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ABSTRACT: Biogenic synthesis of silver nanoparticles (AgNPs)
using plant extracts is gaining attention as a substitute to the
conventional physical and chemical synthesis methods. This study
reports a facile, cost-effective, and ecofriendly synthesis of AgNPs
using leaf extract of Alnus nitida (A. nitida) and their antioxidant
and antiproliferative activities. The biosynthesized AgNPs were
characterized using various analytical techniques including UV−
visible spectroscopy, energy-dispersive spectrometry, scanning
electron microscopy (SEM), Fourier transform infrared (FTIR),
X-ray diffraction (XRD), and dynamic light scattering. The
antioxidant and cytotoxic potential of the extract and AgNPs was
evaluated using different in vitro models. The UV−vis analysis
revealed a surface plasmon resonance peak of 400 nm corresponding to the synthesis of AgNPs. SEM analysis confirmed the
formation of heterogeneously dispersed particles of nano size, while the XRD and FTIR spectra confirmed the crystallinity and
existence of different functional groups that helped in capping and stability of AgNPs. The antioxidant activity of AgNPs and extract,
studied by 1,1-diphenyl 2-picryl hydrazyl (DPPH), fluorescence recovery after photobleaching (FRAP), 2, 2′-azino-bis-3-
ethylbenzothiazoline-6-sulfonic acid (ABTS), and H2O2 scavenging assays, showed a dose-dependent effect. The AgNPs at 1000 μg/
mL significantly scavenged DPPH, FRAP, ABTS, and H2O2 by 66.45, 74.65, 78.81, and 72.56% with an average IC50 value of 33.31,
18.50, 16.46, and 15.65 μg/mL, respectively. The cytotoxic potential investigated by MTT assay revealed promising antiproliferative
effects against different cancer cell lines. The IC50 values of AgNPs on MDA-MB-231, A549, and Hep-G2 cells were 14.88, 3.6, and
5.38 μg/mL, respectively. The results showed that AgNPs were more effective against lung and hepatocellular carcinoma. The
selectivity index showed that AgNPs remained highly selective in retarding the growth of A549 and Hep-G2 cells as compared to
normal cell lines HPAEpiC and HRPTEpiC. Overall, this study showed that biosynthesized AgNPs were associated with
considerable antioxidant and cytotoxic effects. Our work suggests that A. nitida-mediated AgNPs should be evaluated further in order
to develop safe and effective formulations for the treatment of different degenerative diseases.

1. INTRODUCTION
Cancer is one of the most devastating diseases, characterized
by the uncontrolled division of mutated cells. Its pathogenesis
is very complex and commonly caused by the genetic
deregulation or mutation that results from exposure to
environmental pollutants or xenobiotics.1 The generation of
free radicals in the human body is considered to be one of the
major reasons for the development of cancer. The reactive
oxygen species (ROS) produced during aerobic metabolism
can injure various cellular biomolecules, causing damage to
organs and tissues, causing a variety of degenerating disorders
including cancer.2 Antioxidants are capable of stabilizing ROS
by donating electrons and thus inhibit its detrimental effects.
Antioxidants include both endogenous and exogenous
molecules. Endogenous antioxidants are synthesized by the
body and include superoxide dismutase, while exogenous

antioxidants are derived from both plants and animal sources.
Polyphenols (flavonoids, lignans, and anthocyanins), vitamins
(C and E), and carotenoids (xanthophylls) are some of the
important natural antioxidants obtained from plant sources.
Among these, vitamins E and C and β-carotenes have shown
beneficial effects against breast, ovarian, and colorectal cancer.3

Besides these, conventional therapies for the treatment of
cancer includes chemotherapy, radiation, and surgery. Despite
advances in cancer therapy, patient mortality is often high and
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there is a great risk of severe side effects. In addition, most
chemotherapeutic agents have poor water solubility. Due to
lower oral bioavailability, these drugs are administered in
higher doses to achieve effective plasma concentrations, which
may lead to adverse effects or systemic toxicity. Due to its
small size and high surface area, nanoparticles (NPs) possess
excellent solubility and dissolution profiles that not only
improve the bioavailability of conventional chemotherapeutic
agents but also reduce the dose and associated side effects.4

To date, different NPs have been reported including silver,
gold, copper, carbon, zinc oxide, and titanium oxide.5−7

