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Abstract:

Nanotechnology has emerged as a pivotal field with diverse applications, particularly in biomedicine, due to the unique
properties of nanoparticles such as high surface area to volume ratios and distinctive optical, magnetic, and chemical
characteristics. Silver nanoparticles (AgNPs) have garnered significant attention for their potential in cancer therapy, drug
delivery, and antimicrobial applications. Traditional methods of nanoparticle synthesis often involve toxic chemicals,
prompting the need for ecofriendly alternatives. This study explores the green synthesis of AgNPs using Calotropis gigantea
leaf extract, a plant known for its medicinal properties, including antioxidant, anti-inflammatory, and cytotoxic activities.
The synthesized AgNPs were characterized using UV-Visible spectroscopy, XRD, FESEM, EDX, FT-IR, DLS, and Zeta
potential analysis, confirming their crystalline structure, morphology, and stability. The cytotoxic activity of the
biosynthesized AgNPs was evaluated against THP-1 (human leukaemia) and PC-3 (prostate cancer) cell lines using the
MTT assay. Results demonstrated significant anti-proliferative effects, with IC50 wvalues of 17.22+0.1007 ul/ml for
THP-1 and 26.18+0.047 ul/ml for PC-3 cells, indicating potent cytotoxic activity. The findings highlight the potential
of C. gigantea-mediated AgNPs as a promising anticancer agent, offering a cost-effective and ecofriendly alternative to
conventional cancer therapies. This research underscores the importance of green synthesis in developing nanomaterials
with significant biomedical applications, particularly in oncology.
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INTRODUCTION:

Nanotechnology has gained significant attention in recent years as one of the lucrative fields of study and
research, offering distinctive character and a plethora of applications in varieties of sectors (Erci F., 2018).
Due to their well-documented small size, high surface area to volume ratios, and unique characteristics in
optical, magnetic, chemical, and mechanical properties, nanoparticles have emerged as promising biomedical
applicants as antioxidants, antibiotics, anti-cancerous agents, and drug delivery agents (Tanase C., 2019).
Noble metal nanoparticles, which include silver, platinum, titanium, gold, Zinc, and copper, have gained
substantial interest for application in biomedical fields and multi-utility due to therapeutic and diagnostic
characteristics (Behboodi et al., 2019). The conventional approach to the synthesis of nanoparticles includes
chemical and physical methods that have pronounced toxicity levels and are also hazardous in nature. Plant-
mediated green synthesis of nanoparticles is cost-effective, environmentally friendly, less hazardous, and also
requires a short time in synthesis (Gengan et al., 2013). Usually, in the plant-based technique of synthesis of
silver nanoparticles, the extracts of different parts of plants, such as leaves, stems, latex, fruits, peels, etc., are
being used as the source of stabilizing and capping agents for the biosynthesized metal nanoparticles (Olga et
al., 2022). Nanomaterials synthesised from various natural organic agents have pivotal applications in
diagnostic procedures, advanced medical device development, and drug delivery, which makes the way for
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the progression of techniques for intensification and improvement of human health (Kumar et al., 2024).
Plants contain a plethora of bioactive metabolites such as polyphenols, flavonoids, tannins, polysaccharides,
terpenoids, alkaloids, amines, and aldehydes, which act as capping agent, stabilizing agents, and reducing
agents which play essential role in the alteration and reduction of metallic ions to metallic nanostructures,
leading to the formation of desired nanoparticles with defined features (Rajan et al., 2015). Among all metallic
nanoparticles, the silver nanoparticles (AgNPs) are the best contender due to their exclusive biological,
chemical, and physical properties (Ahn et al., 2019). The green technique offers a wide range of advantages
in the synthesis of silver nanoparticles over the other processes because the green technique is extracellular
and uses extracts from leaves or plant parts rather than the entire plants. This is a cheaper alternative, and
turns out to be ecofriendly as well (Shankar et al., 2004).

Calotropis gigantea, commonly called the “crown flower’ plant, is a large shrub belonging to the family
Apocynaceae, widely distributed in the Indian subcontinent, and can be easily identified by the presence of
soft tomentum on the abaxial side of leaves and stem (Rehman et al., 1991). The Indian Ayurvedic system
and the traditional medicine include this plantforits medicinal value, which finds its use in the treatment of
muscular spasm, rheumatoid arthritis, asthma, and also in cough syrup and purgative. The leaves of the
Calotropisplant contain a plethora of known and documented compounds, which include coroglaucigenin,
16a-hydroxycalotropin, calotoxin, dienoic acid, 12{-hydroxycoroglaucigenin, frugoside, mevalonolactone,
calotropagenin, desglucouzarin, and calactinic acid, along with bioactive compounds like 15b-hydroxy
cardenolides (1,2) and a 16a-hydroxycalactinic acid methyl ester (3) (Singh et al., 2011).The leaf extract of this
plant has already been evaluated for its different pharmacological efficacies and medicinal uses, such as
antioxidant, antimicrobial, hypoglycemic, anti-inflammatory, anti-malarial, in paralysis, and snake bite,
among other important medicinal potentialities (Sharma et al., 2022; Sreewardhini et al., 2023). Further, the
crude extract of C. gigantea leaves have been reported to possess significant cytotoxic activity against human
colon cancer cells (WiDr cells) (Mutiah et al., 2017).

