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ABSTRACT

Objective: To evaluate the potential aspects of biologically synthesized silver nanoparticles (AgNPs) mediated by Broussonetia papyrifera against the
human pathogens. The same is acknowledged to have high efficiency in the field of Pharmaceutical industry.

Methods: The 1 mM of AgNO, is prepared and mixed with an appropriate volume of plant extract and reaction volume was made up to 100 ml. The
physical characterization of AgNPs was done. The antimicrobial activity was done against dread pathogens. Cytotoxic activity of the AgNPs was
investigated against breast and lung cancer cell lines.

Results: The field emission scanning electron microscopy and energy dispersive X-ray spectroscopy of the microscopic level showed the particle
surface measurements around 44-50 nm. The X-ray powder diffraction investigations are being an evidence for the crystalline structure of the AgNPs
with 30 nm. The bacterial pathogen Rhodococcus rhodochrous showed the maximum zone of inhibition (11.8+0.447). The A549 human lung cancer
cell line and MCF-7 human breast cancer cell line were tested against the toxicity of AgNPs. The toxicity of AgNPs was valued and corresponding
inhibitory concentration for lung cancer (A549) is 12.95+0.05 pg/mL and breast cancer (MCF-7) is 10.75+0.05 pug/mL, respectively.

Conclusion: This research denotes that biomolecules derived AgNPs have a larger impact as antimicrobials in the biomedical field. Since the aggressive
chemicals are not involved AgNPs production, these bio-substances can of alternative medicine to resistant once. The in-vitro experiments exhibit the

therapeutic effect of this AgNPs based on the ambient concentration on the process.
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INTRODUCTION

The research on silver nanoparticles (AgNPs) and their characterization
is an emerging field of nanotechnology for the last two decades, due
to their huge applications biomedical fields. The innovative discipline
globally enkindles the interest confined in the size of the object is
nanotechnology. The intellect anticipation in life sciences has directly
interrelated to additional branches like biomedical and Biotechnology.
The plant derived nanomaterials are specific in its nature such as
size, distribution, and morphology [1,2]. The NPs from the metallic
compounds are whose synthesis contributes toward larger volume of
NPs. Among every part of the metal-based nanomaterials, Ag gives the
impression to be better, because it’s specificity in terms of properties,
often gives positive significance in the field of medical industry. The
antimicrobials potential of AgNPs from plant-based compound has high
volume, in terms of its therapeutic aspects [3]. And specific to this study,
NPs also inhibit the cancer cells, which is one the most important and
leading research today. The disease cancer is one of the dread diseases
of the humankind. It has been projected that 14 million new cancer
cases and 8.2 million cancer-associated deaths were reported in 2012.
There is country which has annual disease rate is high Africa, Asia,
and Central and South America represent 70% [4,5]. In the direction
of specificity about the plant resource; Broussonetia papyrifera is
economically useful and medicinally has a wide range of applications. It
is a fast growing deciduous plant and native to Asia; the bark and inner
part of the plant are economically sound [6,7]. The leaves of this plant
have anticancer efficacy, in which the volume of the plant part is higher
than the AgNPs which shows the inhibitory concentration (IC, ) at the
higher rate. In biosynthesis method, using bacteria, fungi, and plants
are already well-documented [8]. The water-soluble organics in the

plant bio molecules are sole responsible for the reduction of silver ions
to nano-sized Ag particles.

Plant-mediated synthesis of NPs is an approach that intercom- nests
nanotechnology and plant biotechnology [9]. Plant extract has been
found optional source to chemical and physical methods. Plants
mediated nanoparticles can be advantageous over other biological
processes by eradicating the complex progression of maintaining
cell cultures [10]. Therefore, this study aims at characterization and
evaluation of antimicrobial and anticancer efficiency studies of AgNPs
from B. papyrifera, ultimately a constructive approach cum application
to various branches of medical industry.

METHODS

Chemicals

The AgNO, was used as a substrate for the synthesis of AgNPs.
The AgNO, was purchased from Hi media Laboratories Pvt. Ltd.,
Mumbai, India. The water has been obtained through glass double
distillation [11].

Collection and authentication of plant

The plant B. papyrifera (L.) Vent. - Authenticated by Botanical Survey
of India (BSI) Coimbatore - 641 003 India. The reference number is
BSI/SRC/5/23/2015/Tech.2500. This particular plant was collected
from Indian Institute of Science (1ISc) campus, Bengaluru, (KA) India.