Among these, silver NPs (AgNPs) are used in different fields
such as catalysis, food industry, electronics, clothing, printing,
photography, and dentistry. In addition, it has diverse
biomedical applications such as antimicrobial, anticancer,
antioxidant, anti-inflammatory, and antidiabetic.8 Besides this,
AgNPs can be exploited and used in water treatment, wound
dressing ointments, food containers, and many more.9 Various
methods including physical, chemical, biological, and green
approaches are adopted for the synthesis of metallic NPs.10

Among biological methods, plant-mediated synthesis is a
simple, rapid, and environment-friendly technique that utilizes
various plant parts such as stem, bark, flowers, fruit, leaves, and
seed extracts.11,12 Nowadays, industrial wastes like sugarcane
bagasse, rice, and coffee husk are also gaining popularity for the
synthesis of NPs.13−15 Moreover, various animal by-products
such as sheep blood serum have been used for the synthesis of
NPs.16 Due to its availability and cost-effectiveness, plant
extracts have gained popularity for research purposes. A large
number of plants such as Eugenia roxburghii,8 Salacia oblonga,17

Rubus ellipticus,18 Protium serratum,10 Teucrium apollinis,19

Pueraria tuberosa,20 Reynoutria japonica,21 and Ganoderma
applanatum22 have been used for the synthesis of metal NPs
with improved biological activities. However, the production of
AgNPs from indigenous plant species such as A. nitida has not
been investigated to a large extent.

Alnus nitida (Spach) Endl. (family Betulaceae) (Figure 1),
commonly known as Sharol in Urdu and Geiray in Pashto, is a

deciduous tree that can grow 20 meters or more. The genus
Alnus, native to Pakistan, Nepal, and the Western Himalayas,
prefer to live along the banks of rivers. In Pakistan, it is mainly
found in Murree, Dir, and Swat valley. Diarylheptanoids are
the major phytochemicals isolated from alnus species. Besides
this, it also contains flavonoids, glycosides, phenols, alkaloids,

coumarins, saponins, anthraquinones, and tannins.23 Tradi-
tionally, alnus species has been widely used for the treatment of
several diseases including diabetes, fever, hemorrhages,
diarrhea, inflammation, influenza, and different malignancies
such as lungs, liver, and uterine cancer. These activities are
attributed to the presence of diarylheptanoids.24−26 The
antioxidant and hepatoprotective effects of this plant is
attributed to the high concentration of its total phenols and
flavonoids contents.23 Similarly, the antimicrobial, insecticidal,
and leishmanicidal activities may be due to the presence of
various glycosides and resinous components.27

It has been documented that AgNPs have intrinsic
anticancer properties through several mechanisms including
formation of free radicals. The radicals are formed when
AgNPs are taken up by the living cells, which initiates
deregulation of several cellular pathways, leading to cell
damage or death.28 This study is designed to combine the
anticancer intrinsic potential of AgNPs with the antiprolifer-
ative potential of phytochemicals present in A. nitida leaves for
the effective treatment of a variety of cancers. In present
research, a simple, cost-effective, and eco-friendly green
method was used for the synthesis of AgNPs in which various
phytochemicals of the studied plant reduced Ag+ ions into
elemental AgNPs. Different analytical techniques including
UV−visible and energy-dispersive spectrometry (EDS),
scanning electron microscopy (SEM), Fourier transform
infrared (FTIR), X-ray diffraction (XRD), and dynamic light
scattering (DLS) were used for characterization of NPs. The
synthesized NPs were investigated for antioxidant and
anticancer potential using in vitro models.

2. MATERIALS AND METHODS
2.1. Materials. Analytical grade chemicals and reagents

including hydrogen peroxide and 2, 2′-azino-bis-3-ethyl-
benzothiazoline-6-sulfonic acid (ABTS), 1,1-diphenyl 2-picryl
hydrazyl (DPPH), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide (MTT), Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS), dimethyl sulfoxide (DMSO), silver nitrate, and
phosphate buffer saline (PBS) were purchased from Sigma-
Aldrich Chemicals Co., St. Louis, USA.
2.2. Collection of Plant Material and Preparation of

