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ABSTRACT

ARTICLE HISTORY

Lens culinaris L., has been widely recognized for its medical applications. LC-ESI-TOF-MS identified 22
secondary metabolites including phenolics, flavonoids, and anthocyanidin glycosides among its total
extract (LCTE). The study aimed to apply LCTE as a biogenic material for reducing and capping the silver
nanoparticles (LC-AgNPs). The ynthesized LC-AgNPs were characterized using different techniques. The
UV absorption was observed at A, 379nm. LC-AgNPs were spherical, with 19.22nm average size. The
face cubic centre nature was demonstrated by HR-TEM and XRD. The LC-AgNPs were then evaluated for
their anticancer and antimicrobial potentials. LC-AgNPs showed an extremely potent cytotoxic activity
against MCF-7, HCT-116 and HepG2 cell lines (IC;,= 0.37, 0.35 and 0.1pg/mL, respectively). LC-AgNPs
induced significant apoptotic effects in the three examined cancer cell lines. LC-AgNPs resulted in
sequestration of cells in G1 phase of the cell cycle in both MCF-7 and HCT-116 cells, meanwhile it
trapped cells at the G2 phase in HepG2 cells. Moreover, the antimicrobial activity of LC-AgNPs was highly
confirmed against Klebsiella pneumoniae and Acinetobacter baumannii. Molecular docking study
designated Kaempferol-3-O-robinoside-7-O-rhamnoside and Quercetin-3-D-xyloside as the topmost LCTE
active constituents that caused inhibition of both Bcl-2 and IspC cancer targets in combination with the
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produced silver nanoparticles.

Introduction

Nanotechnology has shown a distinguished series of suc-
cesses in biotechnology, medicine, energy conservation, and
water treatment. Currently, the interest in metal nanoparticles
is growing owing to their recoverability, ease in production,
diagnostic and treatment applications [1-3]. Silver and its
oxides are among the different metal nanoparticles (NPs) that
have gained special attention because of their remarkable
physiochemical properties and minimal toxicity [4]. In addi-
tion, silver nanoparticles such as Ag-doped CuO nanoparticles
were reported to possess biosensing properties, which render
their biological traceability an easy process [5]. Generally,
amines and alcohols are used as reducing or capping agents
to produce AgNPs colloidal solutions from Ag [6]. However,
the majority of chemicals used in such processes are

hazardous to people and the environment, which in turn
necessitates the use of a “green synthesis” method. Green
nanotechnology utilizes natural green sources as plants, fungi,
and bacteria instead of hazardous chemicals in the produc-
tion of nanomaterials [7-11]. The biogenic fabrication of silver
nanoparticles from plant extracts was found to magnify the
possible pharmacological and pharmaceutical applications
especially anticancer and antimicrobial activities [12,13]. For
instance, green synthesized silver-iron oxide bimetallic
nanoparticles displayed potent antioxidant and catalytic activ-
ities [14]. A recent study by Gupta and colleagues also
reported significant antioxidant, catalytic, and anticancerous
activities for the Ag-Fe-Ni trimetallic nanoparticles made from
orange peel [15].

Lens culinaris L., commonly known as lentil (Family
Fabaceae) is a very important traditional dietary element [16].
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Lentils are regarded as an ancient legume because of their
prehistoric origins, but in the present era, they are grown in
more than 35 countries on five continents. The Food and
Agriculture Organization (FAO) mentioned that the produc-
tion of lentils increased significantly between 2001 and 2014,
whereby reaching 5 million tonnes annually. Lentils are gen-
erally rich in proteins, nutrients and minerals [17]. Moreover,
Lentils contain carbohydrates [18], fatty acids [19], magne-
sium (Mg), phosphorus (P), calcium (Ca), sulphur (S), selenium
(Se) [20] and vital vitamins like niacin, B1, B2, E and K [17].
Lentils are crucial to the food industry process, merely, the
production of baked goods, flour mixtures, gluten-free, snack,
dairy products, and meat extenders [21]. It is worth mention-
ing that lentils possess high concentrations of bioactive phy-
tochemicals, such as tannins and polyphenols. Red lentils
have a high content of catechin, quercetin diglycoside,
p-hydroxybenzoic, and procyanidin [22,23]. Interestingly,
green or red whole lentils surpassed the pale ones in regard
to their phenolic composition [24]. Lentil seeds comprise a
high content of phytosterols (B-sitosterol) [25], saponins (their
content depends on germination conditions) [26], dietary
fibres (protect against constipation) [27], lectins and phytic
acid [28].

Lentils have been traditionally used to treat a variety of
ailments including diabetes [29], skin infections [30], and
burns [31]. A vast amount of research work supports its ben-
eficial role as a hypocholesterolemic, hypoglycaemic, antihy-
pertensive, antibacterial, anti-oxidant and anticarcinogenic
agent [32]. Furthermore, numerous studies showed a negative
correlation between lentils consumption and the risk of can-
cer development in certain tissues as breast [33], prostate
[34], and colon [35]. This could be attributed to its constitu-
ents including polyphenols [36], lectins, bioactive peptides
[37], folic acid [38], saponins [26], and selenium [39], as well
as its low glycemic index [40].

This research contributes to the growing field of green
nanotechnology by exploring the potential of Lens culinaris L.
(Lentil) as a sustainable and biocompatible source for
nanoparticle synthesis. While previous research demonstrated
the anticancer and antibacterial potential of Lens culinaris
[41,42], the particular assessment of the nanoparticles pro-
duced using Lens culinaris seeds [43] has not been investi-
gated. This study is the first to formulate silver nanoparticles
from Lens culinaris seeds and discuss their therapeutic poten-
tial. This unexplored area presents a significant opportunity
to develop novel effective antibacterial and anticancer
agents. By biological and cellular investigations of the under-
lying mechanism of action, the study establishes a direct link
between the plant’s chemical composition and its observed
therapeutic benefits, paving the way for future development
and optimization. The virtual chemical study is the premier
to illustrate the synergistic potential of the silver nanoparti-
cles and the extracts’ flavonoids when applied to the target
proteins (Bcl-2 and IspC). This entails the role of the natural
LCTE extract as a functioning element to potentiate the anti-
cancer activity of the silver nanoparticles. Concisely, the cur-
rent work presents a notable link between Lens Culinaris
chemical constituents, silver nanoparticles, and the observed
biological activities.

Materials and methods
Plant material

Lens culinaris L. seeds were purchased from the Egyptian local
market. Authentication was done by Dr. Esra Amaar, a plant
scientist at Tanta University. The voucher specimen
(PG-A-LC-F-107) was kept at Tanta University’s Herbarium. The
seeds were grinded to fine powder before extraction.

