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Abstract
Aegle marmelos is a popular medicinal plant in the Ayurveda and Siddha system of medicine. The study is focused on the
synthesis of silver nanoparticles with dried and fresh leaves extract of Aegle marmelos by using silver nitrate. The formation of
AgNPs of Aegle marmelos is better reducing as well as capping agent and this was studied by UV-VIS spectrophotometer in
the range of 480 nm. Then the anti-bacterial activity of 1mM AgNPs of (1ml – 5ml) dried leaves extracts of Aegle marmelos
was tested against pathogenic bacteria (E.coli, P. aeruginosa, S.typhi, S.aureus)showed zone of inhibition. Finally, Molecular
docking was performed as the bioactive compounds of Aegle marmelos as ligands against the protein target EGFR receptor
using Ligand fit of Discover studio software. From this, the best bioactive compound Aegelin was selected by analyzing the
Libdock score, absolute energy, amino acid interaction and number of hydrogen bonds. Based on the result obtained it is said
that the leaves of Aegle marmelos effectively produced the silver nanoparticles and it exhibits the antibacterial activity and
also the active compounds of leaves were inhibits perfectly the EGFR receptor.
Keywords: Aegle marmelos UV-VIS spectrophotometer, EGFR, Libdock score, molecular docking, anti-bacterial activity
1. Introduction
India is extensively known as the botanical garden of the
world it is the largest producer of medicinal herbs.
Medicinal plants act as an ethnic source of new compounds
retaining therapeutic value and can also be used in drug
development. In the last few decades many plants have been
extensively studied by advanced scientific techniques and
are reported for various medicinal properties via, anticancer
activity, antibacterial activity, antifungal activity, antidiabetic activity, antioxidant activity, hepato protective
activity, hemolytic activity, larvicidal activity, antiinflammatory activity. The important aids claimed for
therapeutic uses of medicinal plants in various conditions
are their safety besides being economical effective and their
easy availability.
1.1 BAEL (Aegle marmelos)
Aegle marmelos, commonly known as Bael belonging to the
family Rutaceae, has been broadly used in native systems of
Indian medicine due to its various medicinal properties. The
diverse pharmacological studies of Aegle marmelos were
done and it reveals antibacterial, anti-diarrheal, antifungal,
antiulcer, anticancer, antiviral, anti-inflammatory, analgesic,
antipyretic, anti-fertility as well as anti-hyperglycemic effect
[1]
. Bael’s fruit serves as a stool binding and it is used in
condition like diarrhea, dysentery, etc. Some more
pharmacological studies on Aegle marmelos also reveal antidyslipidemic, anti-thyroid as well as antidiabetic effects.
1.2 Antibacterial Activity
Antimicrobial activity is the feature of plants. The
antibacterial study of the plant extracts of A.marmelos