Extract. Healthy leaves of A. nitida were collected from
Sangota, Swat district (34.842727°N and 72.431089°E),
Khyber Pakhtunkhwa (KPK), Pakistan, during the months of
March to April 2022. The plant was collected and identified by
Sayed Afzal Shah, Department of Biological Sciences, National
University of Medical Sciences, Rawalpindi, Pakistan (Voucher
no. NUMS00009). The leaves were washed with distilled
water, dried in shade, powdered, and sieved through a 20 mm
mesh. In order to make an aqueous extract, approximately, 50 g
of the powdered material was soaked in distilled water (200
mL) and sonicated for 30 min at room temperature. The
resulting extract was then centrifuged for 10 min in order to
remove undesirable matters. The supernatant was finally
filtered through Whatman No. 1 filter paper, and the clear
extract was stored at 4 °C for further use.
2.3. Synthesis and Purification of AgNPs. For the

biosynthesis of AgNPs, 1 mL of aqueous leaf extract was added
to 9 mL of 2 mM silver nitrate (AgNO3) aqueous solution in a
25 mL Erlenmeyer flask. On the other hand, 1 mL of aqueous
leaf extract was mixed with 9 mL of distilled water, which
serves as control. Both the solutions were thoroughly stirred in

Figure 1. Alnus nitida (Spach) Endl. (photograph courtesy of Dr.
Fazli Khuda; the photo is from a free domain).
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dark conditions at 25 °C for about 2 h. The appearance of a
light yellowish-green tint confirmed the reduction of Ag+ ions
to Ag0, which was further confirmed by UV−vis spectroscopy.
The colloidal dispersion was purified by centrifuge at 10,000
rpm for 10 min. at 10 °C. The clear supernatant was discarded,
and the NPs were successively washed with sterile Milli-Q
water to remove any traces of free ions and unutilized
phytochemicals. The remaining pellets were freeze-dried and
stored at 4 °C for further characterization and biological
assays.21

2.4. Characterization of AgNPs. 2.4.1. UV−Vis Spec-
trophotometry. The reduction of Ag+ by aqueous leaf extract
of A. nitida was monitored periodically using a UV−vis
spectrophotometer (Lambda 35, Perkin-Elmer, USA) in the
range of 350−800 nm. The UV−vis spectra of the reaction
mixture were scanned as a function of reaction time with a
resolution of 1 nm.

2.4.2. SEM and EDS Analysis. The nano-scale size, shape,
and elemental composition of AgNPs were investigated using
SEM (S-2500, Japan) integrated with EDS (NOVA-450
instrument).

2.4.3. FTIR Analysis. The FTIR spectra were generated to
confirm the involvement of various functional groups such as
−OH, C−H, and C−N in the synthesis and stabilization of
NPs using an FTIR spectrophotometer (Perkin-Elmer, USA)
by adopting the KBr pellet method. The analysis was
performed in the 400−4000 cm−1 spectral range.

2.4.4. XRD Analysis. The crystallinity of the synthesized
NPs was investigated using XRD (JDX-3532 JEOL, Japan)
with Cu Kα radiation in θ-2θ configurations at a specific
voltage and current (40 kV and 30 mA). Debye−Scherrer’s
equation was used to calculate the size of the synthesized
crystals.

D(nm)
0.9
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where D is the crystal size; β is the full-width at half maximum
(FWHM); λ is the X-ray wavelength; θ is the diffraction angle.

2.4.5. Dynamic Light Scattering. The average size, zeta
potential, and polydispersity index (PDI) of AgNPs were
measured using Zetasizer (Malvern, UK). The sample was
diluted with PBS (0.2 M, pH 7.2), sampled in DLS cuvettes,
and investigated for the average size and size distribution with
a scattering angle of 90. Moreover, zeta potential was measured
by PALS technology.
2.5. Antioxidant Assays. 2.5.1. DPPH· Scavenging

Assay. DPPH free radical scavenging effects of A. nitida
extract and biosynthesized AgNPs were assessed using a
conventional DPPH assay.29 Briefly, 0.3 mM DPPH solution in
ethanol was prepared, and various concentrations of AgNPs
and crude extract (62.5, 125, 250, 500, and 1000 μg/mL) were
mixed with DPPH (100 μL) solution. The mixture was vortex-
mixed and allowed to incubate for 30 min at 23 °C in a dark
environment. DPPH solution without samples was considered
as blank. Subsequently, the reaction mixture was centrifuged at
3000 rpm for 5 min, and the absorbance of the supernatant
layer was measured at a specific wavelength of 517 nm using a
microplate reader against a blank. Ascorbic acid was used as
reference standard. Using the formula, the percent radical
scavenging activity (RSA) was calculated.

