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A green synthesis approach was implemented to establish an economical 
and environmentally favorable protocol to produce selenium nanoparticles 
(Se-NPs) by utilizing aqueous extract from Allium sativum. The Se-NPs 
were characterized using a combination of spectroscopic and microscopic 
techniques. The anticancer efficacy of Se-NPs was assessed using MCF-
7 cell line and it demonstrated concentration-dependent suppression of 
MCF-7 cell proliferation. The activation of caspases by Se-NP treatment 
was further demonstrated by fluorescence microscopy, which resulted in 
the development of typical apoptotic features, including nuclear 
condensation and cell membrane blebbing. Furthermore, the Se-NP 
exposure was linked to increased reactive oxygen species (ROS), 
suggesting that oxidative stress is a critical mediator of apoptosis in MCF-
7 cells. Overall, the results indicate that Se-NPs can act as a selective 
anticancer drug and induce apoptosis through ROS-mediated pathways. 
These findings lend credence to the ability of green synthesized Se-NPs 
as a novel nanotherapeutic platform for cancer treatment. 
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INTRODUCTION 
 

Globally, cancer is the most prevalent cause of mortality, with around ten million 

new cases diagnosed each year, resulting in over six million fatalities (Haggar et al. 2009). 

One of the most prevalent malignancies among women worldwide is breast cancer, with 

its incidence consistently rising over time (Kotepui 2016). The disease severely impacts 

morbidity and mortality, especially in people from the United States, Northwestern Europe, 

and South Korea, and its prevalence is increasing (Leong et al. 2010). Conventional cancer 

treatments, primarily chemotherapy and radiotherapy, remain the standard approach, 

despite extensive research efforts. Nevertheless, these treatments are accompanied by 

substantial drawbacks, particularly their lack of selectivity, which frequently results in the 

elimination of both healthy and malignant cells (Da-Yong et al. 2013). Standard 

therapeutic measures, including surgery, chemotherapy, and radiation, often lead to side 

consequences such as bone marrow suppression, thrombocytopenia, and gastrointestinal 

issues (Muller et al. 2000; Alyamkina et al. 2010). These problems have stimulated 

increasing interest in the investigation of alternate treatment options.   

A promising strategy entails the utilization of nanotechnology-based therapies 

(Park et al. 2008; Ma et al. 2024; Azimizonuzi et al. 2025). Metal nanoparticles (MNPs) 
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produced from proteins obtained from natural sources have garnered interest because of 

their unique physicochemical features. Selenium (Se) is an essential micronutrient and 

serves as an important cofactor in several antioxidant enzymes (Srivastava and 

Mukhopadhyay 2013; Husen and Siddiqi 2014). Recently, selenium nanoparticles (Se-

NPs) have attracted significant interest owing to their remarkable antibacterial and 

anticancer attributes, positioning them as prospective candidates for nanomedicine 

applications (Forootanfar et al. 2013; Wadhwani et al. 2016). A significant benefit of Se-

NPs is their relatively reduced toxicity compared to inorganic and organic selenium 

alternatives (Shakibaie et al. 2010), highlighting the necessity of refining their production 

methods. Patil and Kim (2018) have conducted thorough research on the synthesis of 

MNPs utilizing marine microorganisms for biological applications.  

Se-NPs can be produced using various chemical and physical methods (Shehata et 

al. 2023; Iranifam et al. 2013). Conventional methods frequently utilize hazardous 

chemicals and produce environmentally detrimental byproducts, rendering them both 

expensive and less sustainable (Alsammarraie et al. 2018). Biological or green synthetic 

technologies provide numerous advantages, such as environmental sustainability, 

economic efficiency, and biocompatibility. These methods frequently produce very stable 

Se-NPs, usually capped with biomolecules such as proteins, which inhibit agglomeration 

and augment biological activity (Shedbalkar et al. 2014; Singh et al. 2015). Selenium 

nanoballs measuring 3 to 18 nm were effectively produced utilizing Vitis vinifera extracts 

(Sharma et al. 2014). Li et al. (2007) similarly documented the production of selenium 

nanorods and nanospheres utilizing Capsicum annuum extracts. Colloidal Se-NPs 

generated from Terminalia arjuna indicated potential anticancer action against human 

breast cancer cells (Prasad et al. 2014), whereas oval-shaped Se-NPs made from fenugreek 

seed extract also had promising anticancer properties (Ramamurthy et al. 2013). 

