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Abstract

In this study, we emphasize a rapid and cost-effective biogenic approach for the synthesis of silver nanoparticles (AgNPs) using an
aqueous extract of onion (Allium cepa L.) peel (brown skin) acting as a reducing and capping agent. The synthesized AgNPs were
characterized by UV-visible spectroscopy, X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), transmission
electron microscopy (TEM), and energy-dispersive X-ray spectroscopy (EDS) analysis. The morphology of synthesized AgNPs
was a spherical shape, cubic structure with an average particle size range of 33—50 nm. The AgNPs have higher antioxidant activities
(2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTs) when compared with
ascorbic acid (vitamin C). The synthesized AgNPs have strong antipathogenic activity towards foodborne illness—causing bacterial
pathogens of Gram-positive (Bacillus sp., Staphylococcus aureus, and Corynebacterium sp.) and Gram-negative (Escherichia coli,
Salmonella sp., and Vibrio cholerae) organisms. Furthermore, the AgNPs have the potential anti-proliferative action on A549 lung

cancer cell lines, suggesting a novel chemotherapeutic agent against human lung cancer.
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1 Introduction

In recent years, nanoparticles (NPs) have been in high demand
due to their superior properties and various fields of applica-
tions in biomedical, catalytic, energy and materials, antimicro-
bial, and plant growth metabolism [1, 2]. Nanoparticles have
tremendous scientific attention, and they fill the gap between
micro materials and atomic or molecular structures [3]. The
aqueous (SiO»), hybrid (titanium alloy and ferromagnetic),
and column-shaped (CuO) NPs effectively play a role in the
heat transportation process [4—6]. The development of metal-
lic NPs leads to new, improved properties like size, morphol-
ogy, and distribution [7]. In earlier times, numerous methods
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were developed to produce nano-based materials physically,
chemically, and biologically [8]. The physical method of syn-
thesizing NPs requires high temperature and pressure [9] and
also releases a lot of thermal energy during the synthesis pro-
cess [10]. The chemical method may lead toxicity to the en-
vironment, especially for the aquatic eco-system, when it
reaches higher concentrations [11]. Certain limitations were
faced while pre-synthesization and post-synthesization of
NPs by physical and chemical methods can be reduced by
biological approach.

Nowadays, biological syntheses of metal oxide NPs are
growing in attention to the field of bionanoscience. It empha-
sizes the use of natural organisms: which not only offer a
reliable, simple, and low production cost but are eco-friendly
as well. Several researchers have reported the synthesis of
biogenic NPs by various plant extracts, which have phyto-
chemical constituents used as reducing and capping agents
with medicinal properties. The biogenic NPs have a wide
spectrum of applications, including biosensors, antimicrobial
agents, drug delivery, gene therapy, and cancer treatment [12].
The synthesis mechanism of biogenic NPs mainly depends on
the phytochemical compounds, phenols, flavonoids, alka-
loids, terpenoids, tannins, carbohydrates, and saponins [13].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12668-019-00691-3&domain=pdf
mailto:ramthiru72@bdu.ac.in

236

BioNanoSci. (2020) 10:235-248

Silver nanoparticles (AgNPs) can diffract and absorb the light
as well as exhibit color, depending on the morphology, size,
and shape. AgNPs are gaining a lot of attention due to
its unique properties like catalytic, optical, and antimicrobial
properties [14]. Presently, AgNPs were synthesized by using
different biological methods, Paederia foetida L. leaf extract
[15], Ribes nigrum fruit extract [16], Trigonella foenum-
graecum leaf extract [17], Tribulus terrestris L. extract [18],
Datura inoxia flower extract [19], and Diospyros montana
leaf extract [20]. Usually, biogenic-synthesized AgNPs have
anti-proliferative activity against cancer cell lines in a dose-
dependent manner. It associates strongly with an increased
level of reactive oxygen species (ROS), which leads to loss
of mitochondrial membrane integrity.

Antioxidant enzymes play an essential role in protecting
the body from adverse effects generated by free radicals dur-
ing normal metabolism [21]. The research shows that the plant
sources possess higher antioxidants, which neutralize the free
radicals and decompose the peroxides [22]. Therefore, the
biogenic nanoparticles have antioxidant activities due to su-
perior adsorption of the antioxidant material derived from the
extract on the surface of the NPs [23]. A small quantity of
silver is safe for human cells, but it is toxic to the bacteria
and fungi [24]. In spite of the antibacterial activities of
AgNPs that have been proven, the actual mechanism is not
yet clear. NPs may inactivate the microbes by inhibiting their
enzymes, proteins, or DNA [25]. Cancer is one of the most
common causes of death worldwide from the beginning of the
twenty-first century. Therefore, we need to develop less toxic,
inexpensive, and more effective therapeutic agents to treat
cancer.