%RSA
Control Sample

Control
100Abs Abs

Abs
= ×

2.5.2. Fluorescence Recovery after Photobleaching
Scavenging Assay. Fluorescence recovery after photobleach-
ing (FRAP) assay was performed using a reported method.21

This assay was used to determine the reducing power of crude
extract and AgNPs using ascorbic acid as reference standard.
Compounds with antioxidant potential are considered to
reduce Fe3+ to Fe2+ ions; the latter form a blue complex (Fe2+/
TPTZ), which enhances the total absorbance at 593 nm. The
reaction mixture primarily consists of TPTZ solution (0.25
mL; 10 mM) in HCl (40 mM), FeCl3 (0.25 mL; 20 mM),
acetate buffer (2.5 mL; 300 mM, pH 3.6), crude extract, and/
or AgNPs at different concentrations (62.5, 125, 250, 500, and
100 μg/mL). The FRAP reagent (170 μL), AgNPs, and/or
extract (20 μL) were mixed in a 96-well plate and incubated
for 30 min in a dark place. Following incubation for 30 min,
the maximum absorbance was measured at 593 nm, and %
RSA of the extract and AgNPs was determined. The assay was
performed in triplicate.

2.5.3. ABTS Scavenging Assay. This is one of the most
common antioxidant assays used for the assessment of free
radicles. Briefly, a working solution of ABTS·+ radicals was
prepared by the reaction between ABTS (7 mM) and
potassium persulfate (2.5 mM) at 1:1 (v/v) ratio. The
reaction mixture was kept in dark at room temperature for
about 15 h. This solution was diluted with ethyl alcohol until
an absorbance of 0.70 was recorded at 734 nm. Each well of
the microplate reader was then added with the plant extract or
AgNPs (20 μL) and ABTS solution (200 μL). The mixture
was incubated in dark for 30 min, and the absorbance was
calculated at 734 nm. Ascorbic acid was used as a standard.21

2.5.4. Hydrogen Peroxide (H2O2) Scavenging Assay. In
this assay, different concentrations of A. nitida extracts and its
NPs (0.1 mL) were added to phosphate buffer (0.4 mL; 50
mM; pH 7.4) in separate tubes. To start the chemical reaction,
0.6 mL of H2O2 (2 mM) solution was added to it. The reaction
mixture was vortex-mixed and allowed to incubate in the dark
for 30 min at 37 °C. The maximum absorbance was measured
at 560 nm. Sodium pyruvate was used as a reference drug. The
assays was performed in triplicate.30

2.6. Cytotoxicity Assay. The cytotoxic activity of A. nitida
and its corresponding NPs were assessed using MTT assay.31

Selected cancer cell lines including breast adenocarcinoma
(MDA-MB-231), lung adenocarcinoma (A549), and hepato-
cellular carcinoma (Hep-G2) cells were cultured with DMEM
medium supplemented with FBS (10%) and penicillin−
streptomycin (1% v/v) solutions. The cells were incubated at
37 °C with 5% CO2. Cells showing 90% confluency were
selected and subsequently suspended in the RPMI-1640 media.
After an overnight incubation, the selected cells were treated
with different concentrations of crude extract and/or AgNPs.
Following further incubation (37 °C; 5% CO2) for 24 h, the
MTT solution (25 μL) in PB was added to each well and
allowed to incubate for 30 min. The resulting MTT formazan
was solubilized by the addition of 1 mL of DMSO. Using a
microplate reader, the absorbance of the formazan product was
recorded at 490 nm. Finally, cell viability was determined using
the formula:
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The assay was performed in triplicate, and the concen-
trations of the test samples that induce 50% of cytotoxicity
were calculated as IC50. Moreover, the selectivity index (SI) of
the samples was calculated in order to determine its specificity
toward normal human cell lines.
2.7. Statistical Analysis. The data were analyzed using

one-way analysis of variance (GraphPad Software). Results
were presented as mean ± SEM.

3. RESULTS AND DISCUSSION
3.1. Synthesis of AgNPs. In the present study, AgNPs

were successfully synthesized using A. nitida leaf extract. The
synthesis of AgNPs was initially confirmed by visual
observation of color change from light-green to yellowish
brown. Synthesis of AgNPs through biological methods does
not utilize chemical reagents that are hazardous to some extent.
Biological methods are based on the use of plants, bacteria,
virus, fungi, and algae that contain natural reducing agents.
These agents reduce Ag to AgNPs. In addition to reducing and
stabilizing agents, plants also contain a variety of therapeutic
agents that coat the AgNPs and exert many effects such as

Figure 2. (A) UV−vis and (B) EDS spectra of AgNPs.

