X-ray Diffractometers (PXRD) 
were employed to investigate modifications in drug crystallinity 
in polyelectrolyte complexes. An X-ray diffraction study was 
performed to study the crystallinity of diclofenac sodium, sesbania 
gum, chitosan, and diclofenac sodium-loaded polyelectrolyte 
complexes using an X-ray diffractometer. Polymers were scanned 
from 5° to 80° diffraction angle (2θ).34 Scanning Electron 
Microscopy (SEM) with a 15 kV acceleration voltage and a 1-µm 
resolution was used to study the surface morphology. The study 

was carried out to distinguish between the surface morphologies 
of diclofenac sodium, sesbania gum, chitosan, and diclofenac 
sodium-loaded polyelectrolyte complexes.31 At a temperature of 
25.2°C and a detector angle of 90°, the polyelectrolyte complex 
particle size and zeta potential were determined (Nanoplus 3).35

Drug Entrapment Efficiency (DEE)

The drug entrapment efficiency of the polyelectrolyte complex 
was performed as per the previously reported method.31 In brief, 
the encapsulation efficiency of the diclofenac sodium-loaded 
polyelectrolyte complex was measured by centrifugation at 
12,000 rpm for 30 min at 25°C to separate the unentrapped drug 
from the polyelectrolyte complex. The amount of free diclofenac 
sodium in the supernatant was analysed by using a UV-visible 
spectrophotometer at 274 nm. The % DEE was determined using 
equation 1.

DEE (%) = (DCt-DCs)/ DCt …….…………... (1)

Where, DCt - total diclofenac sodium, DCs - free diclofenac 
sodium present in the supernatant

In vitro dissolution study

The in vitro release of diclofenac sodium from the 
chitosan-sesbania gum polyelectrolyte complex was measured 
by using the dialysis sac method. The dialysis sac was tied to 
the USP type II dissolution apparatus's paddle (Electrolab 
dissolution tester, EDT-08Lx), which contained the 5 mL sample 
of polyelectrolyte complex. Then the paddle was subjected to pH 
6.8 phosphate buffer (200 mL) whereas the dissolution media 
temperature was fixed at 37 ± 0.5°C at 25 rpm. For drug release 
analysis, a 5 mL sample was collected from the dissolution vessel 
as per predefined time intervals. Simultaneously, to keep the sink 
condition 5 mL of fresh pH 6.8 phosphate buffer was added to the 
dissolution vessel. Finally, the collected samples were examined 
spectrophotometrically (Shimadzu/UV-1800, Japan) at 274 nm. 
Percent drug release was calculated using a calibration curve of 
diclofenac sodium in pH 6.8 phosphate buffer.35,36 To estimate the 
drug release mechanism, the drug data were fitted into various 
kinetic models such as zero order, first order, Higuchi square 
root, Korsmeyer Peppas, and Hixon-Crowell. To understand 
the release mechanism by the zero-order kinetics model, the 
graph was plotted as cumulative drug release versus time. The 
first-order kinetic model was described by plotting the graph log 
of the cumulative drug remaining percentage against time. After 
that, the determination of the release mechanism by Higuchi 
square root kinetics was plotted as percent cumulative drug 
release versus square root of time. The Korsmeyer Peppas model 
was plotted as a log of percent cumulative drug release versus log 
time. Finally, the Hixon-Crowell kinetic model was explained by 
the graphical plotting of the cubic root of the remaining fraction 
of the drug against time.37
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RESULTS AND DISCUSSION

The interaction between the polymers resulted in the formation 
of a polyelectrolyte complex. In this study, sesbania gum interacts 
with cationic chitosan to form a polyelectrolyte complex. 
Importantly, interaction occurs between the amino group of 
chitosan and the carboxyl group of sesbania gum mainly driven 
by electrostatic interaction, hydrogen bond, and hydrophobic 
interaction. For this, the sesbania gum dispersion was added into 
the chitosan solution to produce an opalescent suspension. As a 
response, it indicates the formation of polyelectrolyte complex 
nanoparticles.38 Finally, the polyelectrolyte complex formed 
between the sesbania gum and chitosan was characterized using 
different spectroscopical analyses such as FTIR, DSC, PXRD, 
and SEM. Moreover, the entrapment efficiency, particle size, zeta 
potential, and in vitro dissolution were performed to evaluate the 
designed polyelectrolyte complex for diclofenac sodium.