In this study, Se-NPs were produced by utilizing Allium sativum (A. sativum) 

extract. Since antiquity, A. sativum, a member of the Liliaceae family, which is commonly 

known as garlic, has been cherished for its extensive array of therapeutic properties. Its 

bioactive compounds have exhibited a diverse range of pharmacological effects, such as 

antimicrobial (Ankri and Mirelman 1999), antihypertensive (Nwokocha et al. 2011), 

antihyperlipidemic (Gupta and Porter 2001), antidiabetic (Liu et al. 2007), anticancer 

(Tsubura et al. 2011), cardioprotective (Dennis 2021), neuroprotective (Vinaykumar 

2003), antithrombotic, and anti-platelet aggregation activities (Liao et al. 2000). 

Furthermore, A. sativum has demonstrated efficacy in the treatment of arthritic conditions 

and allergic responses. The therapeutic potential of Se-NPs synthesised using A. sativum 

extract may be improved by the presence of a variety of bioactive phytochemicals that 

naturally occur in the plant. A. sativum is known as a significant source of pharmacological 

significant metabolites, including sulfur-containing compounds, flavonoids, and phenolics, 

which exhibit antioxidants, antimicrobial, anti-inflammatory, and anticancer properties. 

The incorporation of these biomolecules during nanoparticle synthesis may enhance the 

biological efficacy and stability of the resulting Se-NPs. Consequently, A. sativum -

mediated Se-NPs are a promising nanoplatform that has the potential to be used in a variety 

of biomedical and therapeutic applications.  

The novelty of this study lies in the use of Allium sativum extract, a bioresource 

rich in sulfur-containing compounds and diverse pharmacologically active metabolites, to 

synthesize Se-NPs via a simple, inexpensive aqueous green route. Unlike previous reports 

employing Vitis vinifera, Capsicum annuum, Terminalia arjuna, or fenugreek extracts, the 

present work demonstrates that garlic-mediated Se-NPs not only exhibit uniform 
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morphology and colloidal stability but also can induce apoptosis in Michigan Cancer 

Foundation-7 (MCF-7) cells through a clearly defined mechanism involving ROS 

generation and caspase-3/9 activation. This mechanistic insight, combined with the 

eco-friendly synthesis approach, highlights the distinct biomedical potential of 

A. sativum-derived Se-NPs as promising candidates for targeted breast cancer therapy. 

In this study Se-NPs were effectively synthesized using an inexpensive aqueous 

extract of A. sativum, utilizing a green synthetic approach. To highlight their biomedical 

relevance, the anticancer efficacy of Se-NPs was tested on the MCF-7 human breast cancer 

cell line.  

 
 
MATERIALS AND METHODS 
 
Preparation of Extract 

 Fresh A. sativum cloves (5 g) were collected, thoroughly washed with distilled 

water, and the outer membrane was removed. Using Mortar and pestle the cloves were 

delicately crushed. Macerate the crushed material in 30 mL of Tris–Cl buffer, adjusted to 

a pH of 7.5. and then centrifuged at 10,000 rpm for 10 min at 4 °C. The resulting 

supernatant was collected and transferred to a sterile centrifuge tube, where it was stored 

under refrigeration for later use. 
 
Synthesis of Se-NPs 

Under constant magnetic agitation, 2 mL of the A. sativum extract was added 

dropwise to 30 mL of a 10 mM sodium selenite solution. Incubate the mixture on a thermo-

orbital agitator at 120 rpm for a period of 5 to 7 days, while being maintained in light 

conditions at 36 °C. The absorption spectra were recorded using UV–Visible spectroscopy 

to monitor the progress of selenium ion reduction and nanoparticle formation on a periodic 

basis (Prasad and Selvaraj 2014). 

