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Background: In this study, a biologically active molecule, di-methyl flubendazole isolated from the extract
of Carica papaya leaves confirmed by using GC-MS, 'H NMR, and '*C NMR analysis was applied to syn-
thesize silver nanoparticles (AgNPs). The AgNPs with plant sources an alternative therapeutic agent for
synthetic compound used in cancer chemotherapy.

Methods: The AgNPs were characterized using UV, FT-IR, XRD, FESEM with EDX and TEM. The antibacte-
rial effects of AgNPs were determined with agar well diffusion method. The MTT assay used to evaluate
the inhibitory effect cell lines. The acridine orange and ethidium bromide and DAPI have used cell
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XRD morphological effects.

SEM Results: The AgNPs were mono-crystalline and their size ranged from 7 to 22 nm. AgNPs showed good
TEM antibacterial activity against both Gram-positive and Gram-negative bacteria. Studies on the antiprolif-
Apoptosis erative potential of bioinspired AgNPs in cancer cell lines revealed that the antiproliferative effect was

Western blot much stronger in HepG2 than in MCF-7 and A549 cell lines. Similarly, AgNPs exerted less cytotoxic activ-
ity in Vero cells (normal cells). AgNPs-treated cells showed necrosis, apoptotic morphology evidenced
by cell shrinkage, membrane blebbing, cell decay, and necrosis. HepG2 cells treated with biosynthesized
AgNPs exhibited a GO/G1 phase (52-53.37%) blockage. Compared to the control, AgNP-treated HepG2
cells showed elevated ®-actin levels; however, Bcl-2 was significantly down regulated in AgNP-treated
cells, indicating the involvement of Bcl-2 in apoptosis.
Conclusion: Overall, the fact that di-methyl flubendazole-based silver nanoparticles showed a novel and
cost-effective natural antitumor and antibacterial agent.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Introduction

Nanotechnology and its offshoot nanomedicine are believed to
provide several solutions in the health care field. The synthesis of
nanoparticles (NPs) from biological matter is an eco-friendly and
inexpensive approach. The small size of NPs promotes their appli-
cability in therapeutic uses. Due to their size-dependent properties,
metal NPs with a small range can be used to enhance applications
in electronics, optoelectronics, magnetic, biomedical, and informa-
tion storage systems [1,2]. Silver nanoparticles (AgNPs) also have
versatile applications, such as in the detection of the presence of
pollutant line metals [3,4].
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E-mail addresses: malsalhi@ksu.edu.sa (M.S. AlSalhi), ranjitspkc@gmail.com
(AJ.A. Ranjitsingh).
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The biosynthesis of NPs has advantages over the chemosynthe-
sis of nanoparticles. The rich availability of biotic materials, such
as plants, favors their usage in NPs synthesis without affecting the
ecosystem [5,6]. The involvement of the primary and secondary
metabolites of plants in the redox reaction during NPs synthesis
further supports their usability in NPs synthesis. Biosynthesized
NPs have been reported to remediate oxidative stress, genotoxicity,
and apoptosis [7,8].

In the biosynthesis of NPs using plants, the phytochemical
constituents present in the plants, enzymes, proteins, alkaloids,
flavonoids, terpenoids, and other cofactors and capping agents
mediate the synthesis of NPs. The biosynthesis of NPs does not
require any specific culturing or conditions that are required for
microbes involved in NPs synthesis. As plant, products are nat-
ural and chemical-free, their utilization in the biosynthesis of
NPs is safe and ecofriendly [9,10]. In the present approach, the
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medicinal plant with nutritive fruit Carica papaya chosen to synthe-
size the silver nanoparticles. The silver nanoparticles synthesized
using the leaves of C. papaya showed anticancer effect by affect-
ing the cell cycle and cause apoptosis in human prostate cancer
cells [11] Green synthesis of Iron oxide nanoparticles synthesized
using the leaves of C. papaya are reported to have dye degradation
activity and antibacterial activity [12,13]. The silver nanoparticles
synthesized using the peel of papaya exhibited good antibacte-
rial activity against pathogenic Escherichia coli and Staphylococcus
aureus [14]. Regarding the application of Cpapaya for the bio-
genesis of nanomedicine particles, all parts of the tree are used.
The nanoparticles synthesized using the latex of C.papaya moder-
ated silver nanoparticles exhibit good antimicrobial and anticancer
applications [15]. The bioactive compounds present in the leaves
of C. papaya are explores by several workers including our team.
Among the different bioactive compounds, methyl flubendazole
found to dominate. Therefore, a study proposed to utilize the com-
pound methyl flubendazole to synthesize silver nanoparticles. The
biomedical importance of flubendazole in the abatement of worm
infection, treatment for different types of cancer, and microbial
infections has been well-documented [16-20].