FTIR

The FTIR spectra of diclofenac sodium (a), sesbania gum (b), 
chitosan (c), and diclofenac sodium-loaded polyelectrolyte 
complex (d) are shown in (Figure 1). The spectra of diclofenac 
sodium showed the N-H stretching peak of secondary amine 
at 3387 cm-1. Moreover, the typical peaks appeared at 1604 cm-1 
due to carboxyl stretching. The peak was observed at 746 cm-1 
and 765 cm-1 due to the chloride stretch (Figure 1a). Figure 1b 
shows the FTIR spectra of sesbania gum. It exhibited a broad 
absorption peak that occurred because of O-H stretching at 3421 
cm-1. The peaks around 1654 cm-1 could be due to carbonyl group 
stretching whereas the C-O stretching band was observed at 
1153.47 cm-1. In addition, the peak of the ester’s carbonyl group 
was observed at 1739 cm-1 which assured the presence of sesbania 
gum.39 Figure 1c shows the FTIR spectrum of chitosan. It showed 
a broad absorption peak of the O-H group stretching at 3419 cm-1 

and a peak at 2364 cm-1 was observed due to the C-H stretching. 
Moreover, the peaks at 1153 cm-1 and 1085 cm-1 correspond to the 
C-OH stretching and C-O-C stretching of ether, respectively. The 
doublet peaks of the amide bond show that it was generated from 
partial N-deacetylation of chitin, and it appeared at 1625 cm-1 and 
1517 cm-1. Overall, it validates the presence of chitosan.40 Finally, 
the polyelectrolyte complex spectra display the typical peaks of 
diclofenac, sesbania gum, and chitosan with a slight shifting of 
peaks (Figure 1d). In a polyelectrolyte complex, the carboxyl 
peak of diclofenac was slightly shifted towards the higher 
wavenumber at 1666 cm-1. This demonstrates that diclofenac 
sodium and the polymers used to produce PEC do not interact 
chemically. The sesbania gum ester’s carbonyl group peak at 1739 
cm-1 was diminished. However, the chitosan amide’s doublet 
peaks were converted into singlet ones and the sharp absorption 
peak occurred at 1568.18 cm-1. The slight shifting of sesbania gum 
and chitosan peaks in polyelectrolyte complex spectra revealed 
the electrostatic interactions between both components. As a 
result, it confirmed the formation of the polyelectrolyte complex 
of chitosan and sesbania gum.34

Differential Scanning Calorimeter (DSC)

The thermogram of diclofenac sodium, sesbania gum, chitosan, 
and diclofenac sodium-loaded polyelectrolyte complex was 
examined by DSC (Figure 2). The sharp endothermic peak 
of pure diclofenac sodium was observed at 284.74°C, which 
corresponded to its melting point (Figure 2a). It assured that 
the diclofenac was in crystalline form. The broad endothermic 
peak of sesbania gum was observed at 69.27°C (Figure 2b) 
assured the presence of polysaccharides in amorphous form. For 
chitosan, the wide endothermic peak was found to be 77.79°C 
(Figure 2c), which assured the amorphous nature of chitosan. 
In the diclofenac sodium-loaded polyelectrolyte complex 
thermogram, the endothermic peak of diclofenac sodium was 

Figure 1:  FT-IR spectra of diclofenac sodium (a), sesbania gum (b), 
chitosan(c), and diclofenac sodium-loaded polyelectrolyte complex (d) (B:3).

Figure 2:  DSC curves of diclofenac sodium (a), sesbania gum (b), chitosan(c), 
and diclofenac sodium-loaded polyelectrolyte complex (d) (B:3).
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shifted towards the lower temperature at 264.74°C (Figure 2d). 
This could be due to the formation of amorphic dispersion of 
diclofenac sodium in a polymeric matrix. Possibly, the shifting 
of the drug's endothermic peak in the diclofenac sodium-loaded 
polyelectrolyte complex thermogram indicates that the drug was 
entrapped within a polymer matrix. In addition, because of the 
formation of the complex the thermal degradation of diclofenac 
sodium requires less energy. The diclofenac sodium-loaded 
polyelectrolyte complex showed the shifting of the chitosan 
endothermic peak at 71.90°C. This might be because of the loss of 
moisture from chitosan. Similarly, the peak of sesbania gum was 
also moved towards a lower temperature at 57.20°C. The shifting 
of the polymer's peak might be occurred due to the formation of 
the polymeric complex.33

Powder X-ray Diffractometers (PXRD)