Preparation of Lens extract

Powdered seeds (100g) were macerated in 70% ethanol. They
were put on a shaker for 30 min at 50°C and the process was
repeated 3 times. After filteration, the extract was centrifuged,
and the supernatant was concentrated under vacuum at
45°C. The yielded concentrated mass was further purified
with absolute ethanol. The supernatant was filtered and evap-
orated at room temperature to form a dry residue.

LC-ESI-TOF-MS analysis for metabolite profiling

Sample preparation

LCTE dry residue (50mg) was dissolved in 1ml reconstitu-
tion solvent (deionized water, methanol, and acetonitrile;
50:25:25). Then, it was vortexed, ultrasonicated, and centri-
fuged. Directly afterwards, it was diluted and 10puL (2.5pug/
pL) was injected.

Instruments and acquisition method

LC-ESI-TOF-MS  (liquid chromatography-electrospray ioniza-
tion-tandem mass spectrometry) assessment conditions
adopted were previously described in [44] at the Hospital of
Children's Cancer (57357) Proteomics and Metabolomics
Research Unit. For chromatographic separation, a column
with the specifications of X select HSS T3 (Waters Corporation,
Milford, MA, USA) was used. Additionally, a precolumn with
dimensions of 0.5m x 3.0mm (Phenomenex, Torrance, CA,
USA) was utilized. Both the column and precolumn were
managed at a 40°C temperature. Sodium hydroxide was used
to adjust the pH of mobile phase (A) to a value of 8. A 1%
methanol solution containing 5mM ammonium formate was
used as the mobile phase. The binary gradient elution system
was kept operating at a flow rate of 300L per minute. The
study used the information-dependent acquisition (IDA)
approach to carry out the experiment. The Analyst-TF 1.7.1
software was used to prepare the data collection batches for
MS and MS/MS. The collection of full-scan MS and MS/MS
data was made easier by the use of IDA. The survey spectra
obtained were of good resolution and included the mass-to-
energy range of 50-1000 m/z.

Data processing for LC-MS

MS-DIAL 4.6 software [45] was utilized for the comprehensive
analysis of the sample, using ReSpect negative with 1573
records as a reference database. Search parameters were
adjusted as published before by Elbalawi et al. [46]. The out-
put of MS-DIAL was run on PeakView with the MasterView



package for peaks (features) confirmation from TIC (Total lon
Chromatogram).

Biogenic formation of AgNPs

A millimolar of silver nitrate (AgNO;) aqueous solution was
produced. The mixture was kept in a cold, dark place. LCTE
(10ml) was added to the prepared solution of AgNO; (1 mM;
90ml). It was left overnight in a dimly lit space. These condi-
tions allow the reduction of Ag ions. The emergence of a
yellowish-brown hue indicated the AgNPs’ development. The
prepared solutions were submitted to TEM and UV testing
instantly. To get pure AgNPs, centrifugation at 4000rpm for
30min was the first step. The second step was triplicate wash
steps with distilled water followed by filtration. The third step
was triplicate wash in absolute ethanol. Fourier-Transform
Infra-red  (FTIR), High-Resolution Transmission Electron
Microscope (HR-TEM), X-ray Diffraction (XRD), Zeta Potential,
and Scanning Electron Microscope (SEM) were deployed to
examine the generated LC-AgNPs in detail.

LC-AgNPs characterization

UV-Vis spectroscopy

A UV-Vis spectrophotometer (Shimadzu, Kyoto, Japan) was
used to monitor the UV-Vis spectroscopy of the LCTE and
LC-AgNPs. Following the dilution of the samples with distilled
water, the absorbance was determined.

FTIR

An FTIR spectrometer (Jasco, Tokyo, Japan) was used to char-
acterize LCTE and LC-AgNPs functional groups in the 4000-
400cm — 1 range.

HR-TEM

LC-AgNPs morphology (shape and size) besides SAED were
detected by (JEOL-JEM 2100, Kyoto, Japan). For HR-TEM exam-
inations, 3ml of the sample were deposited on the copper
grid and allowed to dry at room temperature for 15min as
described before [12].

SEM
As previously described [47], the biogenic AgNPs’ morphology
was examined using the SEM (TM1000, Hitachi, Chiyoda, Japan).

Zeta potential

LC-AgNPs were subjected to examination of their charge and
particle size using a zeta sizer nano ZN (Malvern Panalytical
Ltd., England, UK) [48].

XRD

The XRD analysis was used to characterize metal nanoparti-
cles as a surface chemical analysis method. An XPERT-PRO-
PANalytical Powder Diffractometer (PAN-analytical B.V., Almelo,
The Netherlands) was used for X-ray analysis. The monochro-
matic Cu-K radiation source (=1.5406) was operated at room
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temperature at 45kV and 30mA. The intensity of silver nano-
powder was measured at a range of 4.01°-79.99° [49].

Cytotoxicity

Cell culture

Human breast cancer (MCF-7), colorectal carcinoma (HCT-116),
and hepatoma (HepG2) cell lines were acquired from ATCC
(American type of culture collection). The culture medium
used to grow the cells was RPMI-1640, which also contained
penicillin (100 units/mL) and heat-inactivated foetal bovine
serum (10% v/v). The culture plates were kept at 37°C in a
humidified incubator with 5% (v/v) CO,.

Cytotoxicity assay

Sulforhodamine B (SRB) assay was employed to determine
the cytotoxicity of LCTE and LC-AgNPs against MCF-7,
HCT-116, and HepG2 cancer cells. The 96-well plates were
used for cell culture. The plates containing the cultured cells
were left in the incubator for one day. Then, different concen-
trations of LCTE and LC-AgNPs (0.01, 0.1, 1, 10, 100 and
1000 ug/mL) were added to the cells. Untreated cells were
utilized as a control group. The cells were incubated with the
applied treatments at 37°C for three days. Thereupon, the
cells were treated with TCA (10% w/v) and placed for Th in
the fridge for fixation. The cells were washed several times
after fixation. Directly afterwards, 0.4% (w/v) SRB solution was
applied to the cells and left for 10min in a dim chamber.
Glacial acetic acid (1% v/v) was used to wash the cells before
leaving them to dry for the entire night. The next morning,
Tris-HCl was added to detach the SRB-stained cells, and
absorbance was measured at 540nm (using spectrophotome-
ter (Shimadzu, Kyoto, Japan)) utilizing a microplate reader.
Lastly, Sigma Plot 12.0 software was used to compute the IC;,
of the test compounds.

