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Sharma et al.: Studies of Atenolol-loaded Gellan Gum Nanoparticles

Biopolymeric nanoparticles were synthesized using Gellan Gum and loaded with Atenolol, an antihypertensive 
drug by ionotropic gelation (an easy and ecofriendly system) induced by BaCl2 as an ionic crosslinking agent to 
improve absorption and bioavailability of drug.  These nanoparticles were characterized by scanning electron 
microscope, fourier-transform infrared spectroscopy, X-ray diffraction analysis and dynamic light scattering 
techniques. Mean particle size obtained was 85.61 nm by X-ray diffraction, Zeta potential -19.4 mV with fibrous 
morphology. In order to optimize conditions for in vitro drug release various physicochemical parameters 
were studied. Different kinetics model were used to analyze in vitro drug release and results indicated that the 
drug release follows Korsemeyer-Peppa’s model.
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Nanomedicines and nano drug carrier systems are 
new but rapidly growing areas of science where the 
biocompatible materials such as synthetic polymers or 
natural polymers in the nano scale range are employed 
to serve as means of diagnostic tools or to act as a 
delivery vehicle to specific targeted sites in a controlled 
manner[1]. Nano drug delivery systems offer many 
advantages over conventional delivery systems such 
as sustainable release, improved efficacy, and reduced 
toxicity, protection of drugs against enzymatic and 
chemical degradation when administered inside the 
body[2]. 

The biopolymers due to their outstanding properties 
are known to be good candidates for drug delivery 
applications. These biopolymers may be in the form of 
polysaccharides[3-5], which may be exopolysaccharides 
e.g. mannitol, dextran, gellan gum (GG), welan gum 
etc. and are soluble in water, ionic or nonionic polymers 
and among them, GG has drawn increased attention 
of researchers due to its favorable physicochemical, 
mechanical and functional properties such as 
abundance in nature, non-toxicity, easy modification 
(due to presence of carboxylic groups),easy gelation, 
mucoadhesiveness and thermal stability etc. GG is 
a linear, anionic tetrasaccharide consisted of two 
residues of D-glucose (Glc) and one of each residue of 
L-rhamnose (Rha) and D-glucuronic acid (GlcA)[6] 

(fig. 1(a)). GG has already been processed into floating 
beads with Rifabutin[7], nanoparticles with vancomycin 
for osteomyelitis treatment[8], as injectable hybrid 
delivery system with gentamycin for localized treatment 
of bone infections[9], as a composite hydrogel for being 
used as an adsorbent for cationic dyes[10], in the form 
of gellan microcarriers for pH-responsive sustained 
oral delivery of glipizide[11] and in the delivery of 
epigallocatechin gallate found in green tea[12], even the 
role of microspheres of GG has also been investigated 
in its freeze drying and rehydration process[13].

The most important characteristic of GG is its gelling 
property which occurs during the heating or cooling of 
GG solution in the presence of monovalent (Na+, K+) or 
divalent cations such as Ca2+, Mg2+ , Ba2+[14,15] or even 
some trivalent cation like Al3+. Studies reveal that its 
affinity towards bivalent cations is more as compared 
to monovalent or trivalent cations[7]. The gelation of 
GG occurs by a two-step process i.e.   formation of 
double helices from random coil chains followed by 
an aggregation of pairs of double helices[16,17]. The coil-
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helix transition is highly influenced by electrostatic 
interaction with cations present in the solution[18,19].

Generally, bioavailability refers to the presence of 
drug molecules where they are needed in body with an 
increased efficacy. The issue of drug delivery is based 
on maximizing bioavailability over a period of time at 
specific places inside the body. Current pharmaceuticals 
suffer from poor bioavailability which requires a higher 
or repetitive dose of drugs as is the case with atenolol 
where overdosing of drug may cause various side 
effects including type II diabetes, to overcome such 
problems nanoscience can be very useful, involving 
development of new carrier systems for enhancement 
of bioavailability along with improved drug delivery 
like entrapment of drug within nanoscale cavity of 
biopolymeric matrix.