Among the various biomedical applications of the silver nanoparticle synthesized using the green plant
extract, one of the prominent applications of these tiny particles is observed in their role as anti-cancerous
agents. Cancer is among the most deadly and globally distributed ailments, which is distinguished by
uncontrolled division of the mutant cells. The pathophysiology of cancer is extremely intricate and is
frequently brought on by genetic mutation or deregulation brought on by the exposure of normal cells to
xenobiotics or environmental contaminants or the potent carcinogens (Gali-Muhtasib et al., 2020). Radiation
therapy, chemotherapy, and surgery are listed as the conventional methods of cancer treatment (Damyanov
et al., 2018). The nanosized materials have distinctive chemical and physical properties that make them a
potent contender for the biomedical application in the field of treatment of cancerous growth. In the attempt
to mitigate some of the adverse consequences of traditional cancer treatment, the emerging nanotechnology
has gained substantial interest (Liang et al., 2016).

Previous studies have established that the plant extract-based silver nanoparticles can enter the cancer cells
through endocytosis and followed by their penetration into the mitochondria, where they can affect the
cellular respiration and produce highly reactive free radicals like reactive oxygen species (ROS) (Hsin et al.,
2008). The formation of free radicals inside the cancerous cells can lead to the impairment of some important
biomolecules which includes DNA and proteins. The green-synthesised silver nanoparticles have also been
established to encourage the process of apoptosis i.e. programmed cell death in the cancerous cells by
modulating the process of autophagy, which occurs as a result of a series of steps of molecular events in the
mitochondria of cancerous cells (Sanpui et al., 2011; Peynshaert et al., 2014). The impairment of lysosomal
functions and resulting autophagy in the THP cancer cell line has already been reported to be induced by
AgNPs (Xu et al., 2015). According to a few other studies, the green-synthesised AgNPs may also have an
impact on the vascular endothelial growth factor, which is important for angiogenesis in tumors
(Kalishwaralal et al., 2009). The scientific studies to date have established that the green-synthesized AgNPs
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have marked cytotoxic activity against different cancer cell lines through ROS production, modulation of
apoptosis and autophagy, and other molecular mechanisms (Jabir et al., 2021; AlvarezCirerol et al., 2024).

The silver nanoparticles synthesized from the latex of C. gigantea have been reported to have marked cytotoxic
activity against the MCF.7 cancer cell line (Immaculate et al., 2020) and Hela cells (Chandrasekaran et al.,
2015). However, to date the AgNPs synthesized from leaf extract of C. gigantea has been assessed for their
antioxidant and antimicrobial properties (Rengarajan et al., 2024) among other significant biomedical
efficacies. Therefore, the present study has been undertaken for the synthesis of silver nanoparticles using leaf
extract of C. gigantea, their characterization, and to evaluate the leaf extract-based AgNPs for their anti-

cancerous properties by determining their cytotoxic activity against selected cancer cell lines, i.e., PC-3 and
THP-1.

MATERIALS AND METHODS:

Collection of sample and preparation of extract:

Fresh leaves of the plant C. gigantea were collected from East Singhbhum, Jharkhand, India. The extraction
is done by following previously established standard methods. The leaves were washed and dried under shade
for 7-8 days and then powdered. 25 gm of fine powder was dissolved in 500 ml of double-distilled water and
then boiled for 10 minutes at 80°C, and then the solution was allowed to cool down to room temperature.
Now the solution was filtered through Whatman filter paper. The filtrate was collected and stored at 4°C for
further use (S. Revathi et al., 2024).

Synthesis of silver nanoparticles:

A 1 mM solution of silver nitrate (AgNO3) was prepared by dissolving 0.169 g of AgNOzin 1000 ml of
deionised water, and the solution was kept covered with foil to prevent its oxidation by direct exposure to
sunlight. Now, 10 ml of extract was added to 90 ml of AgNOssolution, followed by continuous stirring. The
solution was then incubated at 80°C for 4 hrs. The change in colour of the solution preliminarily infers the
synthesis of silver nanoparticles, which was then confirmed by various analyses for characterization of
nanoparticles.

Characterization of Silver Nanoparticles:

The reduction of silver ions and thereby the synthesis of extract-mediated silver nanoparticles was
preliminarily shown by the colour change of the solution after incubation. Various analytical techniques were
used for the characterisation of biosynthesised CgAgNPs, like UV-visible spectroscopy, XRD (X-ray
diffraction), FESEM (field emission scanning electron microscopy), EDX (energy dispersive X-ray) analysis,
FT-IR (Fourier transmission infrared) spectroscopy, DLS (dynamic light scattering), and zeta potential
analysis.

The absorption spectra of the sample were recorded with a UV.visible spectrophotometer (Perkin Elmer,
USA; Lambda-25)between the wavelengths of 200 and 800 nm using deionised water for adjusting the
baseline reference, and the resultant peak referred to the synthesis of silver nanoparticles. The structural
analysis of biosynthesized silver nanoparticles was done by using an X-ray diffractometer (Rigaku, Japan; Smart
Lab 9KW) and the data was recorded for a wavelength of 0.154 nm (X-ray wavelength) in a 20 range of 10°
to 80°. The XRD analysis was done on a fine and dried powdered sample. The presence of different functional
groups on the surface coating of Cg-AgNPs was determined through FTIR (Shimadzu Co., Japan; IR Prestige
21) analysis by scanning the spectrum in the range of 400 to 4000 cm™. The size, shape, topography, and
morphological properties of Cg-AgNPs were analysed by FESEM-EDX (Carl Zeiss Microscope Ltd., Germany;
Sigma 300). The surface charge and hydrodynamic diameter of Cg-AgNPs was analysed by DLS analysis
(Malvern Inst. UK; Zeta Sizer Nano ZS).

