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Crystal powder silver nanoparticles green synthesized,
characterization, antibacterial and cytotoxicity effects
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We described a simple, cost effective, non-toxic and environmental friendly green- chemistry reduction method to
synthesized crystal nano silver (AgNPs) powder using CTAB and orange peel extract as reducing agent. The green —
reduced crystal nano silver powder was characterized using XRD analysis, Zeta sizer, Scanning Electron Microscopy (SEM)
equipped with Energy Dispersive Spectroscopy (EDS) in addition to Transmission Electron Microscopy (TEM). The
synthesized crystal nano silver showed promising antibacterial activity against gram negative (Escherichia coli) and gram
positive (staphylococcus aureus and Streptococcus). The present study demonstrates the efficiency of synthesized nano
silver as a cytotoxic agent against MCF-7 breast cancer cell line and HepG2 liver hepatocellular cancer cell line using by
MTT assay. Thus, the synthesized crystal nano silver can be used as a wide range therapeutic agent against bacteria and

cancer.
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1. Introduction

Nanotechnology is a rapidly growing science of
producing and utilizing nano-sized particles. A number of
approaches are available for the synthesis of silver
nanoparticles, such as thermal decomposition [1],
electrochemical [2], microwave assisted process [3] and
green chemistry [4]. Many of the nanoparticle synthesis or
fabrication methods of nanoparticles involve the use of
hazardous chemicals, low material conversions and high
energy requirements. So, a growing need to develop an
environmentally friendly process for nanoparticle (NPs)
synthesis without using toxic chemicals and to makes
nanoparticles more biocompatible and environmentally
benign is gaining importance[5,6]. The green synthesis of
Ag NPs involves three main steps, which must be
evaluated based on green chemistry perspectives,
including (1) selection of solvent medium, (2) selection of
environmentally benign reducing agent, and (3) selection
of nontoxic substances for the NPs stability [7]. Many
plants such as Pelargonium graveolens [8], Medicago
sativa [9], Azadirachta indica [10], Lemongrass [11], Aloe
vera [12], Cinnamomum Camphora [13], Emblica
officinalis [14], Capsicum annuum [15], Diospyros kaki
[16], Carica papaya [17], Coriandrum sp. [18], Boswellia
ovalifoliolata [19], Tridax procumbens, Jatropha curcas,
Solanum melongena, Datura metel, Citrus aurantium [20],
and many weeds [21,22] have shown the potential of
reducing silver nitrate to give formation of silver
nanoparticles. AgNPs are among the promising nano

products that have gained increasing interest in the field of
nanomedicine due to their structure and functional
properties and obvious therapeutic potential in treating a
variety of diseases [23]. AgNPs are also known for their
antimicrobial potential against several other viruses,
including hepatitis B [24], respiratory syncytial virus [25],
and herpes simplex virus type 1 [26]. The use of silver as
an antimicrobial agent is well recognized, however there
are limited reports on its use as an antitumor agent; among
these, there is a recent report on the anti-proliferative
effect of silver nanoparticles on human glioblastoma cells
(U251) [27]. Further, several studies shown cellular
changes resulting from oxidative stress was produced by
the generation of reactive oxygen species (ROS) in tumor
cells, which increases the cytotoxicity activity of the drugs
[28]. Although there is a wide range of cytotoxic agents
used in the treatment of breast cancer, such as
doxorubicin, cisplatin, and bleomycin, they have shown
drawbacks in their use and are not as efficient as expected.
Therefore, it is of great interest to find novel
biocompatible therapeutic agents against cancer [29].
Thus, the present study was designed to develop a green,
cost effective, rapid, and nontoxic method for synthesis of
crystal AgNPs powder using CTAB and orange peel
extract. In addition, green synthesized nano silver was
evaluated potential cytotoxic effects in human breast
cancer cells (MCF-7) using cell viability, and analysis of
their antibacterial activity against gram negative
(Escherichia coli) and gram positive (staphylococcus
aureus and Streptococcus) bacteria. To the best of our
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knowledge, this is the first study describing the
preparation of crystal nano silver powder using CTAB and
orange peel extract and their biological effects.

2. Experimental
2.1. Chemicals Materials and bio extract

For crystal bio nano silver powder, the reagent in this
work is analytical grade and is used as received without
further purification. Silver nitrate (AgNO3) from Techno
Pharmchem, India is used. Cetyl trimethylammonium
bromide from BDH Labrotary supplies pool, BH151 TD,
England. Orange peel was washed and cut into small
pieces, then boiled with deionized water for 3min then
filtered.

