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Abstract: The utilization of plant bioactive composites has
concerned substantial attention due to their possible use in
the development of novel antibiotics, containing the envir-
onmentally sustainable synthesis of nanoparticles. In the cur-
rent study, a green and eco-friendly process was employed to
synthesize silver nanoparticles (Ag-NPs) and to evaluate their
anti-bacterial, anti-oxidant, and anti-cancer potentials. The
characterization of the Ag-NPs involved UV-vis spectroscopy,
Fourier-transform infrared spectroscopy (FTIR), energy-dis-
persive X-ray spectroscopy (EDX), X-ray diffraction (XRD),
field emission scanning electron microscopy (FESEM), and
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transmission electron microscopy (TEM). The UV-vis spec-
trum of Ag-NPs was 437nm. The FTIR absorption peaks
detected at 685.48 cm™ confirmed their characteristics. The
FESEM displayed that Ag-NPs have an average size of 30 nm.
The TEM revealed that the Ag-NPs have an irregular spherical
shape with 16 nm size distribution. The XRD results provided
a strong indication that the green synthesized Ag-NPs was of
high purity with crystalline nature. The anti-bacterial proper-
ties were investigated at different concentrations for both the
ethanolic tangerine peel extract and Ag-NPs. The results of
anti-bacterial activity showed that 100 yg-mL™ was potent
concentration, but the Ag-NPs were more effective than the
ethanolic tangerine peel extract. For the ethanolic extract,
the inhibition zone was 17.50 + 0.20 mm for K. pneumoniae
and 14.40 + 0.20 mm for B. cereus. For the Ag-NPs, the inhibi-
tion zone was 2550 mm for K. pneumoniae and 20.50 mm
for B. cereus. Furthermore, the antioxidant examination
revealed more potent free radical scavenging activity of the
Ag-NPs than the ethanolic peel extract alone. The ethanolic
extract ranged 46-77% while the Ag-NPs ranged 57-88%.
Additionally, the anti-proliferative of the Ag-NPs against the
lung cancer cell line (A549) was more potent than the ethanolic
extract alone. The cytotoxic activity was 90.03% and 78.50%,
respectively. The anti-proliferative effect of Ag-NPs is attrib-
uted to cell death, induced apoptosis, and enhanced genera-
tion of reactive oxygen species. Our findings highlight the
potential and further utilization of Ag-NPs in medicinal
applications particularly for cancer therapeutics.

Keywords: Ag-NPs, antibacterial, antioxidant, anticancer,
apoptosis, ROS

1 Introduction

The synthesis of nanoparticles (NPs) has an area of intense
investigation due to their unique physical and chemical
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properties and wide range of applications in various fields,
for instance, drug, catalysis, and microelectronics. Usually,
NPs have been synthesized by physical and chemical
approaches, which often include the usage of toxic chemicals,
high temperatures, and energy-intensive actions [1]. How-
ever, the rising concern for environmental sustainability
has led to the examination of more ecofriendly methods,
ie, green synthesis of NPs [2]. Green synthesis refers to the
fabrication of NPs by natural, renewable, and biodegradable
precursors, often derived from plants, microbes, or other
biological bases [3]. Green synthesis typically includes mild
reaction conditions, usages non-toxic reagents, and generates
minimal waste produces. Conventional physical and chemical
approaches for NP synthesis can be energy intensive, gen-
erate dangerous by-products, and rely on the usage of harsh
chemicals [4]. Synthesis of Ag-NPs offer significant thera-
peutic and biological possible [1]. Their ecofriendly synthesis
by plant extracts is a supportable option and endows them
with unique biological actions [5]. The continued explora-
tion of their properties and optimization of their formula-
tions will pave the way for advanced therapeutic solutions
and innovative applications in medicine and environmental
science. The hypothesis for the green synthesis of NPs by
plant extracts typically revolves about the idea that plant
extracts can act as reducing, capping, scalability, and stabi-
lizing mediators [6]. As compared to physical and chemical
approaches, green synthesis offers some advantages. It often
uses renewable and readily available natural resources as
forerunners, reducing the need on non-renewable and pos-
sibly toxic chemicals. Additionally, the mild reaction condi-
tions, for instance room temperature and atmospheric
pressure, require less energy input, making the process
more sustainable [7]. The biologically resulting capping
and stabilizing agents used in green synthesis can enhance
the bio-compatibility and stability of the resulting NPs [8].
Despite these benefits, green synthesis also has some tests.
The synthesis procedure can be more compound and less
controlled than the traditional approaches, leading to differ-
ences in NP size, shape, and possessions [9]. In contrast to
bulk materials, a significant proportion of the physical and
chemical properties of NPs are substantially influenced by
their size. Besides, inorganic NPs have single features due to
their small size and large surface-to-mass ratio. Varied kinds
of metallic NPs have been prepared, such as gold (Au) and
Ag-NPs that have gained substantial care due to their high
exhibition in many practical fields, e.g., optics, bio-sensing,
and catalysis [10]. Geranium leaf extract was used to create
Ag-NPs by the fast reduction of silver ions in an aqueous
silver nitrate solution. The particles produced quasilinear
superstructures ranging from 16 to 40 nm size, which were
observed by transmission electron microscopy (TEM) and
found to be very stable and crystalline [11]. Singh et al.