 
Characterization 

The optical properties of the Se-NPs were analyzed using a UV–Visible 

spectrophotometer within the wavelength range of 200 to 700 nm using a PerkinElmer 

Lambda 25 spectrometer (Shanghai, China). Transmission Electron Microscopy (TEM) 

was utilized to determine their size and morphology using a FEI Titan (from FEI Company, 

Shanghai, China). Phase purity and crystallinity were examined through X-ray diffraction 

(XRD) employing Cu Kα radiation A MAXima XRD-7000 system (Sigma-Aldrich, 

Shanghai, China). Functional groups involved in the formation and stabilization of the 

nanoparticles were identified via Fourier transform infra-red (FTIR) spectroscopy using a 

PerkinElmer Spectrum 2 FT-IR spectrometer. Additionally, the mean particle size and zeta 

potential of the Se-NPs were assessed using a dynamic light scattering (DLS) particle size 

analyser using a Brookhaven Zeta-PAL zeta potential analyser (Shanghai, China) 

 
Anti-cancer Studies 
Cell culture 

MCF-7 cell lines were cultured in 75-cm² cell culture containers and maintained 

under humidified conditions (at 37 °C, 5 % CO₂). Eagle’s minimum essential medium was 

used to cultivate MCF-7 cells. Upon attaining approximately 80 % confluence, cell lines 

were trypsinized and subsequently seeded into 96-well and 24-well plates for subsequent 

https://www.google.com/search?q=Transmission+Electron+Microscopy&rlz=1C1GCEA_enUS1068US1068&oq=TEM+an&gs_lcrp=EgZjaHJvbWUqBwgBEAAYgAQyBggAEEUYOTIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIHCAQQABiABDIGCAUQRRg9MgYIBhBFGD0yBggHEEUYPNIBCDU2MTFqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjfuai8uvqSAxVzGtAFHeS9HnUQgK4QegYIAQgAEAM
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experiments. The cells were exposed to different concentrations of Se-NPs after 24 h of 

incubation to facilitate cell attachment. 

 

MTT Assay 

To assess the viability of cells after Se-NPs treatment, a modified variant of the 

MTT assay protocol (Stockert et al. 2012) was implemented. To facilitate adherence, the 

MCF-7 was distributed in 96-well plates and incubated for 24 h under standard conditions. 

Then the cells were exposed to different concentrations of Se-NPs for an additional 24 h. 

To facilitate the formation of insoluble formazan crystals within metabolically active cells, 

10 μL of MTT solution was added to each well following the treatment. The plates were 

then incubated at 37 °C for 4 h. The formazan was dissolved in each well by adding 100 

μL of DMSO after incubation. The absorbance at 570 nm was measured using a microplate 

reader, and the cell viability was determined in relation to the untreated controls. 

 

Acridine orange/ethidium bromide staining 

To evaluate apoptosis in MCF-7 cells treated with Se-NP, acridine orange/ethidium 

bromide (AO/EB) dual fluorescence staining was implemented, as per a technique that was 

previously described with minor modifications (Kasibhatla et al. 2006). To facilitate cell 

attachment, MCF-7 cells were distributed into six-well plates and incubated for 24 h. 

Subsequently, treat the cells with Se-NPs. The control group consisted of cells that were 

not treated. In PBS, a staining solution was generated by combining equal volumes of AO 

and EB, each at a concentration of 100 μg/mL. About 20 μL of the dye mixture was added 

to both the treated and control cells following the treatment. The fluorescence intensity was 

measured using fluorescence microscope. This assay enabled the visualization of Se-NP 

induced apoptotic alterations to distinguish between viable (green), early apoptotic (bright 

green with condensed nuclei), and late apoptotic or necrotic (orange to red) cells. 