In the present study, we demonstrate an innovative way to
synthesize AgNPs using the biologically active molecule di-methyl
flubendazole and characterized by using the UV, FT-IR, XRD, FE-
SEM with EDX and TEM analyses.To the best of our knowledge, this
is the first report on the anticancer activity of AgNPs synthesized
using the biologically active molecule, di-methyl flubendazole.

Material and methods
Materials

All the chemicals were purchased from Sigma-Aldrich, Mumbai,
Tamil Nadu, India. The glassware was acid washed and Autoclaved.
Fresh leaves of the fruit yielding plant C. papaya were collected
from a six months old tree in an organic farm in Tamil Nadu, India.
The species was identified using the knowledge of botanists and
authenticated in the Department of biotechnology PEC Chennai
[PEC bio/21/2019].

Preparation of plant extracts

The fresh and healthy leaves of C. papaya were washed repeat-
edly with running tap water to remove any dirt and dust, then
washed with DH,0 and shade-dried at room temperature (26 +
2 °C) for 10-15 days. Then the leaves were coarsely powdered
using a pulverizer. From the leaf powder, 100 g was extracted using
a Soxhlet apparatus with different solvents, such as petroleum
ether, chloroform, ethyl acetate, methanol ethanol, and water,
to determine the presence of phytochemicals. The leaf powder
was extracted until the solvent became colorless in the thimble,
after which it was filtered using Whatmann No.1 filter paper. The
resulting residues were stored in amber-colored glass vials at 4 °C
until further use. The preliminary phytochemical analysis revealed
that methanol extraction yielded a good amount of different com-
pounds.

Compound isolation

The crude extract obtained was further subjected to column one
thin layer chromatography. A total of 50 fractions was obtained in
TLC for fractionalization the solvent hexane: chloroform: methanol
was used in the ratio 6:5:3 0.2 ml. The fractions that showed an
Rf value of 0.89-4.095 were further selected. These fractions were
colored vital for further study. The fractions were further purified
using TLC and the fraction with the Rf value 0.895 was further dried
and crystallized. This faction was subjected to 'THNMR and 13C NMR
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studies. Based on the NMR study the isolated compound in the frac-
tion was identified to a dimethyl flubendazole. The compound was
stored for further study.

Synthesis and characterization of AgNPs

For the synthesis of AgNPs, ten milligrams of the biologically
active molecule di-methyl flubendazole was mixed with 10 ml of
Milli Q water and filtered using a syringe filter (0.2 pwm). About
3 ml of this compound mixture was added to 97 ml of 0.01 mM
AgNOj3 solution. The synthesized AgNPs were studied using UV-vis
spectroscopy. The dried pellets were further studied using FTIR,
XRD, SEM, and TEM. The size of the synthesized NPs was calculated
using the Debye Scherrer equation.

Anti-bacterial activity

The pure clinical isolates used in this study (Acinetobacter bau-
mannii, E. coli, Bacillus subtilis, Klebsiella pneumoniae, Salmonella
typhi, and S. aureus) were obtained from IMTECH (Chandigarh) and
maintained in nutrient agar (NA) slants before use. The antibacte-
rial assay was evaluated using the pathogenic organisms with the
well diffusion method with different doses include 25, 50, 75, and
100 p.g/ml. A control well was filled with distilled water. The Petri
plates were incubated at 37 °C for 48 h.

