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ABSTRACT

Objective: The objective of the present study was to investigate the antibacterial activity of calcium alginate (Ca-ALG) loaded with ethanolic extract 
of Adhatoda vasica (A. vasica) leaves against Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli).

Methods: Ca-ALG beads containing ethanolic extract of A. vasica leaves were developed by ionic gelation technique. The prepared Ca-ALG beads were 
characterized by Fourier-transform infrared (FT-IR) spectroscopy and scanning electron microscopy (SEM). The antibacterial effect of A. vasica leaf 
extract loaded Ca-ALG beads was examined against S. aureus and E. coli.

Results: FT-IR studies revealed the cross-linking of ALG and calcium ions. The spherical morphology of the beads was designated by SEM. The 
prepared beads were found to display distinctive growth inhibition against S. aureus and E. coli.

Conclusion: The antibacterial activity analysis indicated that the prepared beads have good activity against S. aureus and E. coli. The present study 
proposes a strategy to enhance antibacterial properties of ALG which are widely used in biomedical applications.
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INTRODUCTION

Natural polymers with antibacterial property receive considerable 
attention in the biomedical field. Usually, metal ions and metal 
nanoparticles are added to the system to improve its antibacterial 
activity. Cellular toxicity of such systems restricts its wide applications 
in the biomedical field [1]. The material utilized for biomedical 
application should be free of toxic chemicals and biocompatible in 
nature. The need of environmentally friendly and green antibacterial 
material intensifies the development of products of plant origin. The 
use of herbal extracts as therapeutic agents has numerous benefits such 
as biocompatibility, non-toxic, and eco-friendliness.

Adhatoda vasica (A. vasica) is a popular medicinal plant with well-
known antibacterial and antitussive activities [2,3]. It is an active 
ingredient of indigenous medicine for respiratory disorders. The leaf 
extract of A. vasica is used to cure chronic bronchial disorders, phthisis, 
cough, and asthma [4]. Earlier studies showed that it possesses excellent 
antibacterial activity [5]. The presence of quinazoline alkaloids such as 
vasicinone, vasicine, and deoxyvasicine is responsible for its medicinal 
value. Recent investigations reveal its bronchodilator activity [6].

Alginate (ALG) is a naturally occurring anionic polymer typically obtained 
from brown seaweed and is water soluble. It has the ability to gel in mild 
and aqueous conditions in the presence of divalent ions such as Ca2+ and 
Zn2+ and trivalent ions such as Al3+ and Fe3+ which leads to the formation 
of egg box junctions [7]. The biocompatible and non-toxic nature of ALG 
finds wide applications in the delivery of bioactive agents such as small 
chemical drugs and proteins, and cell transplantation [8-11]. ALG is 
well-known material in the wound management field due to its ability to 
maintain a moist environment and rich water content [12].

Among different metal cross-linked ALGs, calcium-ALG (Ca-ALG) was 
superior for wound healing applications. This is due to the unique 

hemostatic properties of the calcium ion and the ability of the gel to be 
used as a matrix for the aggregation of platelets and erythrocytes [13]. 
The porosity of ALG also allows the entrapment of bioactive agents and 
able to release it on the targeted site in a sustained and controlled manner. 
Usually, antibiotics such as minocycline, gentamycin, and ofloxacin are 
used for treating wound infections. The constant administration of 
these drugs may cause the resistance of the microorganisms to them. 
Antimicrobial dressings based on natural materials with therapeutic 
properties are the best solution to overcome this problem. The 
incorporation of medicinal plant extract into biocompatible polymer 
provides a unique opportunity for the development of novel therapeutic 
approaches toward biomedical application.

The aim of the present study is to prepare Ca-ALG beads loaded with 
ethanolic extract of A. vasica leaves by ionic gelation and examine 
its antibacterial activity against Staphylococcus aureus (S. aureus) 
and Escherichia coli (E. coli). In this work, Ca-ALG beads loaded with 
ethanolic extract of A. vasica leaves were prepared by exploiting the 
hemostatic properties of ALG, and therapeutic activity of A. vasica 
leaves extract for wound healing and drug delivery applications.