 

Determination of ROS 

The 2′,7′-dichlorodihydrofluorescein diacetate (DCFH-DA) assay was employed to 

evaluate intracellular ROS levels, as previously described (Shim et al. 2007). Under 

conventional culture conditions, the MCF-7 cells were seeded into 24-well plates and 

incubated for 24 h. Phosphate-buffered saline (PBS) was used to cleanse the cells twice 

after incubation. The cells were exposed to biosynthesized Se-NPs for 24 h. Then incubated 

the cells with 20 μM DCFH-DA for 30 min at 37 °C to detect ROS. The fluorescent 

compound 2′,7′-dichlorofluorescein (DCF) is produced by the intracellular hydrolysis of 

the non-fluorescent DCFH-DA and the subsequent oxidation by ROS. Cells were cleansed 

with PBS following staining, and 2 mL of PBS was added. The fluorescence intensity was 

measured using spectrofluorometer.  

 

Evaluation of caspase activities 

The activities of caspase-3 and caspase-9 were quantified using commercially 

available luminescent assay kits, following the manufacturer’s instructions. In a nutshell, 

MCF-7 cells were introduced in a 96-well plate and incubated for 24 h (37 °C, 5 % CO₂). 

The plates were equilibrated to room temperature following treatment with Se-NPs and the 

application of appropriate controls. Subsequently, 100 μL of Caspase-Glo® 3 or Caspase-

Glo® 9 reagent was added to each well containing 100 μL of culture medium. The plate 

was then covered and gently agitated at 500 rpm for 30 s to ensure thorough interaction 

between the reagent and the cells. Following a 30-min incubation at room temperature, 
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luminescence was measured at an optical density of 405 nm using a microplate reader. In 

Se-NPs treated cells, caspase activation was employed as a marker for apoptosis induction. 

 
 
RESULTS AND DISCUSSION 
 
Characterization 
UV–Visible spectrophotometric analysis 

The formation of Se-NPs was visually evidenced by a color change in the Na2SeO3 

solution upon the addition of A. sativum extract, signifying the reduction of selenite ions 

to elemental selenium. The transition of the reaction mixture from colorless to brick red 

confirmed the successful synthesis of Se-NPs. Prolonged incubation for an additional two 

days slightly intensified the red coloration. This characteristic red hue, attributed to the 

excitation of surface plasmon resonance (SPR), a distinctive property of Se-NPs indicated 

the effective formation of the nanoparticles. Further confirmation of elemental Se-NPs was 

achieved through UV–Visible spectrophotometric analysis, showing an absorbance 

maximum at 280 nm within the 200 to 700 nm range (Fig. 1). 

 

 
Fig. 1. UV-Visible spectra of synthesized Se-NPs and A. sativum extract. Se-NPs confirmed by 
SPR peak at 280 nm, indicating successful reduction of selenite to elemental selenium 

 

FTIR 

FTIR results are illustrated in Fig. 2. The absorbance peak underwent a significant 

shift from 3274 cm⁻¹ to 3382 cm⁻¹, indicating the involvement of hydroxyl and amino 

functional groups during the formation of Se-NPs. Additional shifts were observed at a 

variety of spectral positions, including the peak at 2890 cm⁻¹, which was shifted to 2888 

cm⁻¹ (C–H), the peak at 1632 cm⁻¹, which was shifted to 1642 cm⁻¹ (C=C), the peak at 

1405 cm⁻¹, which was shifted to 1415 cm⁻¹, (N–O), and the peak at 1012 cm⁻¹ was shifted 

to 1020 cm⁻¹ (C–O). These spectral shifts indicate that sodium selenite interacted with A. 

sativum extract metabolites during the formation of nanoparticles. Furthermore, the A. 

sativum extract and the synthesized Se-NPs exhibited a medium-intensity peak at 705 cm⁻¹ 

(C–H). The FTIR spectra further indicated that the nitro (–NO₂) and carboxyl (–COOH) 
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groups present in the A. sativum extract played a substantial role in the reduction and 

stabilization of Se-NPs. 

 

 
 

Fig. 2. FTIR spectra of synthesized Se-NPs and A. sativum extract showing characteristic 
functional group vibrations 

 

TEM 

The morphology and size distribution of the Se-NPs were analyzed using TEM. 

