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Abstract

The synthesis of Ag NPs using Rhazya stricta leaf extract, rich in phytochemicals, is explored for its
potential in cancer therapy. Ag NPs were successfully synthesized at pH 8 and temperatures of 60°C,
70°C, and 80°C, exhibiting a characteristic SPR peak at 407 nm. SEM analysis revealed spherical
nanoparticles (68+1 nm), suitable for biomedical applications. The synthesized Ag NPs demonstrated
potent anticancer effects against MCF-7 breast cancer cells, surpassing the leaf extract alone, with low
LCso values. Mechanistic insights suggest apoptosis induction, hindered cell proliferation, ROS
generation, mitochondrial disruption, and interference with cell signaling pathways. This study
underscores the potential of Rhazya stricta-mediated Ag NPs as promising anticancer agents,
contributing to the optimization of synthesis conditions and expanding our understanding of their
multifaceted mechanisms in cancer therapy.
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1. Introduction

A malignant tumor called breast cancer arises from faulty cells in the breast tissue. It is among
the most prevalent malignancies in women, and if treatment is delayed, it may spread to other body
areas. With 2.3 million new diagnoses and 685,000 fatalities in 2020, it is the most frequently
diagnosed cancer worldwide [1]. Despite their effectiveness, traditional treatments like radiation and
chemotherapy frequently have serious side effects and deal with problems like drug resistance [2].
Alternative remedies have become more popular as a result. The Middle Eastern and South Asian
medicinal plant Rhazya stricta (R. stricta) which contains bioactive alkaloids [3], flavonoids, and
glycosides [4,5], has long been used to cure a variety of illnesses, including cancer [6].

Nanotechnology has emerged as an effective tool in cancer diagnosis and treatment due to its
ability to control matter at both the molecular and atomic levels [7]. Among its many potential uses,
the use of nanoparticles (NPs) for targeted delivery of drugs and imaging has received significant
interest. Nanoparticles, with their high surface-area-to-volume ratio, adjustable size, and surface
chemistry, interact with biological systems more effectively, allowing for increased permeability and
retention in tumor tissues [8]. Silver nanoparticles (AgNPs), in particular, have strong cytotoxic
characteristics and have shown substantial potential in oncological applications [9].

The anticancer mechanisms of biosynthesized AgNPs involve multiple cellular pathways.
Various in vitro and in vivo studies have demonstrated that AgNPs can suppress cancer cell
proliferation and viability. They exert their anticancer effects by disrupting cellular ultrastructure,
generating reactive oxygen species (ROS), inducing DNA damage, and ultimately triggering
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apoptosis and necrosis [10,11]. These NPs induce oxidative stress through the generation of reactive
oxygen species (ROS), disrupt mitochondrial membrane potential, activate caspase-mediated
apoptosis, and interfere with signaling cascades such as PI3K/Akt and MAPK [12,13].

The purpose of this study is to produce AgNPs from R. stricta leaf extract using a green, cost-
effective approach to investigate their anticancer efficacy against MCF-7 cells. By combining the
therapeutic characteristics of plant-based phytochemicals with the cytotoxic potential of silver, this
study aims to contribute to the creation of environmentally friendly nanomaterials for cancer
treatment. AgNPs are formed through green synthesis by converting Ag* ions into metallic Ag°
using phytochemicals containing functional groups like hydroxyl and carbonyl. These naturally
occurring molecules not only facilitate the initial reduction and nucleation steps, but they also act as
capping agents, directing the formation of nanoparticles while preventing them from aggregating.
This dual functionality ensures the shape and stability of the produced AgNPs [14]. The current work
emphasizes the importance of using plant extracts as an environmentally friendly substitute to
harmful chemical reagents, representing a critical step toward greener nanotechnology solutions.
This work advances both nanotechnology and the possibility of using botanical extracts as
sustainable and eco-friendly substitutes for conventional chemicals.

