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Abstract: The present work reports a simple, cost-effective, and ecofriendly method for the
synthesis of silver nanoparticles (AgNPs) using Chrysanthemum indicum and its antibacterial
and cytotoxic effects. The formation of AgNPs was confirmed by color change, and it was
further characterized by ultraviolet—visible spectroscopy (435 nm). The phytochemical screen-
ing of C. indicum revealed the presence of flavonoids, terpenoids, and glycosides, suggesting
that these compounds act as reducing and stabilizing agents. The crystalline nature of the
synthesized particles was confirmed by X-ray diffraction, as they exhibited face-centered cubic
symmetry. The size and morphology of the particles were characterized by transmission electron
microscopy, which showed spherical shapes and sizes that ranged between 37.71-71.99 nm.
Energy-dispersive X-ray spectroscopy documented the presence of silver. The antimicrobial
effect of the synthesized AgNPs revealed a significant effect against the bacteria Klebsiella
pneumonia, Escherichia coli, and Pseudomonas aeruginosa. Additionally, cytotoxic assays
showed no toxicity of AgNPs toward 3T3 mouse embryo fibroblast cells (25 pg/mL); hence,
these particles were safe to use.

Keywords: antibacterial activity, Chrysanthemum indicum, green synthesis, silver nanoparticle,
cytotoxic

Introduction

The advancement in the nanoparticle (NP) system has had an impact in scientific areas.
The nature and unique properties of nanomaterials have a wide range of applications
in biosensors, tissue engineering, deoxyribonucleic acid (DNA) modification, drug
delivery systems, cosmetics, and medical devices."” Silver NPs (AgNPs) are well
known biocidal substances that can be incorporated as antimicrobial agents in phar-
macology, veterinary medicine, implants, wound dressings, and topical ointments.*”’
AgNPs were also found to exhibit antibacterial and antiplatelet activities.!®!! This
biological activity is due to the extremely small size of the NPs (1-100 nm), which
enhances their physical, chemical, magnetic, and optical properties.'>* The synthesis
of AgNPs, through physical and chemical methods, are well known;>"' however,
due to their environmental impact, energy consumption, and use of toxic chemicals,
the synthesis of AgNPs that uses a green approach is most preferable, as this type of
approach is found to be ecofriendly and nontoxic.??! This ecofriendly approach might
pave the path for researchers across the globe to explore the potential of different herbs
in the synthesis of NPs. AgNPs have been reported to be green synthesized from vari-
ous parts of plants such as the bark of cinnamon,? neem leaves,? and various plant
leaves.** Metal NPs have received great attention for their use in developing materials
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for medical applications.” In recent times, several groups
have reportedly achieved success in the synthesis of Au, Ag,
and Pd NPs obtained from the extracts of plant parts (such
as leaves);?® biologically active molecules were used for the
green synthesis of AgNPs of desired size and morphology
using medicinal plants, bacteria, and fungi.?”* These active
molecules act as reducing and capping agents for the synthe-
sis of NPs, which makes these NPs suitable for biomedical
applications. Flowers are an area of interest in the synthesis
of AgNPs due to their attractive carotenoid pigments. The
essential oils from Chrysanthemum indicum flowers showed
significant antimicrobial activity;? it is a well-known herbal
tea in the east Asian countries and China. The whole plant is
beneficial to humans, but the famous part of the plant is the
flower used in chrysanthemum tea.’® C. indicum is used in
the traditional treatment of several infectious diseases such
as pneumonia, colitis, stomatitis, cancer, fever, sores, and
it is also used to treat vertigo, pertussis, and hypertensive
symptoms.*' The active molecules in C. indicum are glyco-
sides and flavonoids; the plant has the ability to act as antibi-
otic to many species of bacterial pathogens.*® C. indicum is an
herb with single, small-head, yellow daisies, which belongs to
the family of Sapotaceae. The flowers have been consumed
as tea in Chinese medicine to prevent sore throats and fevers.
In traditional medicine, the flowers have been used for the
treatment of dizziness, ocular inflammation, and skin boils.
The flowers possess antimicrobial, anti-inflammatory, and
free radical scavenging activity.’>** Therefore, this work is
focused on C. indicum. Only a few works have been carried
out using the flowers Lonicera japonica, Nelumbo nucifera,
and Carthamus tinctorius.>*3°

In this study, the novel, one-step biosynthesis of AgNPs
using the flower extract of C. indicum L. at room temperature
has been reported. The objective of this study is to synthesize
AgNPs using a green synthesis method, and to characterize
the NPs using ultraviolet—visible spectroscopy (UV—Vis),
X-ray diffraction (XRD), transmission electron microscopy
(TEM), and energy-dispersive X-ray spectroscopy (EDX),
and to evaluate the NPs’ antimicrobial effects against bac-
teria, as well as their in vitro cytotoxic effects on mouse
embryonic fibroblast cells (3T3).