Figure 3 shows a diffractogram of diclofenac sodium (a), 
sesbania gum (b), chitosan (c), and diclofenac sodium-loaded 
polyelectrolyte complex (d). In the diffractogram of the diclofenac 
sodium (Figure 3a), an intense peak was found at 2θ: 5.10°, 8.70°, 
12.10°, 15.31°, 17.34°, and 20.12° indicating the crystallinity of 
diclofenac sodium. The broad, less sharp peaks of sesbania gum 
(Figure 3b) were found to be at 5.92° and 20.24° assuring the 
presence of sesbania gum in less crystalline form. The chitosan 
diffractogram (Figure 3c) showed two broad peaks at 9.85° and 
20.4° (2Ɵ), indicating the presence of chitosan with a less crystalline 
nature. The diffractogram of the diclofenac sodium-loaded 
polyelectrolyte complex showed in Figure 3d. Herein, complete 
elimination or decrease in peak intensity corresponding to the 
drug implies a change in drug crystallography and an elevation 
in amorphic of the drug. As compared to the sesbania gum 
diffraction peaks, the polyelectrolyte complex showed a lower 
intensity of sharp peaks or an absence of peaks, indicating that 
an ionic interaction was formed between a chitosan amino group 
and a sesbania gum carboxyl group.41

Scanning Electron Microscopy (SEM)

In this step, the SEM images of diclofenac sodium, sesbania gum, 
chitosan, and diclofenac sodium-loaded polyelectrolyte complex 
are shown in Figure 4. Figure 4a depicts the rough and irregular 
shape of diclofenac. Figure 4b divulged the strip, smooth on the 
surface, and irregular particle size for sesbania gum. Figure 4c 
shows the rough and irregular shape of the chitosan. Figure 4d 
displayed the surface morphology of the polyelectrolyte complex. 
It showed aggregated polyhedral shape particles with a smooth 
surface. The polymer matrix showed the absence of diclofenac 
sodium particles on the surface of the complex that indicating 
diclofenac was properly distributed and incorporated into the 
polyelectrolyte complex.31,42

Particle size and zeta potential measurements

The particle size of the chitosan-sesbania gum polyelectrolyte 
complex containing diclofenac sodium was found to be between 
263.3nm to 1898.8 nm (Table 1). In this investigation, the 
sesbania gum concentration had a much more prominent impact 
on particle size as compared to chitosan. The particle size of 
polyelectrolyte complex nanoparticles increases significantly 
when the concentration of sesbania gum increases. The increased 
concentration of gum enhanced the viscosity of dispersion, which 
render to the formation of larger droplets. Importantly, this might 
cause inadequate cross-linking between cationic polymer and 
anionic polysaccharide in chitosan solution.43 Therefore, this 
could aggregate the particles and increases the particle size.35 
While the concentration of chitosan showed a much lower impact 
on particle size. From all the formulation batches, the minimum 
particle size was shown by the B 3 batch (263.3 nm). Possibly, 
it might be because of the occurrence of optimum cross-linking 
between gum and chitosan at a selected concentration. Table 
1 assured the zeta potential of the complex. As a result, the 
polyelectrolyte complex-associated zeta potential ranged from 
+18.22 mV to +33.47 mV. Interestingly, it was revealed that the 
concentration of chitosan improved the zeta of the formulation 
batches, and it may assist to boost the stability of the complex. 
It might be due to electrostatic and steric stabilization caused 
by chitosan.43 Conversely, the sesbania gum showed an inverse 
impact on zeta potential. The zeta of the polyelectrolyte complex 
is reduced with an increased concentration of sesbania gum. 
Overall, the optimized batch demonstrated the +30.59 mV of 
zeta potential. It revealed the good stability of the polyelectrolyte 
complex.

Figure 3:  X-ray diffractogram of diclofenac sodium (a), sesbania gum (b), 
chitosan(c) and diclofenac sodium - loaded polyelectrolyte complex (d) (B:3).
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Drug entrapment efficiency

The drug entrapment efficiency of polyelectrolyte complex 
containing diclofenac sodium ranged from 54.40±0.25% to 
90.00±0.19% (Table 1). Particularly, the chitosan has shown more 
prominence than the sesbania gum in entrapment efficiency. 
On the other hand, the increase in sesbania gum concentration 
in dispersion increases its viscosity, which might increase the 
particle size of dispersion. Herein, a decrease in entrapment 
efficiency was found that may be because of improper interaction 
between the gum and chitosan.35,38 However, chitosan had a 

positive effect on the encapsulation of the drug. Hence, batch B 4 
and B: 5 showed maximum entrapment as compared to B: 1 and B: 
2 batches. This could be due to increased chitosan concentration, 
which was enough to form interaction with sesbania gum, and 
it results in minimum drug loss. Here, the optimized batch B 3 
shows maximum entrapment of diclofenac sodium (90.12%) 
over other batches. Principally, it may be because of efficient 
interaction between sesbania gum and chitosan that offers results 
in the formation strong network amongst polymers with less 
drug leakage.44