Demonstrated that folk medicine could be as effective as
modern medicine to combat pathogenic microorganisms [2].
The plants extract for the synthesis of nanoparticles is
potentially advantageous over microorganisms due to the
ease of scale up, less biohazard, eco cultures.
1.3 Molecular Docking
Molecular Docking is a dynamic and competent tool for in
silico screening. It is playing an important and ever
increasing role in rational drug design. Docking is a
computational procedure of searching for an appropriate
ligand that fits both energetically and geometrically the
protein’s binding site [3]. The procedure was performed
using libdock module. The binding results could be
displayed by scoring ligand poses and several scoring
functions can be used for measuring the goodness of a
docking study to find a top ranked pose for ligands [4]. In
this study, absolute energy, hydrogen bond interactions and
Libdockscore can be obtained and the latter was used as
final criteria. In the present study, we established that an
aqueous extract of A.marmelos leaves were used in
reduction of ligand in the formation of stable silver
nanoparticles and tested the effect of antibacterial activity of
biosynthesized silver nanoparticles might have been
enhanced as it was capped with A.marmelos leaves extract
and also studied the docking analysis of bioactive
compound present in A.marmelos against EGFR receptor to
find the best bioactive compound.
The aim of this study is that anti-bacterial activity of silver
nanoparticles synthesized using the leaves of Aegle
marmelos and also to study the molecular docking of
bioactive compounds of Aegle marmelos against EGFR
receptor.
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2. Materials and Methods
2.1 Aqueous Extraction
2.1.1 Aqueous extraction of dry leaves
Fresh leaves of A. marmelos were collected and shade dried
and then powdered. 0.3g of dried leaves were taken in 50ml
of distilled water and kept undisturbed for 2 hrs. The
aqueous leaf extract was filtered using what man No.1 filter
paper and centrifuged at 10,000 rpm for 5 min [5]. The
filtrate was collected and stored for further use.
2.1.2 Aqueous extraction of fresh leaves
Fresh leaves of A.marmelos were collected and 20g of fresh
leaves were washed in distilled water. The leaves were
finely chopped and boiled with 100ml of distilled water for
5min at 70°C and the aqueous leaf extract was filtered with
Whatman No.1 filter paper [6].The filtrate was collected and
stored for further use.
2.1.3 Synthesis of silver nanoparticles of A. marmelos
1mM solution of silver nitrate was prepared in a volumetric
flask. Then 1, 2, 3, 4 and 5 mL of plant extracts were added
separately to 5 mL of silver nitrate solution by keeping its
concentration at 1mM. Similarly, silver nanoparticles were
also synthesized by varying concentrations of AgNO₃ (1
mM – 5 mM) by keeping extract concentration as constant
(between 1-5 mL). This setup was incubated in a dark
chamber to minimize the photo-activation of silver nitrate at
room temperature. Reduction of Ag was confirmed by the
color change of solution from yellow to reddish brown [7].
The same procedure was carried out for both dry and fresh
leaves. Then the extracts were used for characterization
studies.
2.1.4 UV-Vis spectra analysis
The reduction of pure Ag+ ions was monitored by
measuring the UV- Vis spectrum (300-800 nm) of the fresh
and dry leaves extract of different concentration (1-5mM)
and volume of the extracts (1-5ml) solution on a
spectrophotometer operating at a resolution of 1nm with
blank containing plant extract [8].
2.2 Characterization of Synthesised Silver Nano Particle
2.2.1 SEM with EDAX analysis of AgNPs
The morphological characterization of synthesized AgNPs
using 1mM AgNO3 with 3 mL of dry leaf plant extract of
A.marmelos were analyzed using Quanta 250 Scanning
Electron Microscope. Powder sample was spread on double
sided conductive tape fixed on the stub and the samples are
placed in the chamber of ESEM (Environmental Scanning
Electron Microscope) [9]. After attaining high vacuum the
filament was switched on and various parameters like
electron beam, intensity, spot size, voltage, emission current
was adjusted and the images were captured. Additionally,
the presence of other metals in the sample was analyzed by
energy dispersive absorptive spectroscopy (EDAX).
2.2.2 TEM with EDAX analysis of AgNPs
The TEM images of synthesized silver nanoparticles using
1mM AgNO3 with 3 mL of dry leaf plant extract of
A.marmelos were obtained by using 120kV TECHNAI Sprit
G2. Prior to analysis, AgNPs were sonicated for 5 minutes,
and a drop of appropriately diluted sample was placed onto