Figure 3. (A) Average width, (B) average area, and (C) SEM images of AgNPs.
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anticancer, antioxidant, anti-inflammatory, and antidiabetic.
The intrinsic biological properties of silver along with plant
phytochemicals often exert a synergistic action. The bio-
fabrication of AgNPs using plants is gaining popularity because
this method is comparatively simple, safe, and economical.32

3.2. Characterization of AgNPs. 3.2.1. UV−Vis Spec-
trophotometry. The reduction of Ag to AgNPs was further
confirmed from surface plasmon resonance (SPR) with a
characteristic peak at 400 nm. No other peak was observed
within this range, which confirms the formation of pure AgNPs
(Figure 2A). The observed value was within the range reported
previously.8,17,18 UV−vis spectrophotometry is a valuable
technique for the characterization and monitoring the synthesis
of AgNPs. In addition to light scattering, AgNPs have unique
optical properties that enable them to interact with specific
wavelength of light. In AgNPs, both the valence and

conduction bands are quite close, with freely moving electrons,
which originate an SPR band at a specific wavelength. The
absorption properties of AgNPs mainly depends on the particle
shape and size. The SPR band for AgNPs is in the range 380−
450, and it reflects the average size of NPs.33

3.2.2. EDS Analysis. EDS analysis was performed to
investigate the elemental composition of AgNPs. A strong Ag
peak was observed at 3 keV, which confirms the presence of Ag
in the test sample. The spectrum also showed the presence of a
trace amount of other elements such as O, Cu, Cl, Si, and C,
which may be due to the adsorption of other biomolecules at
the surface of AgNPs (Figure 2B).

3.2.3. SEM Analysis. Figure 3A,B depicts that the average
width and area of the particles were 24 nm and 2.97 m2,
respectively. SEM analysis confirmed the synthesis of
heterogeneously dispersed particles of variable sizes (Figure

Figure 4. (A) FTIR spectra of extract (black) and AgNPs (red) and (B) XRD spectra of AgNPs.

Figure 5. (A) Hydrodynamic size distribution and (B) zeta potential of AgNPs.
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3C). According to Doshi et al., the interaction of macrophages
with AgNPs mainly depends on its size.34 The ideal size for
NPs is in the range 100−200 nm. Particles having a diameter
of less than 5 nm are rapidly cleared from the general
circulation by renal clearance. Similarly, particles with a
diameter of more than 15 nm usually accumulate in different
organs such as spleen and liver. Moreover, NPs possess greater
solubility and dissolution rate, which enhance the oral
bioavailability of drugs. In the present study, AgNPs with the
desired size were produced using aqueous extract of A. nitida;
therefore, we suggest that these NPs could be used in the
development of more effective and safe formulations.

3.2.4. FTIR Analysis. The FTIR analysis was performed to
find out the possible role of biomolecules involved in the
synthesis of AgNPs. The FTIR spectra of the synthesized NPs
are depicted in Figure 4A. The major peak at 3338 cm−1

corresponds to O−H stretching of phenolic and alcoholic
functional groups. The presence of this band suggests the
involvement of phenolics and flavonoids in the capping and
stabilization of AgNPs. The band at 2926 cm−1 is assigned to
C−H stretching of methoxy and methyl groups. Furthermore,
the presence of C�O stretch at 1633 cm−1 confirmed the
presence of esters and ketones in the synthesized NPs. The
peak at 1713 cm−1 represents the C�O stretching of esters
and ketones. The peaks at 1614−1515 cm−1 are assigned to
aromatic Ar−C�C bond stretching, which are due to the
presence of phenolic compounds at the surface of AgNPs.
Another medium peak at 1361 cm−1 is due to C−N stretching,
while the peak at 1042 cm−1 corresponds to (C−O) bond
stretching of carbohydrates and esters. Bands at 888 cm−1 may
be due to the stretching of glycosidic linkages. The presence of
various functional groups such as phenols, alcohols, aldehydes,
and other nitro compounds in the aqueous extract of A. nitida
validates the stabilization and capping of synthesized AgNPs.

3.2.5. XRD Analysis. XRD was performed to investigate the
crystallinity of the synthesized NPs. The XRD pattern showed
characteristic peaks at 2θ values of 32.45, 38.15, 44.20, 64.45,
and 77.20°, which confirmed the face center cubic structure of
AgNPs (Figure 4B). Moreover, the mean crystallite size of the
synthesized NPs was determined as 30.50 nm, using Debye−
Scherrer’s equation.