Onion (Allium cepa L.) is the second most important
horticultural crop and consumed throughout the world.
Several studies suggested that they have biomedical appli-
cations due to their higher content of organosulfur com-
pounds [26-30]. The brown skin (dry outer layer) of an
onion has functional ingredients rich in dietary fiber, phe-
nolics, and flavonoids with antioxidant activity and high
concentration of quercetin and calcium [31]. Prakash et al.
[32] reported that the dry outer layer showed higher free
radical scavenging and antioxidant activity than the other
layers of an onion. The outer skin of an onion exhibited
more active antioxidant properties than garlic [33].

Many reports have summarized the synthesis of silver
nanoparticles from the onion as a source of the reducing agent
[34, 35]. The synthesized AgNPs have antioxidant activities
and control cardiac arrhythmic, tumor inhibition, antidiabetes,
and antibacterial [32, 33, 36]. In consideration of the above
reports, no attempt was made to formulate the AgNPs by
onion peel (brown skin). But herein, we described the synthe-
sis of AgNPs using onion peel extract as a reducing and cap-
ping agent. Due to the above said reasons, the present study
has designed to use onion peel extract for the synthesis of
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AgNPs from silver nitrates and test its antioxidant, anticancer
(lung cell line), and antibacterial activity foodborne illness—
causing bacteria such as Bacillus sp., Staphylococcus aureus,
Corynebacterium sp., Escherichia coli, Salmonella sp., and
Vibrio cholerae were evaluated.

2 Materials and Methods
2.1 Collection and Preparation of Peel Extract

The fresh onion (Allium cepa L.) peels were collected from the
local market of Tiruchirappalli, Tamil Nadu, India. Peels were
cleaned with double distilled water and shadow dried. Five
grams of onion peels were transferred to a 250-mL
Erlenmeyer flask, and 100 mL double distilled water was
added and boiled at 60 °C for 20 min to get the aqueous
extract. Then, the extract was filtered by using Whatman
no.1 filter paper, and refrigerated at 4 °C for further use.

2.2 Synthesis of Silver Nanoparticles

An aqueous solution (0.001 M) of AgNO; was prepared using
100 mL double distilled water. Ten milliliters of onion peel
extract was added to the solution of AgNO; by dropwise
while stirring magnetically at 300 rpm until the solution be-
comes dark brownish color. The color change indicates the
formation of colloidal AgNPs, and it was analyzed by UV-
visible spectroscopy. The obtained colloidal AgNPs were cen-
trifuged at 6000 rpm for 20 min. The centrifuged pellets were
washed several times with double distilled water to the remov-
al of excess, unconverted silver ion residues and other un-
wanted materials. Finally, the pellets were air-dried and col-
lected in powder form for characterization.

2.3 Characterization of Synthesized Nanoparticles
2.3.1 UV-Vis Spectra Analysis

The formation and stability of synthesized AgNPs were ana-
lyzed in Synergy HT Multimode Reader (BioTek, Winooski,
VT, USA), with the absorption range of 300-700 nm wave-
length. The absorption spectrum of the reaction solution was
recorded at different time intervals.

2.3.2 X-Ray Diffraction Analysis

The crystalline metallic pattern of AgNPs powder was carried
through an X-ray diffractometer (PANalytical X Pert Pro
Powder X’Celerator Diffractometer, Netherlands) and operat-
ed with a voltage of 40 kV and current of 40 mA with Cu K
radiation (1.5406 A). The scanning was done in the range of
10-80°.
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2.3.3 FT-IR Spectrum Analysis

The functional groups of biogenic AgNPs were recorded
using FT-IR spectrophotometer Perkin Elmer Spectrum
Version 10.03.09 with the KBr pellet method. The spectrum
wavenumber frequency ranges from 4000 to 500 cm™'.

Measurements were recorded in transmittance (% T) mode.