MATERIALS AND METHODS

Materials
The materials used were sodium ALG (medium viscosity≈3500 cps, 
Sigma-Aldrich, London), calcium chloride dihydrate (Merck, Germany). 
All the other reagents were of analytical grade and used without further 
purification. A. vasica leaves were freshly collected from the college 
garden and identified with the help of Dr.  Dinesh Raj, Department of 
Botany, Bishop Moore College, Mavelikara, Kerala.

Preparation of extract
Shade-dried leaves of A. vasica were coarsely powdered. About 250 g of this 
powder was extracted with 1000 ml of 100% ethanol in an ultrasonicated 
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water bath for 20 min and kept at room temperature for 24 h. Then, the 
extract was filtered through Whatman No. 1 (pore size 25 µm) filter paper. 
The residue was subjected to re-extraction for 3 times using fresh ethanol, 
and the combined filtrates were evaporated to dryness under reduced 
pressure (20–50 k Pa) at 40°C using a Buchi rotary evaporator. The dark 
green residue was finally dried in vacuum (yield 20 g) [14].

Preparation of A. vasica leaf extract loaded Ca-ALG beads
Sodium ALG was dissolved in 10 ml deionized water (3%, w/v). About 
200 mg A. vasica leaf extract is added to this solution and stirred for 
30  min to obtain a homogenous solution. The homogenized solution 
was dropped into 1% calcium chloride aqueous solution using a 25-G 
needle from 5  cm distance at room temperature. The droplets were 
kept in solution for 20 h. Then, the A. vasica leaf extract loaded Ca-ALG 
beads was separated from the solution, washed several times with 
distilled water and dried.

Scanning electron microscopy (SEM)
The surface morphology of the A. vasica leaf extract loaded Ca-ALG bead 
was imaged using a JEOL JSM-6390LA Analytical Scanning Electron 
Microscope.

Fourier-transform infrared (FT-IR) analysis
FT-IR studies of sodium ALG and Ca-ALG were carried out using 
Shimadzu FT-IR model 1801 between 400 and 4000 cm−1 wavelength 
range to ensure the cross-linking between ALG and Ca2+ ions.

Evaluation of antibacterial activity
Antibacterial activity of A. vasica leaf extract loaded Ca-ALG beads was 
evaluated against S. aureus and E. coli. Petri plates containing 20 ml Muller-
Hinton agar medium were seeded with bacterial culture of E. coli and S. 
aureus (growth of culture adjusted according to McFards standard, 0.5%). 
Wells of approximately 10 mm were bored using a well cutter, and samples 
of desired concentrations were added. All the plates were incubated for 24 
h at 37°C. The antibacterial activity was tested by measuring the diameter 
of the zone of inhibition formed around the well (NCCLS, 1993).

RESULTS AND DISCUSSION

Plant extracts are viewed as a promising material for biomedical 
applications since it possesses excellent antiviral, antifungal, anti-
inflammatory, antioxidant, and antibacterial activity due to the presence 
of biologically active ingredients. Among them, A. vasica is well known 
for its medicinal properties and is easily obtainable and economical. In 
the present study, we prepared the ethanolic extract of A. vasica leaves 
loaded in Ca-ALG with the aim to develop a biomaterial with remarkable 
antibacterial activity. Previous reports from various research groups 
justify the choice of ethanol as solvent in our extraction [15,16].

ALG is an easily available and inexpensive natural polymer with well-
established biocompatibility and non-toxicity. A. vasica leaf extract 
loaded Ca-ALG beads was prepared by ionotropic gelation technique. 
Ionotropic gelation technique is the most common and simple method 
for the preparation of ALG-based beads. Here, all the preparation 
steps were performed in mild and aqueous conditions and free from 
toxic organic solvents. These factors assure the biocompatibility of the 
prepared ALG beads.