Assessment of anti-cancerous activity (MTT assay) against Human Leukemia (THP-1) cell line:

The cytotoxicity of the provided samples on the THP-1 cell line (procured from NCCS Pune-Human
leukaemia monocytic cell) was determined by MTT assay (Tihauan et al., 2020; Van Meerloo et al., 2011;
Fotakis and Timbrell, 2006). The cells (10000 cells/well) were cultured in a 96-well plate for 24 h in RPMI
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1640 medium (RPMI 1640-AT060-1L) supplemented with 10% FBS (fetal bovine serum, HIMEDIA-RM
10432) and 1% antibiotic solution at 37°C with 5% CQO,. The next day, cells were treated with different
concentrations of the Cg-AgNPs solution. After incubation for 24 hours, MTT Solution was added to cell
culture and further incubated for 2 h. Cells without treatment were considered as Co-controls, cells without
MTT were considered as blank. At the end of the experiment, culture supernatant was removed, and cell
layer matrix was dissolved in 100 ul Dimethyl Sulfoxide (DMSO -SRL-atno.- 67685) and read in an Elisa plate
reader (iMark, Biorad, USA) at 540 nm and 66nm. M.IC50 was calculated by using the software Graph Pad
Prism -6. Images were captured under an inverted microscope (Olympus eK2) using a camera (AmScope

digital camera 10 MP Aptima CMOS).

Calculation:-

% Viable Cells = A(test)/A(control) X 100

(Arese - Absorbance of test sample)

(Aconuol - Absorbance of Control)

Assessment of anti-cancerous activity (MTT assay) against Prostate cancer (PC-3) cell line:

The cytotoxicity of the extract-based silver nanoparticle solution on the PC-3 (procured from NCCS Pune)
cell line was determined by MTT assay. The cells (10000 cells/well) were cultured in a 96-well plate for 24 h
in Ham’s F12K medium supplemented with 10% FBS (fetal bovine serum, HIMEDIA-RM 10432) and 1%
antibiotic solution (Penicillin-streptomycin-Sigma-Aldrich PO781) at 37 °C with 5% CO,. The next day, cells
were treated with different concentrations of the Cg-AgNPs. A stock solution of Cg-AgNPs was prepared in
DMSO and further diluted to get different concentrations in incomplete cell culture medium (without FBS).
After incubation for 24 hours, MTT Solution (5 mg/ml) was added to cell culture and further incubated (in
an air-banned CO, incubator with a head force of HF90) for 2 h. Cells without treatment were considered
controls, and cells without MTT were considered blank.

RESULTS AND DISCUSSION:

(A) (B)
Fig 1: The colour change after incubation preliminarily confirms the synthesis of AgNPs, and (B) Dried
Cg-AgNPs
The fundamental chemical reaction that results in the formation of silver nanoparticles with various
phytochemical constituent compounds acting as capping and stabilising agents is the reduction of silver ions
present in the AgNQOj3 solution by the phytochemical constituent compounds present in the leaf extract of C.

gigantea, as shown in Figure 1.
XRD Analysis
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Figure 2: XRD analysis of Cg-AgNPs showing major peaks of intensities with respect to 2 Theta values
Figure 2 shows the X-ray diffraction pattern of silver nanoparticles synthesized from aqueous leaf extract of
C. gigantea. The graph shows diffraction peaks at or around 20 = 27.8, 32.2, 38.14, 46.18, and 54.76. When
this result is compared with the standard, the diffraction pattern shows that the synthesized silver
nanoparticles are crystalline in structure. The different peaks correspond to the planes (100), (111), (200),
and (220) of silver crystals, respectively (correlated to JCPDS/ICDD card number 04-0783) (Ali et al.,
2023).The average particle size is calculated by using the Debye-Scherrer formula:
0.91

" BCosh
Along with the Bragg peaks that are indicative of silver nanocrystals, other unidentified peaks are also seen,
which indicates that the crystallisation of the bioorganic phase takes place on the surface of the silver
nanoparticles. The diffraction pattern also shows unassigned peaks, noise, and peak broadening, which might
be due to the biochemical constituent molecules present in the extract or the crystallisation of the bioorganic
phase on the surface of nanoparticles (Velavan and Amargeetha, 2018).

UV-Visible spectroscopy:
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Fig. 3: UV-Visible spectrum of biosynthesized Cg-AgNPs
One of the main analytical methods for characterizing silver nanoparticles is UV-visible spectroscopy since

the particles exhibit their maximum absorbance in the UV range. The C. gigantea leaf extract-based silver
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nanoparticles (Cg-AgNPs) show a typical absorption peak at and around 420 nm due to the phenomenon of
surface plasmon resonance. The band of UV-visible spectrum ranges approximately between 400 and 450 nm
when the nanoparticles are smaller, whereas it may be between 450 and 495 nm when the nanoparticles are
larger (R. Anith Jose et al., 2022). The UV-Visible spectrum of the present analysis shows an intense surface
plasmon resonance peak at around 410-420 nm, which confirms the presence of silver nanoparticles.

DLS and Zeta Potential:

The DLS analysis measures the dynamic change in the intensity of light scattered due to Brownian motion of
synthesized nanoparticles (Ghani et al., 2022). The Zeta potential of the synthesised Cg-AgNPs was evaluated
to be -13.3 mV, which indicates that the nanoparticles have good structural stability, as the negative surface
charge repels the particles in the solution, which results in the formation of stable colloids with good
dispersion (Tavan et al., 2023; Elamawi et al., 2018). The Z-average of the biosynthesized Cg-AgNPs was found
to be 183.1 nm with a polydispersity index (PdI) value of 0.243, which infers the possibility of formation of
the aggregates (Tavan et al., 2023).Cg-AgNPs was found to have a larger hydrodynamic diameter when
compared to FESEM and XRD examinations because of the thickness of the hydration shell formed in the
aqueous environment and the capping of phytochemical constituent compounds over the NPs surface