Materials and methods

Media and chemicals

Analytical-grade silver nitrate (AgNO,) was obtained from
Sigma-Aldrich (St Louis, MO, USA). All of the media
components and analytical reagents were purchased from
Hi-Media Laboratories Pvt Ltd (Mumbeai, India).

Microorganisms and cell line

Bacillus subtilis (Microbial Type Culture Collection
and Gene Bank [MTCC] 121), Staphylococcus aureus
(MTCC 96), S. epidermidis (MTCC 435), Escherichia coli
(MTCC 433), Klebsiella pneumoniae (MTCC 109), and
Pseudomonas aeruginosa (MTCC 1934) were used for this
experiment, and they were obtained from the Microbial
Type Culture Collection (MTCC), Chandigarh, India, and
the mouse embryonic fibroblast cell line (3T3) was obtained
from the National Center for Cell Science (Pune, India).

Preparation of flower extract
and the synthesis of AgNPs

Fresh, healthy, and disease-free C. indicum flowers were
selected and washed repeatedly with Milli-Q deionized water
(EMD Millipore, Billerica, MA, USA) to remove surface
contaminants. A total of 20 g of flowers were sliced into fine
pieces, and 500 mL of Milli-Q deionized water was added and
then boiled for 5 minutes before decantation. The crude extract
was thus obtained, and it was filtered using Whatman No 1
filter paper (Whatman plc, Kent, UK). Then, 5 mL of flower
extract was assorted with 500 mL of a silver nitrate solution
(1 mmol). The reaction mixture was kept undisturbed until the
colorless solution converted into a reddish-brown color, which
indicated the formation of AgNPs. This process was carried
out at room temperature. The particles were then purified by
centrifugation. To remove excess silver ions, the silver colloids
were washed at least three times with deionized water. It was
then lyophilized and stored in screw-capped vials under ambi-
ent conditions for further characterization and application.

Phytochemical analysis

The aqueous extract obtained from the flower of C. indicum was
tested for the presence of the phytochemicals —tannins, saponins,
flavonoids, terpenoids, steroids, alkaloids, and glycosides —
according to the method described by Trease and Evans.’

Characterization of NPs

UV-Vis spectroscopy

The reduction of silver ions was monitored by measuring the
UV-Vis spectrum of the reaction mixture after 2 minutes
by using a UV—Vis spectrophotometer (UV100; Cyberlab®
Inc, Miami, FL, USA) in the wavelength ranging from
300-650 nm.

X-ray diffraction
The crystalline structures of the synthesized AgNPs were
investigated by XRD. Lyophilized and powdered samples

submit your manuscript

380

Dove

International Journal of Nanomedicine 2014:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Rapid green synthesis of silver NPs

were used, and the diffraction patterns were recorded in the
scanning mode on an X’pert Pro diffractometer (PANalytical,
Almelo, the Netherlands) operated at 40 kV and with a
current of 30 mA, with Cu/ko radiation (A=1.5418 A) in
the range of 20°-80° in 26 angles. The average particle size
of the synthesized silver AgNPs was calculated, using the
Debye—Scherrer equation:

D =kA/B, , cos0.3® [1]

12

Transmission electron microscope and energy
dispersive X-ray analysis

TEM and EDX were performed with a JEM 1101 transmis-
sion electron microscope (JEOL, Tokyo, Japan) to confirm
the size, shape, and elemental composition of the AgNPs. The
sample was dispersed in ethanol on a carbon-coated copper
TEM grid, and the images were obtained by operating at an
accelerating voltage of 120 kV.

