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Introduction: The synthesis of nanoparticles using naturally occurring reagents such as vitamins, sugars, plant extracts, biodegrad-
able polymers and microorganisms as reductants and capping agents could be considered attractive for nanotechnology. These
syntheses have led to the fabrication of limited number of inorganic nanoparticles. Among the reagents mentioned above, plant-
based materials seem to be the best candidates, and they are suitable for large-scale biosynthesis of nanoparticles.

Methods: The aqueous extract of Moringa peregrina leaves was used to synthesize silver nanoparticles. The synthesized nanopar-
ticles were characterized by various spectral studies including FT-IR, SEM, HR-TEM and XRD. In addition, the antioxidant activity of
the silver nanoparticles was studied viz. DPPH, ABTS, hydroxyl radical scavenging, superoxide radical scavenging, nitric oxide
scavenging potential and reducing power with varied concentrations. The anticancer potential of the nanoparticles was also studied
against MCF-7 and Caco-2 cancer cell lines.

Results: The results showed that silver nanoparticles displayed strong antioxidant activity compared with gallic acid. Furthermore, the
anticancer potential of the nanoparticles against MCF-7 and Caco-2 in comparison with the standard Doxorubicin revealed that the
silver nanoparticles produced significant toxic effects against the studied cancer cell lines with the ICs, values of 41.59 (Caco-2) and
26.93 (MCF-7) pg/mL.

Conclusion: In conclusion, the biosynthesized nanoparticles using M. peregrina leaf aqueous extract as a reducing agent showed
good antioxidant and anticancer potential on human cancer cells and can be used in biological applications.
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Introduction

The utilization of nanotechnology in arid land plant research will be a promising tool to exploit underutilized plants.
Nanotechnology gives an extensive innovative platform to the investigation and conversion of the biological system and
serves as an inspirational design involving biological constituents." These days, nanotechnology has seen a lot of
changes, for example, potential procedures utilized, and the use of various physicochemical agents, involving nano-
sized metal particles to manufacture new medications, which make them fruitful for application in natural and

pharmaceutical ventures.” Nanoparticles play a vital role in medicine, chemistry, electronics and catalysis. The syntheses
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of nanoparticles are carried out by three different methods — chemical, physical and biological. Green synthesis of silver
nanoparticles from plants is one of the most interesting areas because it is rapid, efficient and nontoxic, economical, and
environment friendly.’

Silver nanoparticles have brought in extensive enthusiasm because of their numerous interesting properties and
applications. Plants offer a superior stage for nanoparticle synthesis as they have non-poisonous mixes and consist of
natural capping agents. Silver nanoparticles are comprehensively utilized in various zones, particularly in pharmaceutical
and clinical fields.* Nanoparticles are ordinarily utilized as a drug delivery system as they are useful in not just
controlling the molecule size, surface region, and properties of the drug, but additionally help in conveying the
pharmacologically dynamic operators to the site of activity at a rational rate and dose of the drug.’ Silver is
a compelling antibacterial agent and displays low toxicity which is important, particularly in the treatment of burn
wounds. Nanocarriers are utilized as drug delivery systems in light of their exceptional characteristics, for example, high
drug loading capacity, biodegradability, site-specific delivery mechanism and not affecting normal cells and tissues.°
Silver nanoparticles have been explored for their cytotoxic action as they display various degrees of in vitro toxicity.’

Especially, nanoparticles are most commonly utilized in the clinical field of drug delivery systems, targeted therapy,
and gene therapy due to the result of their simplicity of control and attributes, accomplished by dynamic medication
focusing on parenteral organization.® Green synthesis of nanoparticles utilizing the plants that have restorative worth
offers us new types of drugs which have been viably used in ancient medicine. The drugs originating from plants have
less harmful reactions just as they are affordable and more viable.” Several studies have reported the utilization of plants
for the synthesis of metal nanoparticles like silver, gold, copper, and composites.'® !>