DE GRUYTER

[12,13] employed Panax ginseng leaf and root extract to pro-
duce Au-NPs and Ag-NPs using medicinal plants as sources
of raw materials and their biological activities. Saifuddin
et al. [14] reported a novel combinational synthesis strategy
for the creation of Ag-NPs using a combination of culture
supernatant of B. subtilis and microwave irradiation in
water. It should be noted that some investigations have
demonstrated the toxicity of Ag-NPs in respect to cells,
including those involving rat hepatocytes and neuronal
cells, mouse stem cells, and human lung epithelial cells
[15-18]. Utilizing both in vitro and in vivo models, the
research on toxicity is crucial in this regard [19]. Conse-
quently, the mechanisms of Ag-NPs production by plants
and their interactions are the focus of our study, which leads
to the numerous applications of Ag-NPs. Ag-NPs have heen
used as an excellent antibacterial for hastening some che-
mical reactions [20]. A possibly viable approach includes
producing Ag-NPs from green synthesis and mixing them
with extracts that are biologically benign [21]. Plant extracts
cover a variety of bioactive composites, for instance, pheno-
lics, alkaloids, terpenoids, flavonoids, and proteins, which
can efficiently decrease metal ions to form NPs. These phy-
tochemicals provide stabilization and capping, important
for the development of NPs with shapes and sizes. Thus,
the use of plant extracts can replace conventional chemical
methods, reducing environmental and health hazards asso-
ciated with NP synthesis. The organic synthesis of NPs by
plant extracts signifies an important progression over phy-
sical and chemical approaches. It offers an ecofriendly,
maintainable, and cost-effective approach, with improved
bio-compatibility and scalability [1,22-24]. The use of plant
extracts, such as tangerine peel, exemplifies the potential of
utilizing natural resources and agricultural waste for high-
value NP production, aligning with the principles of green
chemistry and sustainability. Tangerines are small, easy-to-
peel citrus fruits that are native to China and South Asia.
They have a deep orange color, a sweet citrusy taste, and are
packed with nutrients that can benefit our health in many
ways [25]. Tangerine peels are rich in a naturally super-
flavonoid, or antioxidant that possesses numerous pharma-
cological properties that are beneficial to human health [26].
These properties include anti-oxidation and anti-inflamma-
tory effects [27]. Tangerine peel contains a variety of bioac-
tive compounds such as flavonoids, phenolics, and essential
oils [28]. The special ability of tangerine fruit peel lies in its
unique combination and high concentration of specific
bioactive compounds, such as hesperidin, naringin, tanger-
itin, and limonene, coupled with its rich polysaccharide con-
tent, and it simply acts as a readily available natural
resource [29]. These compounds are known for their redu-
cing and capping properties, which are essential for the
synthesis of NPs, offering advantages in terms of stability,
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biological activity, and sustainability [30]. Citrus species
belong to the family Rutaceae and constitute some of the
most commercially important crops grown in tropical and
subtropical climates [31]. Citrus peel is an important raw
material for producing oils that are essential. Such oils have
been used by humans since prehistoric times. Today, these
oils are used in the scents, food, and beverage. Similarly, these
oils have been used in folk and traditional remedies [32].

Ag-NPs have been utilized in large scale in many appli-
cations in biomedicine such as new antimicrobial media-
tors, nanomaterials for tissue regeneration and repair, coat-
ings for biomaterials and medical devices, drug delivery
system, platforms for detection and diagnosis for cancers,
and therapeutic alternatives with developed performance.
Ag-NPs could potentially be utilized in cancer, antiviral, and
antibiotic therapies. Furthermore, Ag-NPs are suitable for
usage as additives in a broad range of medical equipment
and components, such as membranes, dentures, dental
implants, and bone cement hydrogels, bases, broken bones,
and catheters, to prevent or lessen the growth of biofilm or
other pathogenic microorganisms, as well as to encourage
and hasten the process of gum, wound, and bone growth
healing [33]. The prevalence of antibiotic resistance is a per-
sistent problem as a result of the body developing an effective
resistance to antibiotics [34]. Consequently, in order to combat
resistant microbial infections, it is imperative to utilize and
create novel inhibitory substances. In this regard, the current
work demonstrates that ethanolic peel extract was employed
as an agent to the biosynthesis of Ag-NPs. Ethanolic peel
extract and Ag-NPs were used to investigate the antibacterial,
antioxidant, and anticancer potential in vitro.

2 Experimental methods

2.1 Chemicals materials

Silver NP was synthesized from high-purity silver nitrate
(AgNO3, 98% purity at 1 mM, sourced from Sigma Aldrich).
The tangerine plant peel used in this research was col-
lected from local market. Muller-Hinton agar (MHA) and
nutrient broth (NB) medium were obtained via Hi-Media,
India. DPPH stain utilized in the study were obtained from
Acino-Pharma AG. Ascorbic acid, and DPPH were obtained
by Sigma-Aldrich. Antibiotic disks were obtained from
Liofilchem, Roseto degli Abruzzi, Italy.