Cytotoxic effect of synthesized AgNPs

The cytotoxicity of the synthesized AgNPs to normal cells was
estimated using MTT assay according to Mosmann [21]. The Vero
cell lines were obtained from NCCS, Pune, India. For the MTT assay
96 well flat bottom, culture plates were used. Vero cells at a dose
level of 1 x 10% cells were carefully transferred to each well. With
the well different concentrations of AgNPs 1-100 wM were added.
After that 10 pl of MTT reagents were added to each well and
allowed to react for 4 h at 37 °C. After 4 h the reagent was removed
and 100 pl of DMSO was added and incubated the plates for 20 min.
After incubation, the optical density of the cells in the plates was
measured using an ELISA reader.

Calculation of ICsg value

The ICsg dose is the concentration of the testing material that
can inhibit 50 percent of the cell activity under in vitro conditions.
The ICsg can be calculated by plotting the x-y and fit the data with
a straight line, using the following equation:

Y=a*X+b

Antiproliferative activity of AgNPs

Cell proliferation assay

For the evaluation of the effect of the synthesized AgNPs on
tumor cells the following cell lines HepG2, MCF 7, and A549 cell
lines were obtained from ATCC and were maintained in DMEM
containing 10% of PBS with 100 pg/ml penicillin and 100 pg/ml
streptomycin supplements. The cultures were incubated at 37 °C
in a humidified atmosphere with 5% CO,. The effect of AgNPs on
the proliferation of cancer cell lines was assessed MTT assay. The
MTT assay was carried out as per Mossam [21] protocols. In a 96
well flat bottom culture plate Hep G2, and MCF-7 cell lines were
seeded at a density of 1 x 10* cells/ well and incubated at 37 °C
for 24 h. After the incubation different concentrations of AgNPs
[10—100 wm] were added and followed by Ref. [1].

Study of Morphological changes and Observations of nuclear
damage

The analysis of cell morphological changes was evaluated by
Ref. [22]. The nuclear morphology of apoptotic cells was observed
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Fig. 1. Gas chromatogram (a), '"H NMR (b), and 3C NMR spectrum (c) of di-methyl flubendazole (d).

using the DAPI The cell fixation was performed using 37% of
paraformaldehyde for ten minutes for laboratory conditions. Then
washed with PBS 3 times and absorbed in 0.1% of Triton X-
100 for two minutes. The cells were stained with DAPI (10
wg/ml) under low light conditions for 10 min. Later staining, the
cellular morphology was observed using a fluorescence micro-
scope.

AO/EB staining for apoptosis study

For studying the morphological changes in the treated cell lines,
the dyes acridine orange and ethidium bromide were used [23].
For apoptosis study, the cell lines Hep G2, MCF 7, and A549 were
cultured as itis given for cell proliferation assay using different con-
centrations of AgNPs (10.0, 25.0, and 50.0 p.g/ml). After incubation
of the cell culture for 48 h at 37 °C, the cells were washed with PBS.
The pellets were then centrifuged at 10,000 rpm for five minutes
and again suspended in PBS. The cells were stained with AO and EB.
For AO/EB dye preparation equal amount (100 pg/ml) of AO and EB
were taken and 1 .l of this stain mixture was examined using a
fluorescence microscope.

Flow cytometer measurement of cell proliferation

The cell apoptosis was measured by flow cytometry [24]. For
apoptosis assay, Hep G2 was chosen. As given in cell proliferation
assays, an overnight culture of the HepG2 cells was treated with
different doses of AgNPs in 96 wells plates. After treatment and
incubation for 24 h at 37 °C. The cells were harvested using PBS.
The harvested cells were centrifuged at 10,000 rpm for 10 min. The
cells were again washed with PBS and fixed in 70% ethanol for 2 h
at -20 °C. After fixation, the cells were washed and suspended in
300 wl PBS and incubated for 30 min at 37 °C.
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Fig. 2. UV spectrum of (a) di-methyl flubendazole, (b) AgNOs, and (c) synthesized
AgNPs from di-methyl flubendazole.