Apoptosis analysis

The apoptosis assay was carried out using the Annexin V-FITC/
Pl Apoptosis Detection Kit from Cell Signalling Technology
(Massachusetts, USA). The assay was performed as prescribed
in Kit" guidelines and following a previously published study
[50]. Cells were treated with the pre-estimated IC,, values of
LCTE and LC-AgNPs for 48h. This was followed by trypsiniza-
tion of cells and washing with PBS for 2 consecutive times.
Cells were then suspended in Annexin V-FITC (5uL) and PI
(staining solution; 5 pL). Thereafter, an estimate of 0.5 ml bind-
ing buffer was applied to the cell suspension with a good
mixing. The cells were left at 25°C in a dark room for only
15min. At the end, cells were injected into Cytek” Northern
Lights 2000 spectral flow cytometer (Cytek Biosciences, USA)
and quadrant analysis was performed using the built-in soft-
ware (SpectroFlo™ Software version 2.2.0.3).

Cell cycle analysis

For 48h, cells were exposed to the pre-calculated ICg, values
of LCTE and LC-AgNPs. This was followed by trypsinization of
cells and washing them with PBS. Directly afterwards, a
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fixation step was performed with ice-cold 60% ethanol and
one more wash step with ice-cold PBS. A mixture of 500 uL of
propidium iodide (PI) and RNase staining buffer (Cell Signalling
Technology, Massachusetts, USA) were then applied to the
cells. The cells were kept for 15min away from light. Finally,
cells were injected into a Cytek” Northern Lights 2000 spec-
tral flow cytometer (Cytek Biosciences). About 10,000 cells
were aquired for each sample. The SpectroFloTM Software
version 2.2.0.3 was deployed for calculating the percentage of
cells at each phase of the cell cycle. The whole method was
adopted from colleagues’ work [50].

Antibacterial activity

Determination of antibacterial activity

The antibacterial effects of LCTE and LC-AgNPs were assayed
using the Agar well diffusion technique. The bacteria were
subcultured on LB medium and incubated for 24h at 37°C.
Bacterial cultures were spread on the agar plate. Two types of
Gram-negative bacteria were used such as the strong
biofilm-forming isolate of Klebsiella pneumoniae (K21) and the
extensive drug-resistant isolate (XDR) of Acinetobacter bau-
mannii (M18) [51]. LCTE and LC-AgNPs were tested against
these bacteria. The bacteria were incubated for 24h at 37°C.
To evaluate the antibacterial activity of LCTE and LC-AgNPs,
the inhibition zone was measured compared to the control
groups. The results were interpreted according to CLSI [52].

Molecular docking

In vitro, study has revealed that both LCTE and its AgNPs
possess a significant cytotoxic effect against MCF-7, HCT-116,
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and HepG2 cell lines. Their anticancer activity is mainly
exerted by inducing the apoptotic pathways via
down-regulation of Bcl-2. Accordingly, we investigate how
AgNPs and LCTE can bind to the active pocket of Bcl-2. Bcl-2
inhibitors are reported to inhibit the antiapoptotic Bcl-2 pro-
tein via binding to the binding groove [53]. 17 major classes
of detected compounds in Lens culinaris L (Figure 1) in addi-
tion to AgNPs were docked against Bcl-2 x-ray crystal struc-
ture (PDB ID. 2W3L). The Crystal Structure of Chimaeric
Bcl2-xL in complex with phenyl tetrahydroisoquinoline amide
was downloaded from Protein Data Bank (PDB ID: 2W3L;
http://www.rcsb.org/structure/2W3L).

In Acinetobacter baumannii and Klebsiella pneumonia,
Deoxy-d-Xylulose 5-Phosphate Reductoisomerase (IspC) was
chosen as a potential therapeutic target [54]. IspC in complex
with FR900098, NADPH, and a magnesium ion was down-
loaded from PDB with PDB ID. 7504 (http://www.rcsb.org/
structure/7S04).

Water molecules in the two crystal structures were deleted
using AutoDock tools and polar hydrogen atoms were added.
Partial charges of Marsili-Gasteiger are assigned using a
two-step algorithm. The receptor crystal structures were sub-
jected to energy minimization using the AutoDockTools (ADT,
v1.5.6), and the prepare_receptor4.py command to calculate
the partial atomic charge using the Kollman-united charge
method [55].

LCTE 17 major molecules were prepared via AutoDockTools
(ADT, v1.5.6) by manipulating the prepare_ligand4.py com-
mand and saved in PDBQT format. The grid box dimension
was optimized surrounding the co-crystallized ligands in both
x-ray crystals. The structure of AgNP was drawn using
ChemSketch and its geometry was optimized by Autodock
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Figure 1. Major classes of detected compounds in Lens culinaris L.
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Table 1. Secondary metabolites identified in Lens culinaris via LC-ESI-TOF-MS.
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Title Class RT (min.) [M-H] MS/MS Formula Ref.

1 Neohesperidin dihydrochalcone Flavanone derivative 137 611.04 465.1,303.1  CygH;045 [58]
(chalconoids)

2 Vanillic acid glucoside Phenolic acid 4.12 329.31 167.3,152.7  C;,H404 [59]
(hydroxybenzoic acids)

3 3,4-Dihydroxybenzoic acid Phenolic acid 4.88 153.11 107.4 CH0, [60]
(hydroxybenzoic acids)

4 Kaempferol-3-O-robinoside-7-O- O-flavonoid glycoside 5.03 739.42 593.0, 481.2  C33H,04 [61]

rhamnoside

5 Kaempferol 7-O-rutinoside O-flavonoid glycoside 6.15 593.27 4313, 2850 C,,H;0;5 [60]

6 Linarin Flavone glycoside 6.53 591.05 283.3 CygH3,04, [62]

7 Kaempferol-3,7-O-bis-rhamnoside O-flavonoid glycoside 6.83 577.13 431.1,285.0 C,,H;0,, [63]

8 Quercitrin Flavonol 7.4 447.22 301.2 Cy;Hy00;, [64]

9 Kaempferol-3-O-rhamnoside O-flavonoid glycoside 7.948 431.03 284.8 C54Hy4040 [65]

10 Kaempferol-3-O-arabinoside O-flavonoid glycoside 8.36 417.25 285.1 CyoH15040 [66]

1 Catechin gallate Falvan-3-ols 8.96 44144 289.3, 2208  C,H,50, [67]

12 Epigallocatechin Falvan-3-ols 9.31 305.06 275.2 Cy5H,40; [68]

13 Eriodictyol Flavanones 9.75 287.17 2554, 151.0  C,sHy,06 [69]

14 Delphinidin 3,5-diglucoside Anthocyanidin glycoside 10.44 627.33 302.7 C,;H3,04, [70]

15 Cyanidin-3-O-(2"-O-glucopyranosyl- Anthocyanidin glycoside 10.77 611.34 2873 C;H3,046 [71]

glucopyranoside)