2. Materials and Methods

2.1. Synthesis of Plant Extract

Fresh leaves of R. stricta were collected from Dera Ismail Khan, Pakistan, thoroughly rinsed with
tap and distilled water, then air-dried for a week. The dried leaves were finely ground into powder.
Two grams (2 g) of the powdered material were precisely measured and then mixed with 100 mL of
distilled water in a glass beaker. The solution was heated on a hot plate at 60°C while being
continuously stirred for a duration of 1 hour. Once the solution turned yellow, it was filtered and
subsequently centrifuged for 20 minutes. Resulting aqueous extract was stored in glass bottles at 4°C.

2.2. Green Synthesis of AQNPs

A 20 mL solution containing 1 mM silver nitrate precursor was heated to 80 °C on a hot plate
with constant magnetic stirring at 200 rpm covered with an aluminum foil to avoid evaporation.
When the temperature was achieved up to 80°C, aqueous extract (0.2 mL) from R. stricta leaves was
added dropwise into the silver nitrate solution (1 mM). The solution became very light foggy right
after the addition of extract. To raise the pH to 8, a few drops of 0.1 M sodium hydroxide (NaOH)
were introduced into the solution. The mixture was then stirred continuously and heated to 80°C for
45 minutes. Upon completion of the reaction, indicated by a color change to dark brown, the solution
was allowed to cool to room temperature for 10 minutes as shown in Figure (1). Different
concentrations of aqueous extract were used, such as 0.1, 0.2, 0.3, 0.4, 0.5, 0.9 and 1 mL respectively
and selected 0.2 mL concentration for further studies.
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Figure 1. a) R. stricta plant, (b) Dried leaves powder, (c) Filtration of aqueous extract through Whatman
chromatographic paper no.1, (d) R. stricta leaves extract (e) AgNO3 solution (f) Heating and stirring at 80 °C (g)
prepared nps (h) left-AgNO3, right-AgNPs.

2.3. Biological Assay

2.3.1. Cell Culture

MCE-7 breast cancer cells were employed for the cell assays. Typically, the cells were cultured
in DMEM (Dulbecco’s Modified Eagle Medium) supplemented with 10% fetal bovine serum and 1%
100 U/mL penicillin/streptomycin, under standard cell culture conditions (37°C; 5% CO?2).

2.3.2. MTT Cell Viability Assay

The minimum inhibitory concentration was used for R. stricta leaves extract and R. stricta leaves
mediated Ag NPs against MCF-7 cell lines. This assay was performed in MMG lab, University of the
Punjab, Lahore, Pakistan. The MTT assay was conducted by first maintaining and preparing the cell
culture to ensure the logarithmic growth phase and the required confluency. Following this, cells
were plated into 96-well plates and cultured for 24 hours at 37°C, or until they reached 70%
confluency. 200 uL of a variety of working dilutions of R. stricta leaf extract and R. stricta AgNPs were
made in DMEM and added to each plate. 200 pL of culture medium were added to the control cells.
Following a 72-hour incubation period, cells were rinsed and subjected to a 3-hour incubation period
with 100 pL of 10% MTT reagent to facilitate formazan reduction. Following that, 150 uL of DMSO
each well was combined with formazan crystals. After that, a microplate reader was used to detect
each well's absorbance at 570 nm in order to perform a spectrophotometric analysis and determine
the intensity. The absorbance of the samples was used to calculate the percentage of viable cells.

2.3.3. Cell Death Analysis

Fluorescent dyes such as ethidium bromide (EtBr) and acridine orange (AO) are often used to
detect cell death. Researchers can distinguish between live, apoptotic, and necrotic cells using
changes in uptake and staining properties. [15]. Concisely, 4000 MCEF-7 cells were planted in a 12-
well culture plate at 70% confluency, and after 72 hours, the cells were exposed to LCso concentrations
(doses) of R. stricta-Extract and R. stricta-AgNPs. Following the removal of the medium, cells were
twice washed with 1 X PBS. AO and EtBr (1 mg/mL) stock solution was made in 1X PBS. Each well
was filled with the working staining mixture of AO/EtBr in a 5:3 ratio, which was then added, and
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the plate was left in the dark for roughly 15 to 30 minutes. A 10X (Scale: 100 m) Olympus inverted
fluorescence microscope was used to take the pictures.