3.2.6. Dynamic Light Scattering. The mean size of AgNPs
investigated by the DLS technique was 150.25 ± 5.30 (Figure
5A) with a PDI of 0.215 ± 0.024. The adsorption of different
phytochemicals around the particles may form a capping layer,
which prevents agglomeration and thus results in high
dispersity of AgNPs.20 The mean particle size determined by
the DLS method is larger as compared to other techniques
such as SEM analysis because it measures the hydrodynamic
size in aqueous colloidal dispersion, which includes both the
metallic core and the phytochemicals adsorbed on the NP
surface. In contrast, SEM determines the size of NPs in the
dried form. Moreover, zeta potential of AgNPs was −19.85 ±
2.35 mV (Figure 5B). The negative charge on the surface of
AgNPs may be due to the adsorption of −OH groups. This
high zeta potential of NPs produces electrostatic repulsion
between NPs, which results in greater stability by preventing
particles agglomeration.35

3.3. Antioxidant Assays. The antioxidant potential of
aqueous extract of A. nitida, AgNPs, and standard was
investigated using DPPH, FRAP, ABTS, and H2O2 models.
The DPPH scavenging activity of the test samples using
ascorbic acid as standard is shown in Table 1. The AgNPs at

various concentrations (62.2, 125, 250, 500, and 1000 μg/mL)
significantly scavenged DPPH by 11, 33.1, 45, 56, and 66.45%,
respectively, with an average IC50 value of 33.31 μg/mL.
However, these activities are comparatively less than that of
ascorbic acid (IC50 22.90 μg/mL). The crude extract exhibited
lower inhibition effects at the same concentrations with an IC50
value of 37.35 μg/mL.
A dose-dependent inhibition was observed in the FRAP

scavenging assay, which increased with the increase in dose of
the AgNPs (Table 2). The AgNPs revealed 74% inhibition at a

higher concentration of 1000 μg/mL with an IC50 value of
18.50 μg/mL. On the other hand, the crude extract and
standard depicted 48 and 89% inhibition at the same
concentration with IC50 values of 25.20 and 11 μg/mL,
respectively.
The ABTS scavenging potential of test samples is shown in

Table 3. The aqueous extract, AgNPs, and ascorbic acid

depicted 48.90, 78.81, and 85.70% inhibition at 1000 μg/mL,
respectively. The corresponding IC50 values were 24.25, 16.46,
and 10.10 μg/mL, respectively. The studied samples showed a
dose-dependent inhibition activity. Moreover, the scavenging
potential of AgNPs was comparable to that of the standard.
Table 4 represents the H2O2 scavenging activity of the

studied samples. The AgNPs exhibited comparable scavenging
effects to sodium pyruvate, the standard reference used. The

Table 1. DPPH Free Radical Scavenging Activity of Plant
Extract, AgNPs, and Reference at Different Concentrations

concentration (μg/mL)
DPPH scavenging activity (%)

extract AgNPs ascorbic acid

62.5 4.12 ± 0.25 11.0 ± 1.8 26.0 ± 5.2
125 17.45 ± 2.10 33.1 ± 2.5 45.4 ± 6.2
250 28.55 ± 2.80 45.0 ± 2.0 60.1 ± 2.0
500 38.35 ± 3.45 56.0 ± 2.5 69.4 ± 3.8
1000 48.80 ± 3.55 66.45 ± 3.1 80 ± 5.2
IC50 37.35 33.31 22.90

Table 2. FRAP Scavenging Activity of Plant Extract, AgNPs,
and Reference at Different Concentrations

concentration (μg/mL)
FRAP scavenging activity (%)

extract AgNPs ascorbic acid

62.5 17.25 ± 1.45 23.0 ± 1.22 34.10 ± 4.45
125 21.55 ± 1.50 32.21 ± 1.65 55.15 ± 2.52
250 29.60 ± 2.0 43.88 ± 3.85 68.25 ± 4.80
500 42.0 ± 2.55 60.75 ± 4.50 78.40 ± 4.35
1000 48.45 ± 4.30 74.65 ± 5.54 89.60 ± 6.45
IC50 25.20 18.50 11.0

Table 3. ABTS Radical Scavenging Activity of Plant Extract,
AgNPs, and Reference at Different Concentrations

concentration
(μg/mL)

ABTS radical scavenging activity (%)

extract AgNPs ascorbic acid

62.5 5.18 ± 0.25 19.66 ± 0.88 23.45 ± 1.80
125 21.45 ± 1.90 34.20 ± 2.55 39.0 ± 4.22
250 34.70 ± 2.34 47.31 ± 5.11 56.38 ± 6.42
500 44.61 ± 4.75 60.0 ± 7.80 69.18 ± 8.11
1000 48.90 ± 6.12 78.81 ± 8.67 85.70 ± 10.73
IC50 24.25 16.46 10.10