16 Datiscin Flavonol glycoside 11.04 593.29 285.1, 2126  C;H;,0;5 [72]

17 Isorhamnetin rhamnoside Flavonol glycoside 11.50 461.03 315.1, 300.5  C,H,,0;, [73]

18 Diosmetin Flavone 12.92 299.40 285.3 Cy6H1504 [71]

19 Quercetin-3-xyloside Flavonol glycoside 14.11 433.12 300.7, 179.2  CyH,40;, [63,73]

20 Hesperetin Flavanones 15.75 301.36 174.8 Cy6H1404 [67]

21 Esculin Coumarin glucoside 16.34 339.09 177.3 Cy5H,604 [74]

22 Apigenin Flavone 18.53 269.03 2254 Ci5H005 [75]

4.2. For NP docking it was allowed to be docked in all the 14

protein pockets to find a suitable allosteric site for binding. 13

The docking parameters were set to 2.500.00 energy evalua-

tion, 100 runs number, and 150 for size of population based o ! -

on Lamarckian genetic algorithm [56]. Ten binding modes £ 08

were produced for the ligand with a maximum of 3kcal/mol £

energy difference between each mode and the best confor- § o

mations, showing lowest binding free energy were retrieved. 0.4

BIOVA Discovery Studio visualizer 2021 was used to generate
2D interaction figures and PyMOL(TM) 2.5.2 was used for
generating 3D interaction figures [57].

Results and discussion
Chromatographic analysis of LCTE by LC-ESI-MS/MS

The metabolic profiling of Lens culinaris using negative-mode
ESI-TOF-MS identified 22 secondary metabolites, albeit tenta-
tively. The metabolites that were found were categorized as
simple phenolics, phenolic acid derivatives, flavonoids, flavo-
noid glycosides, and anthocyanidin glycosides. Their retention
time, molecular ion peaks, fragmentation peaks, and molecu-
lar formulae are displayed in Table 1. The TIC of Lens culinaris
is presented in Figure S1. The structures of the identified
metabolites are provided in Figure 1.

Identification of simple phenolics and phenolic acid
derivatives

The phenolic acids identified in Lens seed extract were mainly
hydroxybenzoic and represented by vanillic acid glucoside
and 3,4-dihydroxybenzoic acid. Vanillic acid glucoside (2) with
molecular ion peak [M-H] - at m/z 329 and characteristic frag-
ment ions 167 corresponding to the deprotonated vanillic
acid [59]. The 3,4-dihydroxybenzoic acid (3) was identified

- \

300 350 400 450 500
Wave length (nm)

—LCTE LC-AgNPs

Figure 2. UV spectrum of LC-AgNPs compared to LCTE.

with [M-H] at m/z 153 and it gave a daughter ion peak at
m/z 107 due to the loss of CO, [60]. Furthermore, a coumarin
glucoside, esculin (21), was detected with [M-H] at m/z 339
and a daughter ion peak at m/z 177 owing to the loss of
glucose moiety.

Flavonoid glycosides

Using LC-MS/MS, flavonoids, and flavonoids’ mono- and diglyco-
sides were identified in the Lens seed. Several flavonols were iden-
tified as derivatives of kaempferol, quercetin, isorhamnetin and
datiscetin. Two quercetin glycosides were detected viz. quercitrin
(Peak 8) and quercetin-3-D-xyloside (19) and characterised by the
presence of base peak of [M-H] at m/z 301. Quercetin-3-xyloside
gave [M-HI at m/z 433 and [(M-H)-132] at m/z 301. Kaempferol
glycosides showed a distinctive base peak of [M-H]~ at m/z 285
and they included kaempferol-3-O-robinoside-7-O-rthamnoside (4),
kaempferol-7-O-rutinoside (5), kaempferol-3,7-O-bis-rhamnoside (7),
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Figure 3. FTIR spectrum of LC-AgNPs compared to LCTE.

Figure 4. HR-TEM and SEM micrographs of LC-AgNPs; (A) HR-TEM at 100nm, (B) HR-TEM at 50nm, (C) SAED of LC-AgNPs, (D) SEM at 100pum, (E) SEM at 40 um,

(F) SEM at 20 um.

kaempferol-3-O-rhamnoside (9), and kaempferol-3-O-arabinoside
(10). Kaempferol-3-O-robinoside-
7-O-rhamnoside, kaempferol-3,7-O-bis-rhamnoside and kaempferol-
3-O-rhamnoside with [M-H] at m/z 739, 577, and 431, showed
daughter ion peaks resulting from the loss of rhamnosyl unit

[(M-H)}-146] at m/z 593, 431 and 285, respectively. While
kaempferol-7-O-rutinoside with a molecular ion peak of [M-H] at
m/z 593 produced fragment ion peaks at 431 and 285 due to the
loss of a glucosyl (—162amu) and rutinoside (—308amu) moieties.
Isorhamnetin rhamnoside was identified at peak 17 with a
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Figure 5. Zeta potential charge (A) and size (B) of the biogenic LC-AgNPs.

molecular ion peak of [M-H] at m/z 461 and its base peak ions of
[M-H] at m/z 315, whereas datiscin (16), the datiscetin-3-rutinose,
was assigned having a molecular ion peak of [M-H] at m/z 593
and the characteristic fragment ion peak at 285. On the other
hand, a flavone glycoside was detected as linarin (6) with a molec-
ular ion peak of [M-H]" at m/z 591 and a base peak of [M-H]~ at
m/z 283.

Flavonoid aglycones were detected in Lens seed as eriod-
ictyol (13), diosmetin (18), hesperetin (20), and apigenin (22)
with deprotonated molecular ion peaks at m/z 287, 299, 301,
and 269, respectively. Another flavanone derivative was
assigned as neohesperidin dihydrochalcone (1) showing a
molecular ion peak of [M-H]" at m/z 611. Neohesperidin dihy-
drochalcone, an artificial sweetener derived from citrus fruits,

had been synthesised from neohesperidin [76] and it was
previously isolated from Oxytropis myriophylla (family
Leguminosae) whole plant extract [77]. Two falvan-3-ols were
assigned in Lens seed as catechin gallate (11), epigallocate-
chin (12) with molecular ion peaks of [M-H]" at m/z 441 and
305, respectively.

Anthocyanidin glycosides

Anthocyanidin glycosides were detected in Lens culinaris
rationalising for its characteristic yellow colour. Anthocyanins
detected in Lens seed were represented by delphinidin and
cyanidin glycosides. Delphinidin 3,5-diglucoside (14) and
cyanidin-3-0-(2"-O-glucopyranosyl-  glucopyranoside)  (15)
were assigned and their molecular ion peaks [M-H]" appeared
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Figure 6. X-ray diffraction pattern of the biogenic LC-AgNPs.