Western blot analysis

The changes in expression of apoptosis-related proteins in
HepG2 cells exposed to AgNPs (ICsq - 62.68 p.g/ml) for 12—48 hat 37
°Cwere investigated using western blot analysis. Firstly, whole-cell
lysates were prepared [25]. After treatment, the cells were har-
vested and washed with PBS two times before lysing with a mixture
of 50 mM of Tris—HCI (pH 8.0), 150 mM of NaCl, 1% Triton X100,
100 pg/ml of phenylmethyl sulfonyl fluoride (PMSF), and 1 p.g/ml
of aprotinin. After 30 min of incubation using ice, the lysed cells
were centrifuged at 10,000 rpm for 15 min at 4 degrees. The total
protein concentration was evaluated the protein 50 pg/lane sep-
arated on a 10% SDS gel electrophoreses. The protein was shifted
onto a nitrocellulose membrane at 20V, 120 mA for 1.5 h. Gel block-
ing was performed with 3% skimmed milk overnight at 4 degrees
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Fig. 3. FT-IR spectrum of (a) di-methyl flubendazole (b) synthesized AgNPs from di-methyl flubendazole and (c) XRD pattern of silver nanoparticles synthesized using

di-methyl flubendazole.

and membrane washed with PBS for 5 min before adding the pri-
mary antibodies at the respective concentrations of. The antigen
BSA 1% and Tween- 20 for 0.1 % were mixed in the PBS. This mixture
was incubated for 1 h with gentle rocking. The antigen-antibody
complex was washed with PBS for 10 min. To the secondary anti-
body dose at a dilution of 1:5000, 1% BSA and 0.1 % tween20 was
hybridized without disturbing it for 1 h at comfort zone. The bound
enzyme activity was detected using a chromogenic substrate NBT-
BCIP for visualization under chemiluminescence.

Three independent experiments were performed, and untreated
cells were used are constant. Then the cells were unique fluorescent
properties analyzed by fluorescence-activated cell sorters.

Arithmetical examination

The experiment for each assay was done thrice and the mean
value with standard deviation was calculated. For multiple com-
parisons, each value was compared using one-way ANOVA. Data
with a p-value < 0.05.

Results

The results demonstrated that the biologically active molecule
di-methyl flubendazole was isolated from the extract of C. papaya
leaves by GC-MS, TH NMR, and '3C NMR analysis. The ESI-MS chro-
matogram displayed characteristic peaks at 79.2%, correlating with
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Fig. 4. FE-SEM (a) EDX (b) and HR-TEM (c) analysis of AgNPs synthesized using di-methyl flubendazole.

Fig. 5. Antibacterial activity of silver nanoparticles synthesized using di-methyl flubendazole: (1) A. baumannii, (2) B. subtilis, (3) E. coli, (4) S. aureus, (5) K. pneumoniae, and
(6) S. typhi.

the MS library data for di-methyl flubendazole. H NMR: 0.874, tons on C-7, C-11, and C-15. The multiplet-signals at 8 1.30 to &
0.831, 1.81, 1.17, 1.04, 1.0 (6 s, 20 H, 6 x M), and 2.28. Multiple 1.00 were assigned to protons on C-6, C-8, C-9, C-10, C12, C-13,
t-signals between & 1.40 and 8 1.35 represent the methylene pro- C-14, C-16, and C-17 (Fig. 1a-c). Based on the spectral studies, the
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a a-d: Non-toxic at
100 M in VERO cells

c a- d: Increase in cell death with
increased time and AgNPs
concentration

b a-d: Effect of AgNPs on the
proliferation of breast cancer cells

(MCF7)

d  a-d: The effect of AgNPs on the
proliferation of hung cancer cells (A549)

Fig. 6. Antiproliferative activity of silver nanoparticles synthesized using di-methyl flubendazole on VERO cells (a), MCF-7 cells (b), HepG2 cells (c), and A549 cells (d).

active fraction appears to be an extension of di-methyl flubendazole
with the molecular formula C;gH12FN30;, which was confirmed as
di-methyl flubendazole (Fig. 1d).