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c02928
ACS Omega 2023, 8, 30221−30230

30226

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c02928?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


crude extract, AgNPs, and standard revealed maximum
scavenging effects of 58, 72, and 88% at 1000 μg/mL,
respectively. Their corresponding IC50 values were 21.39,
15.65, and 10.42 μg/mL, respectively.
In the biological system, ROS including −OH and O−2

radicals can cause oxidation of proteins and lipids, which may
lead to DNA damage.2,36 Normally, antioxidants present in the
human body can scavenge free radicals and thus maintain a
balance between anti-oxidation and oxidation. However,
chronic exposure to alcohol, environmental toxins, radiation,
and smoking induces the production of ROS, which disrupts
this balance, resulting in some degenerative diseases.37,38 The
intake of natural antioxidants usually ameliorates the damage
caused by oxidative stress via several mechanisms including
inhibition of the initiation or propagation steps in oxidative
chain reaction, scavenging of free radicals, and acting as
reducing agents.39 The natural antioxidants are mainly
obtained from medical plants and food such as vegetables,
mushrooms, cereals, spices, and several beverages.40 Anti-
oxidants from plant sources are mainly composed of vitamins
(E & C), carotenoids (xanthophylls), and polyphenols such as
anthocyanins, phenolics, stilbenes, and flavonoids.36 These
antioxidants exhibit a variety of biological effects such as anti-
aging, anti-inflammatory, and anticancer.41,42 Satpathy et al.
have reported that the antioxidant activity of Pueraria tuberosa-
mediated AgNPs is due to the presence of flavonoids and
phenolics, adsorbed on the surface of NPs.20 Another study
demonstrated significant antioxidant effects of AgNPs
synthesized from root extract of Salacia oblonga. The activity
was attributed to the adsorption of various phytochemical and
functional groups on the surfaces of AgNPs.17 Our results
further validate these studies. Synthetic antioxidants including
butylated hydroxyl anisole, hydroxyl toluene, ascorbic acid, and
gallic acid esters are cheap and effective; however, they are

associated with several side effects such as carcinogenesis, and
they are nonbiodegradable and pose environmental hazards.
On the other hand, natural antioxidants are considered safe
and effective; therefore, in recent years, the search for natural
agents with antioxidant potential has been increased.43

In the present study, AgNPs demonstrated considerable
antioxidant effects against DPPH, FRAP, ABTS, and H2O2
scavenging models in a dose-dependent manner. The results
strongly recommend the use of A. nitida-mediated AgNPs as
useful natural antioxidants for the treatment of different
degenerative diseases caused by oxidative stress and other
associated conditions.
3.4. Cytotoxicity Assay. The % cell viability of A549,

Hep-G2, and MDA-MB-321 cell lines post treatment with
fabricated AgNPs was investigated using MTT assay. The
viability (%) of cancer cell lines treated with different
concentrations of plant extract, AgNPs, and standards
(cyclophosphamide and doxorubicin) is shown in Figures
S1−S3. Similarly, the viability (%) of normal cell lines
including alveolar (HPAEpiC) and renal primary epithelial
(HRPTEpiC) cells is depicted in Figures S4 and S5,
respectively. Moreover, micrographs of the treated and
untreated cell lines A549, HepG2, MDA-MB-231, and
HRPTEpiC are shown in Figures S6−S9, respectively. Post
24 h treatment of the studied cancer cell lines with A. nitida
mediated AgNPs revealed that the viability of cells was dose-
dependent. It was observed that the cytotoxic potential
increased proportionally with increasing concentration of test
samples, with maximum cell death occurred at 10 mg/mL
dose. AgNPs revealed considerable cytotoxic effects against
A549 and HepG2 cell lines with IC50 values 3.6 and 5.38 μg/
mL, respectively, as compared to cyclophosphamide and
doxorubicin, the reference standards (Figure 6).
In contrast, the aqueous extract demonstrated relatively poor

cytotoxicity against the studied cells with IC50 values 10.23
(A549), 7.81 (Hep-G2), and 15 μg/mL (MDA-MB-231). The
results suggest that AgNPs exhibit strong anti-proliferative
effects against A549 and Hep-G2 cells. On the other hand, the
IC50 values of AgNPs against normal cells HPAEpiC and
HRPTEpiC were 17.88 and 16.82 μg/mL, respectively, as
compared to standards. These results preliminarily confirmed
the safety of AgNPs against normal human cells. To further
explore the safety of AgNPs toward normal cell lines, and their
SI values were determined. A value of 2 or more indicated high
specificity. The SI values of the standard, aqueous extract, and
its NPs against normal cells HPAEpiC are shown in Figure 7.

