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ABSTRACT ARTICLE HISTORY
This study uses the aerial parts of Panicum maximum total extract (PMTE) to synthesize silver nanoparticles Received 15 April 2024
(AgNPs) in an environmentally friendly manner. TEM, SEM, FTIR, X-ray powder diffraction (XRD), Zeta Revised 28 May 2024
potential, UV, and FTIR were Used to characterize the green silver nanoparticles (PM-AgNPs). PM-AgNPs ~ Accepted 12 July 2024
were evaluated as anticancer agents compared to (PMTE) against breast (MCF-7), lung (A549), and ovary KEYWORDS
adenocarcinoma (SKOV3) human tumour cells. The antibacterial activity of AgNPs was assessed against Green synthesis; silver
Staphylococcus aureus isolates. The PM-AgNPs had an absorbance of 418nm, particle size of 15.18nm, nanoparticles; anticancer;
and zeta potential of —22.4mV, ensuring the nanosilver’s stability. XRD evaluated the crystallography antibiofilm; apoptosis
nature of the formed PM-AgNPs. The cytotoxic properties of PM-AgNPs on MCF-7 and SKOV 3 were the

strongest, with IC50s of 0.13+0.015 and 3.5+0.5g/ml, respectively, as compared to A549 (13+3.2 ug/mL).

The increase in the apoptotic cells was 97.79+1.61 and 96.6+1.91% for MCF-7 and SKOV3 cell lines,

respectively. PM-AgNPs were found to affect the membrane integrity and membrane permeability of 50

and 43.75% of the tested isolates, respectively. Also, PM-AgNPs have recorded a reduction in the biofilm

formation of S. aurues. These results suggest using PM-AgNPs to treat breast and ovarian cancers.
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Introduction

Panicum maximum is a small, creeping rhizome comprising
perennial, tufted grass. This robust grass has stems that can
grow up to 2m tall. At the base of the stem, leaf sheaths are
covered with tiny hairs that serve as protection. Panicum max-
imum keeps its green hue far into the cold months. The leaves
can be up to 35mm wide and have sharp edges. They then
narrow down to a long, thin point. A big multiple-fanned inflo-
rescence with an open panicle, free-hanging branches, and
flexuous leaves is present. Usually, the lower floret is male and
has a higher bract that covers the flower and a well-developed
palea [1,2]. Panicum maximum is a natural forage plant of sig-
nificant commercial importance in Africa, and it was imported
as a source of animal feed in practically all tropical nations. It
was originally served in North Africa’s dry regions (Morocco,
Libya, Algeria, Tunisia, and Egypt) [2,3]. Several studies reported
the powerful antioxidant properties of Panicum maximum,
making it a perfect candidate for the green synthesis of metal-
lic nanoparticles via acting as natural reductant and capping
agent [2,3]. Nanotechnology has impacted and advanced
numerous scientific fields and led to the fabrication of various
smart nanoparticles with improved biomedical applications.
Silver nanoparticles (AgNPs), among others, have drawn much
attention to their distinctive characteristics [4,5]. Feynman first
mentioned nanotechnology in 1959. Thanks to nanotechnol-
ogy, a wide range of industries have nourished, especially
pharmaceuticals and health care [6,7].

Given the variety of readily available plants and their sim-
ple and secure application, plant-mediated synthesis of AgNPs
is a widely employed strategy. Many plant parts, such as
leaves, extracts, fruits, and flowers have been successfully
employed in nanoparticles green synthesis. Plant extracts con-
tain a wide range of bioactive compounds, such as vitamins,
enzymes, proteins, amino acids, terpenoids, tannins, saccha-
rides, phenols, and flavonoids. These functional biomolecules
are present in plant extracts, making it easier and more stable
to synthesize bioactive AgNPs employing plants [6-8].

Owing to the high rate of resistance development that
emerges from pathogenic bacteria, it is important to reveal
novel agents that have antibacterial potential [9]. In the cur-
rent investigation, AgNPs were elucidated for their antibacte-
rial potential towards Staphylococcus aureus isolates. S. aureus
is a typical normal flora in the human body, and it is capable
of causing a wide range of skin infections and its high resis-
tance and mutation rates have developed life-threatening
new strains [10]. In addition, it has many virulence factors
that complicate its treatment, such as the ability to produce
various enzymes and toxins and the ability to form biofilm
[11]. So, it is essential to elucidate alternative approaches for
treating ailments caused by these pathogenic bacteria. This
study aims to evaluate the phytochemical profiling of Panicum
maximum and its biological activities, including antimicrobial,
antioxidant, and cytotoxic activities. To the best of our knowl-
edge, we are the first to study the nanoformulation of AgNPs
using the phytoconstituents of the green aerial parts of
Panicum maximum that served as bioreductant and capping
agent. The synthesized AgNPs exhibited potent antioxidant,
anticancer and antoimicrobial activities.