2.4. Instrumentation

In this study, the structural and optical properties of AgNPs were systematically examined
through a comprehensive analysis. Surface Plasmon Resonance (SPR), a distinguishing feature of
metallic NPs, was examined, resulting in a unique absorption spectrum in the UV and visible range.
The SPR peak was spotted with a UV-Visible spectrophotometer (Shimadzu UV-1800). AgNPs were
produced under various reaction conditions, and their elemental composition was evaluated by
energy dispersive X-Ray (EDX) analysis. EDX, a surface analysis technique, used a high kinetic
energy electron beam to characterize the elements on the sample's surface. The surface morphology,
shape, and size distribution of the produced AgNPs were investigated using Scanning Electron
Microscopy (SEM) at 140,000x magnification under high- vacuum conditions. These three
characterizations, SPR analysis, EDX analysis, and SEM analysis, together provide useful information
about the structural and optical properties of the tailored AgNPs.

3. Results

3.1. UV-Vis Spectroscopy

This technique was used to examine the structural and optical properties of AgNPs. Metallic
NPs have a distinctive property which is called Surface Plasmon Resonance (SPR). Due to SPR,
metallic NPs have a distinctive absorption spectrum that is in the UV and Visible range. SPR occurred
as a result of the steady-state oscillations between conduction electrons caused by the light absorption
by metallic NPs. When an incident beam of a certain frequency strikes the sample, some portion of
the light is transmitted through the sample while some gets absorbed. The absorbance peak of the
produced NPs may be estimated by measuring the fraction of the incident beam that is absorbed.
AgNPs were synthesized by varying reaction conditions described as follows:

3.1.1. Effect of Extract Concentration

AgNPs were successfully synthesized using various volumes (0.3, 0.4, 0.5, 0.9, and 1 mL) of R.
stricta leaves extract. UV-visible spectroscopy demonstrated a strong hyperchromic impact, most
pronounced at a 0.5 mL extract concentration [Figure 2(a)]. This effect was accompanied by a redshift,
which indicated a shift in the peak site to longer wavelengths or lower energy levels. This shift in
peak position indicates alterations in the size, shape, or chemical conditions of the AgNPs, which can
have a significant impact on their optical and chemical characteristics, making the 0.5 mL extract
concentration an especially interesting condition for further research and applications in
nanotechnology.
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Figure 2. :(a)-UV-Visible analysis at different extract concentrations [0.3 ml to 1 ml (left to right)]. (b)-UV-visible
analysis of varying reaction temperature, on the absorption peaks on AgNPs [Temp. 60, 70 & 80 (left to right)].
(c)-UV-Visible analysis of varying reaction time, on the absorption peaks on AgNPs [15, 30, 45 and 60 minutes
(from left to right)]. (d)-SPR peak of optimized AgNPs, AgNO3, and leaf extract [AgNOs & AgNPs (left to right)].

3.1.2. Effect of Temperature

At a constant extract concentration of 0.2 mL, the effect of different temperatures (60°C, 70°C,
and 80°C) on AgNP synthesis was studied. UV-visible spectroscopy examination demonstrated a
significant improvement in the reduction process, accompanied by a hyperchromic effect as the
temperature increased. The most beneficial result was obtained at 80°C, as evidenced by the presence
of an evident peak in Figure 2(b). This temperature-dependent improvement in the reduction process,
as well as the hyperchromic effect, suggest that higher temperatures play an important role in
optimizing AgNP synthesis, with 80°C being the preferred temperature to achieve the most efficient
and effective NP synthesis under these experimental conditions.