Atenolol, a selective β1-adrenoreceptor antagonist is 
prescribed widely in diverse cardiovascular disorders 
like hypertension, angina pectoris (chest pain), 
arrhythmias (rhythm disorders) and acute myocardial 
infarction (heart attack) etc. Atenolol has low pKa 
value 9.6[20] thus it undergoes ionization in stomach 
and intestine leading to inefficient absorption though 
membranes, thus possess low oral bioavailability 

~50 %[21,22]. Atenolol loaded nanoparticles were also 
investigated in our previous work in combination with 
biopolymer sodium alginate[23]. In comparison to other 
antihypertensive drugs like propranolol or metoprolol, 
atenolol resists metabolism by the liver and the absorbed 
dose is eliminated by renal excretion. Administration 
of conventional tablets of this drug has been reported 
to have fluctuations in the plasma drug levels, which 
results in manifestation of side effects or reduction in 
drug concentration at the receptor site. Hence, the aim 
of this piece of work was to prepare atenolol loaded 
(antihypertensive drug) GG nanoparticles to improve 
its bioavailability and absorption thereby reducing 
side effects of this drug using Ionotropic gelation 
followed by Polyelectrolyte complex (PEC), a well-
known method for the preparation of nanoparticles due 
to its non-toxicity, and cost-effectiveness[24], with the 
determination of drug entrapment followed by in vitro 
drug release.

A number of studies involving ionotropic gelation 
with polyelectrolyte complexation have been 
reported and polymers like poly-l-lysine, chitosan, 
Polyethyleneimine (PEI) or polyaziridine, ammonium 
glycyrrhizate etc. have been significantly used for this 
purpose[25-31].

 
Fig. 1: Chemical structure of (a)  Low acyl GG  (b) Atenolol (c) Scheme of the Reaction among  GG,BC and ATE where firstly egg-
box formation takes place between GG and BC and then Atenolol gets entrapped.
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Particle size measurement by X-ray diffraction 
(XRD): 

 In order to confirm the crystalline or amorphous nature 
of atenolol, GG and prepared nanoparticles, X-ray 
diffraction method was used (Bruker, D-8 advance). 
The data collection was performed using Cu Kα at 
0.154 nm and a voltage of the monochromator at  
40 kV. The diffraction pattern was determined in the 
area 5°<2θ<60° at 5° per min scanning speed. The area 
of the peaks at 2θ values had been considered as the 
representative peaks for calculation of crystallinity 
index i.e. percentage crystallinity calculated by XRD 
deconvolution method. Crystallinity can be calculated 
from the ratio of the integrated area of all crystalline 
peaks to the total integrated area under the XRD peaks[32]. 
Percentage crystallinity=Ic/Ic+Ia×100 (1). Where, Ia and 
Ic are the integrated intensities corresponding to the 
amorphous and crystalline phases, respectively.

Drug content and Entrapment Efficiency (AE):

The amount of drug loaded in nanoparticles was 
determined by ultraviolet (UV) visible spectrometer 
(Perkin Elmer, Lambda 25). The drug loaded 
nanoparticles suspension was centrifuged at 18 000 rpm 
for 30 min using cooling centrifuge (Remi, India). The 
supernatant solution was separated and the amount of 
free drug in the supernatant solution was determined 
by UV visible spectrometer at 224 nm. Drug content 
was calculated using a calibration curve and percentage 
entrapment efficiency (AE)[33] was calculated using 
following formula. The experiments were performed in 
triplicate.

Percentage efficiency=Total drug-Free drug/Total 
drug×100

In vitro drug release studies: In vitro release studies 
were carried out by using dialysis membrane. The 
drug loaded nanoparticles (equivalent to 25 mg of 
drug) were dissolved in 10 ml distilled water and 
taken in a dialysis bag (molecular weight cut off 
20 kDa, pore size 0.2 µm) and was placed in  the 
receptor compartment containing 100 ml distilled 
water. The medium was agitated continuously at  
50 rpm using a magnetic stirrer and the temperature was 
maintained at 37±0.5°[34]. 5 ml sample was withdrawn 
at various time intervals over a period of 48 h. and fresh 
distilled water was replaced during each sampling. The 
amount of drug released was determined by UV-Visible 
spectrometer at 224 nm.

MATERIAL AND METHODS

GG (low acyl) was procured from Sisco Research 
Laboratories, India, Atenolol drug was obtained as a 
gift sample, Polyethyleneimine was purchased from 
Loba Chemie, Mumbai. BaCl2 was purchased from 
Merck. Other chemicals used were of pharmaceutical 
and analytical grade. 