2.2 Preparation of the plant extract

The peel of the tangerine plant employed in this study
was sourced from a local market. The plant’s peel was
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subsequently subjected to a drying process at room tem-
perature for several days, followed by grinding. A quantity
of 150 g of the plant’s peel was carefully placed within a
wide weave cotton canvas bag, which was then inserted
into a Soxhlet apparatus for extraction. The extraction pro-
cess involved the use of 850 mL of ethanol (70%) and
extended over a period of 7h distributed across three
days. The resulting extract was then spread out on a glass
plate and allowed to dry in an oven. Subsequently, the
dried extract was collected using a blade and transferred into
a tube. The preparation of the extract entailed weighing 1g of
the plant extract, softening it in 10 mL of distilled water (100%),
and conducting a series of decimal dilutions as required [22-24].

2.3 Synthesis of Ag-NPs

We weighed 0.034 mg of a 1 millimolar solution of silver nitrate,
and dissolved it in 100 mL of distilled water. Subsequently,
90 mL of the silver nitrate solution were combined with
10 mL of plant extract (100% concentration). This mixture was
subjected to heating in a water bath until a noticeable change in
color occurred (Figure 1). A series of decimal dilutions was
performed as necessary [23,24].

2.4 Characterization of Ag-NPs

UV Visible Spectroscopy (UV-1900, Shimadzu, Japan) was
utilized to examine the spectral range of 200-800 nm
[35]. The Fourier-transform infrared (FTIR) analysis was
conducted using a Bruker instrument in Billerica, MA,
USA, covering the range of 400-4,000 cm™ to identify var-
ious functional groups [36]. The Department of Applied
Sciences at the University of Technology, Iraq, conducted
FTIR and UV-is investigations [37]. The shape and size dis-
tribution were investigated utilizing a German-made ZEISS
LEO 912 AB TEM device [38]. A Shimadzu XRD-6000 diffract-
ometer with Cu K radiation (0.154nm) was employed for
analyzing crystalline samples using X-ray diffraction (XRD),
producing diffraction patterns between 20°C and 70°C [39].
Furthermore, field emission scanning electron microscopy
(FE-SEM) analysis was conducted using a JEM-1400 instru-
ment located in Peabody, MA, USA [40].

2.5 Microorganisms activation

The microorganisms used in antimicrobial assays, such as
K. pneumoniae and Bacillus cereus, were utilized as
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Figure 1: Steps for preparation of Ag-NPs mediated tangerine peel extract.

bacterial models. Microorganisms were activated by cul-
turing them in Brain Heart Infusion agar and subsequently
placing them in an incubator at 37°C for 24 h, followed by
assessing the turbidity of bacteria by comparing it to the
0.4-0.5 McFarland standard. These microbial isolates were
obtained from the Microbiology Laboratory within the
Biotechnology Branch, Department of Applied Sciences,
University of Technology, Iraq.

2.6 Anti-microbial assay

The assessment of the antimicrobial activity of tangerine
peel extract and its conjugated Ag-NPs with ethanolic
peel extract was conducted using the well-diffusion agar
method. The four types of bacteria mentioned earlier
were cultured using MHA for activation. Each inoculum
was adjusted to the 0.5 McFarland standard and applied
onto the surface of MHA using a sterilized cork borer,
creating 5 mm wells in each plate. Subsequently, different
concentrations (20, 40, 60, 80, 100 ug'mL™) of the extract
and NPs were added into each well, and the plates were
then incubated at 37°C for 24 h. The inhibition zone was
measured, and all experiments were conducted in dupli-
cate [41].

2.7 Antioxidant activity

The DPPH radical activity was performed using the stated
methodology [38,39]. The extract and the NPs were pre-
pared by diluted in distilled water at various concentra-
tions (20, 40, 60, 80, and 100 pg~mL'1). DPPH was prepared
by dissolving 0.004 mg in 100 mL of ethanol. Ascorbic acid
was prepared by adding 0.05g to 100 mL of ethanol and
water solution (1:1; v/v). Approximately 750 uL. of DPPH
were added to 750 uL. of various concentrations of the
extract and the NPs. The final volume was 1,500 uL and
the reaction mixture was mixed and kept for 30 min at
room temperature. The optical density (OD) was assessed
at 517 nm. The samples’ ability to block the DPPH was esti-
mated using Eq. 1 [36,37]:

Antioxidant activity% = Control OD - Sample OD
/Control OD x 100

@

2.8 Cytotoxic activity

To determine the cytotoxic effect of synthesized Ag-NPs,
cell culture medium (RPMI-1640) was used to maintain
A549 cells, and supplemented with 10% Fetal Bovine
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Serum, 100 unitssmL™" of Penicillin, and 100 gmL™" of
Streptomycin. Trypsin-EDTA was employed to decease
the cells. Twice a week, at 80% confluence, the cells
were reseeded and were stored at 37°C [29]. Ag-NPs and
MTT assay was used in 96-well plates. 1 x 10* of A549 cells
were seeded per well. The cells were exposed to various
concentrations of tested compound for 72 h. MTT stain of
28 uL of 2 ug'mL™ was added to the sample. It was kept
within 37°C for 2.5 h. 100 pL of dimethyl sulfoxide (DMSO)
was added to the wells and kept at 37°C with shaking for
15 min. The measurement of absorbency (Abs.) were mea-
sured in triplicate using a microplate reader set to 492 nm
[41,42]. The samples’ ability to block the cytotoxic effect
was estimated using Eq. 2 [43,44]:

Cytotoxic effect% = Abs. of control
~ Abs. of sample/Abs. of control ~ (2)
x 100

2.9 Measurement of lactate dehydrogenase
(LDH) release

LDH investigation was performed according to the instruc-
tions of the manufacturer. Cells were cultured without the
presence of phenol red marker. Next cells were treated
with Ag-NPs at numerous concentrations (12.5, 25, 50, 100,
and 200 ugmL™) for a duration of 24 h. As a positive control,
triton-X was employed. Samples were kept for 2 hours at 37°C.
Once the time for incubation has elapsed, 75 uL of samples
were moved to a new 96-well plate from every test and control
well. Following that, 50 uL of the Cyto-Tox 96VR ingredient was
mixed with each aliquot of the substance. The plate was kept at
room temperature for 30 min and protected from light by foil.
For 1h, add 50 uL of the stopping solution. At optical density
(OD) at 490 nm was measured. The results were determined
using Eq. 3 [45-48].

LDH release% = OD Sample LDH release
/OD Control LDH release x 100

©)

2.10 Acridine Orange@Ethidium Bromide
(AO/EB)

The compound-induced death in A549 cells was evaluated
through the application of the AO/EB (Sigma-Aldrich, USA)
staining technique. A549 cells were seeded on 24-well
plates, treated with Ag-NPs and plant extract at an ICsg
concentration, and then allowed for incubation for a further
20h. Two treatments of phosphate-buffered saline were
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carried out on the cells. For 2 min, the wells were then filled
with an identical volume of cells and treated with 10 pL of
double fluorescent dyes. Finally, a fluorescent microscope
was employed to show the cells [49].

2.11 Determination of reactive oxygen
species (ROS)

Utilizing a FACSCalibur flow cytometer, the making of ROS
in cells was evaluated. On the six-well plates, SKOV-3 cells
were placed at a cell density of 1 x 10°. During an overnight
keep period, cells received treatment for 10 h with Ag-NPs
and plant extract at an ICs, level. After that, a new medium
was added with ROS probes diacetyldichlorofluorescein
(DCFH-DA) (15 uM) and kept for 30 min in the dark. A flow
cytometer (BD Biosciences) was employed to determine the
fluorescence intensity of the obtained cells [50-52].

2.12 Statistical analysis

With the use of Graph Pad Prism 6, the acquired data were
analyzed statistically. For this investigation, the unpaired t-
test was employed. The mean value * standard deviation
(SD) of three independent experiments are expressed [53].

3 Results and dissection

3.1 Phytofabrication of Ag-NPs

The production of Ag-NPs from plant extracts includes
three stages. In the first stage, metal ions (Ag") are reduced
to metal atoms (Ag°). In the second stage, small nearby Ag-NPs
accumulate into bigger particles, increasing thermodynamic
stability. In the third stage, the end of phase, defines the final
morphology of the NPs (Figure 1). Plants are ideal for Ag-NPs
synthesis because they contain a wide range of biomolecules,
including flavonoids, terpenoids, and alkaloids, which operate
as potent reducing agents, as noted by Sabry et al. [28].

3.2 Characterization of Ag-NPs
3.2.1 UV visible spectrophotometer

Using a UV visible spectrophotometer, the combination
and stability of reduced Ag-NPs, which is in the form of
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solution, were investigated. The absorbance increase was
between 430 and 450 nm. Color change is one of the rapid
and easily observable tests that indicate the formation of
NPs. This color change is attributed to a phenomenon
known as surface plasmon resonance (SPR). SPR involves
the oscillation of conduction electrons at the surface of the
NPs in resonance with the incident light. When Ag-NPs are
formed, the interaction between the positive and negative
charges on their surface results in distinctive absorption
bands in the visible light spectrum, causing a visible color
change in the solution. For instance, the formation of Ag-
NPs typically results in a light-orange to dark-orange color
shift due to SPR. SPR designs are frequently used as tests for
the production of NPs, since SPR is dependent on a number of
variables, for instance, size and substrate dielectric values
[54]. The extracellular reduction of Ag* ions indicated the
production of Ag-NPs (Figure 2).