a carbon-coated copper grid and dried under lamp.
Additionally, the elemental analysis of the AgNPs was
performed using the EDAX on the TEM grid [10].
2.2.3 Fourier Transform Infrared (FTIR) spectroscopy
FTIR measurements were carried out to characterize and
identify the possible functional groups responsible for the
reduction of Ag⁺ ions and capping/stabilization of silver
nanoparticles. FTIR absorption spectra of water soluble
extract of A. marmelos after the reduction of Ag⁺ ions were
identified. Absorbance bands were obtained in the regions
of 400-4000cm⁻ ¹ [11]. The pragmatic intense bands were
compared with standard values to identify the functional
groups.
2.3 Antibacterial assays
The antibacterial assays were done on human pathogenic E.
coli, P. aeruginosa, S. typhi and S. aureus by agar well
diffusion method. Nutrient Broth was used to cultivate
bacteria. 20μl of fresh overnight culture of inoculums of
each species were spread onto MH agar plates. The samples
along with silver nanoparticles were placed in each plates
and standard antibiotic ampicillin was added in a disc [12].
The plates were incubated for 24hrs.
2.4 In silico Molecular Docking studies
2.4.1 Protein selection
There are several PDB structures available for the same
receptors and the PDB structure with a good resolution of
2.00 when compared to other structures was chosen for our
study. The ligands and crystallographic water molecules
were detached from the protein; and the chemistry of the
protein
was
modified
for
missing
hydrogen.
Crystallographic disorders and unfilled valence atoms were
corrected using alternate conformations and valence monitor
options [13]. Following the above steps of preparation, the
protein was subjected to energy minimization using the
CHARMm force field. The active site of the protein was
first identified and it is defined as the binding site.
The Protein Data Bank (PDB) is a source for the 3-D
structural data of large biological molecules, such as
proteins and nucleic acids. The data classically obtained by
X-ray crystallography or NMR spectroscopy and submitted
by biologists and biochemists from around the world, are
released into the public domain, and can be accessed at no
charge on the Internet [14].
2.4.2 Protein target-EGFR
Epidermal growth factor receptor occurs on the cell surface
and is triggered by binding of its specific ligand, including
epidermal growth factor and transforming growth factor.
The EGFR is generally present in all cancer types but in
HNSCC it is over expressed. Cetuximab is an anti-EGFR
monoclonal antibody. Currently the treatment with addition
of Cetuximab to standard Platinum-based chemotherapy in
platinum-resistant recurrent or metastatic HNSCC has also
been studied and demonstrated increased treatment efficacy
and improved overall survival without significant increase
in toxicity [15]. The PDB ID of Cetuximab is 1YY8.
Epidermal Growth Factor Receptor (EGFR), which is
responsible for HNSCC was used as a receptor to conduct
docking studies which was retrieved from Protein databank
(PDB ID:1YY9).
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2.4.3 Ligand selection
Nine bioactive compounds (Skimmianine, Lupeol, Citral,
cineol, citronellal, Aegelin, Marmesin, Eugenol, and Cumin
aldehyde) present in the leaves of Aegle marmelos was
selected as ligand molecule. The structures of the ligands
were obtained from Pubchem database using their molecular
weight and molecular formula. Docking studies were
performed using Libdock of Discovery studio software.
2.4.4 Docking Analysis
Ligand Fit, for precisely docking ligands into protein active
sites. The method employs a cavity detection algorithm for
perceiving invaginations in the protein as candidate active
site regions. A shape comparison filter is shared with a
Monte Carlo conformational search for generating ligand
poses reliable with the active site shape. Candidate poses are
minimized in the setting of the active site using a grid based
method for assessing protein-ligand interaction energies.
The method appears quite promising, reproducing the X-ray
structure ligand pose within an RMSD of 2A°.The protein
atoms were then typed using the CharMm force field.
Ligand conformations were randomly generated and energy
minimized using Charm force field. For protein, the binding
site can be found using as volume of 9A° distance for the
site opening based on binding site module. Then, Libdock
procedure was pragmatic to position conformation of the
ligand correctly in the active site [16]. The procedure was
performed using Libdock module. The binding results could
be displayed by scoring ligand poses and several scoring
functions can be used for measuring the goodness of a
docking study to find a top ranked pose for ligands.
Thus docking study of nine ligands with EGFR was carried
out by Ligand Fit of Discovery studio (Version 2.1,
Accelry’s Software Inc.). The software allows us to virtually
screen a database of compounds and predict the strongest
139 binders based on various scoring functions. It explores
the ways in which these two molecules and the receptors fit
together and dock to each other well. The best binding fit
can be scored by Libdock score, absolute energy, amino
acid interaction and number of hydrogen bonds.
3. Results and Discussion
3.1 Synthesis of AgNPs of fresh and dry leaves of A.
marmelos
3.1.1Fresh leaves of A. marmelos
The color of Fresh leaves extract (1-5 ml) of A.marmelos
with (1mM-5mM) AgNO₃ solution changed from milky
white to reddish brown. The appearance of reddish brown
color indicates the formation of silver nanoparticles within
24 hours of dark incubation. In this blank of silver nitrate
and fresh leaves extract was not observed by any color
change which indicates the silver nitrate bind with leaves of
A.marmelos is sole responsible for the reddish brown. In
fresh leaves extract, the formation of silver nanoparticles
was observed fine in 1ml of fresh leaves extract and 1mM of
AgNO3 and it was gradually increased in the subsequent
concentration and volume of the extracts. In fresh leaves
extract, the formation of silver nanoparticles was observed
fine in 1ml of fresh leaves extract and 1mM of AgNO3 and
it was gradually increased in the subsequent concentration
and volume of the extracts.
3.1.2 Dry leaves of A.marmelos
The color of dried leaves extract (1-5 ml) of A.marmelos