Moringa species is one of the most useful trees in the tropics and subtropics of Asia and Africa, with multiple uses.
Moringa peregrina belongs to the family Moringaceae and native to the arid and semi-arid regions.'* It is a fast-growing,
deciduous tree growing up to 10 m in height. The leaves are imparipinnate with early deciduous leaflets, flowers are
bisexual, yellowish white to pink in color. The leaves of the plant are an excellent source of minerals, amino acids and
proteins.'> Also, M. perigrina has many other phytochemicals such as flavonoids, alkaloids, glycosides, tannins,
proanthocyanidins, lignans, terpenoids, phenylpropanoids, proteins, resins, furocoumarins and naphthodianthrones."®
The plant was previously studied for phytochemical compositions and their biological activities. Even though the
plant has wide phytochemical diversity, there was no study on the M. peregrina-mediated biosynthesis of nanoparticles.
Therefore, the present study focused on the synthesis and characterizes the silver nanoparticles using M. peregrina leaf
extract and their antioxidant and anticancer activities.

Materials and Methods

Plant Materials
The fresh leaves of Moringa peregrina (Forssk.) Fiori. were collected from Al Foah [24°21°31.139” N 55°47°57.239”
E (Altitude 303 M)], Al Ain, UAE. The herbarium of the plant was identified and authenticated by Dr. Mohamed Taher
Moussa (Botanist Incharge and Lab Specialist) and the voucher specimen (UAEU-NH14688) was deposited at the
National Herbarium of the Biology Department, College of Science, United Arab Emirates University, UAE. All
experiments are done as per the institutional guidelines. There are no further approvals required to conduct research
on plant materials.

The samples were initially washed with tap water and then washed with 10% sodium hypochlorite to prevent
contamination. Finally, the fresh leaf samples were rinsed thoroughly with distilled water and utilized for extract
preparation.

Preparation of Moringa Aqueous Extract and Synthesis of Silver Nanoparticles

For the preparation of M. peregrina leaf aqueous extract, 20 gm of leaf powder was mixed with 200 mL of deionized
water and kept in a water bath (60 °C) for 20 mts. The extract was filtered after cooling with Whatman No. 1 filter paper
and used for the green synthesis of nanoparticles. For the silver nanoparticles synthesis, the aqueous extract (2 mL) of
M. peregrina leaves was added into an Erlenmeyer flask containing 60 mL of 1 mM silver nitrate (AgNO;-Sigma-
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Figure | Schematic diagram of biosynthesis of Moringa peregrina leaf extract mediated AgNPs and its biological activity.

Aldrich) solution and kept on a magnetic stirrer with a hot plate for incubation for 2 h at 50°C."7 To minimize the
photoactivation of silver nitrate, the reaction process was carried out in a darkroom condition. After incubation, the
solution color turned into a reddish-brown (Figure 1). The change of color of the reaction solution was detected in the
characterization of the silver nanoparticles. Finally, the solution was centrifuged at 15,000 rpm for 20 min. The
transparent solution was discarded, and the pellet of silver nanoparticles was collected. The solution was dried in the
hot air oven between 45 and 50°C to obtain pellets.

Characterization of Silver Nanoparticles

FT-IR Analysis

FT-IR spectra were recorded with wave numbers ranging from 400 to 4000 cm ' for the Moringa peregrina leaf extract
mediated silver nanoparticles (AgNPs) using Avatar—370 FT-IR spectrometer using KBr (pellet form) to record the IR spectra.

SEM Analysis

The synthesized AgNPs were analyzed by scanning electron microscope — quanta 200 FEG (Resolution: 1.2 nm Au
particle separation on a carbon substrate magnification: from a min of 12x to greater than 1,00,000x) an instrument
attached with EDX analyzer (JEOL JED-2300) accelerating voltage of the analysis station at 20 keV.

HR-TEM Analysis

The aqueous solution of AgNPs was poured as a drop on the carbon-coated Cu grid and allowed to dry at ambient
temperature for 2 hours. The synthesized AgNPs were viewed under High-Resolution TEM (FEI Spirit G2 BioTwin,
Tecnai (200 kV), TEM, Eindhoven, Netherlands), and images were taken at a different magnification at HT = 100 kV
Spot Size = 1 Magnification = 50-100 nm (as per image magnification) with Veleta camera (Olympus Soft Imaging
Solutions). Thin Foil Apertures: Condenser Aperture = 100 pm Objective Aperture = 40 um to view lattice resolution of
0.14 nm and point-to-point resolution of 0.19 nm at 200 kV.