Materials and methods
Plant extract preparation

The green aerial parts of Panicum maximum Jacq. were col-
lected from the Alkeram farms in Wadi Alnatreoon, Egypt. A
private farm owned by one of the authors (Dr. Fatma Alzahraa
Mokhtar) so no permission was needed. The plant specimens
were identified by Dr Esra Amaar, a plant scientist at Tanta
University. The voucher specimens (PG-A-PM-F-18) were
established at Tanta University’s Herbarium. One kilogram of
the plant was dried and ground into powder. The extract was
prepared using the hot decoction method three successive
times, each for 1h. The extract was filtered thoroughly by fil-
ter paper and lyophilized. The resulting powder extract was
kept for LC/MS-ESI/MS analysis, nanoparticle synthesis, and
biological evaluation.

LC/MS-ESI/MS analysis

The Panicum maximum aerial parts chemical identification
was analyzed by implementing the methods previously
described by Albalawi et al. [12]. Briefly, HSS T3 columns
(Waters Corporation, Milford, MA, USA) were utilized for chro-
matographic  separation. A 0.5mXx3.0mm precolumn
(Phenomenex, Torrance, CA, USA). Columns were kept at
40°C. Mobile phase (A) pH was adjusted to 8 with sodium
hydroxide. The mobile phase was 1% methanol with 5mM
ammonium formate. A binary gradient elution system was
applied. The experiment employed IDA (information-dependent
acquisition). MS and MS/MS data collection batches were pre-
pared using Analyst-TF 1.7.1. IDA simplified full-scan MS and
MS/MS data capture. The high-resolution survey spectra cov-
ered the mass-to-energy range of 50-1000 m/z.

Green synthesis of PM-AgNPs

One gram of plant extract was dissolved in 50 distilled H,0,
and an aliquot of 10ml was added to a 90ml TMm AgNO,
solution in the dark. Observing the reaction every 30 min, it
was completed after 5h in comparison to a standard solu-
tion of TmM AgNO; Upon reaction completion, the nanopar-
ticle solution was centrifuged for 30min at 3000 rpm, then
washed thoroughly three times with distilled H,O, followed
by washing three times with 100% ethanol for further
purification.

Characterization of PM-AgNPs

Physical inspection

Reactions were completed upon observing the opaque
appearance in the reaction container and a dark precipitate
formation.

Ultraviolet-visible (UV-vis) spectroscopy

Using a spectrophotometer (Shimadzu, Kyoto, Japan), the
wavelength of maximum absorbance was examined through
UV-Vis spectra in the 300-800nm range [13-15].



Infra-red spectroscopy

Fourier-transform infra-red spectroscopy (FTIR) in attenuated
total reflectance (ATR) mode on a PerkinElmer System 2000
analyzer was used to examine and ascertain the adsorption
of functional groups of both the plant extract and the greenly
produced AgNPs. The KBr pelland et method was employed.
The pellets that were of poor quality were not included for
accurate measurements. The transmittance values were aver-
aged and plotted against wavelength following the three
recordings of each sample’s spectra. To identify the functional
groups, the FT-IR spectrum was studied and compared to the
absorption band values of 14 [16,17].

Morphological features using transmission electron
microscopy

HR-TEM (JEOL-JEM-2100, Kyoto, Japan) operating at 200kV
and TEM (JEOL-JEM-1011, Kyoto, Japan) were used for study-
ing the morphology of the greenly synthesized AgNPs.

Zeta potential

At 25°C, sample’s zeta potential was evaluated using a Zeta
Sizer Nano ZN (Malvern Panalytical Ltd., England, UK). Values
were measured at a final concentration of 100ug/ml, with
continuous pH measurements made before each measure-
ment [18].

X-ray diffraction (XRD)

XRD analysis was used to evaluate and validate the surface
chemical analysis of the formed nanoparticles, including
their phase and crystallinity. The analysis was conducted at
room temperature using an XPERT-PRO-PANalytical Powder
Diffractometer (PANalytical B.V., Almelo, The Netherlands)
and a monochromatic radiation source Cu-Ka radiation at
45kV and 30maA, “where Cu-Ka radiation (6=1.5406 A)". Data
on PM-AgNPs intensity were collected within a 28 range of
4.01-79.99°.