Preparation of plant extracts
To prepare an aqueous extract of B. papyrifera the leaf part (20 g)
washed thoroughly with distilled water and dried for 5 days at room
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temperature. Then, the leaves were powdered, and 1 g of leaf powder
was taken in a 250 ml Erlenmeyer flask with 100 ml sterile distilled
water. The sample was boiled for 5 minutes at 70°C. The filtrate, thus,
obtained was stored at 4°C and used further studies.

Synthesis of AgNps

A5 mlaliquot of the plant extract was mixed with 95 ml of aqueous 1 mM
silver nitrate (AgNO3) for reduction of the silver nitrate into Ag+ ions
and kept at room temperature for up to 24 hrs. About 10 minutes after
mixing the color of the solution began changing into reddish brown
indicating the formation of AgNPs.

Characterization of AgNPs
Field emission scanning electron microscopy (FESEM)

The FESEM was performed on the AgNPs to characterize the mean
particle size and the morphology/shape/topography of the AgNPs.
The powder and freeze-dried samples of the AgNPs were sonicated; a
small drop of this sample was placed on glass slide and allowed to dry.
A thin layer of platinum was coated to make the samples conductive.
FESEM studies were performed using Hitachi model S3000H, Hitachi
Ltd, Tokyo, Japan [12].

Energy dispersive X-ray spectroscopy (EDAX)

The system for EDAX, namely, Bruker offers a powerful range for energy
dispersion of AgNPs The new generation of QUANTAX EDAX features
the XFlash® 6 detector series with active areas from 10 to 100 mm?
10, 30, 60, and 100 mm? active area detectors offer ideal solutions for
micro- and nano-analysis. Energy resolutions for detectors are usually
specified in accordance with ISO 15632:2002 [13].

X-ray powder diffraction (XRD)

XRD studies were conducted using XPERTPRO multipurpose X-ray
diffractometer procured from the Netherlands, using Cu Ka radiation
with a wavelength of 1.540 A. With the model of D8-A25, the XRD at
is high (up to 1200°C) in air or vacuum with double laser alignment
system. The dried powder of AgNPs was further analyzed under X'Pert
Pro X-ray diffractometer operated at a voltage of 40 kV, and a current of
30 mA with Cu Ka radiation in 6-26 configurations and its crystalline
domain size was calculated from the width of the XRD peaks using the
Scherrer’s formula, D = 0.94 A/ Cos 6.

Where, D - is the average crystalline domain size perpendicular to the
reflecting planes, A - is the X-ray wavelength, {3 - is the full width at half
maximum, 6 - is the diffraction angle. Hence, from XRD, the crystallite
size of AgNPs can be found out using the Scherrer’s formula [14].

Antimicrobial activity
Antibacterial assay

Nutrient Agar/medium (pH 7.4+2) was poured (10-15 ml) into each
sterile Petri plates. After solidification, 100 pl of suspension containing
10® CFU/ml of each test microbe was spread over the agar plates. The
sterile filter paper discs (6 mm in diameter) were impregnated with
AgNPs (30 pg/disc) placed on the inoculated agar. Negative control
AgNO, (30 ng/disc) was prepared using the disc. Moreover, then
streptomycin (30 pg/disc) was used as a positive reference control
to determine the sensitivity of the bacterial species. The inoculated
plates were incubated at 37°C for 24 hrs. This activity was evaluated
by measuring the zones of inhibition against the test organisms. Each
assay was conducted in triplicate.

Anticancerous activity
Cell culture

The A549 human lung cancer cell line and MCF-7 human breast
cancer cell line were obtained from National Center for Cell Science,
Pune, India. The cells were cultured in DMEM high glucose medium
(Sigma-Aldrich, USA), supplemented with 10% fetal bovine serum
(Gibco), and 20 mL of penicillin/streptomycin as antibiotics (Gibco),
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in 96-well culture plates, at 37°C in a humidified atmosphere of 5%
CO, in a CO, incubator (Thermo scientific, USA). All experiments were
performed using cells from passage 15 or less.