XRD Analysis
The XRD technique was used to check the formation of mono-phase compounds. Moringa peregrina-mediated AgNPs
were washed completely in distilled water (triple), centrifuged and dried (at room temperature). The purified AgNPs were
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analyzed using XRD Goniometer with SHIMADZO-Model XRD 6000. The scanning was done in the region of 26 from
5° to 80° at 0.02 min, and the time constant was 2 s.

Antioxidant Activity of Ag Nanoparticles

ABTS Scavenging Assay

The total antioxidant activity of AgNPs was evaluated using the Wolfenden and Willson'® ABTS®" (2,2’-azino-bis
(3-ethylbenzothiazoline-6-sulphonic acid) radical cation decolorization test. ABTS®" was created by reacting a 7 mM
ABTS aqueous solution with 2.4 mM potassium persulfate. Initially, the mixture was permitted to stand at room
temperature for 16 hours in the dark. The incubation mixture contained 0.54 mL of ABTS®’, 0.5 mL of phosphate
buffer and varying concentrations of sample (20-100 pg GAE) for a total volume of 5 mL. The absorption was measured
at 734 nm in the spectrophotometer, and the results were expressed as the equivalent of gallic acid used as a standard.
The activity of radical scavenging was expressed as the percentage of free radical inhibition by the sample and measured
using the formula: % of ABTS radical scavenging activity = Ag—A1/A¢*100 Where A= absorbance of the control and A
=absorbance of the sample.

DPPH Radical Scavenging Assay

Radical scavenging assay of 1.1-diphenyl-2-picryl-hydrazil (DPPH) inhibition in AgNPs was determined by using the
standard method.'® The hydrogen atom or electron donation potential of the sample was determined by bleaching the
purple-colored DPPH methanolic solution. One mL of the reaction solution containing 0.1 mmol/l DPPH in methanol
was added to the various amounts of samples (20—100 pg) dissolved in 0.5% DMSO and produced up to 3 mL of water.
The combination was vigorously agitated for 30 minutes at room temperature before the absorbance of the resultant,
solution was measured using a spectrophotometer at 517 nm. Gallic acid was employed as a reference standard for
comparison. The following equation was used to measure the inhibition percentage of DPPH radical scavenging activity:
% DPPH radical scavenging activity = Ayg—A/Ayx100 Where A, = absorbance of the control and A; = absorbance of the
sample.

Hydroxyl Radical Scavenging Activity

The hydroxyl radical (OH") scavenging potential was determined using the revised approach of Halliwell et al.*® For
a total volume of 1 mL, the incubation mixture contained 0.1 mL of 100 mM potassium phosphate buffer (pH 7.9) and
various amounts of AgNPs (20-100 pg GAE). The assay was performed in distilled deionized water by adding 0.1mL
EDTA (1 mM), 0.2 mL FeCl; (10 mM), 0.1 mL Ascorbic Acid (1 mM), 0.1 mL H,O, (10 mM) and 0.2 mL
2-Deoxyribose (10 mM). After that, the mixture was incubated for 1 hour at 37°C. To generate the pink chromogen
detected at 532 nm, 1.0 mL of the incubated mixture was combined with 1.0 mL of 10% TCA and 1.0 mL of 0.5% TBA
(in 0.025 M NaOH containing 0.025% BHA). Decreased reaction mixture absorption implies the increased scavenging
activity of OH". The compound’s hydroxyl radical scavenging activity is stated as percent deoxyribose degradation
inhibition and measured using the following equation: Hydroxyl radical scavenging activity = Ay—A1/Agx100 Where A,
= absorbance of control and A;=absorbance of sample.

Superoxide Radicals Assay

Superoxide anion (0,") scavenging activity of AgNPs was determined by the method of Nishikimi et al*' with slight
modifications. In these experiments, 3 mL of Tris-HCI buffer (16 mM, pH 8.0) containing 1 mL of NBT (50 mM)
solution, 1 mL of NADH (78 mM) solution and varying amounts of AgNPs (20-100 pg GAE) were used to produce
superoxide radicals. The reaction began by adding to the mixture 1 mL of PMS solution (10 mM, pH 7.4). The reaction
mixture was incubated for 15 minutes at 30°C, forming a violet color complex indicating superoxide anion production,
which was read with the reagent blank at 560 nm. For comparison, Gallic Acid has been used as a reference standard.
The increase in superoxide anion scavenging activity was demonstrated by reduced absorption of the reaction mixture.
The percent inhibition of the generation of superoxide anion was determined using the following formula: % inhibition =
Ag—A1/Apx100 where A= absorbance of the control and A ;=absorbance of the sample.
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Nitric Oxide Radical Scavenging Assay