Antioxidant activity of PMTE

ABTS radical scavenging capacity

The procedure was followed to scavenge free radicals using
ABTS [19]. 10ml of ABTS (7mM in H,0) and 10ml of potas-
sium persulfate (245mM in H,0) were combined to create
the working ABTS +solution, which was then further incu-
bated for 12h in the dark. Subsequently, water was added to
the ABTS+solution to achieve an absorbance of 0.700+0.03
at 405nm. Subsequently, 190l of ABTS+solution was com-
bined with 10pl of extracts (1, 0.1, or 0.01 mg/ml) and incu-
bated for 30 min. At 405nm, the absorbance was measured
following incubation. Trolox was utilized as a control.

Ferric-ion-reducing antioxidant power (FRAP) assay

The earlier procedure [20] was followed in conducting the
FRAP ability assay of PM extract. In summary, 15ml of acetate
buffer, 1.5ml of TPTZ solution, and 1.5ml of FeCl,—6H,0
were combined with 10l of extracts (final concentration in
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well: 0.34, 0.034, and 0.0034mg/ml) in 290ul of a working
solution. For 30min, the mixture was incubated. The absor-
bance was then calculated at 593nm. We used Trolox as a
control [21].

In vitro cytotoxic activity of PMTE

Cytotoxicity assay and cell cycle analysis

Human cell lines for breast (MCF-7), lung (A549), and ovarian
(SKOV3) cancers were acquired from the American Type
Culture Collection (ATCC). The cytoxicity of PMTE and
PM-AgNPs was assessed against the three cancer cell lines
utilizing the Sulphorhodamine B test (SRB). For cell cycle anal-
ysis The chosen cancer cell lines were treated with PMTE and
PM-AgNPs for 48h after the ICy, values for each were prede-
termined. Treatment was followed by trypsinization and two
times of phosphate buffered saline (PBS) washing. Treated
cells were resuspended in 500uL of RNase staining buffer
containing propidium iodide (PI) followed by incubation for a
duration of 15min. Finally, the data from 10,000 cells were
evaluated using FACS analysis utilizing a Cytek” Northern
Lights 2000 spectral flow cytometer (Cytek Biosciences) and
SpectroFlo™ Software version 2.2.0.3 (Cytek Biosciences) to
determine cell cycle phases distribution [22].

Apoptosis analysis

Following a 48h treatment with PMTE and PM-AgNPs, MCF-7,
A549, and SKOV3, trypsinization and PBS washing, apoptosis
was assessed using the Annexin V-FITC/PI Apoptosis Detection
Kit. The cells were reconstituted in five microliters of Annexin
V-FITC, followed by five microliters of Pl (staining solution)
and 0.5ml of binding buffer. The mixture was gently mixed
and left under dark conditions at room temperature for
15min. Lastly, SpectroFlo™ Software version 2.2.0.3 (Cytek
Biosciences), USA, was used to apply the cells to FACS analy-
sis utilizing a Cytek® Northern Lights 2000 spectral flow
cytometer (Cytek Biosciences) [23].

Antibacterial activity

Agar well diffusion and determination of minimum
inhibitory concentration (MIC)

The antibacterial potential of PM-AgNPs was determined
against sixteen S. aureus bacteria by means of the agar well
diffusion technique. Next, on 96-well microtitration plates, the
MIC values were determined by employing the broth micro-
dilution technique [24]. The lowest dose, or MIC, completely
suppresses bacterial growth.

Impact on the membrane integrity and permeability

By monitoring the material discharge with absorption at
260nm, as previously described [25,26], the effect of
PM-AgNPs on bacterial membrane integrity was examined.
The bacterial isolates’ optical density (OD) was adjusted to 0.4
and the obtained pellet, upon centrifugation, was resus-
pended in saline solution for UV-Vis spectrophotometer
(SHIMADZU, Japan) measurement at 260nm. O-nitropheny
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I-B-galactopyranoside (ONPG), which is converted by the
enzyme into O-nitrophenol (ONP), was used to record the
release of B-galactosidase enzyme from the bacterial cells to
determine the membrane permeability. Then, using an ELISA
reader (Sunrise Tecan, Austria), the absorbance at 420nm was
used to quantify ONP [27,28].

Impact on biofilm formation by crystal violet assay

The crystal violet experiment demonstrated the tested iso-
lates’ ability to produce biofilms [29,30]. The tested isolates
were categorized as previously described [8,31] into
non-biofilm, mild, moderate, and strong biofilm-forming iso-
lates using OD values measured at 490 nm in 96-well microti-
tration plates.