Table 4. Hydrogen Peroxide Scavenging Activity of Plant
Extract, AgNPs, and Reference at Different Concentrations

concentration
(μg/mL)

H2O2 scavenging activity (%)

extract AgNPs
sodium
pyruvate

62.5 9.23 ± 0.40 22.0 ± 0.80 30.41 ± 1.34
125 18.58 ± 1.12 32.56 ± 1.55 44.50 ± 1.89
250 22.40 ± 1.78 45.67 ± 3.0 53.51 ± 4.40
500 42.68 ± 2.34 61.90 ± 5.45 72.82 ± 6.0
1000 55.80 ± 4.40 72.56 ± 8.19 88.80 ± 9.45
IC50 21.39 15.65 10.42

Figure 6. IC50 values of the extract, AgNPs, and standard against selected cell lines.
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AgNPs revealed high specificity for lung adenocarcinoma
cells (SI 4.96), followed by hepatocellular carcinoma cells (SI
3.32); however, it showed poor selectivity toward breast
adenocarcinoma cells (SI 1.2). Comparable results were
achieved when the samples were studied for its SI values
using HRPTEpiC as normal cells (Figure 8). The results
suggest that AgNPs possess highly specific cytotoxic potential
toward A549 and Hep-G2 cells.
Cancer treatment is one of the most serious concerns

globally, as it is the major cause of mortality. The synthesis of
plant-mediated AgNPs is considered an innovative approach
for the treatment of cancer due to two major reasons. Ag ions
possess intrinsic cytotoxic potential and can be used as a carrier
for anticancer drugs that may exert a synergistic effect.28 It has
been documented that the cytotoxic potential of AgNPs is
mediated through Ag+ ions. AgNPs facilitate the generation of
ROS that leads to oxidative damage of cellular contents such as
DNA, lipids, and proteins, which may lead to cell death.44 A.
nitida has been widely used by local communities in the
treatment of several diseases including cancer. As previously
mentioned, crude methanolic extract of this plant has shown
cytotoxic potential against lung and uterine cancer. Moreover,
different fractions of the stem bark have shown significant
antioxidant effects in in vitro models. In animal models, crude
extract remarkably ameliorated the carbon tetrachloride-
induced liver damages.23 In the present study, the cytotoxic
potential of AgNPs may be due to the presence of
diarylheptanoids, a group of natural products containing 1,
7-diphenylheptane skeleton, which appears to retard the
growth of cancer cells.45 Moreover, the phytochemicals and
natural antioxidants play a significant role against oxidative
stress-related diseases including cancer. There are several

proposed mechanisms regarding the cytotoxic effects of
AgNPs. They induce apoptosis by up- or downregulating the
expression of important genes, such as p53. They may also
exhibit cell cycle arrest or alter important signaling pathways
including hypoxia-inducible factor (HIF). Several cancer cells
experience sub-G1 arrest and apoptosis upon exposure to
AgNPs. They may also inhibit angiogenesis and diminish
distant metastasis.46−49 The cytotoxic potential demonstrated
by AgNPs is in close agreement with previous studies on A549,
Hep-G2, MDA-MB-231, Hela, and MCF7 cell lines.21,50,51 To
produce a safe and efficient anticancer drug, other mechanisms
for the anticancer actions of AgNPs must be investigated.

4. CONCLUSIONS
To the best of our knowledge, this is the first study to report
the biosynthesis of AgNPs using A. nitida leaf extract and to
investigate its antioxidant and antiproliferative effects in in
vitro models. A. nitida contain different phytochemicals such as
flavonoids and phenolics that reduced Ag+ to Ag0 and
produced AgNPs with desirable properties, which were
confirmed by several analytical methods such as UV−vis
spectrometry, SEM, EDS, FTIR, XRD, and DLS. The
synthesized AgNPs were predominantly spherical and
crystalline with low PDI values. The AgNPs demonstrated
strong antioxidant and cytotoxic effects as compared to
standard. On the other hand, crude extract showed relatively
weak effects. The enhanced biological activities of AgNPs can
be attributed to its small size, large surface to volume ratio,
specificity, excellent dissolution, and absorption properties. In
conclusion, plant-mediated synthesis of AgNPs may be very
useful in the effective treatment of degenerative disorders as
compared to conventional therapies.
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