2.2. Synthesis of green crystal nano silver powder

We presented a new approach to produce green nano
silver crystal powder. green nano silver were synthesized
by adding 7 ml aqueous solution of orange peel extract to
the aqueous solution of 2.0 x 10-3 mole/ L silver nitrate
(AgNO3) and 5.0 x10-4 mole/ L (CTAB) cetyle
trimethylammonium bromide (CTAB) under vigorous
stirring at temperature 40 °C for 13 minutes at room
temperature which have colorless. When adding the
extract, the color changed from colorless to brown color.
The change of color indicted the formation of the
respective bio nano silver, then drying by air to produce
green crystal nano silver powder.

2.3. Characterization of crystal bio nano silver

The synthesized crystal nano silver powder was
characterized using UV-visible spectroscopy analyses with
the help of Perkin EImer UV-visible spectrometer Lambda
25, PerkinElmer, United Kingdom. The size of
nanoparticles was analyzed through Zetasizer, Nano series,
HT Laser, ZEN3600 from Molvern Instrument, UK, while
Transmission electron microscopy (TEM) JEM-1011,
JEOL, Japan has been employed to characterize the size,
shape and morphologies of formed crystal nanosilver.
Energy Dispersive Spectrometer (EDS) analysis was
performed for the confirmation of elemental silver.
Elemental analysis on single particles was carried out
using Oxford Instrument, Incax-act, equipped with
Scanning electron microscopy.

2.4. Antimicrobial screening

Antimicrobial activity of green crystal nanosilver
powder was determined using disc diffusion assay method.
Pure culture of gram negative (Escherichia coli) and gram
positive (staphylococcus aureus and Streptococcus) of
bacteria were used. Nutrient agar medium plates were
prepared, sterilized and solidified. After solidification
bacterial cultures were swabbed on these plates. The
sterile discs were dipped in green crystal nano silver (5,

10, 15 pg/ml) and placed in the nutrient agar plate and
kept for incubation at 37 °C for 24 hours, upon inhibitory
activity a clearing zone around the wells was observed.
The diameter of the clearing zones was measured in mm
using the ruler scale. The experiments were repeated 3
times and mean values of zone diameter were presented
[30].

2.5. Evaluation of cytotoxic effect

MCF-7 cells (human breast cancer cell line) were
obtained from VACSERA Tissue Culture Unit. HepG2
cells (human cell line of a well differentiated
hepatocellular carcinoma isolated from a liver biopsy of a
male Caucasian aged 15 years) were obtained from the
American Type Culture Collection (ATCC). Dimethyl
sulfoxide (DMSO) and crystal violet were purchased from
Sigma (St. Louis, Mo., USA). DMEM, HEPES buffer
solution, L-glutamine and gentamycin were purchased
from (Bio Whittaker ® Lonza, Belgium).  Crystal violet
stain (1%) is composed of 0.5 % (wi/v) crystal violet and
50 % methanol then made up to volume with distilled H,O
and filtered through a Whatmann No. 1 filter paper. The
cytotoxicity assay was done in the Regional Center for
Mycology and Biotechnology (RCMB), Al-Azhar
University (Cairo, Egypt).

2.5.1. Cytotoxicity assay

The cells were propagated in Dulbeccos modified
Eagle's medium (DMEM) supplemented with 10% heat-
inactivated fetal bovine serum, 1% L-glutamine, HEPES
buffer and 50 ng/ml gentamycin. All cells were
maintained at 37°C in a humidified atmosphere with 5%
CO, and were sub-cultured two times a week. Cell toxicity
was monitored by determining the effect of the test
samples on cell morphology and cell viability. For
cytotoxicity assay, the cells were seeded in 96-well plate at
a cell concentration of 1 x 10* cells per well in 100 pl of
growth medium. Fresh medium containing different
concentrations of the test sample was added after 24 h of
seeding. Serial two-fold dilutions of the tested chemical
compound were added to confluent cell monolayers
dispensed into 96-well, flat-bottomed microtiter plates
(Falcon, NJ, USA) using a multichannel pipette. The
microtiter plates were incubated at 37°C in a humidified
incubator with 5% CO, for a period of 48 h. Three wells
were used for each concentration of the test sample. The
little percentage of DMSO present in the wells (maximal
0.1%) was found not to affect the experiment. After
incubation of the cells for 24 h at 37°C, various
concentrations of sample (100, 50, 25, 12.5, 6.25, 3.125
u1/100ul) were added, and the incubation was continued
for 48 h and viable cells yield was determined by
colourimetric method. In brief, after the end of the
incubation period, media were aspirated and the crystal
violet solution (1%) was added to each well for at least 30
minutes. The stain was removed and the plates were rinsed
using tap water until all excess stain was removed. Glacial
acetic acid (30%) was then added to all wells and mixed
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thoroughly, and then the absorbance of the plates were
measured after gently shaken on Microplate reader
(TECAN, Inc.), using a test wavelength of 490 nm. All
results were corrected for background absorbance detected
in wells without added stain. Treated samples were
compared with the cell control in the absence of the tested
sample. All experiments were carried out in triplicate. The
cell cytotoxic effect of each tested compound was
calculated.