In silico study

Molecular docking

PM extract was found to exert its anticancer activity on breast
and ovarian cancer cell lines. Two crystal structures were cho-
sen: oestrogen receptor alpha represents the breast tumour
cell line (MCF-7), and the second is poly (ADP-ribose) poly-
merase (PARP) for the ovary adenocarcinoma human tumour
cell line (SKOV3). The two Crystal structures were retrieved
from the Protein Data Bank; human oestrogen receptor alpha
(ERa) in complex with 4-hydroxy tamoxifen (PDB ID: 3ERT)
with a resolution of 1.90A, R-Value Work of 0.262, and
R-Value Free of 0.229 and the second one is poly(ADP-ribose)
polymerase (PARP) in complex with 2-[4-[(2S,35,4R,5R)-5-
(6-aminopurin-9-yl)-3,4-bis  (oxidanyl) oxolan-2-yl] carbonyl
piperazin-1-yl]-N-(1-oxidanylidene-2,3-dihydroisoindol-4-yl)
ethanamide (PDB ID: 5DSY) with resolution of 2.70A, R-value
work of 0.193, and R-value free of 0.248) [32,33]. The two
receptor structures were prepared using AutoDock4, and all
water molecules and ligands were eliminated. Using the ADT's

IDA Survey from IDA-NEG-230215-SM0243-2 wiff (sample 1) - IDA-NEG-230215-SM0243-2.

prepare_receptor4.py command, polar hydrogens were added
and energy was reduced. Using Kollman-united charge, the
partial atomic charge was computed, and the prepared file
was stored in PDBQT format. A test set of 22 compounds iden-
tified tentatively from PM extract in negative ion mode LC/MS/
MS was prepared via AutoDockTools (ADT, v1.5.6) manipulat-
ing prepare_ligand4.py command and saved in PDBQT format.

Redocking of the co-crystallized ligands and virtual
screening of the test set

Self-docking was performed for ligands co-crystallized with
breast and ovarian cancer cell line selected proteins (PDB

Table 1. Compounds determined tentatively in Panicum maximum extract in
negative ion mode. LC/MS-ESI/MS.

Molecular
Compound RT (min) [M—H]~ formula
(=)-Shikimic acid 1.159 173.0832  C7H,,04
2,5-Dihydroxybenzoic acid 1.225 153.0182  CH,0,
Caffeic acid 1.326 179.0571  GHg0,
3-(4-Hydroxyphenyl) prop-2-enoic acid 1.464 163.0388  C,Hg0,
P-hydroxybenzoic acid 1.552 136.9316  C,H(O,
Chlorogenic acid 1.943 353.0865  CiH,50,
3-(4-Hydroxy-3-methoxyphenyl) 2.020 193.0515  CyoH,00,

prop-2-enoic acid
Kaempferol-7-neohesperidoside 4.431 593.1537  C,;H;045
3,4-Dihydroxybenzoic acid 4.470 153.0182  CH,0,
Acacetin-7-O-rutinoside 4.620 591.1329  (yH5,04,
Daidzein-8-C-glucoside 4.637 415.1264 51H500,
Apigenin 8-C-glucoside 6.074 431.0974  C,H,,0;,
Vitexin-2"-O-rhamnoside 6.260 577.1900 57H30014
Kaempferol-3-glucuronide 6.272 461.1120  C,4H,0;,
Rhoifolin 6.869 577.1834  C,Hy0,,
Kaempferol-3-O-(6-p-coumaroyl)- 8.056 593.1846  C4H,0,;5
glucoside

Luteolin-6-C-glucoside 10.077 4472619  C,H,0;,
3,5,7-Trihydroxy-4'-methoxyflavone 10.700 299.0542 16H1206
3’-Methoxy-4',5,7-trihydroxyflavonol 12.450 3151923 C4H,,0,
Apigenin 13478 269.0461 1sH10s
Gamma-linolenic acid 19.985 2772176 CgH,,0,
(+)-3,3',4',5,7-pentahydroxyflavan 20.767 289.1805 15H1406
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Figure 1. Total ion chromatogram of Panicum maximum aerial parts in negative ion mode of LC/MS-ESI/MS.



IDs: 3ERT and 5DSY, respectively) via AutoDock 4.2.6 to vali-
date the docking protocol. The grid box was set to (x=30.010,
y=-1.913, and z=24.207) and (x=17.438, y=23.019, and
z=16.374) for 3ERT and 5DSY active sites, respectively. The
docking parameters were set to 2.500.00 energy evaluation,
100 runs number, and 150 for the size of the population
based on the Lamarckian genetic algorithm [34]. The same
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docking protocol was used for the test set (22 compounds of
PM extract). Ten binding modes were produced for each
ligand with a maximum of 3kcal/mol energy difference
between each mode, and the best conformations, showing
the lowest binding free energy, were retrieved. BIOVA
Discovery Studio Visualizer 2021 was used to generate 2D
interaction figures.