Based on the TEM images (Fig. 3), the nanoparticles were uniformly distributed, 

monodispersed, and predominantly spherical, with size ranges from 40 to 100 nm under 

the specified synthesis conditions.  

 

 
 
Fig. 3. TEM images of Se-NPs synthesized using A. sativum extract at magnifications of 50 nm 
and 10 nm 
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Selected area electron diffraction (SAED)  

The crystalline nature of the synthesized Se-NPs was verified by the SAED pattern. 

The (100), (101), (110), and (102) lattice planes of crystalline selenium were identified as 

distinct diffraction rings (Fig. 4). The effective formation of Se-NPs under the applied 

synthesis conditions is further supported by the well-defined crystalline structure indicated 

by these reflections. 

 

 
 

Fig. 4. SAED pattern of Se-NPs synthesized using A. sativum extract 

 

XRD 

The crystallinity of the Se-NPs was verified by the eight distinct peaks present in 

the XRD pattern. The 2θ values at 23.59°, 29.78°, 41.29°, 43.67°, 45.84°, 51.74°, 56.13°, 

and 62.81° were indicative of the (100), (101), (110), (102), (111), (201), (112), and (202) 

crystal planes of hexagonal selenium, respectively. The crystalline phase and structural 

identity of the fabricated Se-NPs were further validated by the fact that these diffraction 

peaks are in strong agreement with the standard data (JCPDS file no. 06-0362) (Fig. 5). 

 

 
 

Fig. 5. XRD pattern of Se-NPs synthesized using A. sativum extract and the abscissa is labeled 
as 2θ (°) and the ordinate as intensity (a.u.) 
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EDX 

Figure 6 illustrates the EDX spectrum used to confirm the elemental composition 

of the Se-NPs. The successful incorporation of elemental selenium was indicated by the 

observation of a prominent signal. Carbon, oxygen, and sodium peaks were also detected 

in addition to selenium, which are likely the result of residual precursor compounds, and 

the A. sativum extract used in the synthesis process. As illustrated in Fig. 6, selenium 

comprised the preponderance of the elemental composition, accounting for approximately 

82 %. Other elements of carbon (5 %), oxygen (6 %), and sodium (4 %) were also found. 

 

 
 

Fig. 6. (A) EDX spectrum of Se-NPs synthesized using A. sativum extract showing characteristic 
peaks of C, O, Na, and Se. (B) Elemental mapping of Se-NPs 
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DLS and zeta potential 

The mean particle size of the synthesized Se-NPs was determined to be 

approximately 56 nm, as observed in TEM micrographs (Fig. 7A). The nanoparticles 

fabricated under optimized synthesis conditions exhibited a zeta potential of -19.6 mV 

(Fig. 7B), indicating the presence of negatively charged functional groups on their surface. 

This negative surface charge contributes to colloidal stability through electrostatic 

repulsion; however, the magnitude of the zeta potential suggests moderate stability of 

nanoparticles in dispersion. Despite this, the Se-NPs remained well-dispersed without 

visible aggregation during storage and characterization. The moderate stability observed 

may be attributed not only to electrostatic interactions but also to steric hindrance provided 

by phytochemicals from A. sativum extract, which together help maintain nanoparticle 

dispersion in aqueous medium. 

 

 
 

Fig. 7. (A) DLS and (B) Zeta potential of Se-NPs synthesized using A. sativum extract. Mean 
particle size ~56 nm; zeta potential –19.6 mV 
 

Cell Viability 
The MTT assay was utilized to assess the cytotoxicity of A. sativum extract and Se-

NPs on MCF-7 cells. Growth inhibition percentages were determined relative to untreated 

control cells following treatment with escalating concentrations of the extract and Se-NPs 

(60, 120, and 240 μg/mL).  