2.3.4 TEM with EDS Analysis

Transmission electron microscopy (TEM) was applied for the
morphological analysis of biogenic-synthesized AgNPs. The
required volume of the sample was prepared and dispersed on
carbon-coated copper grids and allowed to dry at room tem-
perature. The TEM images and measurements were analyzed
on FEI-TECNAI G2 F20, which was operated at 200 kV. At
the same time, the energy dispersive spectrum (EDS) was also
recorded.

2.4 In Vitro Antioxidant Assay
2.4.1 Assay of 2,2-Diphenyl-1-Picrylhydrazyl

The radical scavenging activity of AgNPs against 2,2-
diphenyl-1-picrylhydrazyl (DPPH) was determined by a mod-
ified method of Brand-Williams et al. [37]. In brief, different
concentrations (20, 40, 60, 80, and 100 pg/mL) of an aqueous
solution of AgNPs were prepared in 96-well plates with ascor-
bic acid as standard. One millimolar of freshly prepared meth-
anolic extract of the DPPH solution was added to each well.
The mixture solution was incubated at room temperature for
30 min in dark condition. Change of color from violet to
yellow was observed. Synergy HT Multimode reader was
used to measure the absorbance of the mixture at 517 nm.
Then, the scavenging ability was calculated by the following
equation.

% Scavenging = Ac—As + Ac x 100

where Ac is the absorbance of the methanolic DPPH and As is
the absorbance of test samples.

2.4.2 Assay
of 2,2"-Azinobis-(3-Ethylbenzothiazoline-6-Sulfonic Acid)

2,2'-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) assay was performed according to the method of
Roberta et al. [38] with slight modifications. The ABTS rad-
ical cation was prepared by dissolving 7 mM of ABTS and
2.45 mM potassium persulfate and allow the mixture to stand
in the dark at room temperature for 12—16 h to produce ABTS
radical (ABTSe+). This solution was diluted with ethanol to an
absorbance of 0.700 (+£0.05) at 734 nm. After the

measurement, different concentrations (20, 40, 60, 80, and
100 pg/mL) of an aqueous solution of AgNPs were prepared
with ascorbic acid as standard and 100 uL of ABTS solution
was added to the respective wells. The absorbance was taken
for 6 min with an interval of 1 min. Then, the antioxidant
activity of the sample was calculated by the following equa-
tion.

% Scavenging = Ac—As + Ac x 100

where Ac is the absorbance of the ABTSe+ and As is the
absorbance of test samples.

2.5 Determination of Antipathogenic Activity

The antipathogenic activity of biogenic AgNPs was deter-
mined through the agar well diffusion method. Twelve hours
of clinical isolates, Gram-positive (Bacillus sp., S. aureus, and
Corynebacterium sp.) and Gram-negative (E. coli, Salmonella
sp., and V. cholerae) organisms were swabbed over the freshly
prepared nutrient agar plates. Then, wells (6 mm) were made
and different concentrations of AgNPs (25, 50, 75, and
100 pg/mL) and a positive control (streptomycin (1 mg/ml))
were added to respective wells. After overnight incubation
37 °C, the zone of inhibition was determined by measuring
the diameter (mm) of the clear zone around the well, and the
mean values were recorded. The activity was performed in
triplicates.

2.6 Cell Culture

A human lung cancer A549 cell line was obtained from the
National Centre for Cell Science (NCCS), Pune, India. The
cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM), high glucose (Sigma-Aldrich, USA) medium sup-
plemented with 10% FBS (fetal bovine serum) (Gibco), and
1% antibiotics (penicillin-streptomycin, Gibco), in a humidi-
fied atmosphere of 5% CO, at 37 °C in CO, incubator
(Thermo Scientific, USA).

2.7 In Vitro Cytotoxicity Assay (MTT Assay)

The cytotoxicity of synthesized AgNPs on A549 cells was
determined by MTT assay [39]. A549 cells were plated in
100 puL of a respective medium at a density of 5 x 10° cells/
well in 96 flat bottomed well plates. After 24-h incubation,
AgNPs were added in concentrations ranging from 0 to
200 pg/mL to study the cytotoxic effect. The media was re-
placed after 24-h incubation with 20 uL of MTT (5 mg/mL in
PBS) and incubated for 4 h. Then, the solution was discarded,
and the purple MTT-formazan was dissolved in 100 puL of
DMSO. Optical density of MTT-formazan was measured at
a wavelength of 550 nm with a reference wavelength of
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690 nm using Synergy HT Multimode Reader. The experi-
ment was performed in triplicates. The percentage of inhibi-
tion was calculated by the following formula:

mean OD of control (Untreatedcells) — mean OD of treatedcells

% inhibition = x 100

mean OD of control(Untreatedcells)