One mL of the varied concentrations of AgNPs (20100 g GAE) was mixed with 0.5 mL of sodium nitroprusside
(10mM) in phosphate-buffered saline and incubated at 25°C for 150 minutes. Control experiments were carried out in
a similar way, using the same amounts of buffer. An equivalent volume of freshly produced Griess reagent was added to
the sample (1% sulphanilamide in 2.5% phosphoric acid and 0.1% naphthyl ethylene diamine dihydrochloride in 2.5%
phosphoric acid). Gallic acid was employed as a positive control and the absorbance of the chromophore produced was
measured at 546 nm. The ICsy was calculated, which is the inhibitory concentration of each sample required to limit
nitric oxide generation by 50%. Using the formula below, the % nitrite radical scavenging activity of the AgNPs and
gallic acid was determined.?? Percentage nitrite radical scavenging activity: Nitric oxide scavenged % = A¢—A/A;x100
Where A= absorbance of control and A;=absorbance of sample.

Reducing Power Assay

According to Oyaizu’s method, the reducing power of the samples was determined.*® In the test tubes, varying amounts
of AgNPs (20-100 g GAE) were mixed with phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and potassium ferricyanide (1%),
and the mixture was incubated at 50°C for 20 minutes. After that, 1.5 mL of 10% trichloroacetic acid was added to the
reaction mixture, which was centrifuged for 10 minutes at 3000 rpm. The absorbance was measured at 700 nm after the
upper layer of the solution (0.5 mL) was combined with distilled water (1 mL) and ferric chloride (0.5 mL, 1%). Gallic
acid was employed as a comparison standard.

Anticancer Activity of Ag Nanoparticles

MCF-7 and Caco-2 Cell Line Culture

Breast (MCF-7) and colorectal (Caco-2) cancer cells were purchased from a European collection of authenticated cell
cultures (ECACC). Frozen cells were thawed at 37°C and cultured in the Dulbecco’s modified Eagle’s medium (DMEM,
Gibco, USA), supplemented with 10% fetal bovine serum and 1%penicillin/streptomycin (Gibco, USA). After the cells
got 70% confluency, the cells were trypsinized, transferred into new tissue culture flasks and maintained at 5% CO, in
a CO, incubator. Cultures of both cell lines were routinely observed under an inverted microscope to evaluate the
quantity of confluence and confirm the absence of bacterial and fungal contaminants.

MTT Assay

To determine the cytotoxic effects of the silver nanoparticles of Moringa extract, a cell viability study was conducted
with the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) reduction assay based on the standard
method.?* Cells were grown in the tissue culture flasks up to 70% of the confluency. Both cell lines were trypsinized and
seeded in a 96-well plate at the density of 1 x 10* cells/well. After seeding, the cells in DMEM (10% FBS and 1% Pen/
Strep) in the 96 well plates were kept inside the incubator at 37°C for 24 h to attach the cells. After 24 h, the old media
were replaced with a new media suspension containing various concentrations of silver nanoparticles 10 to 100 pg/mL.
Each concentration was seeded in three wells, and the experiments were duplicated. After the treatment, the cells were
incubated for 48 h in a CO, incubator. After the treatment was completed, the cells were observed under the microscope
and followed by the addition of 25 uL of MTT (5 mg/mL). Then, the microplate was incubated at 37°C for another 4 h.
After incubation, the medium was removed, and 200 pL. of DMSO was added to each well to dissolve the crystalized
formazan. The optical density of the color developed was examined at 570 nm wavelength with a Thermo Scientific
multi-scan geo spectrophotometer. OD value was used to calculate the percentage of viability by using the following
formula, Percentage of cell viability = OD of Sample/OD of Control x 100.