(Hanachi et al., 2022).
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Fig. 4: Showing the Z-average peak (size distribution) of biosynthesized Cg-AgNPs
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Fig. 5: Showing Zeta potential spectrum of biosynthesized Cg-AgNPs

FESEM and EDX analysis:
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The FESEM was used to assess the surface morphology, topography, and size of the nanoparticles. The
FESEM images depicts that the Cg-AgNPs are quasi-spherical, or ovoid in shape with particle size ranging
mostly <51 nm. Some larger-sized particles can also be observed, which are due to the natural tendency of
aggregation of the Cg-AgNPs or may be due to the evaporation of solvent during the preparation of the sample
(Tavan et al., 2023). The aggregation of two or more reducing moieties adhered to the surface of performed
nuclei might be responsible for the agglomeration of Cg-AgNPs. Therefore, it could be inferred that the
biochemical constituent compounds present in the C. gigantea extract have served as the reducing and capping
agents during the synthesis of silver nanoparticles (Mohammad and Hasan, 2024). The EDX analysis of the
present sample shows the highest peak at 3 keV, which infers the presence of metallic silver nanocrystals (Al-
Dbass et al., 2022). The EDX spectrum also shows additional peaks referring to the presence of other
elements, including platinum, oxygen, chlorine, iron, and potassium, which might serve as capping agents,
bound to the surface of the silver nanoparticles and may be due to the adsorption of other biomolecules at
the surface of AgNPs (Salar RK et al., 2016). As a strong Ag peak was observed at 3 keV, as per the sources, it
confirms the presence of Ag in the sample analyzed (Fazli Khuda et al., 2023).
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Figure 6 (A) and (B): FESEM images of nanoparticles (at a resolution of 200 nm) showing nanoparticles
with sizes 50.31 nm, 23.52 nm and 19.04 nm

Full Area 1

Fig. 7: EDX spectra of biosynthesized Cg-AgNPs
FT-IR analysis:
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Fig. 8: FT-IR spectrum of biosynthesized Cg-AgNPs

S. No. Wave No. (cm™) Corresponding functional Group

1 2917.90 -CH, -CN stretching (Methyl group, methoxy group or nitrate
bonds, Aromatic group)

2 1587.25 -C-N, -C-C (aromatic ring, presence of proteins)

3 1375.19 -C-O stretching/ O-H deformation

4 1023.65 -C-O stretching/ O-H deformation

5 3400-3200 (Broad) Normal polymeric -OH stretch

Table 1: Showing major peaks of FI-IR spectrum and their corresponding functional groups

The FTIR spectrum of the Cg-AgNPs was used to identify the functional groups of the biochemical
constituent compounds, which serve as reducing and capping agents during the synthesis of nanoparticles
(Mohammad and Hassan, 2024). The FT-IR spectrum was recorded for the mid-IR range of wavelengths from
400 to 4000cm™. The wave numbers in the FT-IR spectrum of Cg-AgNPs and their corresponding functional
groups are listed in Table 1 which reveals the presence of biochemical compounds with functional groups
like alcohols, phenols, amines, hydroxyl, amides, carbonyls etc. (Coates, 2000; Nandiyanto et al., 2019), acting
as capping and stabilizing agents.

Assessment of anti-cancerous activity (MTT assay) against Prostate cancer (PC-3) cell line and Leukemia
(THP-1) cell line:

Based on the results obtained from the MTT assaythe ICsevalue (concentration of an
inhibitor/sample/formulation at which the viable cells are reduced by half) of Cg-AgNDPs solution was found
to be 26.18+0.047 pl/mland 17.22+0.1007ul/ml against the PC-3 cancer cell line(Fig. 8), and the THP-1
cancer line (Fig. 9) respectively, which marks that the biosynthesized Cg-AgNPs has significant anti-
proliferative activity or cytotoxic activity against the tested cancer cell lines. The morphology of the cancer
cell lines at their respective ICsy concentrations of Cg-AgNPs is shown in figure 10.Several previous works
have shown that the silver nanoparticles synthesized from plant extracts possess marked cytotoxic activity
against different cancer cell lines (Amar Kumar et al., 2024; Simon et al., 2022). Firdhous and Lalitha (2015)
have reported that the silver nanoparticles synthesized from Alternanthera sessilis extract had an ICs,
concentration of 6.85png/ml against the PC-3 cancer cell line. In another work carried out by Muhammad et
al. (2024), the cytotoxic activity (ICsy) of silver nanoparticles synthesized from Cephalaria tchihatchewii extract
against the PC-3 cell line was found to be 7.84 + 1.2 1ug/ml.Khedr et al. (2022) assessed the cytotoxic activities of
silver nanoparticles synthesized from extracts of different parts of the plant Cynara scolymus L. and reported
that the silver nanoparticles synthesized from flower extract, stem extract, and bract extract were found to
have ICs values of 2.47+0.24, 83.422.19, and 14.29£1.23 pg/ml, respectively, against the PC-3 cancer cell