2.8 Dual AO/EB Staining

Apoptotic morphology was investigated through the AO/EB
dual staining method as described by Spector et al. [40] with
some modifications. Cells (A549) were plated at a density of
5x10° cells/well in 96-well plates, and cells allowed to ad-
here for 24 h at 37 °C. Then, the cells were treated with the
ICs concentration of AgNPs for 24 h. After the end of the
treatment, cells were washed with PBS and exposed to 25 uL
of AO/EB solution on a microscopic slide and viewed under a
fluorescent microscope (Carl Zeiss, Axioscope2plus).

2.9 Hoechst 33258 Staining

Cell pathology was detected by staining the nuclear chromatin
of trypsinized A549 cells [41]. A549 cells of 5 x 10° cells/mL
were seeded in a 6-well plate and treated with 24 h of ICs,
concentrations of AgNPs. After incubation, the control and
AgNPs-treated cells were harvested and stained with
Hoechst 33258 stain (I mg/mL) at 37 °C. After 10 min of
incubation, a drop of cell suspension was placed on a glass
slide and covered by a coverslip. Approximately 300 cells
were observed in the fluorescent microscope (Carl Zeiss,
Axioscope2plus) with excitation and emission wavelength of
350 and 460 nm respectively.

2.10 Mitochondrial Membrane Potential (MMP)

The mitochondrial depolarization pattern of the A549 cells
was analyzed by Rhodamine 123 staining [42] in the popula-
tions of apoptotic cells. The 24-h ICs, concentration of
AgNPs-treated A549 cancer cell lines (5 x 10° cells/mL) was
mixed with 25 puL of Rhodamine 123 solution (1 mg/mL), and
a drop of the mixtured solution was placed on a microscope
slide. The mitochondrial membrane disruption of the cells was
observed under a fluorescent microscope (Carl Zeiss,
Axioscope2plus) fitted with a UV filter of 377-355 nm.

2.11 Statistical Analysis

All the experimental data were expressed as the mean =+
standard deviation. Statistical significance (P <0.05) be-
tween samples was determined by one-way analysis of
variance (ANOVA) using SPSS 16.0 software (SPSS,
Chicago, IL, USA).

3 Results and Discussion
3.1 UV-Vis Spectroscopy Analysis

The optical properties of AgNPs were studied by using UV-vis
spectroscopy (Fig. 1). The synthesis reaction was monitored 0
to 30 min, and the color change occurred by the presence of
pigments and secondary metabolites in the onion peel extract.
In this case, the reduction of silver ions into AgNPs occurs
rapidly. More than 70% reduction of Ag* ions was completed
within 30 min after the addition of the onion peel extract to the
AgNOj; solution. Earlier reports showed the synthesis of
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Fig. 1 UV-vis absorption spectra of AgNPs and inset photograph represented the different reaction time
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Fig. 2 XRD pattern of green synthesized silver nanoparticles

AgNPs using biological sources as the reducing agent, the
time required for complete reduction of the Ag" ions between
24 to 120 h [43-46]. The formation of AgNPs may be due to
the phenolics, flavonoids, quercetin aglycone, and calcium in
the peel of an onion. It has been reported that the onion wastes
(Allium cepa L.) contain dietary fiber and bioactive com-
pounds [31]. AgNPs exhibit dark brownish color arising due
to the excitation of surface plasmon resonance (SPR) in the
visible region ranging from 350 to 700 nm. The results were in
agreement with Dimocarpus longan Lour. peel extract-
synthesized AgNPs [47]. The wavelength region has a typical
SPR absorption band of synthesized AgNPs at a wavelength
of maxima (A max) at around 466 nm (Fig. 1). The previous

study of biosynthesized AgNPs showed surface plasmon res-
onance at around 460 nm [48].