25 -
—PMTE
b —PM-Ag NPs
418 nm
Q15 - /
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Figure 2. UV-vis spectroscopy of PM extract and PM-AgNPs.
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Figure 3. FTIR spectrum of PM-AgNPs (blue line) and PMTE (red line).
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Results and discussion
LC/MS-ESI/MS analysis

The LC/MS-ESI/MS was employed to identify chemicals in
PMTE. Several phenolics were identified, such as (shikimic
acid, 2,5 dihydroxybenzoic acid, caffeic acid, chlorogenic acid,
3-(4-hydroxyphenyl) prop-2-enoic acid, 1-hydroxybenzoic acid,
3,4 dihydroxybenzoic acid, gamma-linolenic acid, and
3-(4-hydroxy-3-methoxyphenyl) prop-2-enoic acid). In addi-
tion, numerous flavonoids O or C-glycoside and some flavo-
noids aglycon derivatives were detected, as presented in
Table 1 and Figure 1.

Characterization of the PM-AgNPs

PM-AgNPs formation

The formation of an opaque yellowish-brown colour in the
reaction flask and the appearance of residue are evidence for
the formation of silver nanoparticles.

UV-vis

Due to UV's selectivity for the generation of nanoparticles, UV-Vis
spectroscopy provided the first characteristic of nanoparticle for-
mation. Free electrons generate a surface plasmon resonance
(SPR) absorption band [35] due to the collective oscillation of

electrons in PM-AgNPs, which leads to a characteristic wave-
length absorbance for each metal nanoparticle produced. The
formed PM-AgNPs showed an absorbance of 418 nm (Figure 2).

Figure 4. HR-TEM photograph of PM-AgNPs formed via PMTE at 100 nm.

111

Counts

2Theta (Coupled TwoThelaTheta) Wis1.54060

Figure 5. XRD analysis of PM-AgNPs.



FTIR

To determine which functional chemical groups of PM-AgNPs
operate as reducing agents in the process of creating
PM-AgNPs, FTIR spectroscopy studies were conducted.

Utilizing FTIR analysis, it was possible to identify the func-
tional groups present in the PMTE (Figure 3). The principal trans-
mission peaks for PMTE were found to be at 3380.17, 2933.21,
1022.11, 1627.59, and 779.64cm™'. These correspond to the
stretching vibrations of O-H, glycosidic bond C-0O, aliphatic C-H
group, carboxylate group, and C-H alkenes, respectively.

While some of the absorbance peaks of the O-H, C-O,
carboxylate, and C-H alkenes groups changed into 3454.81,
1056.31, 1638.66, and 618.14cm™', respectively, the absor-
bance bands of PM-AgNPs and PMTE shown a strong
resemblance.

High-resolution (HR-TEM)
The formed PM-AgNPs using PMTE as a reducing agent were
assessed using a Transmission Electron Microscope HR-TEM,
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which declared the creation of spherical PM-AgNPs with an
average particle size of 15.18 nm (Figure 4).

Zeta potential

The PM-AgNPs zeta potential peaks at —22.24mV, signifying
that the biosynthesized PM-AgNPs particles had a moderate
distribution in the media and were negatively charged. In
general terms, the negative sign of the zeta potential is
regarded as a positive sign of physical stability, with a stron-
ger repulsion force providing the best possible dispersibility
of nanoparticles (Figure 6).

Table 2. The IC,; (ug) of PMTE and biosynthesized PM-AgNPs against different
human solid tumour cells.

IC5o (1)
Compounds MCF-7 A549 SKOV 3
PMTE 25+05 79.4+32 9.3+0.8
PM-AgNPs 0.13£0.015 13+3.2 35+05
120
S MCF-7
- AN
100 - KOV 3
80

Viability %
2
Ve
1

40 () '\
| B
2 \g
PM-AgNPs g \\*.
0
0,001 0,01 0.1 | 10 100 1000 10000
Con. pg/ mL
B MCF-7
B A549
B SKOV 3

PM-AgNPs

Figure 6. The toxicity response of PMTE and PM-AgNPs to cancerous cells MCF-7, A549, and SKOV3. For 72h, cells were incubated with variable concentrations of

materials. SRB staining was used to determine cell viability.
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Figure 7. Effect of PMTE and PM-AgNPs on cell cycle distributions of MCF-7, A549, and SKOV3 cells. Cell cycle distribution was determined using DNA cytometry
analysis after exposure to PMTE and PM-AgNPs for 48h. Data are presented as the mean+SD; n=3; * p< 0.5 and **p<0.01.