The synthesis of AgNPs was based on observing reaction mix-
ture from light yellow to reddish-brown indicated the formation
of AgNPs. UV-vis absorption spectrum peak at 450 nm confirmed
the synthesis of AgNPs. (Fig. 2a—c). The major functional groups of
the bioactive compound (di-methyl flubendazole) were observed
in the FTIR spectrum, including peaks at 3403 cm~! (OH stretch,
H-bonded), 2926 cm~! (CH), 1637 cm~! (NH— bend), and 1036
cm! (C—N stretch) (Fig. 3a). The existing major functional groups
in the bioactive compound acted as reducing agents of Ag* to Ag°.
Synthesized AgNPs showed major functional groups at 3380 cm™!
(NH stretch), 2947 cm——! (CH— stretch), 2834 cm™! (O—H stretch),
2521 cm~! (OH—stretch), 1653 cm™! (—CCstretch), 1453 cm="1 (CC
stretch), 1032 cm—-"! (CN stretch), and 686 cm—-! (CB—r stretch).
The FTIR analysis indicated the peak around at 3380 cm~! corre-
sponded to NH— stretching, and at 2834 cm™! to the O—H stretching
and vibrations of phenols and carboxylic acids (Fig. 3b). These com-
ponents are aldehydes, ketones, carboxyl, and hydroxyls. Under
acidic conditions, Ag* bound to the biomolecules containing car-
boxyl and hydroxyl to generate complexions. Then, the aldehydes
and ketones reduced Ag* ions to AgNPs and became oxidized to
carboxyl ions. Using this method, the molecules were strongly
adsorbed onto the surface of the AgNPs.

The characteristic Bragg’s reflections can be observed in the XRD
pattern shown in Fig. 3c. The peaks at the 26 degrees of 36.1, 48.66,
61.10, and 75.69. The crystalline planes corresponded to the (111),
(121), (200), and (311) FCC of the metallic nanoparticles obtained.

The crystal size of the AgNPs was calculated using XRD, which sug-
gested that the size were 6-71 nm. The main peaks may be due to
the presence of bioactive compounds.

The FESEM and EDX allowed further characterizing the nanopar-
ticles. The FESEM images exhibited the presence of spherical
structures of AgNPs with an average size of approximately 12—28
nm. EDX analysis suggested that the phytochemicals were absorbed
on the surface of the AgNPs and are responsible for the stability
of the biosynthesized nanoparticles (Fig. 4a). HRTEM analysis of
the biosynthesized AgNPs was spherical with a moderate variation
in particle size due to the functional groups present in the bioac-
tive compound. According to the size of the distribution, most of
the AgNPs ranged between 7 and 22 nm (Fig. 4b). The AgNPs were
monocrystalline and could be observed using selected area electron
diffraction (Fig. 4c).

The antibacterial features of the biosynthesized AgNPs were
determined by the agar well diffusion method. The results demon-
strated that the AgNPs had antibacterial activity against both
Gram-positive and negative bacteria (A. baumannii, B. subtilis, E.
coli, K. pneumoniae, S. aureus, and S. typhi). AgNPs exhibited a maxi-
mum zone of inhibition against Gram-negative bacteria rather than
Gram-positive bacteria when compared to the control. The zone of
inhibition of the AgNPs was found to be concentration-dependent
(Fig. 5). Among the tested bacteria, E. coli responded well to treat-
ment with AgNPs at 100 pg/ml (29 mm), followed by A. baumannii
(26 mm), B. subtilis (25 mm), K. pneumoniae (21 mm), and S. aureus
(18 mm), with the smallest zone of inhibition obtained for S. typhi
(13 mm). These results indicate that the biosynthesized nanoparti-
cles were efficient on both Gram-positive and negative organisms.
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Fig. 7. Apoptotic cell death of HepG2 cells using the DAPI staining method.