3.1.3. Effect of Time

At a constant temperature of 80°C and a fixed extract concentration of 0.2 mL, the synthesis of
AgNPs was examined while varying the reaction time over intervals of 0, 15, 30, 45, and 60 minutes
Figure 2(c). UV-visible spectroscopy analysis exhibited a compelling hyperchromic effect with
increasing reaction time. This observation underscores the time-dependent evolution of the AgNPs
synthesis process, emphasizing the significance of monitoring and adjusting the reaction duration to
attain the desired optical and chemical properties of the nanoparticles, further highlighting the
dynamic nature of the synthesis process in achieving optimal results.

The optimized AgNPs synthesized using R. stricta extract displayed a distinct single SPR peak
at 407 nm as shown in Figure 2(d), indicative of their unique optical properties. In stark contrast,
AgNOs, the precursor compound, exhibited no significant absorption within the same wavelength
range. To analyze the synthesized AgNPs comprehensively, a UV-visible spectroscopy study was
conducted, scanning wavelengths from 300 to 800 nm. The resulting graphical representation
depicted the relationship between wavelength (nm) on the x-axis and absorbance (in arbitrary units,
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a.u.) on the y-axis, with the prominent SPR peak at 407 nm serving as clear signature of the successful
synthesis of AgNPs using R. stricta leaves extract.

3.2. Scanning Electron Microscopy

SEM analysis is employed for the analysis of surface morphology, shape, and size distribution
of NPs. To govern the morphology of synthesized AgNPs, SEM analysis was done in a high vacuum
at 140,000x magnification. SEM images revealed that R. stricta mediated AgNPs had a spherical
morphology having an average particle size of 68+1 nm as shown in the Figure 3(a). Clusters of
particles shown in the image indicate the aggregation of AgNPs.

Average Particle Size is 68 + 1nm
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Figure 3. a)- SEM images of R. stricta-mediated AgNPs. (b)- EDX analysis of R. stricta mediated AgNPs.

3.3. Energy Dispersive X-Ray Analysis

Using EDX analysis, the elemental makeup of the material was ascertained. This type of surface
analysis is applied when a sample's surface is struck by a high-kinetic-energy electron beam. An
electron is released from the element's inner shell and a hole is made in the inner shell when the
incident light strikes the sample's surface. This hole is then filled by the upper-level electron by
releasing some of its energy in the form of X-rays. The amount of energy released during this step is
specific for each element. Then these emitted X-rays are counted, and their energies are calculated
using an energy dispersive spectrogram. In the EDX graph, energy in keV on the x-axis is plotted
against several counts along the y-axis as shown in the Figure 3. The EDX analysis of R. stricta
mediated AgNPs which was observed in Figure 3(b) showed a peak at 3 keV which indicates the
presence of AgNPs. Other elements such as carbon (C) and oxygen (O) were observed due to
phytochemicals present in our sample. O may also be observed due to moisture or due to air as well.
Silicon (Si) peak appeared because we placed our sample over the glass substrate.
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3.4. Anticancer Results

3.4.1. Cell Viability

By using the MTT assay method, the in vitro cytotoxic effect of R. stricta leaf-mediated AgNPs
against MCF-7 breast cancer cell lines was evaluated. Different concentrations of R. stricta-Leaf extract
and AgNPs were used to treat cancer cells. Following treatments with various doses of R. stricta-
Extract at and AgNDPs, the viability of the cells was evaluated. The MTT experiment findings showed
that when the concentrations of synthesized AgNPs increased, the cell viability reduced. LCso was
discovered to be 26+1 pug/mL and 10+1 pg/mL for R. stricta-leaf extract and R. stricta-AgNPs
respectively as shown in Figure 4. It shows that AgNPs synthesized from R. stricta-leaves extract have
a greater propensity to eradicate cancer cells as compared to the extract only and can be used as an
anticancer drug for breast cancer.

% Cell (MCF -7) Viability Vs Concentration

a) b)
100+ _ 1009 LCs¢= 10pg/mL
LCs¢=26pg/mL LogLCsy= 1.0pg/mL
3 801 LogLCs¢=1.4pg/mL ~ 80-
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LCsy(26x1 pg/mL) dose of Rhazya stricta leaves Extract LCsy (101 pg/mL) dose of Rhazya stricta leaves extract

mediated AgNPs

Figure 4. In vitro cytotoxic activity of (a) R.stricta leaves extract and (b) R.stricta mediated AgNPs against MCF-
7 cell lines.