Statistical Analysis

The antioxidant assay experiments were performed in triplicates, and the values were expressed in mean = SD. The SPSS
(11.5) package was used for the statistical analysis. One-way analysis of variance and Duncan’s multiple range tests were
performed to determine the significance between the means. Anticancer results were expressed as a mean percentage +
standard deviation (SD) of the mean negative control (untreated cells) absorbance. Then the viability percentage was
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calculated with absorbance data. These data were analyzed using GraphPad Prism software which was used to construct
dose response curves of the various extracts on the cells.

Results

Characterization of Nanoparticles
FT-IR Spectral Analysis
The FT-IR spectrum of Moringa peregrina-mediated AgNPs is shown in Figure 2. The absorption bands at approxi-
mately 3300 cm™ " are assigned to the presence of minor moisture. An additional band identified in the range between
2800 cm ' and 2950 cm™' can be assigned to the C—H asymmetric stretching vibration mode. The prominent band
detected around 1600 cm™' corresponds to the stretching vibration mode of O—H. The bands at approximately 1045 cm™'
are associated with the vibrations of hydroxyl O—H groups. The low-frequency band at 517.5 cm ™' can be attributed to
the intrinsic vibrations of the transition metal Ag band position in the silver nanoparticles (AgNPs).

In the present investigation, the donor of electrons is Moringa peregrina leaf aqueous extract, and the acceptor was
Ag" ions in aqueous silver nitrate solution. From this observation, it is suggested that the reduction of Ag" ions into Ag’
depends on the Van der Waals interactions between the supplier and the acceptor.

HR-SEM and EDX Studies

The particle size and the purity of AgNPs can be illustrated by SEM and EDX analyses. Figure 3 represents the SEM
image of AgNPs synthesized by the Moringa peregrina leaf extract and confirms the particle in the range of 30-35 nm.
The SEM images indicate that the AgNPs exhibit strong connectivity among their grains, suggesting agglomeration. This
agglomeration is ascribed to Van der Waals forces. The present EDX analysis depicted in Figure 4 shows a high
percentage of Ag indicating the purity of the synthesized sample. The EDX spectrum also reveals that the major peak is
due to the metallic Ag confirming the formation of AgNPs.

HR-TEM Analysis

The morphology and size of the synthesized AgNPs by Moringa peregrina leaf extract are characterized by HR-TEM
images as shown in Figure 5. The HR-TEM images confirm the particle size of AgNPs ranging from 25 to 60 nm. The
silver nanoparticles (AgNPs) exhibited predominantly spherical particles, with a relatively lower degree of particle
agglomeration. Hence, this result is consistent with the SEM findings.

XRD Studies
The crystalline nature of the biosynthesized AgNPs was determined by XRD analysis as illustrated in Figure 6. The
observed diffraction peaks at 20 values of 27.9, 32.4, 38.4, 44.6, 46.8, 54.9, 57.6, 64.3, and 77.9. These values

%Transmittance (a.u)

] 1 1 1 ] ] ]
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 2 FT-IR spectrum of AgNPs synthesized with M. peregrina leaf extract.
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Figure 3 HR-SEM image of AgNPs synthesized by M. peregrina leaf extract at different scales: (a) 10 pm and (b) 20 pm.
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Figure 4 EDX spectrum of AgNPs synthesized using M. peregrina leaf extract.

correspond with Miller plane indices of (210), (122), (111), (200), (231), (142), (241), (220) and (311), respectively. The
results show a good agreement with standard data (JCPDS: 04-0783) and the studies provide strong evidence that
synthesized AgNPs have a face-centered cubic (FCC) structure of the metallic silver. No discernible additional diffraction

peaks were observed in the XRD patterns. This suggests the high purity of the biosynthesized silver nanoparticles
(AgNPs).

Antioxidant Activity

ABTS Radical Scavenging Activity

The tuber part of the plant extracts was fast and effective scavengers of the ABTS radical (Figure 7a), and this activity
was comparable to that of GA. The percentage of inhibition was 57% and 68% for AgNPs and GA, respectively, at 100
pg/mL concentration. In ABTS" scavenging activity the values varied significantly (P < 0.05) and ranged from 20 to 100
ng GA/g extract. The ABTS radical cation scavenging activity also reflects hydrogen-donating ability.