In vitro dissolution

In vitro drug release of diclofenac sodium in all batches was shown 
in Figure 5. Herein, the use of the sesbania gum conjugation 
with chitosan in complex shows the prevention of burst release 
of diclofenac sodium in acidic media. Importantly, at pH 1.2,  
sesbania gum containing hydrophilic functionality suffers 
protonation. As a response, it restricts the association of 
hydrogen bonds with dissolution media containing water 
molecules. Therefore, it resulted in the hurdle in penetration of 
water molecules into the polyelectrolyte complex and finally, 
prevention of initial burst release in pH 1.2 dissolution media. 
Therefore, it is a suitable candidate for the targeted delivery 
of diclofenac. The further dissolution was performed in pH 
6.8 buffer. Figure 5 revealed that batch B: 1 and B: 2 showed 
faster drug release as compared to batch B 4 and B 5. In brief, 
the concentration of sesbania gum in polyelectrolyte complex 

Figure 5: In vitro release profile of diclofenac sodium-loaded polyelectrolyte 
complex B:1-B:6.

Figure 4:  Scanning electron micrographs of diclofenac sodium (a), sesbania gum (b), 
chitosan(c), and diclofenac sodium -loaded polyelectrolyte complex (d) (B:3).
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increased, which offered an increasing release rate. It may be 
because of insufficient cross-linking formed between the sesbania 
gum and chitosan, which can encourage the entry of fluid into 
the particles. Herein, the release profile of the optimized batch 
assured the enhanced solubility of the diclofenac sodium, thereby 
accelerating its dissolution.45 Conversely, the drug release rate was 
delayed with an improved concentration of chitosan. Possibly, 
a maximum concentration of chitosan leads to an increase 
in cross-linking, which minimizes polyelectrolyte complex 
free volume of space. Moreover, it restricted the absorption of 
swelling media resulting in the sustained release of diclofenac 
sodium from the polyelectrolyte complex.46 In the optimized (B 
3) batch, a promising drug release was found (88.96%) within 8 
hr. Herein, enough cross-linking formed between the sesbania 
gum and chitosan leads to the creation of a strong network 
amongst polymers that furnishes the prolonged drug release. 
Moreover, at pH 6.8, the sesbania gum containing hydrophilic 
functionality remains unprotonated condition. As a response, it 
offers a large number of hydrogen bonding via interaction with 
a dissolution medium containing water molecule. Therefore, 
it offers the inclusion of water molecules into a polyelectrolyte 
complex followed by the swelling of a matrix. Release kinetics 
analysis of all designed polyelectrolyte complex release Higuchi 
matrix release as the best model (Table 2). In this, the diclofenac 
can be released from the matrix system as the polymer layer was 
dissolved gradually and the diclofenac gets diffused out or release 

from the polyelectrolyte complex. Therefore, the anticipated 
sesbania gum and chitosan-based polyelectrolyte complex 
for diclofenac intestinal delivery follow the diffusion as a drug 
transport mechanism.47

CONCLUSION

The anticipated novel pH-responsive chitosan and sesbania 
gum-based polyelectrolyte complex system offer the diclofenac 
sodium delivery to the small intestine. In brief, the application of 
chitosan and sesbania gum resulted in electrostatic interaction. 
Herein, the successful cross-linking among the amine 
functionality and oxygen functionality resulted in the high 
entrapment of diclofenac. Diffractogram and thermogram of final 
polyelectrolyte complex validate the conversion of a crystalline 
form of diclofenac to the amorphous form which might be because 
of ionic interaction of chitosan and sesbania gum. There was no 
release of diclofenac in acidic media because of the protonation 
of sesbania gum. The case of batch B: 3, showed the maximum 
drug entrapment efficiency (90.12±0.22%), and 88.96% of drug 
release in 8 hr. Notably, the unprotonated state of sesbania gum 
with hydrophilic functionality provides increased hydrogen 
bonding via contact with dissolving medium comprising water 
molecules. As a result, it provides the entry of water molecules 
into complexes proceeded by matrix swelling. As a result, it 
provides pH-responsive prolonged release of diclofenac sodium. 
As a result, this innovative chitosan and sesbania gum-based 