3.4.2. Cell Death Analysis

Fluorescent dyes ethidium bromide (EtBr) and acridine orange (AO) were used as a way to
measure cell death. This method makes it possible to distinguish between live, apoptotic, and necrotic
cells by exploiting of differences in cellular uptake and staining patterns.

Results shown in Figure 5: Green Florescence= Live Cells, Yellowish Green
Florescence=Apoptotic Cells, and Red Florescence= Necrotic Cells or Dead Cells
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a) Cell (MCF-7) treated with Rhazya stricta Leaves b) Cell (MCF-7) treated Rhazya stricta leaves extract
Extract mediated AgNPs

Morphological evaluation of MCF -7 cells by Fluorescence Microscope, alive (yellowish green) and the apoptotic cells (orange
red) stained with acridine orange/ethidium bromide (AO/EtBr).

Figure 5. Cell death analysis of (a) R.stricta extract and (b) R.stricta mediated AgNPs.

Figure 5: (a) and (b) depicts the cell death induced by LCso doses of R. stricta-Extract and R.
stricta-AgNPs respectively. Green spots indicate the live cells while the red ones are completely dead
cells. This cell death was necrotic as induced suddenly by abrupt rupturing of the cell membrane.
While the yellowish-green fluorescence showed the apoptotic cells in which programmed cell death
has been induced [16].

The cell death analysis states that a large number of cell deaths occurred when cells were
exposed to R. stricta-AgNPs as compared to the exposure to extract only.

4. Discussion

AgNPs are widely recognized for their biomedical potential, which can be further improved by
surface modification using various medicinal and natural biomolecules [17]. Despite their promising
applications, concerns regarding nanoparticle-induced toxicity have limited their use [18].
Biosynthesizing AgNPs with plant extracts provides a safer option since bioactive ingredients not
only mediate redox reactions but also serve as natural stabilizing and capping agents [19,20]. This
plant extract contains a wide range of phytochemicals, including alkaloid, saponins, tannins, phenols,
amino acids, triterpenes, and polysaccharides, which were detected via phytochemical analysis [3].
The general proposed mechanism for the green synthesis of nanoparticles is illustrated in Figure 6.
Where, silver ions (Ag*) are reduced by phytochemicals present in plan extract. The green synthesis
of silver nanoparticles involves the reduction of Ag* by phytochemicals present in plant extracts.
These phytochemicals, such as flavonoids, phenolics, terpenoids, and alkaloids, contain electron-rich
functional groups like hydroxyl (-OH) and carbonyl (=O), which donate electrons to Ag*, reducing it
to metallic silver (Ag?). This reduction initiates the nucleation process, where individual silver atoms
come together to form small clusters. As the process continues, these nuclei grow into NPs.
Simultaneously, the same phytochemicals act as capping agents, stabilizing the NPs and preventing
their aggregation, which results in the controlled synthesis of AgNPs with desired size and shape
[14]. This reduction is attributed to the electron rich groups such as OH and =O etc., and then nuclei
come together to form NPs.
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https://doi.org/10.20944/preprints202510.0236.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 October 2025 d0i:10.20944/preprints202510.0236.v1

9 of 12
Precursor > Reduction Nucleation Growth Stabilization NPs
Agt A v
<’ : ) w v
Agt Reduction & A& Nucleation i Coalescence 4
Agh -’
Agh W o .Y
O ¥ Ay 9 e’
Tons of the precursor Reduced free Nuclei come Stable NPs with
salt atoms together ligands attached on

the surface

Figure 6. Schematic diagram of reduction of silver ions (Ag*) into silver nanoparticles (Ag’) mediated by plant

extract.