3.2.2 FTIR assay

The FTIR analysis of the Ag-NPs solution, which was reduced
and covered with subordinate metabolites from tangerine peel,
exhibited important absorption peaks at 3,527.97, 3,197.39,
2,049.41, 1,624.73, 1,358.81, and 68548 cm™> as seen in Figure 3.
The presence of alkanes was indicated by the appearance of the
absorption band at 3,197.39 em™ (C-H), while the band at
2,049.41 cm™ confirmed the existence of alkynes. The absorp-
tion band at 1,624.73cm™ exposed the presence of N-C and
N=C groups, and the presence of =CH in aromatic compounds
was indicated by the C-O group at 685.48 cm™" in the biosynthe-
sized Ag-NPs [55]. FTIR analysis of the Ag—NP solution revealed
the presence of various functional groups, including alkanes,
alkynes, N-C, N=C, and aromatic C-O groups. These findings
suggest that the Ag-NPs were coated or capped by secondary
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Figure 2: UV-vis for Ag-NPs synthesized by tangerine peel from 1M
solution of AgNOs.
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Figure 3: FTIR spectroscopy for Ag-NPs synthesized by Tangerine fruit
peel extract.

metabolites from the tangerine peel extract used in the green
synthesis. These results are in agreement with previous studies
[56,57]. Elemental mapping was determined using energy-dis-
persive X-ray (EDX), and the elemental structures of Ag-NPs
were examined. The Ag-NPs’ EDX ranges reveal that the three
primary elements in Figure 4 are Ag, oxygen (0), and potassium
(K). Additionally, the amount of Ag was highest at 58.20%, O at
41.10%, and K at 0.70%.

3.2.3 FESEM assay

FESEM examination was carried out to study the surface
shape and particle size of Ag-NPs. Figure 5 shows the FE-
SEM image and particle size distribution of Ag-NPs. The
size of the Ag-NPs, as observed in Figure 5a and b, was
determined to be 30 nm. These images were captured as
part of a study on Ag-NPs prepared using a green synthesis
technique, which involved combining Ag-NPs with etha-
nolic extract. The results indicate that the Ag-NPs are coated
with ethanolic peel extract, providing an encapsulating layer
on the outside. This finding aligns with the results obtained
from UV and TEM analysis. The TEM image of Ag-NPs was
examined, along with a histogram displaying the particle sizes
obtained from a set of TEM images. Measurements were per-
formed on 100 particles using Image ] program. These images
were captured to study Ag-NPs prepared through a green
synthesis method, which involved the combination of Ag-NPs
and their bonding with ethanolic peel extract. Figure 6a
demonstrates the TEM image of Ag-NPs in the form of an
asymmetrical spherical particle. The average size of the Ag-
NPs, as determined by the size distribution analysis, is approxi-
mately 16 nm, as depicted in Figure 6b. The FESEM and TEM
results are consistent, confirming that synthesized Ag-NPs
using the green method with ethanolic tangerine peel extract
have an average size in the range of 16-30 nm and are coated/
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Figure 4: EDX and mapping of Ag-NPs.

capped by the extract components, forming a protective layer
around the NPs.
3.2.4 X-ray diffraction (XRD) evaluation

The crystalline nature of Ag-NPs was further confirmed by
XRD analysis (Figure 7). XRD is used to characterize the

Element Atomic % Welght %
[} 40.2 41.10
K 03 0.70
Ag 55.9 58.20
LU
Sk 0k 15keV Dy

crystallographic structure, grain size, and preferred orien-
tation in polycrystalline or powder solid samples. Ag-NPs
display diffraction peaks at 20 angles of 38.64°, 44.54°,
69.38° and 78.28°, which are corresponding to levels (111),
(200), (220), and (311) planes of face centered cubic (fcc)
crystal, respectively [40,58]. Utilizing typical data (JCPDSile
No. 84-0713; JCPDS No. 89-3722), every peak was properly
matched with the hexagonal arrangement of Ag-NPs. After
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Figure 5: (a) FESEM image and (b) size distribution of Ag-NPs.
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Figure 6: (a) TEM image of Ag-NPs. (b) Size distribution (Histogram).

5min, we observed that the peaks’ strength had dropped
due to the ethanolic peel extract’s reduction of silver ions
by green synthesis. Following that, we are left with isolated
Ag-NPs that are free of the other organic substances in the
fluid. A fresh peak of NPs was seen to arise (Figure 7),
revealing that the synthesized Ag-NPs are composed of
pure crystalline silver and the particle size is approxi-
mately 33.5nm. The peak corresponding to (111) plane is
more intense than the other planes, suggesting that the
(117) plane is in the predominant orientation. In addition,
the pattern indicated that Ag-NPs were mainly present in
the nanocomposites with no contamination peaks.
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3.3 Antibacterial test

This study highlights the superior antibacterial properties
of the tangerine peel-derived Ag-NPs compared to the etha-
nolic extract. The assay was conducted at concentrations
(20, 40, 60, 80, and 100 pg~mL'1) of the ethanolic extract and
Ag-NPs against K. pneumoniae and B. cereus. The results
showed that the antibacterial activities increased with
increasing concentrations for both the ethanolic extract
and Ag-NPs. The results showed highest inhibition zone
on K. pneumoniae (17.50 + 0.20 mm) and B. cereus (14.40
+ 0.20 mm) at a concentration of 100 pg-mL™" for ethanolic
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Figure 7: XRD for Ag-NPs synthesized by ethanolic extract from Tangerine peel.
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Table 1: Anti-bacterial activity of Tangerine peel ethanolic extract
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Microorganism