XRD

The crystallography nature of the formed PM-AgNPs was eval-
uated by X-ray (XRD). Herein, the PM-AgNPs exhibited peaks
with 20 values at 38.262, 44.473, 64.714, 77.737, 81.910, cor-
responding to (111, 200, 220, 311) in the same order (Figure 5).

Antioxidant activity

This study used radical scavenging and metal-reducing assays
to recognize PMTE antioxidant effects. ABTS test was employed
as a radical scavenging assay. PMTE has an antioxidant activ-
ity of 805.976+57.351uM Trolox equivalents (TE)/mg. The
FRAP test was utilized as a metal-reduction assay, and the
PMTE activity was 243.359+22.058uM TE/mg. Numerous abi-
otic stresses trigger the overproduction of reactive oxygen
species (ROS) that are highly toxic and reactive. These ROS
are known to cause damage to carbohydrates, DNA, lipids,
and proteins, and build oxidative stress, and results in the
induction of various diseases [36]. To resolve this issue, anti-
oxidants molecules have gained significant attention to scav-
enge these free radicals and ROS [37,38]. However, poor
absorption ability, difficulty crossing the cell membranes, and
degradation of these antioxidants during delivery are the few
challenges associated with natural and synthetic antioxidants

that limit their bioavailability. Thus, NPs have gained great
attention as antioxidants [39].

Cytotoxic activity

The cytotoxic potentials of PMTE and PM-AgNPs were tested
against human cancer cells MCF-7, A549, and SKOV3, imply-
ing SRB assay. At concentrations ranging from 0.01 to 1000g,
the SRB assay was used to determine the in vitro cytotoxic
activities tested against the MCF-7, A549, and SKOV 3 cancer
cell lines. The compounds studied displayed a wide range of
cytotoxic properties against cancerous cells. The cytotoxic
properties of PM-AgNPs on MCF-7 and SKOV3 were the stron-
gest, with 1C;,s of 0.13+0.015 and 3.5+0.5g/ml, respectively,
compared to the effect of PMTE on the same tumour cells
(MCF-7) and SKOV 3, with ICgss of 2.5+0.5 and 9.3+0.8 pg/mL,
respectively (Table 2 and Figure 6). Also, PM-AgNPs has a
promising toxicological effect on human lung cancer cells
A549, with an IC;, of 13+3.2ug/mL compared to PMTE, has a
week of cytotoxicity at an IC;, of 79.4+3.2 ug/mL.

The effect on the cell cycle distribution of solid tumour cells
The tumour cell cycle’s phases were monitored to examine
anticancer effects. Therefore, following 48h of treatment in
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cancer cells, the effects of PMTE and PM-AgNPs on the dis-
tribution of cell cycle phases in MCF-7, A549, and SKOV3
cells were investigated using flow cytometry. Figure 7 illus-
trates that the treatment with PM-AgNPs resulted in a sub-
stantial increase of 37+1.4% in the ratio of MCF-7 cells
arrested in the S phase. Conversely, PMTE had no discern-
ible impact on the cell cycle distributions of MCF-7 cells in
the cell phases when compared to untreated cells. In A549
cells treated with PM-AgNPs, G1 was arrested by 46.2+1.1%
compared to the cell control. In the meanwhile, after receiv-
ing PMTE treatment, the percentage of G1 and S phases in

SKOV3 cells grew and stopped at 40.1+0.8% and 41.5+0.5,
respectively. Additionally, G1 and S phases were influenced
by 38.7+1.1% and 40.2+0.2, respectively, after receiving
PM-AgNPs treatment. Previous studies revealed the effi-
ciency of Siberian ginseng, green synthesized AgNPs in the
cytotoxicity in the MCF7 cell lines [40]. Potential anticancer
activity was also shown in triggering cell death through
necrosis and apoptosis both by AgNPs synthesized using
leaf extract of Andrographis echioides, and its bio-cytotoxicity
was observed by the transfer of the electron from molecu-
lar oxygen [41].
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Figure 9. (A) Membrane integrity and (B) membrane permeability of a representative isolate after treatment with PM-AgNPs.

Table 3. Influence of PM-AgNPs on the biofilm formatting ability of S. aureus
isolates.

The number of isolates

Biofilm formation Before treatment After treatment

Non-forming 3 5
Weak 2 8
Moderate 4 1
Strong 7 2

Table 4. Docking AG scores of 22 compounds of PM extract on both 3ERT and
5DSY active pockets.