DPPH Free Radical Scavenging Activity

The antioxidant activity of the AgNOj is shown in Figure 7b as the DPPH inhibition percentage. The silver nanoparticles
were a potent-free radical scavenger when compared with the Gallic acid standard. The antioxidant activity of the
nanoparticles was 73% inhibition at 100 mg/mL and that for ascorbic acid was 62% inhibition. The essence of the DPPH
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(a)

(c)

Figure 5 HR-TEM image of AgNPs at different magnifications: (a and b) 50 nm and (c and d) 100 nm of synthesized using M. peregrina leaf extract.
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Figure 6 XRD patterns of AgNPs.

method is that the antioxidants react with the stable free radical, ie, a, a diphenyl-B-picrylhydrazyl (deep violet color) and
convert it to a, a-diphenyl-B-picrylhydrazine with discoloration. Compared to GA, the AgNPs exhibited a high level of

antioxidant activity.

Hydroxyl Radical Scavenging Activity
The percentage of hydroxyl radical-scavenging activity of AgNPs at various concentrations is presented in Figure 7c.

The AgNPs and GA showed significant inhibitory activity in a concentration-dependent manner. The potential of
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Figure 7 Antioxidant potential of AgNPs using M. peregrina leaf extract. (a) ABTS free radical scavenging activity; (b) DPPH radical scavenging activity’ (c) Hydroxyl radical
scavenging; (d) Superoxide radical scavenging activity; (e) Nitric oxide radical scavenging activity; (f) Reducing power of AgNP; “GAE”- Gallic acid; Values are presented as
meanszstandard deviation.

AgNPs to inhibit hydroxyl-radical-mediated deoxyribose damage was assessed at a concentration of 10-100 pg/mL.
AgNPs showed the maximum inhibition (73%) at 100 pg and the concentration needed for 50% inhibition was 60
ng GA.

Superoxide Radicals Scavenging Activity
At 10-100 pg/mL, the superoxide scavenging activity of AgNPs was 34—76%, and that of the standard gallic acid was
23-53%. The superoxide scavenging activity of AgNPsand standard gallic acid is shown in Figure 7d. AgNPs
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exhibited concentration-dependent radical scavenging activity, that is, inhibition percentage increased with sample
concentration.

Nitric Oxide Scavenging
The scavenging of nitric oxide of AgNPs increased in a dose-dependent manner. The AgNO; showed good nitric oxide
scavenging activity (Figure 7e) at the concentration of 40 ug when compared to standard GA.

Reducing Power

Figure 7f shows the reductive capabilities of AgNPs at different concentrations, ranging from 10 to 100 pg/mL compared to GA.
The AgNPs exhibited a significant dose-dependent inhibition of reducing power-scavenging activity, with a 50% inhibition. The
reducing power of AgNPs was very potent, and the reducing power of the nanoparticles was increased with the quantity of
sample. The AgNPs could reduce the most Fe** ions, which had a lesser reductive activity than the standard of GA. The AgNOs5
synthesized by the extract of M. peregrina exhibited significant dose-dependent inhibition of reducing power activity.

Anticancer Activity

Anti-cancer activity of phytochemical mediated nanoparticles is getting attracted due to increasing interest as silver nano-
particles being considered as novel agents. Our study aimed to detect the anti-cancer activity of the silver nanoparticles
from the Moringa leaf extract. In this study, we used two types of cancer cell lines (Caco-2 and MCF-7). Our results
showed that low concentrations of the nanoparticles were very effective against cancer cells under in vitro conditions.
The cell death increased upon increasing the concentration of the nanoparticles from 10 to 1000pg/mL. In our earlier
studies, various leaf extracts showed cell death with high concentration only (above 100 pg/mL), but Moringa leaf
nanoparticles showed a much better cell death rate compared to the crude extract.

Cell viability of the Caco-2 cells and MCF-7 after exposure to different concentrations of Moringa nanoparticles is
plotted by percentage viability on the y-axis and nanoparticle concentration on the x-axis in the graph Figure 8A and B,
respectively. Doxorubicin was used as a control for these experiments and plotted in Figure 8C for Caco-2 and Figure 8D
for the MCF-7 cell line. When we compared the anticancer activity of the nanoparticles on Caco-2 and MCEF-7 cells, no
significant variation in the effectiveness of inducing cell death was found, and almost a similar pattern of death was
observed with the same concentration. Nevertheless, more death of cells can be noticed with 1000 pg/mL of nanopar-
ticles on MCF-7 cells compared to Caco-2 cells.