Inhibition zone of Tangerine peel ethanolic extract (mm) + SD

Concentrations (pg-mL'1)

Control 20 40 60 80 100
K. pneumoniae 6.00 £ 0.01 15.50 £ 0.12 16.30 + 0.03 16.40 £ 0.10 16.50 £ 0.21 17.50 + 0.20
B. cereus 6.00 £ 0.01 7.66 + 0.12 9.50 £ 0.03 9.60 + 0.10 12.33 £ 0.21 14.40 £ 0.20

extract peel, as shown in Table 1 and Figure 8. While the
highest inhibition zone on K. pneumoniae (25.50 mm) and
B. cereus (20.50 mm) for the Ag-NPs at a concentration
of 100 ug'mL™ is shown in Table 2 and Figure 9. When
we tested the antibacterial activity at concentrations of
20 uygmL™ and 40 ugmL™ of the ethanolic extract on
B. cereus, the result was negative, but positive results
were obtained when these concentrations were tested with
Ag-NPs. The study under distilled water showed no zone of

Inhibtion zone (mm)

Inhibtion zone (mm)

Figure 8: Antibacterial activity of peel extract against K. pneumoniae and
E=80pg:mL™, F=100 ug-mL™"). *P < 0.05, **P < 0.01, ***P < 0,001.

inhibition against the bacteria as shown in Figures 8 and 9.
Therefore, in the present study, it is observed that the Ag-NPs
synthesized by ethanolic extract of tangerine peel, exerted
a significant antibacterial action against the tested bacteria.
The zone of inhibition against tested bacteria for Ag-NPs
is 25.50 mm which shows excellent antibacterial activity
with large zone of inhibition. Our study concludes that
Ag-NPs synthesized from tangerine peel extract have sig-
nificant antibacterial action. Ag-NPs have demonstrated
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Table 2: Anti-bacterial activity of Ag-NPs
Microorganism Inhibition zone of Ag-NPs (mm) + SD
Concentrations (pg-mL")
Control 20 40 60 80 100
K. pneumoniae 6.00 + 0.01 15.50 + 0.03 18.80 + 0.12 20.50 £ 0.10 22.50 + 0.21 25.33 +0.20
B. cereus 6.00 £ 0.01 15.50 + 0.03 17.50 + 0.12 17.80 + 0.10 18.50 + 0.21 20.33 £ 0.20

notable antibacterial properties, which are superior to
those of many traditional antimicrobial agents, including
certain plant extracts. Nanomaterials like Ag-NPs have
been extensively researched for their ability to combat
bacteria by inhibiting their growth and survival [59].
The following factors are part of the mechanism of action:
The integrity of the bacterial cell membrane may be com-
promised by Ag-NPs adhering to the cell surface. The cel-
lular equilibrium may be disturbed by the uncontrollable

Inhibtion zone (mm)

Inhibtion zone (mm)

flow of molecules into and out of the cell as a result of the
NPs’ increased membrane permeability [60]. Ag-NPs release
silver ions (Ag"), which are highly reactive and contribute
significantly to their anti-bacterial properties. This can inhibit
important cellular procedures, e.g., respiration and cell divi-
sion [61]. Silver ions can also interrelate with bacterial DNA,
producing injury and stopping replication. Ag-NPs can per-
suade the creation of ROS inside bacterial cells [61,62]. Ag-NPs
can penetrate the extracellular polymeric substance (EPS)
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Figure 9: Antibacterial activity of Ag-NPs against K. pneumoniae and B. cereus. A = control, (B = 20 ug-mL™", C = 40 pg'mL™", D = 60 pg-mL™",
E =80 pg-mL™", F = 100 pg-mL™"). *P < 0.05, **P < 0.01, ***P < 0.001, ****p < 0.0001.
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matrix of biofilms, affecting cell permeability, thus ultimately
leading to cell lysis [63,64]. The NPs can work synergistically
with other anti-bacterial properties to improve their effi-
ciency [65].

3.4 Antioxidant properties

The antioxidant properties of the ethanolic extract, and Ag-
NPs were evaluated by DPPH assay. The results presented
that the radical scavenging increased with increasing con-
centrations for the ethanolic extract and Ag-NPs concen-
trations at 20, 40, 60, 80 and 100 ug-mL'l. The radical
scavenging rate of the ethanolic extract were at 46%,
57%, 67%, 71%, and 77%, respectively. The radical scavenging
rate of the Ag-NPs were at 57%, 64%, 77%, 85%, and 88%,
respectively, as shown in Figure 10. The results showed that
the highest scavenging activity of 88% was obtained for the
Ag-NPs at a concentration of 100 ug'mL ™. Ascorbic acid, used
as a positive control, displayed strong antioxidant properties
and had higher DPPH radical scavenging activity than both
the ethanolic extract and Ag-NPs at the same concentration
range. The antioxidant actions of the Ag-NPs were measured
at 100 yg'mL ™. At room temperature, DPPH is a potent free
radical that produces a darkening violet color when it is

- Plant Extract

100

Tangerine fruit peel extract mediated biogenic synthesized Ag-NPs

B AcNps

-—_ 1"

dissolved in organic solvents. A positive control in the same
concentration range, ascorbic acid, was utilized. The antiox-
idant activity of ethanolic extract or Ag-NPs were concentra-
tion dependent, but it remains lower as compared to ascorbic
acid alone [37,63,64].