Preparation of blank polysaccharide based 
nanoparticles:

Blank GG nanoparticles were prepared by ionotropic 
gelation reported by Rajaonarivony et al.[24] with 
certain modifications as mentioned below.  The 
preparation of nanoparticles is two-step process. Step 
I; 2 ml Barium chloride (3.35 mg/ml, w/v) was added 
drop wise to 10 ml GG aqueous solution (3 mg/ml, w/v) 
to induce gellification while stirring for 30 min using 
a magnetic stirrer (Remi, India) at 1200 rpm. Step II;  
4 ml PEI solution (0.8 mg/ml, w/v) was added into the 
above obtained pre-gel solution to form polyelectolyte 
complex and was stirred for 1 h. The resultant suspension 
was kept overnight. The nanoparticles thus formed 
were separated by ultracentrifuge for 45 min and dried 
under lyophilizer at -78° for 24 h using D-Mannitol as 
a cryoprotectant.

Preparation of drug loaded gg nanoparticle:  
2 ml aqueous solution of atenolol drug (500 ppm) was 
incorporated to 10 ml GG aqueous solution (3 mg/ml, 
w/v) and rest of the process was same as described 
under heading preparation of blank nanoparticles.

Physicochemical characterization: 

FT-IR spectral analysis: FT-IR analysis were 
conducted to assess the interaction between different 
formulation components such as GG, GG- blank 
nanoparticles (BC NPs), pure atenolol drug and GG-
ATE NPs using  FT-IR Jasco-4600 at a scanning range 
4000-400cm-1 using KBr pellets. 

Surface morphological studies:

Dried GG-ATE NPs were examined under a scanning 
electron microscope JEOL-JSM -5600 and EVO 18, 
Carl Zeiss at an acceleration voltage of 20kV and  
6.0 kV respectively, mounted on a metal stub.

Measurement of Particle Size and Zeta Potential:

Particle size and zeta potential of blank nanoparticles 
and drug loaded nanoparticles were examined using 
Malvern Zeta Sizer Nano ZS. 

https://www.srlchem.com/
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formation of egg-box structures[37].

The successful attempt in the synthesis of GG-ATE NPs 
was initially evaluated by using FT-IR spectra which 
is given in fig. 2 (a-d). The FT-IR spectrum of GG  
(fig. 2a) shows characteristic peaks at 3334.32 cm-1 (O-H 
stretching), 2933.2 cm-1 ( C-H stretching), two strong 
peaks at 1634.38 cm-1 and 1416.46 cm-1 corresponds to 
asymmetric and symmetric stretching of carboxylate 
group  and 1046.19 cm-1 indicates C-O stretching  for 
alkyl ether[38].

Absorption region of stretching vibrations of O-H 
bonds in barium- GG nanoparticles appear narrow 
than that obtained in native GG. This difference arises 
from the participation of hydroxyl and carboxyl groups 
of gellan to the barium ion in order to form chelating 
structure and consequent decrease in hydrogen bonding 
which results in narrowing of bands in barium-GG 
blank nanoparticles. The peak obtained at 1075 cm-1 is 
attributed to the C-O stretching vibration of pyranosyl 
ring (fig. 2b).

The FT-IR spectrum of Atenolol in  fig. 2c  shows peaks 
at 3362.28cm-1 for O-H stretching, at  3174.26 cm-1 for 
N-H stretching, at 2965.02 cm-1 for C-CH3 Stretching, 
at 1581.34 cm-1 for C=C aromatic stretching, at  
1732.1 cm-1 for C=O stretching and at 1637.22 cm-1 for 

In vitro drug release kinetics: 

The drug release data were fitted into different kinetics 
model such as Zero order, First order, Higuchi, Hixon-
Crowell’s cube root equation and Korsemeyer-Peppa’s 
model to understand the kinetics and drug release 
mechanism from nanoparticles. The methods were 
adopted to investigate the most suitable model[35,36].