Batches Polymers 
ratio
(CH: SG)

Diclofenac 
sodium (mg)

Particle size (nm) PDI Zeta potential 
(mV)

DEE (%)

B:1 B:1 100 1898.8 1.038 +22.25 63.23±0.15
B:2 B:2 100 711.9 0.804 +18.22 75.42±0.18
B:3 B:3 100 263.3 0.398 +30.59 90.12±0.22
B:4 B:4 100 580.6 0.404 +33.47 85.01±0.24
B:5 B:5 100 705.3 0.709 +40.78 88.70±0.19
B:6 B:6 100 650.1 0.53 +37.89 54.08±0.25
±: Standard deviation (n=3).

Table 1:  Formulation of polyelectrolyte complexes using chitosan and sesbania gum and their evaluations.

Batches Zero-order First-order Higuchi Korsmeyer-Peppas Hixson- Crowell Best fit 
model

% Drug 
release (8 
hr)

B:1 0.9373 0.7978 0.9910 0.9901 0.854 Higuchi 84.72
B:2 0.9369 0.7368 0.9871 0.9883 0.8408 Higuchi 81.2
B:3 0.926 0.793 0.9951 0.9919 0.8451 Higuchi 88.96
B:4 0.9279 0.7593 0.9881 0.9825 0.8275 Higuchi 75.11
B:5 0.9453 0.7255 0.9914 0.9789 0.7998 Higuchi 68.95
B:6 0.9469 0.6915 0.9953 0.9721 0.7711 Higuchi 52.97

Table 2:  Results of in vitro drug release data fitted in various release kinetic models.
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polyelectrolyte system may reduce gastrointestinal side effects by 
administering the drug in a sustained manner in the intestinal 
region. Taken as a whole, the application of chitosan with naturally 
obtained sesbania gum would be an exceptional substitute for the 
development of advanced pH-responsive pharmaceutical dosage 
forms for the targeted delivery of diclofenac sodium.
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API: Active pharmaceutical ingredient; MP: Melting point; TPP: 
Tripolyphosphate, DNA: Deoxyribonucleic acid; DEE: Drug 
entrapment efficiency; DR: Drug release; XRD: X-ray diffraction; 
FTIR: Fourier transform infrared spectroscopy; SEM: Scanning 
electron microscopy; PEC: Polyelectrolyte complex; DCt: Total 
diclofenac sodium; DCs: Free diclofenac sodium present in the 
supernatant.

SUMMARY

•	 First report on pH-responsive chitosan and sesbania 
gum-mediated polyelectrolyte complex.

•	 Complex formation between chitosan and sesbania gum 
follows the Higuchi matrix release kinetics.

•	 Sesbania gum in polyelectrolyte complex restricts the 
diclofenac release in acidic pH 1.2.

•	 The anticipated polyelectrolyte complex can be used as a 
carrier for the targeted delivery of diclofenac sodium.

REFERENCES
1.  Refojo MF. Polyelectrolyte complexes: permeability to water and potential 

uses in ophthalmology. J Appl Polym Sci. 1967;11(10):1991-2000. doi: 10.1002/
app.1967.070111015.

2.  Levitsky V, Lozano P, Gladilin A, Iborra JL. Stability of immobilized 
enzyme-polyelectrolyte complex against irreversible inactivation by organic 
solvents. Prog Biotechnol. 1998;15:417-22. doi: 10.1016/S0921-0423(98)80061-0.

3.  Rajput K, Tawade S, Nangare S, Shirsath N, Bari S, Zawar L. Formulation, 
optimization, and in vitro-ex vivo evaluation of dual-crosslinked zinc pectinate-neem 
gum-interpenetrating polymer network mediated lansoprazole loaded floating 
microbeads. International Journal of Biological Macromolecules. 2022;222:915-26.

4.  Muller M, Brissova M, Rieser T, Powers AC, Lunkwitz K. Deposition and properties 
of polyelectrolyte multilayers studied by ATR-FTIR spectroscopy. Mater Sci Eng C. 
1999;8-9:163-9. doi: 10.1016/S0928-4931(99)00033-8.

5.  Dakhara S, Anajwala C. Polyelectrolyte complex: A pharmaceutical review. Syst Rev 
Pharm. 2010;1(2). doi: 10.4103/0975-8453.75046.

6.  Wang H, Zhang H, Yuan S, Xu Z, Liu C. Molecular dynamics study of the structure 
of an oppositely charged polyelectrolyte and an ionic surfactant at the air/water 
interface. Colloids Surf a Physicochem Eng Aspects. 2014;454:104-12. doi: 10.1016/j.
colsurfa.2014.04.009.