GraphPad Prism software was used to perform non-linear regression analysis for the effects of the nanoparticles of the
extracts on the MCF-7 and Caco-2 cells in order to determine ICs, values. The concentration of nanoparticles on each
cell line at which 50% of the cells that were inhibited are shown in Table 1. ICs( of the positive control, doxorubicin on
both cell lines are also shown in Table 1. There was only a slight variation in the ICs, concentration on both types of cell
lines where MCF-7 gave better ICso than the Caco-2 cell line.

Discussion

Green Synthesis of Silver Nanoparticles

Nowadays, the synthesis of nanoparticles using plant materials as a reducing and capping agent is gaining attention.”>°
The identification of color is a preliminary analysis to confirm the formation of AgNPs. It may be because of the
excitation of the Surface Plasmon Resonance (SPR) effect and the reduction of AgNO5.?” The intensity of the brown
color increases in direct proportion to the incubation period. In the present study, the complete color change was observed
after 2 h. It is well known that the presence of phytochemical components in plants is responsible for the rapid reduction
of silver nanoparticles. Usually, the green-synthesized AgNPs have a large surface area which increases the adsorption of
bioactive compounds. So, high antioxidant activity was observed in the present study. The phytochemicals involved in
the process of green synthesis of nanoparticles are flavonoids, terpenoids, ketones, amides, aldehydes, saponins,
carboxylic acids, and organic acids. Moreover, the water-soluble phytoconstituent of quinine is mainly involved in the
immediate reduction of silver nitrate. It was reported that the extracts of basil took 1 h to synthesize the AgNPs.*®
Rhizome extracts of Alpinia calcarata showed the formation of a brownish-orange color in 5 min, whereas the AgNPs
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Figure 8 Viability percentage of cancer cells treated with AgNPs and Doxorubicin as a positive control. (A) Nanoparticles on Caco-2; (B) Nanoparticles on MCF-7;

(€) Doxorubicin on Caco-2; (D) Doxorubicin on MCF-7.

were formed in 10 min when Azadirachta indica extracts were used as a reduction agent.”” This indicates that the
intensity of brown color increases with the increase in the duration of incubation.

Antioxidant Activity

In the present study, the green-synthesized nanoparticles using leaf aqueous extract of M. peregrina showed effective
antioxidant activity in terms of DPPH radical scavenging activity, hydroxyl radical scavenging assay, superoxide anion

Table | Anticancer Activity of AgNO;3 Nano-Particles

on Caco-2 and MCF-7 Cell Lines

Name of the sample Cell line 1Cso

AgNOj; nanoparticle Caco-2 | 41.59 pg/mL
MCF-7 | 26.93 pug/mL

Doxorubicin (Positive Control) Caco-2 0.74 pg/mL
MCEF-7 1.725 pg/mL
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radical scavenging assay, nitric oxide radical scavenging assay and reducing power ability at a maximum concentration
of 100 pg/mL. The same concentrations of gallic acid were used as a standard for comparison. Surprisingly, in the present
study, the AgNPs prepared by the aqueous leaf extract of M. peregrina exhibited comparatively excellent antioxidant
potential than gallic acid due to the structure and characterization of the AgNPs. These results are in agreement with the
previous studies on the antioxidant potential of the green-synthesized AgNPs. Govindappa et al*° reported the antioxidant
activity, viz., DPPH, nitric oxide scavenging power, H,O, scavenging and reducing the power of AgNPs prepared by
using the aqueous leaf extract of Calophyllum tomentosum. Different concentrations viz. 10, 20, 30, 40, 50, 75 and 100
png/mL were prepared and used for the study. The results indicated that the AgNPs had good DPPH scavenging potential
compared with BHT. The highest concentration of AgNPs (100 pg/mL) had more inhibition with 90% DPPH scavenging
activity and 83.94% H,0, radical scavenging activity. In addition, the AgNPs prepared using aqueous leaf extract of
Calophyllum tomentosum showed 78.46% inhibition which was less than standard gallic acid (79.11%). According to
Jalilian et al,>' the AgNPs synthesized using hot water extract of Allium ampeloprasum showed significant antioxidant
potential with the inhibition of 81% at a concentration of 150 pg/mL. In addition, Govindaraju et al*? reported that the
green-synthesized AgNPs have antioxidant potential in a dose-dependent manner. Vijayan et al*® also obtained similar
results from the biosynthesized AgNPs using Indigofera tinctoria leaf extract. Usually, the antioxidant properties of the
biosynthesized AgNPs are due to their ability as a reducing and stabilizing agent during biosynthesis, being a natural