Antibacterial activity of synthesized AgNPs

The antibacterial efficacy was assayed by the standard
Kirby—Bauer disc diffusion method*® against Gram-positive
and Gram-negative pathogenic bacteria. The bacterial
suspension (10® colony-forming units/mL) was swabbed
on the Mueller Hinton Agar plates using sterile cotton
swabs. The sterile disc (Hi-Media Laboratories Pvt Ltd),
which was 6 mm in diameter, was impregnated with the
following four different components, including an aqueous
extract of C. indicum, AgNO,, and synthesized AgNPs at
the concentrations of 25 pug/disc. Streptomycin was used as
a control. The discs were gently pressed and incubated at
37°C for 24 hours. The zone of inhibition in the diameter
of each disc was measured in millimeters using a Hi-Media
Laboratories Pvt Ltd. zone scale. The minimum inhibitory
concentration (MIC) was determined according to the stan-
dard broth microdilution method.*® The experiments were
performed in triplicate.

Toxicity study of AgNPs

MTT assay on 3T3 cell lines

The mouse embryonic fibroblast cell line (3T3) was
obtained from the National Center for Cell Science (Pune,
India). The cells were seeded in a 75 cm? flask contain-
ing Dulbecco’s Modified Eagle’s Medium (DMEM) with
10% fetal bovine serum, 1.5 g/L of sodium bicarbonate,
100 U/mL of penicillin, 100 pg/mL of streptomycin, and
0.25 pg/mL of amphotericin B. The cell line was grown in
six-well plates at a density of 5 x 10* cells/mL in DMEM,

and it was incubated to 75% confluency after 24 hours in
5% CO, at 37°C. The cells were then treated with synthe-
sized AgNPs at the concentrations of 25 pg/mL and 50 pg/
mL of growth medium. The cells were then washed with
phosphate buffered saline solution thrice and stained with
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazoium bro-
mide (MTT) dye.* The MTT solution (100 uL) was added
to each well, followed by incubation at 37°C and 5% CO,
for an additional 4 hours. The insoluble formazan product
formed within the living cells was solubilized by adding
dimethyl sulfoxide:glycine buffer (125 uL). The intensity
of the solutions was measured by a microplate reader (Bio-
Rad 680; Bio-Rad Laboratories, Hercules, CA, USA) with
relative cell viabilities being determined as a proportion
of the control. After this treatment, the cells were added
to the plate and incubated for 4 hours in 5% CO,, at 37°C.
The viability of the cells was evaluated using a microplate
reader (Bio-Rad 680) at 545 nm absorbance. The absorbance
is directly proportional to the number of living cells in the
culture. The relative cell viability (%) related to the control
wells that contained the cell culture medium without NPs
as a vehicle was calculated by

(A) control — (A) test/(A) control x 100, [2]

where (A) test is the absorbance of the test sample and (A)
control is the absorbance of the control sample. Nontreated
cells were used as the control, and the samples were imaged
using an inverted photomicroscope (Nikon TE2000-E; Nikon
Instruments, Melville, NY, USA).

Lactate dehydrogenase (LDH) leakage assay

The cytoplasmic enzyme release (lactate dehydrogenase
[LDH]) and cell membrane instability were performed by the
method of Borna et al,*” with minor modifications. Various
concentrations (25 pug/mL and 50 pg/mL) of the synthesized
AgNPs were added to a 1 mL cuvette containing 0.9 mL of a
reaction mixture to yield a final concentration of 1 mmol of
pyruvate, 0.15 mmol of nicotinamide adenine dinucleotide
(NADH) and 10 mmol of disodium hydrogen phosphate.
After mixing thoroughly, the absorbance of the solution was
measured at 340 nm. LDH activity was expressed as moles
of NADH used in a minute per well.

Statistical analysis

All experiments were done in triplicate, and then the values
were expressed as the mean + standard deviation. Statistical
significance was evaluated by one-way analysis of variance
followed by Student’s #-test (P<<0.05), using the Statistical
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Package for the Social Sciences (SPSS version 11; IBM
Corporation, Armonk, NY, USA).