The MTT assay was used to evaluate the inhibitory effect of
bioactive compound-loaded nanoparticles on various cell lines. The
antiproliferative effect of biosynthesized nanoparticles was inves-
tigated by treating A549, HepG2, MCF-7 cancer cell lines with
AgNPs for different durations (24—48 h). The effects of AgNPs on
the proliferation of these cell lines are shown in Fig. 6a-d. It was
exhibited that AgNPs exerted a time-dependent antiproliferative
effect in HepG2, MCF-7, and A549 cells, which were observed to
have ICsg values of 45.85, 51.37, and 62.08 pM/ml, respectively.
The antiproliferative effect of the HepG2 cell lines was found to be
much stronger than that of the MCF-7 and A549 cell lines. The anti-
proliferation in HepG2 cells increased with time and the maximum
activity was observed at 24 h of incubation in all the cell lines.

The biosynthesized nanoparticle-induced morphological
changes in HepG2 cells leading to cell death. It has recommended
that the AgNPs can be cytotoxic to the cells. The number of dead
cells was found to increase with increasing time and AgNPs con-
centration (Fig. 7a-d). To determine whether the cells died due to
apoptosis, the cells were stained with diamidino-2-phenylindole
and nuclear morphology changes were observed using microscopy
(Fig. 7a-d). The control cells were not found any changes mor-
phologically, while the AgNP-treated cells showed necrosis, cell
shrinkage, and cell decay.

After treatment with different AgNPs (45.85 wM for 24 h),
HepG2 cells showed prominent apoptotic morphology resulting
from cell shrinkage, membrane blebbing, and necrosis. The cells
in the control group showed normal cell morphology and were
green in color (Fig. 8a-d). In the early phases of apoptosis, the
cells became yellow with the condensation or fragmentation of
chromatin material. In the later phases of apoptosis, the cells
become orange in color with apoptotic bodies. Here, the orange-

colored cell nuclei developed necrosis with no condensation of
chromatin. AO/EB staining also confirmed the early stages of the
necrotic event in the AgNP-treated cell lines. After treatment with
AgNPs, no abnormal changes were observed in the VERO cells. The
size, shape, and structure of the VERO cells treated with AgNPs
appeared normal. On the other hand, the treatment of the other
cell lines for 24 h resulted in early apoptosis.

After assessing apoptosis, the cell cycle distribution was ana-
lyzed after the treatment of cells with bioactive compound-loaded
nanoparticles (45.85 wM) for 12—24 h (Fig. 9a-c). After incubating
the HepG2 cells with the AgNPs, an apparent accumulation of cells
in the Go/G1 phase (52-53.37%) at 24 h of incubation was observed.
In the absence of AgNPs, MCF-7 and HepG2 cells were found to grow
as an asynchronous population in all phases of the cell cycle. After
48 h exposure, the relative number of cells with Gyo-G; phase DNA
decreased, while the population of cells showed a steady decrease
in G2-M, and the number of cells dwindled marginally in S phase.