line, and the cytotoxic activity of biosynthesized silver nanoparticles may be attributed to the induction of
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apoptosis or through antioxidant activation. In comparison to the previous works, the results of the present
work reveal that the Cg-AgNPs are found to have a comparable cytotoxic activity against the PC-3 cancer cell
line with an ICsy value of 26.18+0.047 pl/ml. Few studies have been conducted to date to evaluate the
cytotoxicity of biosynthesised silver nanoparticles against THP-1 cancer cells. Alvarez-Cirerol et al. (2024) have
reported that the silver nanoparticles synthesised from Rumex hymenosepalus root extract showed a minimal
cytotoxic and apoptotic impact on the THP-1 cancer cell line at a concentration of 12.5 pg/ml. Another work
done by Jabir et al. (2021) demonstrated that the silver nanoparticles synthesised from Annona muricata peel
extract have marked antiproliferative activity against THP-1 cancer cells at a concentration of 17.34 pg/ml,
due to the high membrane-penetrating potential of biosynthesised silver nanoparticles. In the present work
the cytotoxic activity of biosynthesized silver nanoparticles against THP-1 cancer cells was found to be
comparable with the results of other works 17.22+0.1007ul/ml. According to Hemlata et al. (2020), the
biosynthesized silver nanoparticles may induce cytotoxic effects on cancer cells due to their very small size and
ability to enter the cells through endocytosis along with their property to evade P-glycoprotein efflux. Several
studies conducted over the past few decades have demonstrated that the use of nanoparticles has resulted in
miraculous advancements in the field of medicine because of their small size, targeting ability, higher
selectivity, and capacity to function as a drug delivery vehicle that can even cross the blood-brain barrier
(BBB), along with increased bioavailability of drugs at the target site and reduced adverse side effects (Vinhas
etal., 2017; Cena and Jativa, 2018; Mostafavi et al., 2022).Among all the biosynthesized metal nanoparticles,
the silver nanoparticles are found to be one of the most effective anticancer agents (Khorrami et al., 2019).
Previous studies have reported that the biosynthesised silver nanoparticles can affect the metabolic activities
of cancer cells by blocking the respiratory chain, producing free radicals like ROS (reactive oxygen species),
altering DNA structure and functions, enhancing oxidative stress and mitochondrial damage, and adversely
affecting cell division mechanisms along with membrane damage (Yesilot and Aydin, 2019). In the present
study, the in-vitro cytotoxicity assay revealed that the Cg-AgNPs decreased the viability of leukaemia (THP-1)
and prostate (PC-3) cancer cells in a dose-dependent manner. The marked cytotoxic activity of Cg-AgNPs
against the tested cancer cell lines may be attributed to the physico-chemical properties of the biosynthesized
silver nanoparticles along with the biochemical constituent compounds present in the C. gigantea leaf extract,
which act as reducing as well as capping agents for the biosynthesized silver nanoparticles. Further, the results
also infer that the Cg-AgNPs show more cytotoxic activity against the PC-3 cancer cell line in comparison to
the THP-1 cancer cell line.
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Fig. 9: Showing the cytotoxic activity of Cg-AgNPs solution at different concentrations against PC-3 cancer
cell line
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Fig. 10: Showing the cytotoxic activity of Cg-AgNPs solution at different concentrations against THP-1
cancer cell line

(B)
Fig. 11(A) and (B): Showing Morphology of PC-3 cancer cell line (A) treated with 26.18 pl/ml
concentration of Cg-AgNPs and THP-1 cancer cell line (B) treated with 17.22 pnl/ml concentration of Cg-
AgNPs
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CONCLUSION AND FUTURE PROSPECTIVES:

The present study reveals that silver nanoparticles synthesised from Calotropis gigantea leaf extract exhibit a
strong cytotoxic effect against the selected cancer cell lines PC-3 and THP-1. The Cg-AgNPs are quasi-spherical
or ovoid with particle sizes that are primarily less than 51 nm. In addition to other specified features, various
characterisation approaches have revealed the presence of various functional groups of the phytochemicals
constituents of C. gigantea leaves among the other physical and chemical characteristics of the biosynthesized
Cg-AgNPs. The production of free radicals and oxidative stress, as well as other potential biochemical
pathways, may be the principle by which Cg-AgNPs exhibit cytotoxic activity against the selected cancer cell
lines. The current study opens up new avenues for investigation to determine the accurate molecular
mechanism underlying Cg-AgNPs' cytotoxic effect, which could lead to the formation of novel anticancer
medications.

REFERENCES:

1.Ahn, E. Y,; Jin, H.; Park, Y. (2019) Assessing the antioxidant, cytotoxic, apoptotic and wound healing properties of silver
nanoparticles greensynthesized by plant extract.

2.Al-Dbass, A.M.; Daihan, S.A.; Al-Nasser, A.A.; Al-Suhaibani, L.S.; Almusallam, ].; Alnwisser, B.I.;Saloum, S.; Alotaibi, R.S.; Alessa,
L.A.; Bhat, R.S. Biogenic Silver Nanoparticles from Two Varieties of Agaricus bisporus and Their Antibacterial Activity. Molecules
2022, 27, 7656. https://doi.org/10.3390/ molecules27217656

3.Ali, LAM., Ahmed, A.B. & Al-Ahmed, H.I. Green synthesis and characterization of silver nanoparticles for reducing the damage
to sperm parameters in diabetic compared to metformin. Sci Rep 13, 2256 (2023). https://doi.org/10.1038/541598-023-29412-3.

4.Alvarez-Cirerol, F. ]J., Galvin-Moroyoqui, J. M., RodriguezLeon, E., Candia-Plata, C., RodriguezBeas, C., LépezSoto, L. F,,
Rodriguez-Vazquez, B. E., Bustos-Arriaga, J., Soto-Guzman, A., Larios-Rodriguez, E., Martinez-Soto, J. M., Martinez-Higuera, A., &
Ifiguez-Palomares, R. A. (2024). Monocyte (THP-1) Response to Silver Nanoparticles Synthesized with Rumex hymenosepalus Root
Extract. Nanomaterials, 14(1), 106. https://doi.org/10.3390/nano14010106

5.Behboodi, S.; Baghbani-Arani, F.; Abdalan, S.; Sadat Shandiz, S. A. Green Engineered Biomolecule-Capped Silver Nanoparticles
Fabricated from Cichorium intybus Extract: In Vitro Assessment on Apoptosis Properties Toward Human Breast Cancer (MCF-7)
Cells. Biol. Trace Elem. Res. 2019, 187, 392—402.