7.  Meka VS, Sing MKG, Pichika MR, Nali SR, Kolapalli VRM, Kesharwani P. A comprehensive 
review on polyelectrolyte complexes. Drug Discov Today. 2017;22(11):1697-706. doi: 
10.1016/j.drudis.2017.06.008, PMID 28683256.

8.  Argelles-Monal W, Garcia M, Peniche-Covas C. Study of the stoichiometric 
polyelectrolyte complex between chitosan and carboxymethyl cellulose. Polym Bull. 
1990;23(3):307-13. doi: 10.1007/BF01032446.

9.  Gonzalez-Rodrıguez ML, Holgado MA, Sanchez-Lafuente C, Rabasco AM, Fini A. 
Alginate/chitosan particulate systems for sodium diclofenac release. Int J Pharm. 
2002;232(1-2):225-34. doi: 10.1016/s0378-5173(01)00915-2, PMID 11790506.

10.  Lee KY, Park WH, Ha WS. Polyelectrolyte complexes of sodium alginate with chitosan 
or its derivatives for microcapsules. J Appl Polym Sci. 1997;63(4):425-32. doi: 10.1002/
(SICI)1097-4628(19970124)63:4<425::AID-APP3>3.0.CO;2-T.

11.  Tapia C, Escobar Z, Costa E, Sapag-Hagar J, Valenzuela F, Basualto C, et al. Comparative 
studies on polyelectrolyte complexes and mixtures of chitosan–alginate and 
chitosan–carrageenan as prolonged diltiazem clorhydrate release systems. European 
Journal of Pharmaceutics and Biopharmaceutics. 2004;57(1):65-75.

12.  Patil PH, Wankhede PR, Mahajan HS, Zawar LR. Aripiprazole-loaded polymeric 
micelles: fabrication, optimization and evaluation using response surface method. 
Recent Patents on Drug Delivery and Formulation. 2018;12(1):53-64. doi: 10.2174/18
72211312666180105112430.

13.  Kim SJ, Yoon SG, Lee KB, Park YD, Kim SI. Electrical sensitive behavior of a 
polyelectrolyte complex composed of chitosan/hyaluronic acid. Solid State Ionics. 
2003;164(3-4):199-204. doi: 10.1016/j.ssi.2003.08.005.

14.  Meshali M, Gabr K. Effect of interpolymer complex formation of chitosan with 
pectin or acacia on the release behaviour of chlorpromazine HCl. Int J Pharm. 
1993;89(3):177-81. doi: 10.1016/0378-5173(93)90241-7.

15.  Shirsath N, Marathe D, Jaiswal P, Zawar L. A 32 Factorial Design Approach for 
Formulation and Optimization of Azilsartan Medoxomil Nanosuspension for 
Solubility Enhancement. Ind J Pharm Edu and Res. 2022;56(2):S365-73.

16.  Fukuda H, Kikuchi Y. Polyelectrolyte complexes of sodium dextran sulfate 
with chitosan, 2. Makromol Chem. 1977;178(10):2895-9. doi: 10.1002/
macp.1977.021781012.

17.  Maretti E, Pavan B, Rustichelli C, Montanari M, Dalpiaz A, Iannuccelli V, et al. Chitosan/
heparin polyelectrolyte complexes as ion-paring approach to encapsulate heparin in 
orally administrable SLN: In vitro evaluation. Colloids and Surfaces A: Physicochemical 
and Engineering Aspects. 2021;608:125606.

18.  Kilicarslan M, Ilhan M, Inal O, Orhan K. Preparation and evaluation of clindamycin 
phosphate loaded chitosan/alginate polyelectrolyte complex film as mucoadhesive 
drug delivery system for periodontal therapy. Eur J Pharm Sci. 2018;123:441-51. doi: 
10.1016/j.ejps.2018.08.007, PMID 30086353.

19.  Ortiz JA, Sepulveda FA, Panadero-Medianero C, Murgas P, Ahumada M, Palza H, et al. 
Cytocompatible drug delivery hydrogels based on carboxymethyl agarose/chitosan 
pH-responsive polyelectrolyte complexes. Int J Biol Macromol. 2022;199:96-107. doi: 
10.1016/j.ijbiomac.2021.12.093, PMID 34973264.