Western blot analysis was carried out to examine whether the
bio-nano particles obtained from di-methyl flubendazole upregu-
late or downregulated apoptotic and anti-apoptotic proteins. After
12 and 24 h of incubation, the HepG2 cells showed an upregu-
lation of ®-actin protein levels compared to the control (Fig. 9b).
However, the levels of Bcl-2 protein were significantly downregu-
lated in these AgNP-treated cells. Compared to the control cells, the
AgNP-treated HepG2 cells showed an increased concentration of
pro-caspase 9, which is essential for the activation of pro-caspase3.
Biosynthesized nanoparticles induced a common apoptosis path-
way, which is considered the most important feature of malignant
tumors. These findings suggest that mitochondrial signaling does
not have a major role in AgNP-induced apoptosis. The involvement
of caspase played a major role in apoptosis.
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Fig. 8. AgNPs-induced apoptotic cell death in HepG2 cells. (a) Living cells with normal green nuclei. (b, ¢, d) Apoptotic cells showed orange-stained nuclei with chromatin

condensation, while necrotic cells appear with uniformly orange-stained cell nuclei.

Discussion

Nanoparticles involve refining the compatibility and bioavail-
ability of natural products involves the treatment of different
cancers [26]. Green synthesis results in well-defined and size-
controlled nanoparticles, which prevent contaminants and easy to
scale-up [27]. Previously, Firdhouse and Lalitha [28] reported the
reduction of Ag* to Ag® using the ethanol extract of leaves of Piso-
nia grandis at room temperature, elevated temperatures, and under
sonication conditions. In the synthesis, AgNPs by plant bioactive
compounds forms an external biomatrix around the nanoparticles.
This biomatrix promotes the binding of drugs to the nanoparticles
to enhance the target-oriented delivery of drugs. As the green syn-
thesized nanoparticles are capable of capping, there is no need to
incorporate any additional capping or stabilizing agents, resulting
in a more cost-effective synthesis of NPs [28].

The antibacterial action of NPs and their ability to deliver drugs
to targeted sites have revolutionized the biomedical and pharma-
ceutical fields. This alternative strategy can provide a remedial
measure to contain the development of drug-resistant microbial
pathogens, particularly Gram-negative microorganisms [29]. In the
spectral assay, no SPR band was observed in the AgNO3 solution or
plant compound extracts. The conversion of silver ions into AgNPs
can be vividly observed due to the intensity of the spectrum [30].
The spectrum of the IR peak at 3403 cm~! corresponded to the
0—H functional group [31], another at 2130 cm™! corresponded to
the C—H vibrational mode [32].

The XRD pattern was produced that of AgNPs in our exper-
iments, which was confirmed with the standard method, as
evidenced by the peaks at the 26 values of 27.68°, 38.40°, 42.76°,
46.32°, and 68.68°, correlate to 110, 111, 121, 200, and 220 facets
of the face-centered cubic crystalline structure. The finding peaks
are evident for particles were presented in nano-regions [33]. The
size of the NPs correlated with its ability to penetrate the cells: the
smaller the size, the greater the penetration potency, as observed
by Morones et al. [34]. Furthermore, it was reported that the mor-
phology of the NPs aids in the execution of damage over target
cells. NPs with sharp vertexes and edges can exert more damage to
the targeted cells. The synthesized NPs were observed using SEM,
and were found to be small and spherical in size. Furthermore, SEM
analysis showed that different ranges of NPs due to the aggregation
of nanoparticles.

The TEM images were confirmed the spherical nature of the NPs
and moderate variations in size. It has been reported that NPs with
sizes between 10 and 52 nm are effective for targeting specific
sites. Selected area electron diffraction (SAED) analysis confirms
the crystalline morphology of the NPs [35].

The action of NPs on bacterial pathogens also depends on their
concentration and size. Although large NPs have a broader area for
attachment to bacterial pathogens, the smaller NPs are more likely
to exhibit a higher percentage of interaction with bacterial cells
than their larger counterparts [36]. Nanoparticles with a size of 25
nm have been reported to show a superior antibacterial activity
[9,37].
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Fig. 9. Cell cycle analysis by flow cytometry of Pl-stained HepG2 cells. (a) Control, (b) Ag NPs-treated HepG2 cells (12 h), (c) Ag NPs-treated HepG2 cells (24 h) and (d)

Western blot analysis of silver nanoparticle-treated HepG2 cells.