with (1mM-5mM) AgNO₃ solution changed from
yellowish brown to reddish brown. The reduction of Ag⁺
ions was monitored. The appearance of reddish brown color
indicates the formation of silver nanoparticles. Blank of
silver nitrate and fresh leaves extract was not observed any
color change which indicates that silver nitrate binded with
leaves of A. marmelosis sole responsible for the reddish
brown color. Initially, the color of the mixture was
yellowish brown and after 24 hours of incubation the color
changed into reddish brown which indicates the reduction of
Ag+ ions. In dry leaves extract, the formation of silver
nanoparticles was observed in different concentration of
silver nitrate and different volume of plant extract tubes.
3.2UV-Vis spectra analysis
3.2.1 UV-Visible absorption spectra of synthesis of silver
nanoparticles from dry leaves of A. marmelos
The UV-visible spectra confirmed the synthesis which
marked an increased peak at 480nm for 4mM conc. of
AgNO₃ with 1ml dried plant extract and 1mMconc.of
AgNO₃ with 3ml dried leaves extract between the ranges
(300-800nm).
3.2.2 UV-Visible absorption spectra of synthesis of silver
nanoparticles from fresh leaves of A. marmelos
The UV-visible spectra confirmed the synthesis which
marked an increased peak at 480nm for 1mM conc. of
AgNO₃ with 1ml fresh leaves extract and 5mM conc. of
AgNO₃ with 1ml fresh leaves extract between the ranges
(300-800nm). The reduction of silver nanoparticles were
observed clearly indicates that stable silver nanoparticles
strongly binds with the fresh and dry leaves extract within
24 hr dark incubation period at 480nm.

Fig 1: Silver nanoparticles synthesis by Dry leaves of A.marmelos
leaf extract after 24 hr

Fig 2: Silver nanoparticles synthesis by Fresh leaves of
A.marmelos leaf extract after 24 hr
3
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3.3 SEM with EDAX analysis of AgNPs
SEM images of the synthesized silver nanoparticles using
1mM of AgNO3 added with 3mL of dried leaf extract of
A.marmelos at 480nm are given in which shows a high
density of nano silvers recorded from drop-coated films of
the silver nanoparticles by treating aqueous silver nitrate
solution with dried leaf extract of A.marmelos. It is evident
that silver nanoparticles synthesized are spherical in shape
and show a particle diameter range between 104-129nm.
EDAX spectra and quantitative data is reported showing
signals having 0.34 weight % of silver. The presence of
oxygen, carbon, sodium and calcium signals indicates their
origin from biomolecules bound to the surface.

Fig 5: (a) TEM images of synthesized AgNPs at different
magnification (A) 50nm

Fig 3: SEM images of synthesized silver nanoparticles (1mM
AgNO3+ 3mL of dried leaf extract of A.marmelos)

Fig 5: (b) TEM images of synthesized AgNPs at different
magnification levels (50 nm)

C

Fig 4: SEM with EDAX analysis of AgNPs

3.4 TEM with EDAX
Most of the AgNPs were unevenly circular in shape with
smooth edges. The elemental analysis of the AgNPs was
performed using the EDAX on the TEM grid further
confirms the presence of the signals characteristics of silver.
The EDAX reading shows the presence of silver
nanoparticle.