3. Results and discussion

3.1. Visual observations and UV-Visible spectral
studies

Initial confirmation for synthesis of nano silver was
confirmed by the formation of a brown color. Silver
nanoparticles absorb radiation in the visible region of the
electromagnetic spectrum (380-450 nm) due to the
excitation of surface plasmon vibrations, and this is
responsible for the brown color of nano silver in various
media [31,32]
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Fig. 1. UV-vis absorption spectrum of green crystal
nano silver
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The UV-vis spectra results are the most efficient
method for detecting the formation of nanoparticles. The
progress of the reaction leading to reduce of pure Ag+ to
nano silver was monitored by observing the color change
and absorbance maxima peak in the range of 420-460 nm
using UV-vis spectrophotometer [33]. The absorption peak
was observed at 441.08 nm for the green crystal nano
silver as shown in Fig. 1 which may be due to the
formation of monodispersed and smaller sized NPs and the
appearance of more than one peak is likely due to the
formation of nanoparticles of various shapes and sizes
[34]. The occurrence of absorption peak is due to the
surface plasmon resonance (SPR) property of the metallic
nanoparticles which occurs due to the oscillations of free
electrons on the surface of the metallic nanoparticles when
they align in resonance with the wavelength of irradiated
light [35].

3.2. Particle size and distribution using DLS

Dynamic light scattering (DLS) was investigate the
polydispersity index and average size of the synthesized

nanoparticles in a colloidal agueous environment. When
particles were dispersed in a medium, it exhibited
Brownian motion measured by fluctuations in the intensity
of scattered light in the system out of which translational
diffusion co-efficient is calculated by applying the Stokes—
Einstein equation that gives the hydrodynamic size of the
particle [36]. The polydispersity index (PDI) is the
measure of the width of the particle size distribution
calculated from a cumulant analysis of the DLS measured
intensity autocorrelation function where a single particle
size is assumed and a single exponential fit is applied to
the autocorrelation function [37]. The PDI value ‘0’
represents monodisperse distribution whereas value ‘1’
represents polydisperse distribution. Fig,2 showed the
average size of the formed nano silver it was 2.866 nm
with mono-dispersity which can be observed clearly from
the one peak with an intensity 100% , diameter (3.146 nm)
and width (1. 059 nm). This due to monodispersity of
nanoparticles which gives very high stability of
nanoparticles for a long time. In addition, the (PDI), which
is 0.134, indicates high stability and homogeneity.

Diam. (nm) “intensity  Width (im)
Z-Average (Lon): 2 856 Peak 1: 3146 100.0 1059
Pat 0138 Peak2 0000 00 0000
Itercept: 0916 Peak3: 0000 00 0000
Result quality : Good
Size Distribton by Intensty.
E
~ 18! N\
g [\
¥ 10 { \
3 N
=6 } \
/ \
01 1 10 100 1000 10000
Sae (rnm)
[F——Record 755 ctobs 1]

Fig. 2. Particle size distribution of green crystal nano silver

3.3. TEM analysis

TEM proved the formation of green crystal nano
silver nanoparticles as shown in Fig. 3 which represented
and indicates well dispersed particles. The TEM analysis
revealed that the particle size of silver particles shows that
the particle size ranges less than 50 nm. The nanoparticles
predominantly adopt spherical and quasi-spherical
morphologies with crystalline structure and a variety of
sizes. These results were suitable with the zeta sizer and
UV results.
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Fig. 3(A-B) show a graph of TEM images of green
crystal nano silver
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3.4. EDS and SEM analysis

EDS analysis gives qualitative as well as quantitative
status of elements that may be involved in formation of
nanoparticles. Fig. 4A shows elemental profile of
synthesized nanoparticles using CTAB and orange peel
extract and confirms the formation of silver nanoparticles
and also shows counts at 3 keV due to silver nanoparticles.
Generally metallic silver nanocrystals show typical optical
absorption peak approximately at 3 keV due to surface
plasmon resonance [38]. The elemental analysis of the
silver nanoparticles shown a silver signal along with
sodium peak, which may have originated from the
biomolecules bound to the surface of the silver
nanoparticles. It has been reported that nanoparticles
synthesized using plant extracts are surrounded by a thin
layer of some capping organic material from the plant leaf
broth and are, thus, stable in solution long time after
synthesis [39]. This is another advantage of nanoparticles
synthesized using plant extracts over those synthesized
using chemical methods. Fig. 4B illustrates the SEM
image which showed a small white spots which represent
of silver nanoparticles with spherical shaped.
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Fig. 4. EDS equipped with SEM presented the image and
percentage of silver element in green nano suspension