Results and discussion

In the present study, AgNPs were synthesized from the aque-
ous floral extract of C. indicum which acts as a reducing
agent. It was observed that the reduction of silver ions into
AgNPs was confirmed by the change of the silver nitrate
solution to a reddish-brown color within 2 minutes at room
temperature (Figure 1), whereas the control AgNO, solution
(without the leaf extract) showed no change in color. This
characteristic difference in color is due to the excitation of
the surface plasmon resonance in the metal NPs.*

Phytochemical analysis

The phytochemical analysis of C. indicum revealed the pres-
ence of tannins, flavonoids, and glycosides (Table 1). These
constituents may be responsible for the formation of AgNPs
by reducing AgNO, and acting as a capping agent to prevent
agglomeration and to provide stability to the medium.*
Flavonoids, tannins, proteins, and reducing sugars that are
present in plants have been reported to act as bioreductants
and capping agents.*

UV-Vis spectroscopic analysis
The UV—Vis spectrum is one of the imperative tech-
niques used to find low-level concentrations of metal NPs

R
Chrysanthemum indicum Aqueous extract

(flower)

Color change of the

solution AgNO, solution

Figure | Schematic illustration of the green synthesis of silver nanoparticles using
an aqueous extract of the Chrysanthemum indicum (flower).

Table | Phytochemical screening of the flower extract of
Chrysanthemum indicum

Phytochemicals C. indicum
Tannins +
Saponins -
Flavonoids +
Terpenoids -
Steroids
Alkaloids -
Glycosides +

Notes: + Presence; — absence.

in solution. In this study, the absorption spectra were noted
at 435 nm (Figure 2), and a broadening of the peak indicated
that the particles were polydispersed. A similar report was
observed by Loo et al.*

XRD

The crystalline nature of the AgNPs that were synthesized
using C. indicum was confirmed by XRD pattern analy-
sis (Figure 3). The XRD pattern indicates the five main
characteristic peaks at 20 values of 38°, 44°, 64°, 77° and
81° corresponding to 111, 200, 220, 311 and 222 planes
for silver, suggesting that these NPs were crystalline in
nature.”’” The mean particle diameter of the synthesized
AgNPs was calculated from the XRD pattern using Scher-
rer’s equation:

D =kA/B, , cosb. [3]

12

The equation uses the reference peak width at angle 0,
where A is the X-ray wavelength (1.5418 A), B, , is the width
ofthe XRD peak at half-height, and k is a shape factor. From
this equation, the average crystalline size of the synthesized
AgNPs was found to be 52 nm.

TEM and EDX analysis

The size and morphology of the synthesized AgNPs were
studied by TEM (Figure 4). The size of the particles was
found to be in the range of 37.71-71.99 nm, and they had a
smooth surface and polydispersed particles. Figure 5 shows
the clear elemental composition profile of the synthesized
AgNPs. The intense signal at 3 keV strongly suggests that Ag
was the major element of these NPs, as it has optical absorp-
tion in this range due to the surface plasmon resonance.*® The
other signals (carbon and oxygen) indicate the presence of
plant extract, which corresponds to the biomolecules that
were capping over the AgNPs.
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Wavelength (nm)

Figure 2 Ultraviolet-visible spectroscopy analysis of synthesized silver nanoparticles, and the peak noted around 435 nm.
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Figure 3 X-ray diffraction pattern of synthesized silver nanoparticles from the floral extract of Chrysanthemum indicum.

500 nm

Figure 4 Transmission electron microscopy micrograph of the green synthesized silver nanoparticles.
Notes: Scale bars: (A) 200 nm and (B) 500 nm. The arrows indicate the particle size in nm.
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Figure 5 Energy-dispersive X-ray spectrum of green synthesized silver nanoparticles.

Antimicrobial activity of AgNPs

The antimicrobial efficacy of the aqueous floral extract of
C. indicum and of the AgNPs was examined against three
Gram-positive and three Gram-negative bacteria such as
B. subtilis  MTCC 121), S. aureus (MTCC 96), S. epidermidis
(MTCC 435), E. coli (MTCC 433), K. pneumoniae
(MTCC 109), and P aeruginosa (MTCC 1934). Primary
screening revealed that the biologically synthesized AgNPs
showed significant activity, as compared to the flower extract.
The synthesized AgNPs demonstrated prominent results
against K. pneumoniae (19 mm) E. coli (14 mm), and they
exhibited moderate activity against P aeruginosa when
compared to streptomycin (Figure 6 and Table 2).