Cell viability assay

The complexes, silver nitrate, AgNPs, B. papyrifera, were first dissolved
in dimethyl sulfoxide (DMSO) to make a stock. These stock solutions
were diluted separately with media to get various concentrations of
the complex. 200 pl of these samples were added to wells containing
5x10° A549 and MCF-7 cells per well. DMSO solution was used as the
solvent control. After 24 hrs, 20 ul of MTT solution (5 mg/mL in PBS)
was added to each well, and the plate was wrapped with aluminum
foil and incubated for 4 hrs at 37°C. The purple formazan product was
dissolved by addition of 100 pl of DMSO to each well. The absorbance
was monitored at 570 nm (measurement) and 630 nm (reference)
using a 96-well plate reader (Bio-Rad, iMark, USA). Data were collected
for three replicates each and used to calculate the respective mean. The
percentage inhibition was calculated, from this data, using the formula:

Mean of absorbance of untreated cells (control)

— Mean of absorbance of treated cells

x100
Mean of absorbance of untreated cells (control)

Acridine orange (AO) and ethidium bromide (EB) staining
Apoptotic morphology was investigated by AO/EB double staining
method as described by Spector et al. [15] with some modifications.
Briefly, the cells treated with IC_ concentration of compounds for 24 hrs.
After incubation, the cells were harvested and washed with cold PBS.
Cell pellets were resuspended and diluted with PBS to a concentration
of 5x105 cells/mL and mixed with 25 pl of AO/EB solution (3.8 uM of
AO and 2.5 pM of EB in PBS) on clean microscope slide and immediately
examined under fluorescent microscope (Carl Zeiss, Axioscope 2 plus)
with UV filter (450-490 nm). 300 cells for each sample were scored
for viable, apoptotic or necrotic by staining the nucleus structure and
membrane integrity and the percentage of apoptotic and necrotic cells
were calculated accordingly.

Statistical analysis

The correlation coefficient was measured for the zone of inhibition of
AgNPs, plant extracts and antibiotics. The standard deviation, z-test,
and t-test are calculated to analyze the data statistically.

RESULTS AND DISCUSSION

Biosynthesis of nanoscale silver particles

The leaf extracts of B. papyrifera and aqueous AgNO, (1 mM) solution
were altered from yellowish green to reddish brown, the final color
becomes visible immediately. The complete reaction mixture turned to
brown color within 10 minutes of reaction setup. The AgNPs produced
by the B. papyrifera leaf were observed to be very stable in the solution,
even 3 months after their synthesis, which authenticate as source plant
as biomaterials for the synthesis of nano-sized Ag particles.

FESEM

The FESEM image shows (Fig. 1) the morphology of the nanoparticles.
This particular component refers to the NPs size distribution in aqueous
suspension. The report indicates that encapsulate NPs are incredibly
observed with its topography using imaging property [16]. The surface
of the synthesized NPs shows size between ranges from 20 to 50 nm,
and same results were also reported for phytosynthesized AgNPs [17].
The obtained results give an idea about that the particles size ranges
from 44 to 50 nm. The AgNPs shows the particles are embedded and
varying in size and shape; the average of this mean size is similar to
some of the results reported earlier. The AgNPs are polydispersed with
various sizes and having the spherical shape the NPs have illustrate
without the agglomeration process in the morphology structure.
Therefore, the ultrastructural morphological features can be obtained
through the FESEM image microscopy.
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EDAX

The energy dispersive spectrum of biogenic AgNPs shows (Fig. 2) the
metallic compound in the formation of NPs synthesis. Metallic AgNPs
generally show a typically strong signal peak at 3 keV, due to surface
plasmon resonance [18-20]. Corresponding results of AgNPs shows
the maximum the component involved for the NPs synthesis. And Ag
metallic compound contributed a lot for the NPs formation. Among the
other consequent the Ag hold around 55% of the metallic presence.
Along with the Ag having the maximum; the other precursors are 0-8%,
C-6%, CL-17%, Ca-20%, Na-11%, Mg-12%, and Si-14%.The high-
intensity signals pertaining to the results shows the presence of mere
AgNPs. Thus, EDAX has the credibility in presenting metallic compound
role for the formation of AgNPs. Hence, 55% of Ag metal in the sample
that only indicates the pure form Ag in the process of AgNPs.

Dot
Signal A = SE2
Mag = 200.00 K X

EHT =10.00 kV
WD = 8.9 mm

Date :11 Mar 2016

Time :18:53:53
Fig. 1: Field emission scanning electron microscopy images of
developed silver nanoparticles from Broussonetia papyrifera
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Fig. 2: (a and b) Energy dispersive X-ray spectroscopy spectrum
showed elemental signals of silver
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XRD

The XRD pattern of AgNPs shows Fig. 3 and Table 1 the patterns
corresponds to the recorded using the XRD results. The phase purity
and composition of AgNPs has shown the better results. The obtained
peaks are indexed as plans of face-centered cubic (FCC) silver by
the comparison process with joint committee of powder diffraction
standards (JCPDS) data. The results of XRD analysis shows the diffraction
peaks at 38.07, 32.23, 27.75, 46.17, and 23.49 can assign to various
planes of the AgNPs are compared. The results are in good agreement
with reference of FCC structure from JCPDS card No-087-0720. The
resulted peaks show that crystalline structure of NPs. There are some
additional unassigned peaks due to the impurities [21]. The obtained
result of this pattern shows the crystalline structure of NPs is 30 nm.
The results are correlating with the present literature [22,23].