3.2 X-Ray Diffraction Measurement

The AgNPs X-ray diffraction (XRD) pattern was indexed
completely with the results supporting that the prepared ma-
terial exhibited a face-centered cubic (fce) structure of silver
(JCPDS card no. 03-0921) with a bio-organic phase (Fig. 2).
The Ag XRD pattern revealed (11 1),(200),(220),and (3 1
1) planes were located at the 20 at 38.07°, 46.18°, 64.32°, and
77.35°, respectively, and confirmed the fcc structure of
AgNPs, which might have resulted from the bioactive

26 —
24 —
- i
4
LI 2 _|
LW
=]
= —
-
= 20
g
= ] N
—_ 18 — P8
16
<N
A
i I
L aar]
14 L] ] o I v L] I I ]
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™")

Fig. 3 FT-IR spectrum of synthesized AgNPs by aqueous onion peel extract
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compounds in the onion peel extract. Additional diffraction
peaks corresponding to biological matters were detected; this
was normal in the biological method. This statement was
agreed for Ganoderma neo-japonicum Imazeki and
Gossypium hirsutum extract-based syntheses AgNPs [49,
50]. Similar results were also observed in different plant
extract-synthesized AgNPs [51, 52]. The average particle size
of AgNPs calculated by the Scherrer equation, i.e.,

D= KA£/Bcosb

In the above equation, D is particle size, A is X-ray wave-
length (0.15426 nm), 3 is FWHM, and 0 is Bragg’s angle. In

the present study, the XRD pattern of AgNPs showed that the
average particle size is 33 nm. In comparison with the previ-
ous report [50], the AgNPs were slightly smaller, with an
XRD modal diameter of 12 nm.

3.3 Fourier Transform Infrared Spectroscopy Analysis

The Fourier transform infrared spectroscopy (FT-IR) spectrum
of AgNPs was showed in Fig. 3. The brown skin of an onion
peel extract contains different phytochemical constituents
such as dietary fiber, phenolics, and flavonoids [31]. This
phytochemical plays an important role in the formation and
stabilization of AgNPs. Two distinctive peaks at 3429 and
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Fig. 4 Microscopic images of biogenic AgNPs. a and b TEM analysis. ¢ EDX analysis
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1637 cm™" were assigned to the deformative vibration of wa-
ter molecules. The other weak band peaks, at 2922, 1259,
1546, and 1044 cmﬁl, correspond to the stretching vibration
of methyl [53], germinal methyl [54], amide I group proteins
[55], and C=0 stretching [56]. The characteristics peaks at
801 and 545 cm ™' were attributed to Ag-O stretching vibration
[57]. These results suggest that maybe these groups were act-
ing as a reducing agent for the formation of AgNPs. Thus, the
FT-IR study examined the presence of flavonoids, phenolics,
methyl, amide groups, and proteins. Therefore, we may con-
clude that the biogenic AgNPs contain the phytochemical
constituents.

3.4 TEM with EDS Analysis

TEM analysis is used to characterize the size, shape, and mor-
phology of the synthesized nanoparticles. The size of the as-
prepared NPs was 8-50 nm. Figure 4 a and b showed the
spherical morphology and agglomerated silver nanoparticles
[58]. Ganesh et al. [59] reported that the structure of the nano-
particles depends on the concentration of conjugating mate-
rials, which gives the shapes to the nanoparticles (spherical
nature). The results were comparatively similar in the synthe-
sis of AgNPs by using Plukenetia volubilis L. leaf extracts
[60] and Salvadora persica leaf extract [61]. The energy-
dispersive X-ray spectroscopy analysis (EDS) reveals a strong
signal at 3 keV (Fig. 4c), which was generally exhibited by
metallic silver nanocrystals due to SPR, 0.3 and 0.5 keV
which originates from the un-reacted precursors of AgNO;
and biomolecules [62]. Silver (69.99%) was the major constit-
uent element compared with carbon (22.94%) and oxygen
(14.07%). The minor constituent peaks were quite normal
during the green synthesis of nanoparticles [48, 63].

3.5 In Vitro Antioxidant Activity

Figure 5 revealed that the synthesized AgNPs exhibit radical
scavenging activity (DPPH and ABTS). The radical scaveng-
ing activity tends to increase when the concentration of
AgNPs showed maximum free radical scavenging activity of
73.45% (DPPH) and 57.16% (ABTS) at 100 pg/mL. Whereas
these activities were lower when compared with standard
ascorbic acid, the reason behind the increased antioxidant ac-
tivity was due to bioactive compounds from plant extracts [64,
65]. The study exhibits that, when the concentration of AgNPs
increases, the rate of scavenging activity also increases [50].
Therefore, the antioxidant activity of AgNPs synthesized from
an onion peel extract was based on the concentration-
dependent manner. Using natural antioxidants can reduce the
risk factors of cancer, heart disease, and chronic disorders. The
present results suggest that AgNPs were a good scavenger for
ROS production and have great potential for biomedical ap-
plications. Hence, biogenic AgNPs could act as an alternative
antioxidant agent.