This comprehensive study effectively synthesized AgNPs utilizing R. stricta-leaf extract and
investigated their characteristics and uses. The initial observation of the solution hue shift served as
a visual cue for the creation of synthetic AgNPs. This process, attributable to the SPR effect, turned
the colloidal solution a dark brown color, indicating the reduction of Ag ions to Ag atoms [21]. The
brown coloration observed is attributed to the SPR effect [22,23], where resonance frequencies of
surface oscillating electrons align with incident light frequencies, causing light absorption and
resulting in the SPR peak. UV-visible spectroscopy analysis confirmed this SPR peak at 407 nm,
substantiating Ag NP formation [24-27]. These NPs have the potential to interact with biomolecules
in novel ways on the surface and within body cells, this may revolutionize cancer therapy and
diagnosis [28,29]. SEM analysis at 200kx magnification revealed spherical NPs with an approximate
size of 68«1 nm, ideally suited for diverse applications, including biomedical contexts. Further
confirmation of Ag NP formation was derived from EDX analysis of R. stricta-leaves extract, which
exhibited an energy peak at 3 keV corresponding to Ag. The anticancer potential of the synthesized
AgNPs was rigorously evaluated through MTT assay, comparing their efficacy with the leaf extract
alone. Remarkably, AgNPs demonstrated potent anticancer effects, evident from their low LCso
values, suggesting their potential as promising anticancer agents. The enhanced anticancer activity
of AgNPs compared to the leaf extract alone can be attributed to their unique physicochemical
properties, including small size and high surface area, facilitating efficient cellular interactions and
uptake.

To explore further into their anticancer mechanism, the interactions of AgNPs with cancer cells
were investigated. AgNPs induced apoptosis, inhibit cell proliferation, create reactive oxygen species
(ROS), alter mitochondrial function, and disrupt the cell signaling pathways [30]. Furthermore,
AgNPs have the potential to preferentially target cancer cells because to their enhanced permeability
and retention (EPR) properties. AgNPs can cause oxidative stress and mitochondrial malfunction in
tumor cells, resulting in DNA fragmentation, cell cycle arrest, and apoptosis. This focused
cytotoxicity is especially important in the case of breast cancer, which remains one of the most
common cancers affecting women globally. Breast cancer is characterized by an uncontrolled growth
of epithelial cells in the mammary glands and is a primary cause of cancer-related death. Despite
substantial advances in diagnoses and therapies, the disease continues to be a major medical and
socioeconomic burden worldwide. The exploration of nanomaterials like AgNPs for enhanced cancer
therapy is thus of paramount importance [31-34]. The MTT experiment yielded compelling findings:
increasing AgNPs concentration correlated with reduced cell viability, with an LCso of 10+1 pg/mL
for R. stricta-AgNPs, surpassing R. stricta-Extract (261 pug/mL) in terms of cell death (Table.1).
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Table 1. Anticancer effect of R. stricta extract and R.stricta mediated AgNPs.
Sr.# Sample Solvent LCsovalues
1 R.stricta Leaves Extract DI Water 26+1 ug/mL
2 R. stricta-AgNPs DI Water 10+1 pg/mL

5. Conclusion

In this study, we successfully synthesized AgNPs using Rhazya stricta-leaf extract and
characterized their properties. This method has no harmful effects on the environment as compared
to chemical approaches as it does not produce toxic chemicals. The spherical structure of AgNPs
having an average size of 68+1 nm calculated by SEM images. EDX analysis also confirmed the
formation of AgNPs by giving an observable peak at 3 keV. In vitro, findings suggest that AgNPs
have potential applications as a potent anticancer agent, with promising results in MTT assays. In
conclusion, we have proved that R. stricta-leaves mediated AgNPs can kill cancer cell lines, and the
LCso values are proven to be 101 ug/mL against breast cancer cell lines (MCF-7). Further research
into the specific mechanisms of Ag NP-induced cytotoxicity and in vivo studies are warranted to
better understand their potential for cancer therapy. This research contributes to the growing body
of knowledge on green synthesis methods for NPs and their biomedical applications.
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