Fig 5: (c) TEM images of synthesized AgNPs at different
magnification levels (c) 20nm

4

European Journal of Biotechnology and Bioscience

Fig 5: (d) TEM images of synthesized AgNPs at different
magnification levels (D) 100nm

Fig 6: TEM with EDAX of AgNPs

3.5 Fourier Transform Infrared (FTIR) spectroscopy
FTIR spectrum shows absorption bands at 3456.69,
2076.18, 1627.85, 676.81 cm⁻ ¹ indicating the presence of
capping agent with nanoparticles. The band at the position
3456.69 cm⁻ ¹ in the spectra at the intensity of 19.000285
indicates O-H functional group with stretched, H-bonded,
strong and broad intensity indicating the presence of alcohol
group. The band observed at the position 1637.85 cm⁻ ¹ at
the intensity of 53.150612 indicates C=C functional group
with stretched and variable intensity indicating the presence
of alkene group. The total number of functional groups are
4.

Fig 7: FTIR spectra of synthesized AgNPs

3.6 Antibacterial Assays
The antibacterial activity of AgNPs biosynthesized using
1mM AgNO3 and different concentration of dry leaf extract
of A. marmelos (1-5ml) against E. coli, P. aeruginosa, S.

typhi, S. aureus has been studied as it showed a minimum
inhibition zone whereas the standard antibiotic Ampicillin
showed clear inhibition zone after 24hrs. The diameter of
the inhibition zone against P. aeruginosa was found to be
20mm for ampicillin ((+ve) control), 13mm for 1ml of dry
leaf extract, 12mm for 2ml of dry leaf extract, 14mm for
3ml of dry leaf extract, 12mm for 4ml of dry leaf extract and
14mm for 5ml of dry leaf extract with 1mM AgNO3.
The diameter of the inhibition zone against S. aureus was
found to be 16mm for ampicillin ((+ve) control), 10mm for
1ml of dry leaf extract, 12mm for 2ml of dry leaf extract,
14mm for 3ml of dry leaf extract, 12mm for 4ml of dry leaf
extract and 10mm for 5ml of dry leaf extract with 1mM
AgNO3. The diameter of the inhibition zone against S. typhi
was found to be 18mm for ampicillin ((+ve) control), 14mm
for 1ml of dry leaf extract, 11mm for 2ml of dry leaf extract,
12mm for 3ml of dry leaf extract, 10mm for 4ml of dry leaf
extract and 12mm for 5ml of dry leaf extract with 1mM
AgNO3. The diameter of the inhibition zone against E. coli
was found to be 14mm for ampicillin ((+ve) control), 12mm
for 1ml of dry leaf extract, 10mm for 2ml of dry leaf extract,
12mm for 3ml of dry leaf extract, 12mm for 4ml of dry leaf
extract and 12mm for 5ml of dry leaf extract with 1mM
AgNO3. The average antibacterial activity of Ag
nanoparticles against bacterial strains ranged from 10-14mm
(the zone of inhibition). Typically, the maximum activity of
Ag nanoparticles is found for S. aureus and P. aeruginosa
with 14mm zone of inhibition for 3ml of plant extract with
1mM AgNO3.
Table 1: Zone of inhibition (mm) obtained by Agar well diffusion
method using standard antibiotic ampicillin
species
E. coli
S. aureus
S. typhi
P. aeruginosa

Zone of inhibition (mm)
14
16
18
20

Table 2: Zone of inhibition (mm)
Species
E. coli
S. aureus
S. typhi
P. aeruginosa

1ml 2ml 3ml 4ml 5ml
12
10
12
12
12
10
12
14
12
10
14
11
12
10
12
13
12
14
12
14

3.7 Molecular Docking
Molecular docking endures to holds great promise in the
field of Computer based drug design which screens small
molecules by positioning and scoring them in binding site of
a protein. As a result of docking studies, different
conformations were generated for every different compound
when it is bounded with EGFR. The bioactive compound
Skimmanine from A.marmelos having one Hbond and its
bond length is 1.87915.The amino acid residues are GLU
35.The Libdock score is 58.39 and the absolute energy is
70.454 with the number of poses-3 The bioactive compound
Lupeol from A.marmelos having one H-bond and its bond
length is 1.87915. The amino acid residues are GLU 35. The
Libdock score is 58.39 and the absolute energy is 70.454
with the number of poses-3. The bioactive compound Citral
from A.marmelos having two H-bonds and having a bond
length of 2.12342, 2.1029. The amino acid residues are CYS
227, ARG 84. The Libdock score is 69.963 and the absolute
energy is 22.116 with the number of poses-90. The bioactive
5