3.6 Antipathogenic Activity

In the study, the antipathogenic effect of synthesized AgNPs
and standard antibiotic (Kanamycin) as the positive control
were studied in different types of bacterial pathogens like
S. aureus, Bacillus sp., Corynebacterium sp., E. coli,
Salmonella sp., and V. cholerae (Fig. 6, Table 1). The
AgNPs have excellent antibacterial activity against both
Gram-positive (Bacillus sp., S. aureus, and Corynebacterium
sp.) and Gram-negative (E. coli, Salmonella sp., and
V. cholerae) bacteria. The inhibition zone increased when
the concentration of AgNPs increased. The prepared AgNPs

120
- Standard (Ascorbic acid)
T - DPPH
100 | B ovs

% of inhibition

20 40

60 80
Concentration (ug/mhk.)

100

Fig. 5 In vitro antioxidant activity of AgNPs (DPPH and ABTS) with standard at different concentrations (p1g/ml)
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Fig. 6 Antipathogenic activity of silver nanoparticles synthesized by brown skin of an onion peel extract using Gram-positive a Bacillus sp., b
Staphylococcus aureus and ¢ Corynebacterium sp. and Gram-negative d E. coli, e Salmonella sp., and f Vibrio cholerae pathogens

were more effective with the Gram-positive bacterium
(S. aureus) than other bacterial cultures. Similar results previ-
ously reported that metallic nanoparticles inhibited the bacte-
rial cell cycle function and bind on the active sites of the cell
membrane [66, 67]. The mechanism of the antibacterial activ-
ity of AgNPs was due to the production of ROS and the
release of heavy metal ions [68]. The generation of ROS such
as OH , O, , and H,0, damages the outer cell membrane and
inhibits bacterial growth. The released heavy metal ions
(Ag*") react with —SH group of cystine and replaces hydrogen
(—SH to S-Ag). As a result, microbes become damaged and
lose their ability to multiply, which eventually leads to death
[69]. Rai et al. [70] stated the AgNPs could also reduce the

bacterial metabolism and inhibit the DNA. Besides, silver ions
bind with the thiol group compounds present in the respiratory
enzymes of the bacterial cell wall and membrane and could be
the reason for the bactericidal activity.

3.7 Cytotoxicity Assay

The cytotoxicity activity of AgNPs treated with A549 lung
cancer cell line was investigated using MTT (3-(4,5-dimeth-
ylthiazol-2-yl1)-2,5-diphenyltetrazolium bromide) cell viabili-
ty assay. MTT as a tetrazolium dye reduced the mitochondrial
enzymes to form a blue-colored formazan. Non-functional
mitochondrial cells cannot carry out this process. Therefore,

Table 1 Zone of inhibition of

antipathogenic activity against Tested pathogens Zone of inhibition (mm)

foodborne illness—causing patho- -

gens treated with different con- Standard AgNPs concentration (ug/mL)

centration of biogenic AgNPs

25 50 75 100

Bacillus sp. 21+1 14+35 14+2.8 16+2 17+£2.5
Staphylococcus aureus 22+2.5 13+1.1 15+1.15 16+1 19+1
Corynebacterium sp. 21+1 14.£0.5 14+0.5 15+0.7 17£0.4
E. coli 24.5+3.6 14.5+1.5 163+1.1 17.6+0.5 19.3+0.5
Salmonella sp. 243+34 13+£0.5 14.£05 16+1.5 17.7+2
Vibrio cholerae 24+4.7 14.6+0.5 143+0.5 16+1.1 18+0.5
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the color intensity of soluble formazan was directly propor-
tional to cell viability. In the study, AgNPs ICs, value (113.25
+0.05 nug/mL) was observed for 24 h (Fig. 7). However, in
this study, AgNPs cytotoxicity activity treated with A549 lung
cancer cell line remains stable after the concentration of 40 pig/
mL. For that reason, the stable cytotoxicity was due to the
aggregation of AgNPs [71]. Similarly, previous studies sug-
gest that the aggregation of nanosilver decreases the surface
area and reduces reactivity [56, 72]. In addition, the cytotox-
icity of the AgNPs may possibly generate the ROS, such as
H,0,, and it was converted into a highly reactive hydroxyl or
superoxide radical. Under this condition, highly reactive rad-
icals can damage cellular components, which may lead to cell
death [73, 74]. The results from the MTT assay indicated that
the silver nanoparticles were cytotoxic against A549 cancer
cells.