The antibacterial potential of the AgNPs in terms of
their MIC are shown in Table 3. The AgNPs exhibited a
MIC value of 25 pg mL™! for the Gram-positive bacteria,
S. epidermidis, and 6.25 pg mL™" for the Gram-negative
bacteria, K. pneumoniae. The MIC values of the AgNPs
were slightly similar to or less than that of the standard
broad spectrum antibiotic, streptomycin. This antibacterial
activity exhibited by the AgNPs that were synthesized from
C. indicum may be due to one or more of these following
mechanisms. First, the effect may be due to the ultrafine
size and larger surface area of the AgNPs, as their positively
charged Ag" ions bind to the negatively charged bacterial
cell wall, deactivating the cellular enzymes, causing disrup-
tions in membrane permeability.*’ Second, interactions with
the thiol group of L-cysteine protein residues may lead to
enzymatic dysfunction.® Finally, the AgNPs may facilitate
the release of reactive oxygen species, which cause dam-
age to proteins and DNA,*! ultimately leading to cell death.

This bactericidal effect of the synthesized AgNPs may also
be facilitated by the shape of AgNPs. Pal et al>? illustrated
that the spherical and hexagonal shapes of AgNPs inhibited
the Gram-negative bacterium, E. coli; similarly, our TEM
micrographs showed spherical particles. It is noteworthy
that the biologically synthesized AgNPs from C. indicum

Gram positive

B

Figure 6 The antimicrobial efficacy of the aqueous extracts of Chrysanthemum indicum,
AgNO,, and AgNPs were examined against three selected Gram-positive bacterial
strains (D, E, and F) and three selected Gram-negative bacterial strains (A, B, and C).
Notes: The Gram-positive bacterial strains included BS (MTCC I21), SE
(MTCC 435), and SA (MTCC 96), and the three Gram-negative bacterial strains
included KP (MTCC 109), EC (MTCC 433), and PA (MTCC 1934). The arrows
indicate the zone of inhibition.

Abbreviations: PE, plant extract; C, control (streptomycin); KP, Klebsiella pneumoniae;
AgNP, silver nanoparticle; EC, Escherichia coli; PA, Pseudomonas aeruginosa; BS, Bacillus
subtilis; SE, Staphylococcus epidermidis; SA, Staphylococcus aureus; MTCC, Microbial
Type Culture Collection and Gene Bank.
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Table 2 Antibacterial activity of AgNPs synthesized by the aqueous flower extract of Chrysanthemum indicum

Indicator bacteria

Inhibitory activity (mm)?

C. indicum
(25 pgl/disc)

Silver nitrate
(25 pgl/disc)

AgNPs
(25 pgl/disc)

Streptomycin
(25 pgl/disc)

Gram-positive
Bacillus subtilis (MTCC 121) -
Staphylococcus aureus (MTCC 96) -
Staphylococcus epidermidis (MTCC 435) -
Gram-negative
Escherichia coli (MTCC 433) -
Klebsiella pneumoniae (MTCC 109) -
Pseudomonas aeruginosa (MTCC 1934) -

- - 13.16+0.28
- 8.33+0.57 08.12+0.57
- - 10.12+0.76
- 13.00+0.90 10.00+0.90
07.00+0.50 19.10+0.50 08.00+0.50
- 09.60£0.51 14.12+0.76

Notes: *Each value is the mean of three replicates of the diameter (mm) of the inhibition zone in the bacterial layer. Values are the means of three independent experiments.
The zone of inhibition was measured after incubating the strains for 17 hours at 37°C in Muller Hinton Agar medium.
Abbreviations: AgNPs, silver nanoparticles; MTCC, Microbial Type Culture Collection and Gene Bank.

showed significant activity against Gram-negative bacteria
when compared to Gram-positive bacteria. This difference
was possibly due to the difference in the peptidoglycan
layer. Gram-negative bacteria have a thin layer, whereas
Gram-positive bacteria have a thick peptidoglycan layer
(30-100 nm). As a result, the Gram-positive bacteria are
defended from the bactericidal mechanisms, which are
released by AgNPs.5

Cytotoxicity of silver nanoparticles

Recently, researchers have focused on the development
of methods to reduce the toxicity of AgNPs. AgNPs
are toxic to both microorganisms and human cells, but
when exposed to adequate concentrations, different
reactions may be observed.® In this study, the toxicity
of AgNPs synthesized from C. indicum were evaluated
in vitro against a 3T3 mouse embryo fibroblast cell line

Table 3 Minimum inhibitory concentration of AgNPs synthesized
by aqueous flower extract of Chrysanthemum indicum