6.Cena V., Jativa P. Nanoparticle crossing of blood-brain barrier: a road to new therapeutic approaches to central nervous system
diseases. Future Med. 2018;(13):13. doi: 10.2217/nnm-2018-0139

7.Chandrasekaran Rajkuberan, Kannaiah Sudha, Gnanasekar Sathishkumar, Sivaperumal Sivaramakrishnan, 2015. Antibacterial
and cytotoxic potential of silver nanoparticles synthesized using latex of Calotropis gigantea L., Spectrochimica Acta Part A:
Molecular and  Biomolecular — Spectroscopy, =~ Volume 136, Part B, DPages 924930, ISSN  1386-1425,
https://doi.org/10.1016/j.saa2.2014.09.115.

8.Coates, J. (2000). Interpretation of infrared spectra, a practical approach. In Encyclopedia of Analytical Chemistry. RA Meyers editor.
Chichester: John Wiley & Sons Ltd;. p. 10815-10837.

9.Damyanov, L. Maslev, V. Pavlov, L. Avramov, Conventional treatment of cancer realities and problems, Ann. Complement Altern.
Med. 1 (2018) 1002

10. Elamawi, R.M., Al-Harbi, R.E. & Hendi, A.A. Biosynthesis and characterization of silver nanoparticles using Trichoderma
longibrachiatum and their effect on phytopathogenic fungi. Egypt J Biol Pest Control 28, 28 (2018). https://doi.org/10.1186/s41938-
01800281

11. Erci, F.; Cakir-Koc, R.; Isildak, I. Green synthesis of silvernanoparticles using Thymbra spicata L. var. spicata (zahter)
aqueousleaf extract and evaluation of their morphology-dependent anti-bacterial and cytotoxic activity. Artif. Cells, Nanomed.,
Biotechnol.2018, 46, 150—158.

12. FazliKhuda,MeshalGul, Atif Ali Khan Khalil, Sajid Ali, Naveed Ullah, Muhammad Shafiq Khan, Shabnam Nazir, Sumaira
Irum Khan, Sultan Mehtap Buyuker, Saud, MuhammadShafique, and Sayed Afzal Shah Almawash. 2023. Biosynthesized Silver
Nanoparticles Using Alnus nitida Leaf Extract as a Potential Antioxidant and Anticancer Agent. ACS Omega 2023, 8, 30221—30230.
Doi: https://doi.org/10.1021/acsomega.3c02928.

13. Fotakis G, Timbrell JA. In vitro cytotoxicity assays: Comparison of LDH, neutral red, MTT and protein assay in hepatoma
cell lines following exposure to cadmium chloride. Toxicol Lett. 2006; 160: 171-77.

14. Gali-Mubhtasib, H.; Chouaib, R. Nanoparticles in cancer treatment: Types and preparation methods. In Nanoparticle Drug
Delivery Systems for Cancer Treatment, 1st ed.; Jenny Stanford Publishing: Boca Raton, FL, USA, 2020.

15. Gengan, R.; Anand, K.; Phulukdaree, A.; Chuturgoon, A. A549 lung cell line activity of biosynthesized silver nanoparticles
using Albizia adianthifolia leaf. Colloids Surf., B 2013, 105, 87—-91.

16. Ghani S, Rafiee B, Bahrami S, Mokhtari A, Aghamiri S, Yarian F. 2022. Green synthesis of silver nanoparticles using the

plant extracts of vitex agnus castus L: An ecofriendly approach to overcome antibiotic resistance. Int ] Prev Med 2022;13:133.

628


https://doi.org/10.3390/
https://doi.org/10.1038/s41598-023-29412-3
https://doi.org/10.3390/nano14010106
https://doi.org/10.1016/j.saa.2014.09.115

International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 17s, 2025
https://theaspd.com/index.php

17. Hanachi, P., Gharari, Z., Sadeghinia, H. & Walker, T. R. (2022). Synthesis of bioactive silver nanoparticles with eco-friendly
processes using Heracleum persicum stem extract and evaluation of their antioxidant, antibacterial, anticancer and apoptotic
potential. J. Mol. Struct. 1265, 133325. https://doi.org/10.1016/j.molstruc.2022.133325.

18. Hemlata, Meena PR, Singh AP, Tejavath KK. Biosynthesis of Silver Nanoparticles Using Cucumis prophetarum Aqueous Leaf
Extract and Their Antibacterial and Antiproliferative Activity Against Cancer Cell Lines. ACS Omega. 2020 Mar 2;5(10):5520-
5528. doi: 10.1021/acsomega.0c00155. PMID: 32201844; PMCID: PMC7081640.

19. Hsin YH, Chen CF, Huang S, Shih TS, Lai PS, Chueh PJ. The apoptotic effect of nanosilver is mediated by a ROS- and
JNK dependent mechanism involving the mitochondrial pathway in NIH3T3 cells. Toxicology Lett 2008; 179: 130-139.

20. Immaculate, A.B., Kungumapriya, R., Kasturi, R., Akilan, A. 2020. Anticancer and antioxidant activity of silver
nanoparticles of Calotropis gigantea. Annals of the Romanian Societ for Cell Biology, 24(1): 614-630.

21. Jabir MS, Saleh YM, Sulaiman GM, Yaseen NY, Sahib Ul, Dewir YH, Alwahibi MS, Soliman DA. Green Synthesis of Silver
Nanoparticles Using Annona muricata Extract as an Inducer of Apoptosis in Cancer Cells and Inhibitor for NLRP3 Inflammasome
via Enhanced Autophagy. Nanomaterials (Basel). 2021 Feb 3;11(2):384. doi: 10.3390/nano11020384. PMID: 33546151; PMCID:
PMC7913157.