AG (Kcal/mol)

Compound 3ERT 5DSY

Native -9.4345 -9.1171
(-)-Shikimic acid -49929 -5.1689
2,5-Dihydroxybenzoic acid -49160 -4.9784
Caffeic acid —5.1578 52014
3-(4-Hydroxyphenyl) prop-2-enoic acid —4.8705 —5.0234
P-hydroxybenzoic acid —4.5571 —-4.4946
Chlorogenic acid —7.2776 —7.0284
3-(4-Hydroxy-3-methoxyphenyl) prop-2-enoicacid —-5.7931 -5.3781
Kaempferol-7-neohesperidoside -9.0772 -8.2378
3,4-Dihydroxybenzoic acid —4.7028 —4.9191
Acacetin-7-O-rutinoside —9.0515 —-9.4145
Daidzein-8-C-glucoside —7.3423 -7.0192
Apigenin 8-C-glucoside —7.4441 -7.8696
Vitexin-2"-O-rhamnoside —7.8526 —8.1479
Kaempferol-3-glucuronide —8.0089 -7.3913
Rhoifolin -9.5071 -9.1882
Kaempferol-3-O-(6-p-coumaroyl)-glucoside —8.3252 -9.3689
Luteolin-6-C-glucoside —7.0585 —7.6572
3,5,7-Trihydroxy-4'-methoxy flavone -6.2236 —6.2766
3'-Methoxy-4',5,7-trihydroxy flavonol —6.6815 —6.5435
Apigenin -6.5176 —5.9616
Gamma-linolenic acid —7.2253 -7.1031
(+)-3,3",4',5,7-pentahydroxyflavan -6.3937 -6.0758

Evaluation of cell apoptosis using Annexin V-FITC

To differentiate between cells passing through apoptosis, or
programmed cell death, and cells dying by necrosis, or
non-programmed cell death, in MCF-7, A549, and SKOV3 cells,
annexin V-FITC/PI labelling was performed in accordance with
a flow cytometer (Figure 8). After treating MCF-7 cells with
PMTE and PM-AgNPs, there was a 73+3.32 and 97.79+1.61%

increase in the number of apoptotic cells, respectively. As
well as in SKOV3 after treatment with (PMTE and PM-AgNPs)
of 72.14£2.41 and 96.6+1.91%, respectively, compared to the
cell control. Furthermore, when A549 cancer cells were treated
with PMTE and PM-AgNPs, there was a significant increase in
apoptotic cells of 64.68+1.91 and 67.48+2.2%, respectively,
relative to the cell control.

Antibacterial action

The antibacterial potential of PM-AgNPs was revealed by the
agar well diffusion method. PM-AgNPs displayed antibacterial
activity towards the tested S. aureus isolates as inhibition
zones were displayed around the wells. The MIC values rang-
ing from 64 to 512pug/mL (Table S1).

Influence on the membrane properties

PM-AgNPs were found to affect the membrane integrity and
membrane permeability of 50 and 43.75% of the tested iso-
lates, respectively (Figure 9).

Affecting the membrane properties is a common target
for many antimicrobials [9]. The bacterial membrane is an
integral part of the bacterial cell, preserving its interior
constituents. Therefore, affecting it would have detrimental
impacts on the bacterial cell and could lead to bacterial
death [42,43].

Antibiofilm action

PM-AgNPs significantly impacted the tested isolates’ capacity
to form biofilms, as evidenced by the drop in the proportion
of strong and moderate biofilm-forming isolates from 68.75 to
18.75% (Table 3). Biofilm is an important virulence factor for
many bacterial species, enabling the bacterial cells to commu-
nicate. The antibiotic resistance genes could be transferred
among the bacterial cells in biofilm [44,45]. In the current
investigation, PM-AgNPs decreased the biofilm formation of
the tested isolates, comparable to other findings of earlier
studies [8,46].
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Figure 10. 2D chemical structure of the best 5 hits resulted from docking on ERa and PARP receptors active site.

In silico study

Protein and test set preparation for docking

The co-crystallized ligand underwent self-docking to verify
the docking procedure. Table S2 illustrates how self-docking
of the co-crystallized ligands yields poses and interactions
that are exactly like those that have been documented.;
RMSD = 0.2501 and 1.1536 A, AG=-9.4345 and —-9.1171 Kcal/
mol, for ERa and PARP, respectively. 4-hydroxytamoxifen
(ERa co-crystallized ligand) showing high binding affinity
towards its active pocket with 4 main interactions: H-bond
with Glu 353, ionic interaction with Asp 351, pi-sulfur
interaction with Met 343 and amide-pi stacking with Leu
346. For PARP, 5DSY co-crystallized ligand was able to form
3 H-bonds with Arg 431, Gly 429, and Gly 424, in addition
to forming 2 pi-pi stacking interactions with both try 460
and Tyr 449.