Anticancer analysis
MTT reduction assay

The AgNPs are day by day spreading its creditability due to the impact
in various fields such as biomedical industry. Since the size and shape
have the main focus, it really adapted by many research community
around the world. To test the toxicity of AgNPs on cancer cells, the
MTT reduction assay was performed. The cytotoxic of AgNPs against
cancer cell are due to Physico-chemical interaction of silver atoms with
the functional groups of cellular proteins as well as nitrogen bases and
phosphate elements of DNA [24]. The observed IC, values for 24 hrs
reveal that all the complexes exhibit a lower range of cytotoxicity. The
ability of the complexes to kill the cancer cells at 24 hrs incubation vary
as silver nitrate, AgNPs, B. papyrifera. (Table 2) the results from this
MTT assay indicate that the complexes silver nitrate, AgNPs are highly
cytotoxic against MCF-7 cancer cells and lung cancer cell line (A549)
similar results correlates with these findings [25]. The cytotoxicity of
AgNPs shows that the increase with the concentration of AgNPs leads
to the increase in the inhibition rate. In similar report, human breast
cancer cell showed 100% cell death at 50 mg/ml concentrations
of AgNPs, and in vice versa, the mushroom derived AgNPs showed
cytotoxicity at a lower concentration. The results are at similarity
toward the many conclusions on cytotoxicity of AgNPs [26,27].

AO and EB staining

The most important characteristics of apoptosis are morphological
changes during cell death (Fig. 4). The details below represents that
AO/EB double-stained A549 human lung cancer cell line (Fig. 5) and
breast cancer cell line MCF 7 (Fig. 6) treated with test substances
24 hrs underwent both early apoptosis (cells with red arrows) and
late apoptosis. The control or viable cells shows green fluorescence
and normal cell features of uniform chromatin with an intact cell
membrane, whereas, the early apoptosis cells showed bright green
region with yellowish green nuclear fragmentation and membrane
bubbles and apoptotic bodies outside. The late apoptosis cells exhibited
orange-yellow or red nuclei with condensed or fragmented chromatin.
The results demonstrate that all substances induce the majority of cell
death through apoptosis mode and very fewer in necroses for 24 hrs
treatment. Chromatin condensation and fragmentation were majorly
observed in silver nitrate, AgNPs treated cells. The colloidal Ag also
inhibits the cell growth by apoptosis in MCF-7 human breast cancer cell
lines [28]. The AgNPs for 48 hrs MCF-7 show the apoptotic characters,
namely, cell shrinkage, nuclear condensation, and fragmentation,
whereas in the control the cells exhibited nuclear architecture.
The morphological features are because of caspase cascades, that
responsible for the DNA repair [29].

Antimicrobial assay

The AgNPs synthesized by B. papyrifera were found to have the
highest antimicrobial activity against pathogenic microorganism
compared with silver nitrate and streptomycin antibiotics (Table 3)
and (Figs. 7 and 8). Bacterial strains such as Rhodococcus rhodochrous,
Vibrio cholera, Staphylococcus aureus, Pseudomonas aeruginosa, and
Escherichia coli, however, these AgNPs get a hold to the cell membrane
andalso penetrated inside the bacteria. The bacterialmembranesinclude
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Fig. 3: X-ray powder diffraction patterns of biosynthesized silver nanoparticles
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Fig. 4: (a and b) Acridine orange/ethidium bromide control, silver nitrate, Broussonetia papyrifera, and silver nanoparticles. Green color
cells are live cells and red color cells showing apoptotic morphology

Table 1: The crystalline structure of measured particle size

Pos. (2Th.) Height (cts) FWHM (2Th.) d-spacing (&) Relative interval (%) Particle size (nm)
38.0755 130.28 0.3680 2.36345 100.00 23
32.2371 118.38 0.2676 2.77689 90.86 32
27.7594 85.67 0.2156 3.21379 65.76 39
46.1762 61.90 0.2673 1.96594 47.51 33
23.4993 36.71 0.3329 3.78587 28.17 25
152/5=30

Crystalline structure of the AgNPs is; 23+32+39+33+25=30 nm, FWHM: Full width at half maximum, AgNPs: Silver nanoparticles

Table 2: In vitro cytotoxicity assays of AgNPs against human lung
cancer cell line (A549) and Breast cancer cell line (MCF 7)

sulfur containing proteins and the AgNPs interact with these proteins in
the cell as well as with the phosphorus containing compounds like DNA.