3.5. Antibacterial property analysis

The antibacterial activity of green silver nanoparticles
was found to utilize inhibitory effects on different species
of bacteria: gram negative (Escherichia coli) and gram
positive (s. aureus and Streptococcus). The inhibition
zones obtained indicates maximum antibacterial activity of
the prepared green crystal nanoparticles. The results show
the green nano silver exhibited good antibacterial activity
against both Gram-negative and Gram-positive bacteria
(Fig. 5). But it showed higher antibacterial activity against
E. coli than S. aureus and Streptococcus (Fig. 5A). This
differential activity may possibly be due to the difference
in bacterial cell wall structure. Cell wall of Gram-positive
bacteria is composed of a thick layer of peptidoglycan that
constitutes linear polysaccharides chains cross-linked by
short peptides, thus forming rigid structure. This leads to
difficulty in penetration of silver nanoparticles when
compared to the Gram-negative bacteria where the cell
wall possesses a much thinner layer of peptidoglycan [40].

In general, the mechanism of the inhibitory effects of
Ag ions on microorganisms, is partially known. Some
studies have reported that the positive charge on the Ag
ion is crucial for its antimicrobial activity through the

electrostatic attraction between the negative charge on the
cell membrane of microorganism and positively charged
nanoparticles [41]. In contrast, Sondi and Salopek-Sondi
[42] reported that the antimicrobial activity of silver
nanoparticles on Gram-negative bacteria was dependent on
the concentration of Ag nanoparticle, and was closely
associated with the formation of the pits in the cell wall of
bacteria. Ag nanoparticles accumulated in the bacterial
membrane caused a change in the permeability, resulting
in cell death. However, there studies included both
positively charged Ag ions, and negatively charged Ag
nanoparticles, it does not explain the antimicrobial
mechanism of only the positively charged Ag
nanoparticles. Therefore, we expect that there is another
possible mechanism. (Amro et al, 2000) suggested that
metal depletion may cause the formation of irregularly
shaped pits in the outer membrane and change membrane
permeability, which is caused by progressive release of
lipopolysaccharide molecules and membrane proteins [43].
Also, Sondi and Salopek-Sondi speculate that a similar
mechanism may cause the degradation of the membrane
structure of E. coli during treatment with Ag nanoparticles
[42]. Although the interference mechanism of AgNPs and
bacteria involve some sort of binding mechanism, the level
of that interaction between AgNPs and component(s) of
the outer bacterial membrane is still not well understood.
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Fig. 5. Antibacterial activity assay of the green crystal
nano silver against different bacteria strains

3.6. Standard cytotoxicity assays

The cell viability assay is one of the important
methods for toxicology analysis which explain the cellular
response to a toxic materials and it can provide
information on cell death, survival, and metabolic
activities. In vitro cytotoxicity of the green crystal nano
silver was estimated against human breast cancer MCF 7
cells and HepG2 liver hepatocellular carcinoma at
different concentrations (100, 50, 25, 12.5, 6.25, 3.125
ul/100ul). Fig. 5 and 6 were show a dramatic increase in
cell viability of MCF 7 and HepG2 when the concentration
of nano silver was increased, with 1Cs being IC50 = 22.7
and IC50 = 11.99 pl/100ul in case of MCF-7 and HepG-2
cell lines, respectively. In fact, silver nanoparticles may
induce reactive oxygen species and cause damage to
cellular components leading to cell death [39]. These
results clearly presented the increased potential of green
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synthesized crystal nano silver against cancer cells and this

deserves further analysis.
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Fig. 6. Cytotoxic activity of green crystal nano silver suspension against MCF-7 cell line
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Fig. 8. Cytotoxic activity of green crystal nano silver suspension against HepG2 cell line
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4, Conclusion

This study demonstrate an environmentally and low
cost synthesis of small size nano silver using CTAB and
orange peel extract. The formation of nano silver was
determined by UV, zita sizer and completed the
characterization by TEM, SEM and EDS techniques.
Crystalline nano silver was successfully employed in both
antibacterial and anticancer activity. Based on these
findings, resulting nano silver may lead to valuable
applications in various fields such as medicinal and as
antibacterial agents.
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