RESULTS AND DISCUSSION

Ionotropic gelation is a famous process for the 
preparation of GG nanoparticles. As for GG, the 
ionic interactions between the negatively charged 
GG polymer and the positively charged counter ions 
Ba2+, were used to prepare GG nanoparticles. The use 
of low acyl GG for the preparation of nanoparticles 
increases its dissolution in distilled water and hence 
at a very low concentration of counter ions  (Ba2+,  
0.3 % (w/v)) gelation of GG occurs. Ionotropic gelation 
is mainly based on the polyelectrolytes to crosslink 
with the counter ions to induce the formation of gels 
which entrap the drug within themselves and release 
the therapeutic or drug to its target when administered. 
Ionic gelation method results initially the formation of 
Ba-GG complexes and interaction between Ba2+ ions 
and glucuronic sequences of GG provides an aid for the 

 
Fig. 2: FT- IR Spectra of (a) GG, (b) GG-BC NPs, (c) ATE, (d) GG-ATE NPs
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O=C-NH2 stretching[35].

The interaction between polymer and drug can be 
identified by the shifting or disappearance of frequency 
of functional characteristic peaks. FTIR spectrum of 
ATE loaded GG NPs in fig. 2d shows characteristic 
peaks of both polymer and drug. As an evident from 
the FT-IR spectrum of GG-ATE nanoparticles, a shift 
in peak responsible for –OH stretching (3334.32 cm-1) 
of GG to lower frequency 3320.82 cm-1 is observed. 
The reason behind it may be electrostatic interactions 
between amine group of drug and hydroxyl group of 
native GG, which causes the frequency shift towards 
lower side. Similarly a small shift in asymmetric and 
symmetric stretching of carboxylate group is observed. 
This indicates loading of atenolol on GG nanoparticles. 

SEM micrographs revealed that the surface morphology 
of blank GG-BC NPs indicates porous surfaces (fig. 3a 
and b) and morphology of  GG-ATE NPs and its matrix 
structure is fibrous or rod like as shown in  fig. 3c and 
d. The particle size of optimized nanoparticles is shown 
in fig. 4(a). The mean particle size of the optimized 
formulation was found to be 182.1±3.15 nm with PDI 
value 0.094±0.003. The low PDI value indicates the 
uniform particle size distribution which may be due 
to the adoption of optimized formulation parameters. 
The surface charge of NPs monitor their capability to 
interact under physiological environment i.e. with cell 

membrane and biological components which in turn 
affects the in vivo future of the nanoparticles[39,40] and 
it also helps to determine whether a charged active 
material is encapsulated within the system or adsorbed 
onto the surface or both . The DLS instrument was used 
in its electrophoretic light scattering mode to measure 
zeta potential. An average zeta potential of -19.4 
±3.15 mV as shown in fig. 4b, was obtained, which 
indicates good stability of the formulation. A negative 
zeta potential might be attributed to the presence of 
carboxyl end groups (from GG). A high value of zeta 
potential also indicates the electrostatic repulsion 
between particles with the same charge which prevents 
them from aggregation and stabilizes them thus 
nanoparticles with uniform size is obtained[41,42].

The X-ray diffraction spectra recorded for (a) GG, (b) 
ATE and (c) GG-ATE NPs are presented in fig. 5. Results 
in fig. 5b shows completely crystalline nature of pure 
ATE since it exhibited several intense characteristic 
signals at diffraction angle (2θ)=6.59°, 9.72° and 
20.92°, while GG and GG-ATE diffractogram shows 
amorphous   nature (fig. 5a and 5c). Drug entrapment 
in GG nanoparticles has been proved by disappearance 
of characteristic peak of atenolol and due to this the 
nature of GG changes to semicrystalline[43]. Moreover, 
the crystallographic data indicates that the percentage 
crystallinity of atenolol was decreased from 68 % (in 

 Fig. 3: SEM micrographs (a) and (b) GG-BC blank NPs, (c) GG-ATENPs  at x150 and (d) GG-ATE NPs at x 500 resolution
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pure drug) to 28 % (in entrapped drug) which clearly 
indicates the change of drug from its crystalline to 
amorphous state, although the crystallinity of GG 
is increased and thus we obtain semi crystalline 
nanoparticles.

The size of the nanoparticles was calculated 
by   Debye  Scherrer equation  (D=0.9λ/β  cos  θ) to 
determine various characteristics of the crystalline 
material, where D is the crystal size, λ is the wavelength 
of X-ray, θ is the Braggs angle in radians, and β is the 
full width at half maximum (FWHM) of the peak in 
radians. The calculated particle size was 85.61nm[44].