20.  Potas J, Szymanska E, Wroblewska M, Kurowska I, Maciejczyk M, Basa A, et al. Multilayer 
films based on chitosan/pectin polyelectrolyte complexes as novel platforms 
for buccal administration of clotrimazole. Pharmaceutics. 2021;13(10):1588. doi: 
10.3390/pharmaceutics13101588, PMID 34683881.

21.  Kassem AA, Ismail FA, Naggar VF, Aboulmagd E. Preparation and evaluation of 
periodontal films based on polyelectrolyte complex formation. Pharm Dev Technol. 
2015;20(3):297-305. doi: 10.3109/10837450.2013.862262, PMID 24438021.

22.  Wu D, Zhu L, Li Y, Zhang X, Xu S, Yang G, et al. Chitosan-based colloidal polyelectrolyte 
complexes for drug delivery: a review. Carbohydr Polym. 2020;238:116126. doi: 
10.1016/j.carbpol.2020.116126, PMID 32299572.

23.  Patil M, Patil S, Maheshwari VL, Zawar L, Patil RH. Recent Updates on in silico 
Screening of Natural Products as Potential Inhibitors of Enzymes of Biomedical and 
Pharmaceutical Importance. In Natural Products as Enzyme Inhibitors. 2022;105-23.

24.  Lai WF, Zhao S, Chiou J. Antibacterial and cluster luminogenic Hypromellose-graf
t-chitosan-based polyelectrolyte complex films with high functional flexibility 
for food packaging. Carbohydr Polym. 2021;271:118447. doi: 10.1016/j.
carbpol.2021.118447, PMID 34364582.

25.  Yu CY, Yin BC, Zhang W, Cheng SX, Zhuo RX. Composite microparticle drug delivery 
systems based on chitosan, alginate and pectin with improved pH-sensitive drug 
release property. Colloids Surf B Biointerfaces. 2009;68(2):245-9. doi: 10.1016/j.
colsurfb.2008.10.013, PMID 19058952.

26.  Noel SP, Courtney H, Bumgardner JD, Haggard WO. Chitosan films: a potential local 
drug delivery system for antibiotics. Clin Orthop Relat Res. 2008;466(6):1377-82. doi: 
10.1007/s11999-008-0228-1, PMID 18421540.

27.  Shehabeldine A, Hasanin M. Green synthesis of hydrolyzed starch–chitosan 
nano-composite as drug delivery system to gram negative bacteria. Environ 
Nanotechnol Monit Manag. 2019;12:100252. doi: 10.1016/j.enmm.2019.100252.

28.  El-Alfy EA, El-Bisi MK, Taha GM, Ibrahim HM. Preparation of biocompatible chitosan 
nanoparticles loaded by tetracycline, gentamycin and ciprofloxacin as novel drug 
delivery system for improvement the antibacterial properties of cellulose based 
fabrics. Int J Biol Macromol. 2020;161:1247-60. doi: 10.1016/j.ijbiomac.2020.06.118, 
PMID 32553963.

29.  Zhang Q, Gao Y, Zhai YA, Liu FQ, Gao G. Synthesis of Sesbania gum supported 
dithiocarbamate chelating resin and studies on its adsorption performance for metal 
ions. Carbohydr Polym. 2008;73(2):359-63. doi: 10.1016/j.carbpol.2007.11.028.



Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 3(Suppl), Jul-Sep, 2023S572

Chaudhari, et al.: pH-Responsive Polyelectrolyte Complex

30.  Akram M, Siddique A, Laila U, Ghotekar S, Pagar K, Oza R. Traditional use, 
phytochemistry and pharmacology of Genus Sesbania: a review. Adv. J. Sci. Eng. 
2021;2(1):64-8.

31.  Bunma S, Balslev H. A review of the economic botany of Sesbania (Leguminosae). Bot 
Rev. 2019;85(3):185-251. doi: 10.1007/s12229-019-09205-y.

32.  Mahto A, Mishra S. Design, development and validation of guar gum-based 
pH sensitive drug delivery carrier via graft copolymerization reaction using 
microwave irradiations. Int J Biol Macromol. 2019;138:278-91. doi: 10.1016/j.
ijbiomac.2019.07.063, PMID 31310787.

33.  Zawar LR, Gupta AS, Ige PP, Bari SB. Design and Development of Directly Compressed 
Sustained Release Matrix Tablets of Aceclofenac. Research Journal of Pharmacy and 
Technology. 2010;3(1):168-74.

34.  Minkal, Ahuja M, Bhatt DC. Polyelectrolyte complex of carboxymethyl gum 
katira-chitosan: preparation and characterization. Int J Biol Macromol. 
2018;106:1184-91. doi: 10.1016/j.ijbiomac.2017.08.128, PMID 28851639.