Breast cancer cell
line (MCF 7)

Compound Lung cancer cell

line (A549)

When AgNPs penetrate the organisms cell it outline a low molecular
weight region in the midpoint of the organisms to which the bacteria
conglomerate; thus, protecting the DNA from the silver ions. The AgNPs

Duration with
IC values
AgNPs

B. papyrifera
Silver nitrate

IC,, values (24 hrs) IC,, values (24 hrs)
12.95+0.05 pg/mL
>5000 pg/mL >5000 pg/mL

5.5+0.05 pg/mL 5.8+0.05 pg/mL

10.75+0.05 pg/mL

preferably show aggression in the respiratory chain, cell division
to end with leading cell death. The AgNPs liberate silver ions in the
bacterial cells, which increase their bactericidal activity. The potential
use of AgNPs, in the field of biomedical needs constant attention that
correlates with size and concentration [30-32]. The antibacterial effect

AgNPs: Silver nanoparticles, B. papyrifera: Broussonetia papyrifera

is evaluated on their size synthesized. The AgNPs have the larger
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Antibaterial activity of Broussonetia papyrifera
30

m AgNPs
W Streptomycin
m AgNO3

Zone of inhibition (mm)

Rhodococcus  Vibrio cholera Staphylococcus Pseudomonas Escherichia coli

rhodochrous aureus aeruginosa

Name of the microorganisms

Fig. 7: Graphical representation of comparison of zone of
inhibition recorded for silver nanoparticles (Broussonetia
papyrifera) against pathogens by agar disc diffusion method

surface area. The antibacterial activity of AgNPs is potent inhibitory
activity against clinically isolated pathogens. The drugs derived from
herbs may have the possibility of their use in medicine because of their
good antibacterial activity. Thus, the AgNPs have the maximum zone of
inhibition in the process [33-36]. The bacterial pathogen R. rhodochrous
showed the maximum zone of inhibition (11.8+0.447). Synthesized
AgNPs operate as an effective antimicrobial agent and proved as an
alternative source for the development of new antimicrobial agents to
combat the problem of resistance.

CONCLUSION

The research work at present focused on precisely on the
development of AgNPs from plant resource, which is simple,
eco-friendly and affordable. The green synthesis method is always

Antibacterial activity of silver particles (Br fa papyrifera)

against pathogens by agar disc diffusion method

Lscherichia coli

A - AgNPs B - Streptomycin C - AgNO3

Fig. 8: Zone of inhibition showed by silver nanoparticles
(Broussonetia papyrifera) against pathogens

Table 3: Evaluation of antibacterial effects of silver
nanoparticles (B. papyrifera) against pathogens by agar disc
diffusion method

Test bacteria Zone of inhibition

AgNPs Streptomycin AgNO,
11.8+0.447 24.66+1.154 10.8+0.836
10.27+0.55 20.33£2.072 07.34+6.42
10.66+1.154 22.66+1.154 07.33+6.42
11.33+0.57 21.66+1.527 08.00+6.082
10.6+0.894 23.334£2.081 09.30+0.547

AgNPs: Silver nanoparticles, B. papyrifera: Broussonetia papyrifera

environmentally relevant to this society, because of easy access to
this AgNPs by everyone. This research focused on the anticancer
activity of AgNPs B. papyrifera. The plants are the major sources
and extremely active conventional plant material for the treatment
of A549 human lung cancer and MCF-7 human breast cancer. As
research progresses, new technologies will aid in the improvement
of the anticancer activities of drugs. The cytotoxic efficacy of NPs
is predominantly due to their large surface area, which enables
efficient drug delivery, and some NPs exhibit anticancer activity. The
AgNPs have been produced by B. papyrifera, which is an economical,
efficient and eco-friendly process. The zones of inhibition were
formed in the antimicrobial screening test indicated, that the AgNPs
synthesized in this procedure has the efficient antimicrobial activity
against pathogenic bacterial strains. The biologically synthesized
AgNPs could be of immense use in the medical field for their efficient
antimicrobial function. An understanding about the potential
toxicity, dynamics, and route of expulsion from the body will portray
realistic aspects on nanostructures precisely in the human health
care, thus promising the answers for various untapped queries on
use of nanoparticles. Before this application, the due factor of AgNPs
should be checked. Therefore, the FESEM, EDAX, and XRD are some of
measurable parameters which determine the particles action in the
field of biomedical that contributes largely for the betterment of the
recent society.
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