Table 2. Cytotoxicity of LCTE and LC-AgNPs against MCF-7, HCT-116 HepG2
cancer cell lines after 72h treatment.

ICsoon MCF-7 (pg/

IC5, on HCT-116  IC, on HepG2 (pg/

Sample mL) (pug/mL) mL)
LCTE 16.1+£2.96 26341244 45.89+3.68
LC-AgNPs 0.37+0.05 0.35+0.02 0.1+0.003

The reported ICys are the average of triplicates +standard deviation (SD).

at m/z of 627 and 611 and characteristic fragment ion at m/z
of 302 and 287, respectively.

Characterization of the green-synthesized AgNPs

Physical observation

After 3h of adding the LCTE to the prepared AgNO; solution,
a physical observation of solution characters was performed.
The clear solution turned into a dark murky colloidal solution.
These findings demonstrated that the synthesis of LC-AgNPs
and the reduction reaction had been completed.

UV-Vis spectroscopy

Because UV-Vis spectroscopy has a higher specificity for rec-
ognizing created nanoparticles than visible light, it was first
utilized as the primary approach to validate the formation of
nanoparticles. AgNPs have a distinctive optical reflectivity
with a considerable impact on certain light wavelengths.
When subjected to a coordinated oscillation of electrons, the
unbound electrons within AgNPs resulted in the rise of an
absorption band connected to the surface plasmon reso-
nance (SPR). The degree of AgNP absorption may be influ-
enced by a variety of variables, including the electrical

medium, chemical microenvironment, particle shape, and par-
ticle size (Figure 2).

Fourier-transform infra-red (FTIR)

The identities of the functional reactive groups of the LCTE
involved in the reduction process to produce LC-AgNPs have
been investigated using spectroscopic FTIR. Peaks at 3385, 2922
and 1633cm™" reflect the OH, C aliphatic, and C=0 of phenolics
and flavonoids, respectively, while the peak at 1453cm™ rep-
resents aromatic components. The secondary OH groups of LCTE
were validated by the peak at 1061cm™" (Figure 3).

High-resolution transmission electron microscope
(HR-TEM)

HR-TEM has been used to study the eco-friendly AgNPs with
LCTE as a reducing agent, showing the creation of spherical
AgNPs with a mean size of 19.22nm (Figure 4(A,B)). In addi-
tion, the crystalline character of LC-AgNPs was determined by
the SAED pattern (Selected Area Electron Diffraction),
(Figure 4(Q)).

Scanning electron microscope (SEM)

The scanning electron microscope (SEM) is a potent tool for
examining a material’s surface image. It can depict the size of
the particles, morphology, and distribution of the examined
substance with pinpoint precision. It may also determine the
morphological appearance of the item being analyzed, as
well as whether it is micro- or nanoscale in size. The biogenic
AgNPs were found to be spherical, with a tendency to com-
bine, according to SEM examination (Figure 4(D-F)).
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Figure 7. Cell viability of MCF-7 (A), HCT-116 (B), and HepG2 (C) cancer cells after treatment with LCTE and LC-AgNPs for 72h. The data presented are the aver-

age +standard deviation (SD).

Zeta potential and dynamic light scattering (DLS)

The zeta potential method was used to determine the charge
of the biogenic LC-AgNPs. In this investigation, the surface
charge zeta potential of LC-AgNPs was —14.3mV. The nega-
tive charge highlighted the nanoparticles’ stability (Figure
5(A)). The metallic shell size of 158.3+4.37 nm of the biogenic
LC-AgNPs was measured (Figure 5(B)).

X-ray diffraction (XRD)

Peaks appearing in the XRD chromatogram are fingerprinted
to typical AgNPs formation at 38.262, 44.473, 64.714, and
77.737 on the 2 scale, which corresponded to 111, 200, 220
and 311 aircraft of Ag, respectively (Figure 6).

Cytotoxicity

Large efforts have been exerted in previous studies to
evaluate the antitumor effect of LCTE and its bioactive
components against obesity, cardiovascular diseases, dia-
betes, cancer, and the deadly metabolic syndrome [41].
Kiran et al. have reported LCTE wide spectrum anticancer
effect against several tumour cell lines including H9C2,
HepG2, A549 and Calu-1 cancer cell lines due to their high
content of polyphenolics [78]. These findings take our
interest to test LCTE for their antitumor activity against
others such as human breast cancer (MCF-7), colorectal
cancer (HCT-116), and hepatoma (HepG2) cell lines. To our
knowledge, none of the existing research has investigated

the use of LCTE to prepare biogenic AgNPs in an
eco-friendly way. The cytotoxicity test of LCTE and LC-AgNPs
treated samples was carried out to ascertain the impact of
the prepared AgNPs using LCTE against MCF-7, HCT-116
and HepG2 cell lines using SRB assay. Cytotoxicity results
are listed in Table 2 as computed IC;, values for pure LCTE
and prepared LC-AgNPs and Figure 7 shows their cell via-
bility against the 3 tested cell lines. LCTE showed quite
good potency against the 3-cancer cell lines; 1C,,=16.1,
26.34 and 45.89 ug/mL towards MCF-7, HCT-116 and HepG2,
respectively (Table 2). The most potency was observed
against MCF-7 while it was 1.5-fold lower against HCT-116.
On the other hand, HepG2 was observed to be the least
affected cell line when treated with pure LCTE; they
showed the largest IC, (45.89 ug/mL) (Figure 7(C)).

However, when LCTE was loaded on AgNPs, a fast signif-
icant drop in IC;, against HepG2 treated cells to 0.1 ug/mL
of treatment was observed (Table 2 and Figure 7(C)). Also,
LC-AgNPs remarkably lowered the percentage of the viable
cells to about 20% at a concentration of 1ug/mL on both
MCF-7 and HCT-116 as shown in Figures 7(A,B) (IC;,=0.37
and 0.35pg/mL, respectively). Such results verify the cyto-
toxic ability of the biosynthesized AgNPs using LCTE where
it increases the cytotoxicity and lowers the viable cells
more than 400 times when applied on HepG2 cells, about
75 times, and 43.5 times on HCT-116 and MCF-7 cell lines,
respectively. The computed IC,, values (Table 2) were used
for further investigations in the apoptosis and cell cycle
analysis.
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apoptosis analysis (D).