λmax value of the drug in distilled water was observed 
at 224nm (pH 6.8-7.0). The entrapment efficiency of 
GG nanoparticles was greatly influenced by atenolol 
concentrations hence different concentrations of 
atenolol were loaded on NPs and then an optimized 
concentration (500 ppm or 500 µl) of drug was used to 
prepare nanoparticles. Entrapment efficiency was found 
to be 68.85±3.19 %.  GG-ATE NPs were investigated 
in order to characterize their properties as a controlled 
drug delivery system.   The release profile for drug 
loaded nanoparticles was observed in distilled water (at 
pH 6.8 to 7.0) and results are shown (fig. 6). 

In vitro drug release from GG-ATE NPs shows (fig. 6a 
and b) initial burst release of about 50-60 %   within  
60 min through which the drug molecule present on the 
surface of the nanoparticles get released into release 
media which may be due to porous nature of GG. After 
initial burst release, the drug was released by bulk 
degradation along diffusion of the drug leading to a 
plateau for 3 h followed by  a constant sustained release 
of the drug over 48 h[36,45].

On the basis of best fit with the highest correlation (R2) 
value, it is concluded that GG-ATE NPs follow the 

Fig. 4: (a) Particle size distribution, (b) Zeta Potential of GG-
ATE NPs

Fig. 5: XRD patterns of (a) GG, (b) ATE and (c) GG-ATE 
Nanoparticles

Fig. 6: (a) In vitro release profile of Atenolol from GG nanoparticles in distilled water (pH -6.8 to 7.0), (b) Bar chart for mean with 
standard error

https://www.sciencedirect.com/topics/materials-science/scherrer-equation
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Korsemeyer-Peppa’s model[46-48] which shows that the 
drug release mechanism involved diffusion with release 
exponent (n) value (slope in the fig. 7) less than 0.5, 
i.e. n=0.12 representing porous system (in accordance 
to SEM results, where porous morphology is exhibited 
by GG) including combined mechanism of diffusion 
through matrix and partially through water filled pores 
which shifts the release exponent (n) towards smaller 
value. Generally, swellable polymeric devices follow 
Korsemeyer-Peppa’s model[49]. Thus from the results it 
can be concluded that the drug release from nanoparticles 
was through the combination of bulk degradation along 
with diffusion[36]. The plot for Korsemeyer-Peppa’s 
model is shown in fig. 7 and results are summarized in 
Table 1.

Moreover, nanoparticles get dissolved in release 
medium (distilled water), and atenolol freely release in 
distilled water. Also, the binding of atenolol molecules 
that accumulate on the surfaces of nanoparticles and 
the polymer matrix is not too strong, and therefore the 
atenolol molecules tend to depart from the surfaces 
of nanoparticles and diffuse to the external medium. 
This study has shown that a hydrophilic drug atenolol 
can be entrapped in GG nanoparticles in an aqueous 
environment by ionotropic gelation method using 
BaCl2 as a cross linker. These polysaccharide (GG) 

based nanoparticles were characterized by FT-IR, 
SEM, particle size analysis and zeta potential (DLS) 
and XRD methods. SEM micrographs exhibited 
fibrous or rods like structures. FT-IR studies confirmed 
the drug entrapment within GG nanoparticles; XRD 
results indicate the distribution of the drug molecules 
in prepared nanoparticles and are in agreement 
with the results obtained by FT-IR. Dynamic light 
scattering (DLS) results show uniform distribution 
of nanoparticles. About 88 % of drug release was 
achieved (in 48 h) in aqueous environment (pH 6.8-
7.0) .The results of the study indicate that drug loaded 
nanoparticles could be used to minimize the loss of 
drug and enhance its bioavailability thereby reducing 
its side effects. The release of atenolol was found to 
be dependent on the extent of crosslinking of the 
polymer matrix as well as the amount of GG present 
in the matrix. Higher release rates were observed with 
lower concentration of cross linker and GG. Ionotropic 
gelation used for the preparation of GG nanoparticles 
is an economically viable approach which offers great 
opportunities in the field of bioencapsulation and could 
be suitable for the encapsulation of fragile drugs.
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