Virtual screening of the 22 compounds in a test set on 2
PDB IDs demonstrates that all 22 compounds have good
binding affinities towards both receptors (—4.5571<AG<
—9.5071 and —4.4946<AG<-9.4145Kcal/mol for 3ERT and
5DSY, respectively) as revealed in Table 4. Five compounds of
them: Acacetin-7-O-rutinoside,  Rhoifolin, Kaempferol-7-
neohesperidoside, Kaempferol-3-O-(6-p-coumaroyl)-glucoside
and Vitexin-2"-O-rhamnoside possess the highest binding
affinity against both receptors comparable to their native
co-crystallized ligands with binding free energy (-8.3252 < AG<
—9.5071 and -8.4145<AG<-9.4145Kcal/mol for 3ERT and
5DSY, respectively) and their chemical structure is displayed
in Figure 10.

The 2D interactions of the best five hits against both
receptors were studied (Figures 11 and 12). Regarding ER
a, one main interaction, pi-sulfur interaction with Met 343,
is maintained in 4 hits out of 5 hits in addition to the
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Figure 11. 2D interactions 4-hydroxytamoxifen (native ligand) and the best five hits docked on ERa (PDB ID: 3ERT).

native ligand. Also, Leu 346 appeared to be the main
amino acid involved in the interaction. It was involved in
interacting with the native ligand, forming amide-pi inter-
action in addition to 2 of the top hits; Rhoifolin and
Vitexin-2"-O-rhamnoside, forming amide-pi and pi-pi inter-
actions, respectively. Besides that, Kaempferol-3-O-(6-p-
coumaroyl)-glucoside created a pi-anion interaction with
Cys 530. Generally, the native ligand and the best 5 hits
can form at least one H-bond bond with pocket amino
acids (Figure 10).

For PARP in ovarian cancer, at least one of 3 pi-pi interac-
tions is present between either the native ligand or 5 best
hits and the receptor active sites. Pi-pi interaction takes place
with Tyr 460, Tyr 449 and His 415 in rhoifolin, kaempferol-7-neo
hesperidoside and kaempferol-3-O-(6-p-coumaroyl)-glucoside.
for vitexin-2"-O-rhamnoside, there were only 2pi-pi interac-
tions with Tyr 460 and His 415 and only one pi-pi interaction
against Acacetin-7-O-rutinoside and the native ligand with
Tyr 442 and Tyr 460, respectively. In addition to pi-pi stack-
ing, all 6 ligands possess 2-3H-bonds and maintain a main
H-bond with Arg 431 as a main amino acid involved in
increasing the binding affinity towards PARP active pocket.

A deep insight into the chemical structure of the five hits,
we found that all of them share a kaempferol structure

involved in the main interactions among the active sites of
both receptors. Kaempferol, a flavonoid antioxidant, is previ-
ously reported to have a cytotoxic effect against tumours,
especially breast cancer, by inhibiting tumour cell growth,
inducing their apoptosis, and inhibiting migration and inva-
sion [47-49]. It also inhibited ovarian tumour cell proliferation
by upregulating p53, Bad, and Bax proteins (pro-apoptotic
and anti-apoptotic proteins) [50]. Accordingly, the kaempferol
structure is suggested to be the main backbone responsible
for the cytotoxic activity of Panicum maximum on MCF-7
and SKOV 3.

Conclusion

PM-AgNPs revealed antibacterial potential towards S. aureus
bacteria with MIC values that ranged from 64 to 512ug/mL.
The nanoparticles exhibited a reduction in the membrane
integrity as well as an increase in the permeability of the
tested bacteria. In addition, using crystal violet assay, PM-AgNPs
showed antibiofilm activity against the biofilm-forming
S. aureus isolates. PM-AgNPs revealed cytotoxic properties on
MCF-7 and SKOV 3, with IC,s of 0.13+0.015 and 3.5+0.5g/ml,
respectively. The cell cycle analysis using flow cytometry for
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Figure 12. 2D interactions native ligand and the best five hits docked on PARP (PDB ID: 5DSY).

the three cell lines revealed that the increase in the popula-
tion of the apoptotic cells was 97.79+1.61 and 96.6+1.91%,
respectively. Consequently, more future studies are required to
investigate the potential anticancer, antioxidant, and antibac-
terial activities of PM-AgNPs in vivo.
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