The DPPH free radical scavenging is thought to be
involved in the reduction of the stable DPPH radical, which
has a characteristic violet color which change to the yellow
color. This changing is due to the electron/hydrogen dona-
tion from the antioxidant compounds [36]. The presence of
phenolic O-H groups and other bioactive compounds in
the ethanolic extract, as detected by FTIR, is believed to
contribute to the observed antioxidant activity. Ethanolic
extract and Ag-NPs were observed to reduce the stability of
DPPH, and the violet color altered to yellow due to the
occurrence of phenolic O-H groups [23,24]. The DPPH assay
is regarded as a reliable, easy and cost-effective technique
for assessing the radical scavenging capacity of antioxi-
dants. The idea behind this approach relies on the electron
transport responsible for the violet color, when the stable
free radicals will react with an antioxidant chemical
resulting in electron transfer from the latter compound,
which leads to loss of color [36,37]. The results demonstrated
that the synthesized Ag-NPs exhibit superior antioxidant
activity compared to the ethanolic extract of tangerine
peel, as evidenced by the higher DPPH radical scavenging
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Figure 10: Antioxidant activity of peel extract, Ag-NPs, and ascorbic acid. **P < 0.01, ***P < 0.001.
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capacity. The findings highlight the potential of the Ag-NPs
as a potent antioxidant agent, which could have valuable
applications in various fields, including biomedicine and
pharmaceuticals.

3.5 Ag-NPs induce release of LDH

The conversion of lactate to pyruvate, required cellular
energy for the synthesis, is regulated by an enzyme called
LDH. The cytotoxic properties of plant extract and Ag-NPs
on lung tumor cell lines were assessed using LDH. Damaged
A549 cells subjected to Ag-NPs release LDH from the cyto-
plasm, which forms formazan from tetrazolium salt. The
percentage of LDH released in dying cells is established
through the measurement of production of formazan at a
wavelength of 490 nm. Based on the facts obtained, it is
possible that Ag-NPs can enter treated cells by penetrating
them and causing vesicle growth. Figures 11 and 12 show
how the concentration affects the potential for LDH release
by plant extract and Ag-NPs. The assays conducted for
ethanolic extract peel and Ag-NPs displayed that cytotoxic
properties were LDH released proportionally to the con-
centrations i.e., at concentrations of 12.5, 25, 50, 100, and
200 ug-mL ™" of Ag-NPs, the percentage of LDH released in
a A549 cells were 8.90%, 28.60%, 42.67%, 68.00%, and
82.53%, respectively. The percentage of LDH released in
a A549 cells of the ethanolic extract peel were 6.35%,17.90%,
30.03%, 48.53%, and 76.00%, respectively. The highest per-
centage of LDH released in the lung was obtained for Ag-
NPs. The exact mechanism of how Ag-NPs induce the release
of LDH is not completely known or understood yet. However,

100+
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76.00 = 3.055 N=3

*k%k
48.53+2.149 N=3
50+
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LDH release%
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L
25 17.90 = 0.1506 N=3

*

6.533 = 0.6888 N=3
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Figure 11: Peel extract induces LDH release in A549 cells. *P < 0.05, **P <
0.01, ***P < 0.001, ****P < 0.0001.
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Figure 12: Ag-NPs induces LDH release in A549 cells. *P < 0.05, **P <
0.01, ***P < 0.001, ****P < 0.0001.

several studies have reported that exposure to Ag-NPs can
lead to the release of LDH [65-67].

3.5.1 Anticancer activity of Ag-NPs

The anti-proliferative action of the plant extract and Ag-
NPs was confirmed to estimate their ability to prevent cell
proliferation. The results of the present study established
that the treatment of ethanolic extract and Ag-NPs inhibits
the development of cancer cells in a dose-dependent way, as
seen in Figures 13 and 14. Also, the integration of ethanolic
extract and Ag-NPs progresses anti-proliferative result against
lung cancer cells. Ag-NPs have special properties that make
them principally promising for cancer therapy, for instance,
their high surface area to volume ratio and capacity to
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Figure 13: Anti-proliferative properties of peel extract in A549 cells. ICsq
=29.36 ug'mL™". *P < 0.05, **P < 0.01, ***P < 0.001, ****p < 0,0001.
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penetrate cell membranes. It has been found that the Ag-NPs
have anticancer properties in different types of cancer cells