European Journal of Biotechnology and Bioscience

compound Cineol from A.marmelos having one H-bond and
its bond length is 2.44317. The amino acid residues are
ARG 231. The Libdock score is 48.306 and the absolute
energy is 16.215 with the number of poses-29. The bioactive
compound Citronellal from A.marmelos having one H-bond
and its bond length is 2.44317. The amino acid residues are
ARG 231. The Libdock score is 48.306 and the absolute
energy is 16.215 with the number of poses- 2. The bioactive
compound Aegelin from A.marmelos having one H-bond
and its bond length is 2.28151. The amino acid residues are
GLU 60. The Libdock score is 117.794 and the absolute
energy is 57.966 with the number of poses-99. The bioactive
compound Marmesin from A.marmelos having four H-bond
and its bond lengths are 2.3038, 2.10607, 2.144493,
2.15268. The amino acid residues are ARG 84, ALA 265,
ARG 231(Fig 4.7(g)). The Libdock score is 96.033 and the
absolute energy is 48.855 with the number of poses-39. The
bioactive compound Eugenol from A.marmelos having one
H-bond and its bond length is 2.10385. The amino acid
residues are THR 266. The Libdock score is 72.508 and the
absolute energy is 24.454 with the number of poses-75. The
bioactive compound Cumin aldehyde from A.marmelos with
number of poses 89 has no interaction with EGFR. The best
compound is Aegelin with maximum number of 99 poses
and Libdock score of 117.794.

Fig 8: (d) Structure of docked complex of Cineol-EGFR

Fig 8: (e) Structure of docked complex of Citronellal-EGFR

Fig 8: (a) Structure of docked complex of Skimmianine-EGFR

Fig 8: (f) Structure of docked complex of Aegelin-EGFR

Fig 8: (b) Structure of docked complex of Lupeol-EGFR

Fig 8: (g) Structure of docked complex of Marmesin-EGFR
Fig 8: (c) Structure of docked complex of Citral-EGFR
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Fig 8: (h) Structure of docked complex of Eugenol-EGFR
Table 3.7.1: (a) Libdock score, energy value and hydrogen bond length for the nine bioactive compounds extracted from Aegele marmelos
docked with EGFR
Compound No. of poses Absolute energy Libdock score h-bond
Residues
Bond length
Skimmanine
3
70.454
58.39
1
GLU35
1.87915
Lupeol
3
70.454
58.39
1
GLU35
1.87915
Citral
90
22.116
69.963
2
CYS227 ARG84
2.12342 2.1029
Cineol
29
16.215
48.306
1
ARG231
2.44317
Citronellal
29
16.215
48.306
1
ARG231
2.44317
Aegelin
99
57.966
117.794
1
GLU60
2.28151
Marmesin
39
48.855
96.033
4
ARG84 ALA265 ARG231 2.30308 2.10607 2.44493 2.15268
Eugenol
75
24.454
72.508
1
THR266
2.10385
cumin aldehyde
89 no interaction

Conclusion
In the present work, silver nanoparticles were green
synthesized using the aqueous extract of dried and fresh
leaves of Aeglemarmelos and the characterization was done
by UV-Visible Spectroscopy, TEM Analysis, SEM
Analysis, EDAX analysis and FTIR Spectroscopy which
clearly depicts that silver ions was perfectly capped in the
leaves and formation of AgNPs was also stable. The study
of antibacterial activity proved that synthesized leaf extract
of A.marmelos showed minimum inhibitory concentration
against the human pathogenic species. In silico docking
analysis revealed that Aegelin is the best bioactive
compound which block/inhibit the protein EGFR receptor.
Further, synthesized silver nanoparticles of leaves extract
will be tested for the HNSCC cell lines and gene expression
study will be performed to substantiate the docking result.
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