Apoptosis assay

SRB cytotoxicity assay revealed that the LC-AgNPs enhanced
the cytotoxic effect of LCTE on the 3 cancer cell lines. In this
context, further evaluation was needed to examine how cell
death occurred. The cancer cell lines were treated with the
pre-calculated IC,, values for LCTE and LC-AgNPs for 48h. For
negative control, non-treated cells were utilized to calculate
the percentages of necrotic and apoptotic cell populations
via annexin-FITC/propidium iodide (AV/PIl). Figures 8-10 dis-
play the cell apoptosis assay results on MCF-7, HCT-116 and
HepG2, respectively.

Results, as shown in Figure 8, indicated that treating
MCEF-7 cells with LCTE caused apoptosis and induced a sig-
nificant 20% reduction in cell viability. In addition, the
sub-population exhibiting early apoptosis (AV+/Pl-)

increased to 8.39%, the average count of the late apop-
totic sub-population (AV+/Pl+) reached 11.11%, and necro-
sis increased (less than twice as much as the control). The
outcomes demonstrated that the LCTE successfully induced
apoptosis, substantially late apoptosis, in MCF-7 cells
(Figure 8(B)). When pure LCTE was applied to HCT-116
cells, similar outcomes were seen; these cells sub-populated
in early apoptosis (AV+/Pl-) is about 5.34%, and late apop-
totic sub-population (AV+/Pl+) percentage was 8.32% (4
folds more than the negative control) and a necrotic effect
was also observed (about 2-fold more than that of the
control) (Figure 9(B)). Regarding HepG2 cell line treatment
with pure LCTE, a remarkable increase in both early and
late apoptosis sub-population percentages were observed;
where it reached 14.89 and 22.75% which is 6.9 and 9.6
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Figure 9. Apoptosis induction in HCT-116 cells by annexin-V/propidium iodide stain. Cytograms showing HCT-116 cells nontreated (negative control) (A), treated
HCT-116 cells with LCTE (26.34pg/mL, 48h) (B), treated HCT-116 cells with LC-AgNPs (0.35pg/mL, 48h) (C), and illustration of the outcomes of the apoptosis

analysis (D).

times relative to the untreated regulation for both early
and late apoptosis, respectively (Figure 10(B)). It was also
able to increase the percentage of necrotic cell population
3 folds than untreated HepG2 cells.

Accordingly, LCTE is suggested to induce its cytotoxic
effect via an apoptotic pathway, mainly late apoptosis. This
confirms the apoptotic pathway of LCTE reporting the
involvement of increased caspase 3, 8 and 9 activity trigger-
ing late apoptosis in nasopharyngeal carcinoma cell lines
[79]. Another study also reported that different tumour cell
lines (A549, Calu-1, H9C2, Caco2, C2C12 and SK-N-BE-2 cells)
exhibit significant apoptosis through suppressing oxidative
stress-responsive genes and hence inhibiting cancer cell
proliferation [78].

LC-AgNPs tested against the 3 cell lines reduced the cell
viability by 28.22, 29.01, and 12.8% against MCF-7, HCT-116
and HepG2 cell lines, respectively compared to those treated
with LCTE alone (Figures 8(C), 9(C), and 10(C)). The percent-
age of late apoptotic sub-population in MCF-7 treated with
LC-AgNPs increased to 25.9% which is 2.3 times higher than
the treatment with LCTE alone and more than 11 times
higher than the negative control while the early apoptosis
sub-population percentage increased to 17.95% which 2 and
8.5 times more than pure LCTE treated and untreated MCF-7
cells, respectively. On the other hand, a little rise in necrotic
sub-population percentage was noticed (Figure 8(C))

Figure 9(C) showed a significant decrease in HCT-116
viable cells when treated with LC-AgNPs where they



540 H.W. ALHAMDI ET AL.

A Control B LCTE
Q2Rr1 QR2" JQ2-R1 Q2R2 ..
% Parent: 4.26 - . % Parent: 2.38 o Parent: 13.20 . % Parent: 22.75
106_: . . .-J.. 105_: ’ r ._..' i .:‘
<« ] ¢ < ]
= 105= - £ 10°=
= 3 = =
= 3 = ] 2
E ] = ] *
= 4 3 4
2 10 g 13
- . - ]
2 7 =]
10°= 10°=
02-R3 Q2-R4 Q2R3 Q2-R4
034% Parent: 91.18 % Parent: 2.17 094% Parent: 49.16 % Parent: 14.89
lIlIlIII' T IIlIIIII IIIIIIII T |l|l|||l L lllllllll T ||||"|l IIllllll T Illlllll T
0 10 10¢ 10% 10¢ 0 10° 10¢ 10¢ 10¢
Annexin V FITC-A Annexin VFITC-A
C  LcAgnps D
1Q2-R1 Q2-R2 ..
% Parent: 12.95 % Parent: 32.50
10° = S
3 . HePG2 Il Necrosis
] 5t Bl Late apoptosis
f‘. | x Il Early apoptosis
2 10°+ ! BT 1201 * * * i
= E . ol q | B Live
£ ] £ 904
2 1 3
= 2
2 10 Z 60
= ] 304
10° =
: 0"
Q2R3 Q2-R4 & &0
04% Parent: 36.36 % Parent: 18.18 Y R&
R AL | B R ALt ma SRR XY
0 100 104 108 10¢

Annexin V FITC-A

Figure 10. Apoptosis induction in HepG2 cells by annexin-V/propidium iodide stain. Cytograms showing HepG2 cells nontreated (negative control) (A), treated
HepG2 cells with LCTE (45.89 ug/mL, 48h) (B), treated HepG2 cells with LC-AgNPs (0.1 pg/mL, 48h) (C), and graphical illustration of the outcomes of the apoptosis

analysis (D).

decreased to 50.06% which is about two-fold less than the
untreated ones. Late apoptotic sub-populations were noted
to be the highest population percentage (22.29%), whereas
early apoptotic and necrotic populations were equally
affected (13.15 and 14.49%, respectively). HepG2 cell lines
were the most affected cancer cell lines with LC-AgNPs
treatment through inducing late apoptosis 32.5%, while
not much difference was observed in early apoptosis and
necrosis compared to treating HepG2 with pure LCTE
(Figure 10(C)).

The observed results show that AgNPs mainly exert
their anticancer activity in breast, colorectal, and hepatic
cancer cell lines by inducing the apoptotic pathways (early
and late apoptosis equally). This aligns with the reported
findings [801].