The SEM image of the prepared A. vasica leaf extract loaded Ca-ALG bead 
is shown in Fig. 1. It confirms the spherical shape of the obtained bead. 
The ionotropic gelation method gave beads with a spherical shape. The 
divalent calcium ions form a chelated structure with the polyguluronate 
unit of ALG molecule, leads to the formation of spherical beads [17].

The FT-IR spectra of Na-ALG and Ca-ALG were taken and are shown in 
Fig. 2. The band at 3445 cm−1 in the spectra of the sodium ALG can be 
assigned to the stretching vibrations of the O-H bond. The peaks around 
1649 and 1460 cm−1 were assigned to asymmetric and symmetric 
stretching vibrations of carboxylate ions. In Ca-ALG beads, the peak 
corresponding to the O-H bond becomes narrow. This is caused by the 

formation of chelating structure between hydroxyl and carboxylate 
groups of ALG with calcium ion. As a result of this chelating structure 
formation, the asymmetric stretching vibration of ALG is also shifted 
from 1649 cm−1 to 1625 cm−1 [18].

The result of the antibacterial activity study of A. vasica leaf extract loaded 
Ca-ALG bead against S. aureus and E. coli is shown in Fig. 3. The result 
suggests that the prepared A. vasica leaf extract loaded Ca-ALG bead 
displayed antibacterial activity against S. aureus (inhibition zone of A. vasica 
leaf extract loaded Ca-ALG bead - 1.5 ± 0.10 cm, negative control dimethyl 
sulfoxide (DMSO) - 0.00 ± 0.00, and positive control streptomycin - 2.85 
± 0.05 cm) and E. coli (inhibition zone of A. vasica leaf extract loaded Ca-
ALG bead – 12 ± 1.9 cm, negative control DMSO - 0.00 ± 0.00, and positive 
control streptomycin  -  2.74 ± 0.18  cm). In previous studies, Patel and 
Venkatakrishna-Bhatt reported the antimicrobial activity of A. vasica [19]. 

Fig. 1: Scanning electron microscopic image of Adhatoda vasica 
leaf extract loaded calcium alginate bead

Fig. 2: Fourier-transform infrared spectra of (a) calcium-alginate 
(b) Na-alginate

b
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The resultant material can find excellent application in the field of wound 
healing. A. vasica leaf extract can act as a barrier against pathogens and 
prevent the growth of microorganisms. In addition to the antibacterial 
activity, A. vasica leaf extract also showed well wound healing activity [20]. 
In earlier studies, Bhargava et al. proved the potential of alcoholic extract 
as a wound healing agent in buffaloes [21]. They reported the ability of 
A. vasica for improving tensile strength, extensibility, and absorption in 
the wound repair tissue. They also reported that A. vasica can enhance 
the amount of elastin, collagen, hydroxyproline, hexosamine, and zinc. The 
porous nature of Ca-ALG allows the gaseous exchange in and out of the 
wound surface. All these properties make the prepared sample suitable 
for wound healing applications.

CONCLUSION

In the present study, a rapid and simple methodology was proposed 
to prepare A. vasica leaf extract loaded CA-ALG beads by ionotropic 
gelation technique. The spherical morphology of the prepared beads 
was proved by SEM analysis. The successful cross-linking between 
the carboxyl group of ALG and calcium ions was confirmed by FT-IR 
analysis. The antibacterial activity analysis indicated that the prepared 
beads have good activity against S. aureus and E. coli. The preliminary 
study proposes that the prepared material has suitable properties 
for wound healing application. The study offers a new strategy for 
developing wound healing material.
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Fig. 3: Antibacterial activity of Adhatoda vasica leaf extract 
loaded calcium-alginate (Ca-ALG) bead against Staphylococcus 

aureus (plate 1) and Escherichia coli (plate 2). In both the plates 
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