antioxidant material, resulting in the surface modification of AgNPs.**>¢

Anticancer Activity

Recently, several studies have reported that the green-synthesized AgNPs can be used as an anticancer agent due to their
toxic potential on cancer cells.>’® Furthermore, in the present scenario, remarkable interest in the anticancer properties
of natural product-derived nanoparticles has been seen. Conventional cancer therapies such as chemotherapy and
radiation result in serious side effects in addition to the drug resistance of certain cancer cells. These reasons encouraged
scientists to focus on natural products and derived nanoparticles therefrom the fight against cancer.”” Silver nanoparticles
are used as antimicrobial agents and antioxidants and also have low toxicity in nature.*® Cancer cell models are normally
used to identify the potent effect of the natural product on inhibiting cancer growth and death of the cells.*'

In the present study, we preferred MTT as a dye in the anticancer activity test to avoid the cross-coloring of the
nanoparticles, with other dissolving dyes. In the case of MTT assay, the addition of formazan crystals will dissolve only
with the addition of dimethyl sulphoxide and form a blue-colored product. Formation of the formazan appears only in the
living cells and not in the dead cells, so the color developed is measured with spectrophotometry.

In previous reports, the nanoparticles developed from the bark of Moringa showed that ICso on the HELA cells
reached 100 pg/mL,** but in our studies, AgNPs showed better ICs, values on breast cancer cells and colorectal cancer
cell lines. Here, we report ICsy values of 26.93 pg/mL on MCF-7, which is significant when compared to the effect of
other extract-synthesized nano-particles such as Syzygium aromaticum inducing ICsy higher than 50 pg/mL.* Silver
nanoparticles prepared from the extract of Moringa-treated cells showed a significant level of cell death in both cell lines
compared to the control cells. Changes in the population of viable cells indicate that the cancer cell death is due to AgNP-
inducing antitumor activities. Even though nanoparticles express high antioxidant capacity, the prevalence of cell death in
cancer cells indicates that free radical-independent cell signaling is the prime cause of anti-cancerous activity. Most of the
previous research studies suggest that oxidative stress generated by reactive oxygen species is the primary factor behind
cellular toxicity and cell death cells.** Also, by altering crucial signaling pathways, such as the hypoxia-inducible factor,
silver nanoparticles may induce apoptosis by up or down-regulating the expression of important genes, such as p53.*4¢
Morphological changes in the MCF-7 and Caco-2 cells during the treatment with nanoparticles provide insights
indicating that the cell death is likely attributed to apoptosis rather than necrosis.*” Upon exposure of cancer cell lines
to AgNPs, it experiences sub-Gl arrest and apoptosis. By inhibiting tumor cell migration and angiogenesis, silver

nanoparticles may also diminish distant metastasis.*®*’

3902 e International Journal of Nanomedicine 2024:19
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Al Baloushi et al

Conclusion

In recent years, the green-synthesized nanoparticles have found various biochemical applications including but not
limited to acting as an antioxidant, anticancer, antimicrobial, antiviral, anti-inflammatory, cytotoxic and anti-HIV agents.
Furthermore, AgNPs are extensively used for the drug delivery, diagnosis and treatment of diseases because of their
biological activity and being eco-friendly and nontoxic to humans. In that way, silver nanoparticles synthesized using
Moringa peregrina aqueous leaf extract showed good antioxidant potential and anticancer activity against human cancer
cell lines (Caco-2 and MCF-7). The biosynthesized nanoparticles using M. peregrina leaf extract as a reducing agent
exhibited promising antioxidant and anticancer potential on human cancer cells, making them suitable for potential
biological applications. The effect of these nanoparticles on normal cells is not investigated in the present study.
Therefore, further investigations into the effect of AgNPs on normal cell lines, surface modification of AgNPs during
biosynthesis, and a deeper exploration of the signaling mechanisms underpinning their actions are essential to gain
a more comprehensive understanding of their bioactivity.
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