Cell cycle analysis

To study the percentage of cell proliferation indicating the
cell cycle phase interference, a cell cycle analysis test was uti-
lised after treating the 3 cancer cell lines with both LCTE and
LC-AgNPs for 48h. As shown in Figure 11, the highest
observed induction of cell arrest in the MCF-7 cell line was
observed at G1-phase with 1.58-fold and 1.59-fold (67.1 and
67.3%) when treated with LCTE and LC-AgNPs, respectively
compared to 42.4% for control. At the S and G2-cell-cycle
phases, the percentage of cells decreased with both treat-
ments. These results affirmed that LCTE induced G1 phase
arrest in breast cancer. This could be attributed to the remark-
able increase in ROS after lectins treatment in addition to
caspase-3 activation [81]. Also, green synthesised AgNPs
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Figure 11. Cytogram showing cell cycle analysis of untreated MCF-7 cells (control) (A), LCTE-treated MCF-7 cells (B), LC-AgNPs treated MCF-7 cells (C), and propor-

tion of the MCF-7 cell population at each stage of the cell cycle (D).

treatment resulted in GO/G1 phases arrest of the cell cycle
arrest of the examined breast cancer cells.

In colorectal carcinoma (HCT-116) cell lines, no difference
was observed in any cell cycle phase between the LCTE treat-
ment and the negative control (Figure 12). Previous research
reported that LCTE induced HT-29 cell arrest in the GO/G1
phase through phosphorylating P53 in colon cancer [82].
When HCT-116 cells were treated with LC-AgNPs, a notable
elevation in the G1 phase population was reported. These
findings confirm our reported analysis of the MCF-7 cell line.

On the contrary, the HepG2 cell line showed a significant
increase in the G2 cell arrest population upon treatment with
both LCTE and LC-AgNPs (34.6% for both) compared to 22.1%
in negative control with no significant change in S popula-
tions (Figure 13). Although there no reported data existed for

the use of lentil extract against hepatocarcinoma, studies
suggested that lentil extract exhibited an anti-hepatotoxic
effect owing to its antioxidant activity, i.e. its ability to
decrease ROS levels [83].

Antimicrobial activity

Antibacterial activity

The two bacterial isolates showed a high resistance against
ciprofloxacin antibiotic. Although LCTE extract did not show
any effect against the strong biofilm-forming Klebsiella pneu-
moniae isolate and the extensive drug-resistant Acinetobacter
baumannii isolates, LC-AgNPs showed high activity against
both (Table 3 and Figure 14).



542 H.W. ALHAMDI ET AL.

A 250 Control

Count

0 1.0M 2.0M 3.0M 4.0M
FSC-A
C LC-AgNPs
30
24 =
18 =
: ]
2 i
&)
12 =
6 =
N IR
0 1.0M 2.0M 3.0M 4.0M
FSC-A

B LCIE

PO S

Count

[
=
.. . .0 oy o B

[—]

1.0M 2.0M

FSC-A

3.0M

HCT116
H G2

L)
I G1

150+

100+

50+

Percent of cells (%)

Figure 12. Cytogram showing cell cycle analysis of untreated HCT116 cells (control) (A), LCTE-treated HCT-116 cells (B), LC-AgNPs treated HCT-116 cells (C), and

proportion of the HCT-116 cell population at each stage of the cell cycle (D).

Molecular docking

The anticancer activity of LCTE active major classes was
assessed by examining their binding affinities against the
Bcl-2 protein. As shown in Table 4, Figures 15 and S2, all the
17 reported major classes have shown good binding affinities
with significant binding energies (—4.05 < AG< —7.97 Kcal/mol).
Kaempferol-3-O-robinoside-7-O-rhamnoside was shown to be
the best hit having the ability to bind to Bcl-2 groove form-
ing two tightly bound H-bonds with 2key residues: Glu95
and Asp99. Two main types of interactions are reported with
all active constituents which are pi-pi interactions and
H-bonds in addition to salt-bridge which is mainly formed
with Arg105.

Better binding interactions are shown for LCTE active con-
stituents with IspC. As shown in Table 5, Figures 16 and S3,
high  binding  energies are reported in range
(—6.19 < AG< —10.29 Kcal/mol). Catechin gallate is found to be
the most fitted hit where it can form 3H-bonds and 2 salt
bridges; one of them with the co-crystallized Mg ion in the
pocket. Mg ion is found to be able to form salt-bridge or
metal acceptor interaction with most structures. Another key
interaction is the pi-sulphur interaction which can be formed
with Met in the pocket. A large number of H-bonds, salt
bridges, and hydrophobic interactions formed between LCTE
active structures and IspC active pockets are indications of
their antibacterial activity.
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Table 3. Antimicrobial screening of LCTE and LC-AgNPs against Klebsiella
pneumoniae and Acinetobacter baumannii.

Sample Bacteria Zone of inhibition
LC-AgNPs Klebsiella pneumoniae 24+1.67mm
(K21)
Acinetobacter baumannii 25+1.29mm
(M18)
LCTE Klebsiella pneumoniae No inhibition
(K21)
Acinetobacter baumannii No inhibition
(M18)

Zones of inhibition are displayed as the average of triplicates +standard devia-
tion (SD).

LCTE was used in capping AgNPs and the formulated
NPs were found to possess both anti-cancer and antibacte-
rial effects. A docking study was carried out to investigate
the binding affinity of the produced NPs in potential cavi-
ties in both protein targets; Bcl-2 and IspC. Good binding
affinity (—0.19Kcal/mol) is reported for both complexes
which suggests a high potency. Figure 17 shows that AgNP
was able to bind to an allosteric pocket in Bcl-2 protein
(shown in magenta sticks) away from the co-crystallized
ligand (represented in cyan sticks) active pocket. The
allosteric pocket was composed of His20, Leu23, Ser24,
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Figure 14. Zone of inhibition of LCTE and LC-AgNPs against Klebsiella pneumoniae and Acinetobacter baumannii.

Table 4. Compounds IDs, bonded residues with Bcl-2 protein, and their binding energies with Bcl-2 protein.

Compound Bonded residues Binding energy (Kcal/ mol)
Vanillic acid glucoside Asp70, Glu9s, Arg105 —5.54
3, 4-Dihydroxybenzoic acid Phe63 —4.05
Epigallocatechin Tyr67, Phe71, Glu95, Arg105 —4.90
Catechin gallate Asn102, Arg105, Ala108 —6.07
Esculin Phe71, Asp99 —5.60
Kaempferol 3-O-arabinoside Glu9s, Arg105 —-6.19
Kaempferol-3-O-rhamnoside Phe63, Tyr67, Glu95, Asp99, Arg105 —6.25
kaempferol-3,7-O-bis-rhamnoside Asp70, Glu95, Asp99 -7.12
kaempferol-7-O-rutinoside Gly77, Arg88, Glu95, Asp99 —6.90
Kaempferol-3-O-robinoside-7-O-rhamnoside Glu95, Asp99 -7.97
Eriodictyol Tyr67, Phe71, Arg105 —4.95
Hesperetin Phe63, Arg105 —5.38
Datiscin Glu73, Asp99 —6.91
Apigenin Asp99, Arg105 —4.88
Diosmetin Asp70, Arg105 -5.19
Quercetin-3-D-xyloside Asp70, Glu9s, Arg105 —6.48
Isorhamnetin 7-rhamnoside Asn102, Arg105 —6.57
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Figure 15. Representative compounds’ 2D interaction with Bcl-2 protein. (A) Kaempferol-3-O-robinoside-7-O-rhamnoside forming tightly bound H-bonds with:
Glu95 and Asp99. (B) Kaempferol-3 7-O-bis-rhamnoside forming tightly bound H-bonds Asp70, Glu95 and Asp99.