35.  Nikolova D, Simeonov M, Tzachev C, Christov L, Vassileva E. Polyelectrolyte complexes 
of chitosan and sodium alginate as a drug delivery system for diclofenac sodium. 
Polym Int. 2022;71(6):668-78. doi: 10.1002/pi.6273.

36.  Verma A, Kumar P, Rastogi V, Mittal P. Preparation and evaluation of polymeric 
beads composed of chitosan–gellan Gum–Gum Ghatti/-Gum Karaya polyelectrolyte 
complexes as polymeric carrier for enteric sustained delivery of diclofenac sodium. 
Future J Pharm Sci. 2021;7(1):1-13.

37.  Ciric A, Medarevic D, Calija B, Dobricic V, Mitric M, Djekic L. Study of chitosan/
xanthan gum polyelectrolyte complexes formation, solid state and influence on 
ibuprofen release kinetics. Int J Biol Macromol. 2020;148:942-55. doi: 10.1016/j.
ijbiomac.2020.01.138, PMID 31954125.

38.  Shelly, Ahuja M, Kumar A. Gum ghatti–chitosan polyelectrolyte nanoparticles: 
preparation and characterization. Int J Biol Macromol. 2013;61:411-5. doi: 10.1016/j.
ijbiomac.2013.07.022, PMID 23924761.

39.  Kouchak M, Azarpanah A. Preparation and in vitro evaluation of chitosan 
nanoparticles containing diclofenac using the ion-gelation method. Jundishapur J 
Nat Pharm Prod. 2015;10(2). doi: 10.17795/jjnpp-23082.

40.  Shirsath NR, Goswami AK. Vildagliptin-loaded gellan gum mucoadhesive beads 
for sustained drug delivery: design, optimisation and evaluation. Mater Tech. 
2021;36(11):647-59.

41.  Kumar A, Ahuja M. Carboxymethyl gum kondagogu–chitosan polyelectrolyte 
complex nanoparticles: preparation and characterization. Int J Biol Macromol. 
2013;62:80-4. doi: 10.1016/j.ijbiomac.2013.08.035, PMID 23994791.

42.  Liu X, Cheng S, Zhao J, Qiu X, Zhang W, Ma G, et al. Preparation and anti‐
leakage properties of Sesbania gum‐grafted copolymers. J Appl Polym Sci. 
2021;138(13):50103. doi: 10.1002/app.50103.

43.  Lawrie G, Keen I, Drew B, Chandler-Temple A, Rintoul L, Fredericks P, et al. Interactions 
between alginate and chitosan biopolymers characterized using FTIR and XPS. 
Biomacromolecules. 2007;8(8):2533-41. doi: 10.1021/bm070014y, PMID 17591747.

44.  Lankalapalli S, Kolapalli RM. Biopharmaceutical evaluation of diclofenac 
sodium-controlled release tablets prepared from gum karaya− chitosan 
polyelectrolyte complexes. Drug Dev Ind Pharm. 2012;38(7):815-24. doi: 
10.3109/03639045.2011.630006, PMID 22087874.

45.  Zawar LR, Bari SB. Preparation, characterization and in vivo evaluation of 
antihyperglycemic activity of microwave generated repaglinide solid dispersion. 
Chemical and Pharmaceutical Bulletin. 2012;60(4):482-7.

46.  Mithun U, Vishalakshi B, Karthika JS. Preparation and characterization of 
polyelectrolyte complex of N,N,N-trimethyl chitosan/gellan gum: evaluation for 
controlled release of ketoprofen. Iran Polym J. 2016;25(4):339-48. doi: 10.1007/
s13726-016-0425-9.

47.  Kumar S, Kaur P, Bernela M, Rani R, Thakur R. Ketoconazole encapsulated in 
chitosan-gellan gum nanocomplexes exhibits prolonged antifungal activity. Int J 
Biol Macromol. 2016;93:988-94. doi: 10.1016/j.ijbiomac.2016.09.042, PMID 27659003.

Cite this article: Chaudhari V, Tawade S, Nangare S, Rajput K, Shirsath N, Bafna P, et al. Chitosan–Sesbania Gum Mediated pH-Responsive Polyelectrolyte 
Complexes for Targeted Delivery of Diclofenac Sodium: Preparation and Spectroscopical Evaluation. Indian J of Pharmaceutical Education and Research. 
2023;57(3s):s564-s572.