Tangerine fruit peel extract mediated biogenic synthesized Ag-NPs
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via induction of apoptosis, and other mechanisms like drug
delivery strategies are developed using hybrid molecular
structures, such as Ag-NPs [53,68]. Drug delivery technique
based on Ag-NPs now makes it possible to distribute medica-
tions like doxorubicin and alendronate inside cancer cells.
When administered in this way, the anticancer therapeutic
qualities of both medications were demonstrated and
improved [69]. Moreover, Ag-NPs’ cytotoxicity causes mito-
chondrial damage in cancer cells. Mitochondrial distur-
bances related to heterogeneity in regulatory mechanisms
include oxidative damage, autophagy, and energy imbal-
ance. Investigation of the harmful effects of Ag-NPs on
mitochondria reveals that in A549 and MCF7 cells shows
that the role of Ag-NPs interaction disrupts mitochondrial
dynamics and biogenesis [70]. There are several advan-
tages of using NPs in the treatment of cancer than those
of chemotherapeutic drugs. NPs may be able to further
upsurge the delivery of cancer targeted drugs by changing
the surface of the NP with typical cancer and tumor cells

Figure 15: Ag-NPs induces apoptosis in A549 cells. (a) Control cells. (b) A549 cell line after treatment with plant extract, and (c) A549 cell line after

treatment with Ag-NPs.

Count

(b)

10

DCFA-DA

Figure 16: Ag-NPs induces ROS generation in A549. (a) Control cells, (b) extract plant treatment cells, and (c) Ag-NPs treatment cells.
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that are focused on ligands. Examples of these ligands
include antibodies, biotin, and folic acid. In addition, NPs
have the capability to deliver drugs directly to cancer cells
and enable prolonged drug release through a variety of
mechanisms [52,55]. One example of this is the mixture
of a chemotherapeutic drug and a chemo-sensitizer, which
produces synergistic anticancer effects [56,57]. Moreover,
NPs facilitate the consistency and solubility of therapeutic
drugs to obtain site-specific targeting due to their function
of enhancing permeability and retention characteristics.
The results established that the Ag-NPs have extremely
cytotoxic result against A549 cell line than plant extract.
The mechanism of act of Ag-NPs any anticancer activity is
not completely known but demonstration by [52,53,71].
These potentials make Ag-NPs a promising candidate for
the development of effective anticancer therapies.

3.5.2 Ag-NPs induce programmed cell death

The present study proposes that the Ag-NPs can induce
programmed cell death of lung cancer cells. The decrease
in cell development often includes the change in several
significant signaling pathways, which is produced through
the induction of a apoptosis mechanism that touches gene
expression stages. Furthermore, the nuclear shape of treated
cells was assessed by Acridine Orange (AO) and Ethidium
Bromide (EB) double staining. Apoptotic cells were assessed
based on DNA destruction. In our study, the effectiveness of
the plant extract and Ag-NPs was also examined. AO@EB
staining was used to study the changed apoptotic features
of the nuclear modifications. Non-apoptotic cells seemed
green in color, and apoptotic cells seemed orange or red in
color subsequent to staining with AO@EB, as shown in
Figure 15.

3.5.3 Ag-NPs induce ROS generation in A549 cells

ROS generation is important in cellular signaling path-
ways, are complicated in signal transduction and sus-
taining cellular redox homeostasis in aerobic creatures.
In addition to being collections of tumors cells, ROS are
effective therapeutic agents for the treatment of cancer.
In the present investigation, a DCFH DA probe was used
to detect the production of intracellular ROS in the A549
cell line. Resulting treatment with Ag-NPs for 24 h, the
flowcytometry showed that Ag-NPs importantly increased
ROS group as indicated in Figure 16. These findings are in
agreement with previous studies [72-74].

DE GRUYTER

4 Conclusion

Successful green synthesis of Ag-NPs as a reducing and
capping agent was established using tangerine fruit peel
extract. The synthesized Ag-NPs were thoroughly charac-
terized using various analytical techniques, revealing their
spherical morphology, nano-scale size range, and chemical
composition. The Ag-NPs demonstrated superior antibac-
terial, antioxidant, and anticancer properties compared to
the tangerine peel extract alone. The Ag-NPs induced apop-
tosis in lung cancer cells (A549) through the generation of
ROS, suggesting their potential as an anticancer agent. The
potential of Ag-NPs has a powerful antibacterial activity
due to their multifaceted mechanisms of action. This study
provided a green and environmentally friendly approach
for synthesizing Ag-NPs from tangerine fruit peel extract.
This research addresses the need for the development of
environmentally sustainable and biocompatible nanoma-
terials, such as Ag-NPs, for various biomedical applica-
tions. This offers promising solutions for addressing global
health challenges related to communicable diseases and
tumor. While the general potentials of Ag-NPs are well-
known, the unique characteristics and biological activities
of the Ag-NPs synthesized using tangerine peel extract pro-
vide new insights and expand the understanding of these
nanomaterials. Taken together, AgNPs were used in biome-
dical applications. So, modern biomedicine’s use of nanos-
tructured biomaterials and technologies may consider the
use of AgNPs.
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