Indicator bacteria Minimum inhibitory

concentration (jug/mL)

AgNPs Streptomycin
Gram-positive
Bacillus subtilis (MTCC 121) >25 25
Staphylococcus aureus (MTCC 96) >25 12.5
Staphylococcus epidermidis 25 >25
(MTCC 435)
Gram-negative
Escherichia coli (MTCC 433) 12.5 12.5
Klebsiella pneumoniae (MTCC 109) 6.25 25
Pseudomonas aeruginosa 375 25
(MTCC 1934)

Note: Streptomycin was the control antibiotic used for the bacteria.
Abbreviations: AgNPs, silver nanoparticles; MTCC, Microbial Type Culture
Collection and Gene Bank.

at 25 ug/mL and 50 pg/mL concentrations by MTT and
LDH assays. In our study, the cells treated with 25 pg/
mL of AgNPs did not seem to affect cell viability, which
was observed to be 93.33% (Table 4). However, when
the cells were treated with increased concentrations of
AgNPs (50 pg/mL), they showed decreased cell viabil-
ity (45.14%). The effect of AgNPs on LDH leakage in
3T3 cells are presented in Table 4. From the results, it is
clear that there was no significant increase in LDH at 25
pg/mL (0.12 umol/NADH) when compared to control,
but there is an increase in LDH activity of 0.42 pumol/
NADH at a concentration of 50 pg/mL. The toxicity of
the synthesized AgNPs depends on their dose. Investiga-
tions of the morphological features of treated cells using
an inverted microscope revealed that changes in the cell
morphology were clearly reflected at 50 pg/mL when
compared to the cells treated at concentrations of 25 pg/
mL (Figure 7). It can be clearly observed that the cells
treated with AgNPs (25 pg/mL) have a well-developed
nucleus, devoid of peripheral cellular distribution. Con-
versely, in the cells treated with a concentration of 50 pg/
mL, systematic changes in the morphological features of
the cells occurred. Further, with the LDH assay, a rise in

Table 4 Cell viability and LDH leakage in control- and AgNP-
treated 3T3 cells after 24 hours of exposure

Concentration Percentage LDH activity

(ng/mL) of viability (umol/NADH/well/minute)
25 93.33+1.45% 0.12+0.007*

50 45.14£1.38* 0.42+0.003*

Control 97.70+1.49 0.11+0.005

Notes: The values represent the mean + standard deviation of two independent
experiments. *P<<0.00| versus control.

Abbreviations: LDH, lactate dehydrogenase; AgNP, silver nanoparticle; NADH,
nicotinamide adenine dinucleotide.
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50 pg/mb

Figure 7 Cytotoxicity of synthesized silver nanoparticles on 3T3 mouse embryo fibroblast cells.
Notes: (A) Control (cell + phosphate buffered saline); (B) cell +25 pg/mL of silver nanoparticles; (C) cell +50 pg/mL of silver nanoparticles. The arrows indicate the cell nucleus.

LDH enzyme activity was observed at 50 pwg/mL when
compared to the control cells. LDH is a stable cytoplasmic
enzyme that is present in most of the eukaryotic cells, and
it is secreted into the culture medium during the damage or
rupture of the cell’s cytoplasmic membrane. The elevated
levels of LDH enzyme activity are directly proportional to
the number of dead or damaged plasma membrane cells.>
In this study, the synthesized AgNPs from the aqueous
flower extract of C. indicum were found to exhibit highly
antibacterial activity against K. pneumoniae and E. coli
at concentrations of 25 ng/mL, and no cytotoxic effects
on mouse embryonic fibroblast cells were observed. This
result may provide a safe start for the use of AgNPs in
pharmaceutical and other medical applications.

Conclusion

The present study reported on the synthesis of AgNPs by C.
indium without using any harmful reducing or capping agents,
as confirmed by UV-Vis spectrophotometer, XRD, TEM,
and EDX techniques. Spherical, smooth surface, and poly-
dispersed particles of sizes ranging from 37.71-71.99 nm
with an average size of 52.914.6 nm were obtained. The
lowest MIC of the AgNPs was exhibited against E. coli and
K. pneumoniae (12.5 ng/mL and 6.25 pg/mL, respectively).
The synthesized AgNPs act as excellent bactericidal agents,
without exhibiting any toxic effects on mouse embryonic
fibroblast cells.
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