22. Kalishwaralal K, Banumathi E, Ram KPS, et al. Silver nanoparticles inhibit VEGF induced cell proliferation and migration
in bovine retinal endothelial cells. Colloids and Surfaces B: Biointerfaces 2009; 73: 51-57.
23. Khedr AIM, Farrag AFS, Nasr AM, Swidan SA, Nafie MS, Abdel-Kader MS, Goda MS, Badr JM, Abdelhameed RFA.

Comparative Estimation of the Cytotoxic Activity of Different Parts of Cynara scolymus L.: Crude Extracts versus Green Synthesized
Silver =~ Nanoparticles  with  Apoptotic ~ Investigation. ~ Pharmaceutics. 2022  Oct  13;14(10):2185.  doi:
10.3390/pharmaceutics14102185. PMID: 36297619; PMCID: PMC9610270.

24. Khorrami S., Abdollahi Z., Eshaghi G., Khosravi A., Bidram E., Zarrabi A. An improved method for fabrication of Ag-GO
nanocomposite with controlled anti-cancer and anti-bacterial behavior; a comparative study. Sci. Rep. 2019;9(1):9167. doi:
10.1038/s41598-019-45332-7

25. Kumar, A.,MadhusudanMahto, ShaluPriya, Shivam Thakur, Priyanka Paramanik, Renuka Verma, Padmabati Mahato and
Abhijeet Bera. 2024. A comprehensive review of green synthesis, characterization and biomedical applications of silver nanoparticle
synthesized using plant extracts. World Journal of Advanced Research and Reviews, 2024, 22(03), 1950-1977. DOI:
https://doi.org/10.30574/wjarr.2024.22.3.1899.

26. Liang, L. Xu, G. Song, Z. LiuEmerging nanomedicine approaches fighting tumor metastasis: animal models, metastasis-
targeted drug delivery, phototherapy, and immunotherapy
21. Mohamed ChanfiouMkouboi, NazliBokeSarikahya, AyseNalbantsoy, Murat Elibol, Cytotoxic activities of metallic

nanoparticles biosynthesized using plant extracts and pure compounds from Cephalaria species, Phytochemistry Letters, Volume
61, 2024, Pages 226-235, ISSN 1874-3900, https://doi.org/10.1016/j.phytol.2024.05.004.

28. Mohammad Amin Taleb Safa, Hassan Koohestani. 2024. Green synthesis of silver nanoparticles with green tea extract from
silver recycling of radiographic films. Results in Engineering, Volume 21, 2024, 101808, ISSN 2590-1230,
https://doi.org/10.1016/j.rineng.2024.101808.

29. Mostafavi E, Zarepour A, Barabadi H, Zarrabi A, Truong LB, Medina-Cruz D. Antineoplastic activity of biogenic silver and
gold nanoparticles to combat leukemia: Beginning a new era in cancer theragnostic. Biotechnol Rep (Amst). 2022 Feb

26;34:e00714. doi: 10.1016/j.btre.2022.e00714.

30. Mutiah R, Sukardiman S & Widyawaruyanti A, Cytotoxic effect of crude extract and fraction from Calotropis gigantea
leaves on human colon cancer widr cell lines, Int ] Pharm Pharm Sci, 9 (2017) 83.

31. Nandiyanto, A.B.D., Oktiani, R., Ragadhita, R. (2019). How to Read and Interpret FTIR Spectroscope of Organic Material.
Indon. Jr. of Sc. And Tech., 4(1), 97-118

32. Olga, M., Jana, M., Anna, M., Irena, K., Jan, M., and Alena, C. 2022.Antimicrobial properties and applications of metal
nanoparticles biosynthesized by green methods.Biotechnol.Adv. 58,107905. doi:10.1016/j.biotechadv.2022.107905 .

33, Peynshaert K., Manshian B.B., Joris F., Braeckmans K., De Smedt S.C., Demeester J., Soenen S.]. Exploiting intrinsic

nanoparticle toxicity: The pros and cons of nanoparticle-induced autophagy in biomedical research. Chem. Rev. 2014; 114:7581-
7609. doi: 10.1021/cr400372p.

34. R. Anith Jose, D. Devina Merin, T. S. Arulananth, Nagaraju Shai. 2022. Characterization Analysis of Silver Nanoparticles
Synthesized from Chaetoceros calcitrans. Hindawi Journal of Nanomaterials Volume 2022, Article ID 4056551, 15 pages
https://doi.org/10.1155/2022/4056551.

35. Rajan, R.; Chandran, K.; Harper, S. L.; Yun, S.-I; Kalaichelvan, P. T. Plant extract synthesized silver nanoparticles: an
ongoing source of novel biocompatible materials. Ind. Crops Prod. 2015, 70, 356—373
36. Rengarajan, S., Sivalingam, A.M., Pandian, A., Chourasia, P.K. 2024. Nanomaterials (AgNPs) synthesized using Calotropis

gigantea extract, characterization and biological application in antioxidant and antibacterial activity. Journal of Inorganic and
Organometallic Polymers and materials, 34(9), 4005-4021. DOI:10.1007/510904-024-03058-8

37. S. Revathi, S. Sutikno, Abdulbasit F. Hasan, Ammar B. Altemimi, Qausar Hamed ALKaisy, Ankur ] Phillips, Mohammad
Ali Hesarinejad, Tarek Gamal Abedelmaksoud, Green synthesis and characterization of silver nanoparticles (AgNP) using Acacia
nilotica plant extract and their anti-bacterial activity, Food Chemistry Advances, Volume 4, 2024, 100680, ISSN 2772-753X,
https://doi.org/10.1016/j.focha.2024.100680.