Microbes with antibacterial potential or drug resistance pose a
major challenge to the development of cost-effective antibiotics.
This is a global concern as alternatives to antibiotics may have to
be developed due to the latter’s loss of action against microbial
pathogens [38].

Dose-dependent cytotoxicity was observed in AgNP-treated
MCF-7 cells. An ICs¢ value of biosynthesized AgNPs against MCF-
7 cells was found in 10 pg/ml at 24 h and 30 pg/ml at 48 h.
The anti-proliferative activity of AgNPs was evaluated against
MCEF-7 cell lines and it was exhibited to capable to reduce the
viability based on the volume-dependent manner. Gurunathan
et al. [39], recommended the application of AgNPs as antimicro-
bial and drug-delivering agents able to kill cancer cells. Despite
reports on the antitumor activity of AgNPs, in-depth studies on
the changes in the cell architecture are lacking. The mechanisms
by which bioactive compounds leading cell death were monitored.
Induction of apoptosis leads to morphological alteration, includ-
ing bulb growth several, cell shrinkage, and n fragmentation [40].
Our findings demonstrated that NPs induced apoptosis in cells,

which was identified by AO/EB staining after incubation periods
of 24-72 h. Apoptosis was readily identified by cell shrinkage,
membrane blebbing, chromosomal condensation, and nuclear frag-
mentation in lung cancer cells after treatment with sesquiterpene
compound [41]. This phytochemical has been reported to show
good anticancer activity and antioxidant properties [42,43]. Bioac-
tive compounds have been reported to scavenge ROS and interfere
in cell signal transduction pathways and other development for the
onset of cancer growth [44,45]. The silver nanoparticles synthe-
sized using biomaterial are found to increase the oxidative stress
markers and reducing the antioxidative stress markers. As a result,
an upregulation of proapoptotic gene expression takes place. In
addition, antiapoptotic gene expression is down-regulated. All the
molecular changes due to oxidative stress and subsequent changes
in the mitochondrial functioning along with the activation of cas-
pase promote cytotoxicity, and apoptosis [46,47].

Changes in cells, particularly apoptotic degradation, can be mea-
sured by analyzing the changes in the DNA during the cell cycle.
Studying the cell cycle also helps to detect any DNA fragmentation
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or apoptosis development and the activity of cellular endonu-
cleases [48]. During apoptosis, the damaged or excess cells are
removed to maintain tissue homeostasis. The cell death process is
mediated by surface receptors in the extrinsic pathway, as well as
mitochondria and endoplasmic reticulum in the intrinsic pathway
[49,50].

Hastemzaei et al. reported the anticancer potential of this bioac-
tive compound when it was found to induce apoptosis in cancer
cell lines [40]. Quercetin acted on viable tumor cells and reduced
their percentage in a dose-dependent manner, resulting in cell
cycle arrest and apoptosis. Caspase, a cysteine protease, functions
as a primary effector during apoptosis. It has been reported to
proteolytically dismantle most cellular structures, including the
endoplasmic reticulum, Golgi apparatus, nucleus and mitochondria
[51].

Conclusion

AgNPs were successfully synthesized using a bioactive
molecule, di-methyl flubendazole, derived from the C. papaya. The
synthesized NPs were 7-22 nm in size. The antimicrobial effects
showed that a AgNPs was able to act against both Gram-positive
and negative organisms. The anticancer effects of the synthesized
AgNPs were also evaluated, using three different tumor cell lines,
HepG2, MCF-7, and A549, along with a control cell line (Vero cells).
Although the synthesized AgNPs showed considerable antiprolifer-
ative action against the tested cell lines, the HepG2 cells were the
most vulnerable to the action of NPs. The AgNPs-treated HepG2
cells were found to have unregulated (3-actin protein levels com-
pared to the control. In conclusion, the cytotoxicity of AgNPs
synthesized using a bioactive molecule, di-methyl flubendazole
was proven to be efficient for the development of a natural com-
pound for the treatment of cancer.
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