Glu29 and Trp30. Similarly, Figure 18 shows that AgNP was potential interaction: lle342, Leu343, Ala346, Asn347, Val368,
also able to bind to a pocket in IspC protein (shown in Thr371, Leu372 and Ala393.

magenta sticks) away from the main active site (represented Kaempferol-3-O-robinoside-7-O-rhamnoside and Quercetin-
in green sticks). Eight residues were involved in this 3-D-xyloside were chosen as the best two LCTE active
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Table 5. Compounds IDs, bonded residues with IspC protein and their binding energies.

Compound Bonded residues Binding energy (Kcal/ mol)
Vanillic acid glucoside Ser21, Ala109, Ala132, Ser160 -837
3,4-Dihydroxybenzoic acid Lys134, Ser160, Lys236, Mg —-8.67
Epigallocatechin lle22, Arg47, Ala109, lle110, Glu135 -6.77
Catechin gallate Glu135, Asp159, Gly223,, Lys134, Mg -10.29
Esculin Asp159, Glu161, Ser194, Asn235, lle226, Mg -7.33
Kaempferol 3-O-arabinoside Ser21, Ala132, Gly223, Arg24, Arg47 —7.40
Kaempferol-3-O-rhamnoside Ala132, Ser160, Lys236, Met222, Ser221 -7.83
kaempferol-3 7-O-bis-rhamnoside Arg47, Ala109 —7.52
kaempferol-7-O-rutinoside Arg47, Ala109, lle110, Ala132, Glu135, Glu352, Mg —-9.39
Kaempferol-3-O-robinoside-7-O-rhamnoside Serd6, Arg47, Ala109, lle110, Glu352 -9.27
Eriodictyol Ser21, Ala109, Asn133, Glu135, Gly223, Met222 -7.17
Hesperetin Gly17, Arg47, Ala109, Glu135, Gly223 —6.85
Datiscin Arg47, Ala109, Asp159, Ser160, Gly223, GIn224 —-8.55
Apigenin Ala109, Asn133, Glu135, Ser160, Gly223, Trp220, Met284 —6.63
Diosmetin Arg47, lle110 -6.19
Quercetin-3-D-xyloside Ser21, Glu135, Lys134, Asn235, Lys236, Met284, Mg -9.9
Isorhamnetin 7-rhamnoside Thr19, Ser21, Arg47, Ala109, lle110, Ser160, Lys134Met22 -8.10
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Figure 16. Representative compounds’ 2D interaction with IspC protein. Catechin gallate (A), Quercetin-3-D-xyloside (B).

Figure 17. The 3D structure of BcL-2 targets showing the binding interaction of AgNP in the allosteric pocket (shown in magenta sticks).
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Figure 18. The 3D structure of the IspC target showing the binding interaction of AgNP in the allosteric pocket (shown in magenta sticks).

)

Figure 19. 3D Structure of Bcl-2 target showing the synergetic binding of AgNP and kaempferol-3-O-robinoside-7-O-rhamnoside (A) and AgNPs and
quercetin-3-D-xyloside (B) where the binding pocket residues are shown in magenta sticks.

constituents capable of inhibiting both Bcl-2 and IspC targets. So, Conclusions
the synergetic binding of these two hits with AgNPs was visual-

ized in Figures 19 and 20. Either Kaempferol-3-O-robinoside-7-O- « Introducing a simple, safe, eco-friendly, and low-cost
rhamnoside or Quercetin-3-D-xyloside were able to bind to the technique for the preparation of silver nanoparticles
enzyme’s active pocket at the same time as the allosteric binding using Lens culinaris L. extract as a bio-reduction agent
of AgNPs. This explains our previous finding of the high cytotoxic (green synthesis).

effect of LC-AgNPs that reached between 43.5 to 400 folds on «  LC-MS analysis of Lens culinaris identified twenty-two

different cancer cell lines than that of LCTE alone. compounds of different chemical classes.
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Figure 20. The 3D structure of the IspC target showing the synergetic binding of AgNP and kaempferol-3-O-robinoside-7-O-rhamnoside (A) and AgNPs and
quercetin-3-D-xyloside (B) where the binding pocket residues are shown in magenta sticks.

«  Shifting in FTIR spectrum peaks revealed the import-
ant role of the various functional groups of Lens sec-
ondary metabolites for capping and stabilization.

+  Ag nanoparticles’ spherical shape and FCC crystallinity
were proved through HR-TEM and XRD with a 19.22nm
size on average.

«  The Zeta potential value of AgNPs was —14.3mV indi-
cating their stability.

« LCTE potentiated the cytotoxic activity of AgNPs
against MCF-7, HCT-116, and HepG2 cancer cell lines.

+ LCTE induced G1 phase arrest and AgNPs-LCTE
increased GO/G1 phases in breast cancer. Meanwhile,
both LCTE and LC-AgNPs increased G2 cell arrest in
HepG2.

+  AgNPs mainly exerted their anticancer activity by
inducing the apoptotic pathways via activation of
caspase-3, down-regulation of Bcl2, and up-regulation
of Bax and p53.

«  Kaempferol-3-O-robinoside-7-O-rhamnoside and
Quercetin-3-D-xyloside were the best 2 LCTE active
constituents capable of inhibiting both Bcl-2 and IspC
targets.

«  Kaempferol-3-O-robinoside-7-O-rhamnoside and
Quercetin-3-D-xyloside were also able to bind to the
enzymes active pocket at the same time of the

allosteric binding of AgNPs. This entails the high cyto-
toxic effect of LC-AgNPs that reached between 43.5 to
400 folds on different cancer cell lines compared to
that of LCTE alone.

+  LCTE-AgNPs showed strong activity against Klebsiella
pneumoniae and Acinetobacter baumannii compared
to LCTE.

Future recommendations

Further research is needed to unveil the effect of Lens culinaris
phytochemicals on the physicochemical parameters of the bio-
genic AgNPs for the optimisation of their biological activities.
Moreover, pharmacological assessments could be conducted on
such biogenic AgNPs compared to the original extracts and their
safety must be assessed before their clinical investigation.
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