629


https://doi.org/10.1016/j.molstruc.2022.133325
https://doi.org/10.30574/wjarr.2024.22.3.1899
https://doi.org/10.1016/j.phytol.2024.05.004
https://doi.org/10.1016/j.rineng.2024.101808
https://onlinelibrary.wiley.com/authored-by/Anith+Jose/R.
https://onlinelibrary.wiley.com/authored-by/Devina+Merin/D.
https://onlinelibrary.wiley.com/authored-by/Arulananth/T.+S.
https://onlinelibrary.wiley.com/authored-by/Shaik/Nagaraju
https://doi.org/10.1155/2022/4056551
http://dx.doi.org/10.1007/s10904-024-03058-8

International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 17s, 2025
https://theaspd.com/index.php

38. Salar RK, Kumar N. Synthesis and characterization of vincristine loaded folic acid-chitosan conjugated nanoparticles.
Resour. Technol. Dec. 2016. 2(4):199-214. https://doi.org/10.1016/j.reffit.2016.10.006.

39. Sanpui P, Chattopadhyay A, Ghosh SS. Induction of apoptosis in cancer cells at low silver nanoparticle concentrations
using chitosan nanocarrier. ACS Appl Mater Interfaces 2011; 3: 218-228.

40. Shankar SS, Rai A, Ankamwar B, Singh A, Ahmad A, Sastry M (2004) Biological synthesis of triangular gold Nano prisms.
Nat Mater 3:482-488

41. Sharma, M., Delta, A.K. and Kaushik, P. 2022. Phytochemistry and Pharmacology of Calotropis gigantea — An update.
Ind. Jr. of Biochem. And Biophy. Vol. 59 No. 6: June 2022. DOI: https://doi.org/10.56042/ijbb.v59i6.56922.

42. Simon, S.; Sibuyi, N.R.S.; Fadaka, A.O.; Meyer, S.; Josephs, J.; Onani, M.O.; Meyer, M.; Madiehe, A.M. Biomedical

Applications of Plant Extract-Synthesized Silver Nanoparticles. Biomedicines 2022, 10, 2792. https://doi.org/10.3390/
biomedicines10112792

43. Singh RP, Shukla P, Singh PK (2011) Biological approach of ZnO nanoparticle formation and characterization. Adv Mater
Lett 2:313-317
44. Sreewardhini Sivapalan, Sankari Dharmalingam, Vijayalakshmi Venkatesan, Mangalagowri Angappan, Veeramuthu

Ashokkumar. 2023. Phytochemical analysis, anti-inflammatory, antioxidant activity of Calotropis gigantea and its therapeutic
applications. Journal of Ethnopharmacology, Volume 303, 2023, 115963, ISSN 0378-8741,
https://doi.org/10.1016/j.jep.2022.115963.

45. Tanase, C.; Berta, L.; Coman, N. A,; Rosca, I.; Man, A.; Toma, F.; Mocan, A.; Jakab-Farkas, L.; Biro, D.; Mare, A.
Investigation of In Vitro Antioxidant and Antibacterial Potential of Silver Nanoparticles Obtained by Biosynthesis Using Beech
Bark Extract. Antioxidants 2019, 8, No. 459.

46. Tavan, M., Hanachi, P., Mirjalili, M.H. et al. Comparative assessment of the biological activity of the green synthesized
silver nanoparticles and aqueous leaf extract of Perilla frutescens (L.). Sci Rep 13, 6391 (2023). https://doi.org/10.1038/ Sun Y, Yin
Y, Mayers BT, Herricks T, Xia Y (2002) Uniform form silver nanowires synthesis by reducing AgNO3 with ethylene glycol in
presence of seeds andpolyvinyl pyrrolidone). Chem Mater 14:4736-4745

417. Tihauan, Bianca &Berca, Lavinia &Adascalului, Marian
& Sanmartin, Angel & Nica, Silvia &Cimponeriu, Danut & Duta, Denisa. (2020). Experimental in vitro cytotoxicity evaluation of
plant bioactive compounds and phytoagents: a review. Romanian Biotechnological Letters. 25. 1832-1842.

10.25083/1b1/25.4/1832.1842.

48. Van Meerloo ], Kaspers GJL, Cloos ]. Cell sensitivity assays: The MTT assay. Methods Mol Biol. 2011; 731: 237-45.

49. Velavan S, Amargeetha A (2018) X-ray Diffraction (XRD) and Energy Dispersive Spectroscopy (EDS) Analysis of Silver
Nanoparticles Synthesized from Erythrina Indica Flowers. Nanosci Technol 5(1): 1-5. DOI: 10.15226/2374-8141/5/1/00152

50. Vinhas, R.; Mendes, R.; Fernandes, A.; Baptista, P. 2017. Nanoparticles- emerging potential for managing leukemia and
lymphoma. Front. Bioeng. Biotechnol., 18 December 2017 Sec. Nanobiotechnology, Volume 5, 10.3389/fbioe.2017.00079.

51. Xu Y., Wang L., Bai R, Zhang T., Chen C. Silver nanoparticles impede phorbol myristate acetate-induced
monocytemacrophage differentiation and autophagy. Nanoscale. 2015; 7:16100-16109. doi: 10.1039/C5NR04200C

52. Yesilot, S., & Aydin Acar, C. (2019). Silver nanoparticles; a new hope in cancer therapy. Eastern ] Med, 24(1), 111-116.

https://doi.org/10.5505/ejm.2019.66487.

630


https://doi.org/10.1016/j.reffit.2016.10.006
https://or.niscpr.res.in/index.php/IJBB/issue/view/100
https://doi.org/10.56042/ijbb.v59i6.56922
http://dx.doi.org/10.15226/2374-8141/5/1/00152