3.8 AO/EB Staining

The apoptotic morphological changes of A549 cell line
treated with ICso concentration (113.25+£0.05 pg/mL) of
AgNPs were stained using acridine orange/ethidium bro-
mide (duel staining). The morphological differential
changes of A549 cancer cell lines were treated with bio-
genic AgNPs (Fig. 8a). The live cells of the control group
appeared in green color (bright green fluorescence),
whereas the ICsg-treated group appeared in orange color.
The present study showed that early apoptotic features
such as apoptotic bodies, cell shrinkage, chromatin con-
densation, necrosis, and fragmentation were observed in
the AgNPs-treated cells [75]. Triggering of ROS

production in the selected cells undergoes cellular defense
mechanisms and generates oxidative stress, which was
defined as an imbalance between the generation of ROS
and decreased antioxidant levels [76].

3.9 Hoechst 33258 Staining

The nuclear morphology of treated and untreated A549 cells
was observed using Hoechst 33258 staining, which stains the
nuclei of both the live and dead cells. Figure 8 b clearly
showed that the nuclei of untreated cells were intact and
rounded, but AgNPs-treated cells showed decreased normal
nuclei, indicating that apoptosis was induced and the abnor-
mal nuclei were increased. Furthermore, the AgNPs-treated
cells showed cell shrinkage, chromatin condensation, and nu-
clear fragmentation, which was relative to the apoptosis [77,
78]. Several authors reported similar results pointed out that
biogenic-synthesized nanoparticles control the cancer cell’s
potential [79-82]. Also, different factors such as size, surface
hydrophobicity, shape, and surface area, the composition of
nanoparticles, influence the cytotoxicity of nanoparticles [83].

3.10 Mitochondrial Membrane Potential

Mitochondrial membrane potential (Apm) was a method to
measure mitochondrial swelling by using mitochondrion-
specific dye Rhodamine 123. Figure 8 ¢ showed the effect
of AgNPs on Aypm. The results revealed that the control cells
showed intense green fluorescence due to high mitochondrial
membrane potential. In contrast, the biogenic AgNPs-treated
A549 cell line showed a continuous loss of green fluorescence

AgNPs
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Fig. 7 In vitro cytotoxicity assay (MTT) for AgNPs against A549 human lung cancer cell line. Cells were cultured for 24 h with different concentrations

of AgNPs (0-200 pg mL)
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Fig. 8 Morphological changes Control
observed for AgNPs-treated can-
cer cells by adopting AO/EB (a)
and Hoechst 33258 (b) staining.
The results showed the apoptotic
bodies (red arrow), cell shrinkage
(blue arrow), chromatin conden-
sation (white arrow), and necrosis
(yellow arrow), and ¢ depict the
mitochondrial membrane poten-
tial observed by Rhodamine 123
staining

-
I

due to the mitochondrial membrane depolarization, and some
cells show the complete loss of mitochondrial transmembrane
potential. Mollick et al. [84] reported that the function of the
mitochondrial membrane potential was based on the ATP syn-
thesis, in which the high level leads to apoptosis or necrosis.
The increased level of ROS and loss of membrane integrity
may be the reason for cell death by exposure of AgNPs [85].

4 Conclusion

This study reports a low-cost and eco-friendly synthesis
of AgNPs by applying the peel extracts of A. cepa. The
synthesized AgNPs were in the size of 33-50 nm and
spherical in morphology. This study confirmed that the

@ Springer

AgNPs treated 24 Hrs

Hoechst 33258 AO/EB

Rhodamine 123

AgNPs were more effective in eradicating the generation
of reactive oxygen species and free radicals, and signifi-
cantly controls bacterial growth. In vitro anticancer activ-
ity results indicated that the synthesized AgNPs induces
apoptosis in A549 human lung cancer cell line. The re-
sults indicate that the AgNPs synthesized by A. cepa
(peel) can be safely applied for antibacterial and antican-
cer applications.
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