 

 
Fig. 8. Effect of Se-NPs and A. sativum extract on cell viability of MCF-7 and MCF-10A cells after 
24 h 
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A pronounced concentration-dependent inhibition of MCF-7 cell growth was 

observed, as depicted in Fig. 8. The comparative IC₅₀ values highlight distinct differences 

in cytotoxic potency among the tested treatments. The A. sativum extract exhibited an IC₅₀ 

of ~165 µg/mL, reflecting moderate activity that is consistent with the presence of 

bioactive phytochemicals but insufficient for strong anticancer efficacy on its own. In 

contrast, Se-NPs demonstrated a lower IC₅₀ of ~125 µg/mL, confirming enhanced 

cytotoxicity relative to the plant extract. These findings highlight that higher dose of Se-

NPs significantly suppressed cancer cell proliferation, emphasizing their potential as 

effective anticancer agents.  

 
Live-dead Assay 

The AO/EB fluorescence staining assay was implemented to investigate the 

morphological modifications that are linked to apoptosis in MCF-7 cells. The distinct 

differentiation between viable and apoptotic cells is facilitated by this dual-staining 

method. Untreated control cells maintained their structural integrity and exhibited uniform 

green fluorescence, as illustrated in Fig. 9. This suggests that the cells were healthy and 

fully viable. On the other hand, cells that were exposed to the A. sativum extract and Se-

NPs for 24 h exhibited distinct morphological characteristics of apoptosis. Orange to red 

fluorescence was observed in the stained apoptotic cells, indicating that the membrane 

integrity had been compromised. Membrane blebbing, nuclear fragmentation, and cell 

atrophy were prominently observed in the treated groups, which are additional hallmark 

features of apoptosis. These findings verify that apoptosis is induced in MCF-7 cells by 

both Se-NPs and the A. sativum extract in a dose-dependent manner. 

 

 
 

Fig. 9. AO/EB fluorescence staining of MCF-7 cells. Control cells showed intact morphology 
with green fluorescence, while treatment with A. sativum extract and Se-NPs induced orange-red 
fluorescence and apoptotic features, confirming dose-dependent cell death 

 
Determination of ROS 

The DCFH-DA assay was employed to quantify intracellular ROS generation to 

examine the influence of Se-NPs on oxidative stress. This method is predicated on the 

intracellular peroxide-dependent oxidation of non-fluorescent DCFH-DA to fluorescent 

DCF. The DCF fluorescence intensity of cells treated with Se-NPs for 24 h was 

significantly increased, suggesting that the ROS levels were elevated. Se-NPs substantially 

contribute to oxidative stress within cells, as evidenced by a significant increase in ROS 

levels in Se-NPs treated cells compared to the untreated control group (Fig. 10). 

Quantitative analysis confirmed this. The mechanism of apoptosis is widely acknowledged 

to be mediated by ROS generation, and the elevated ROS levels observed in Se-NPs treated 

cells are consistent with this.   
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Fig. 10. Effect of Se-NPs on ROS generation in MCF-7 cells. Se-NPs significantly elevate ROS 
levels in a dose-dependent manner compared to controls 

 
Caspase-3 and Caspase-9 Activities 

The activity levels of caspase-3 and caspase-9 in MCF-7 cells treated with Se-NPs 

and A. sativum extract were compared to those of untreated controls to further validate 

apoptosis induction. Caspase-3 and caspase-9 are essential executors of the intrinsic 

apoptotic pathway, where they play critical roles in the terminal phase of programmed cell 

death when internal or external stimuli are activated. Treatment with Se-NPs and extract 

resulted in a twofold increase in the activities of both caspase-3 and caspase-9 in 

comparison to the control group, as illustrated in Fig. 11. This increased caspase activity 

indicates that Se-NPs effectively initiated apoptosis through mitochondrial signaling 

pathways. Furthermore, Se-NPs exposure is recognized to induce the production of ROS, 

which are responsible for DNA damage, endoplasmic reticulum stress, protein misfolding, 

and, in the end, apoptosis (Fig. 12). Upon activation, caspase-3 cleaves and activates 

caspase-activated DNase, which subsequently translocate to the nucleus and facilitates 

DNA fragmentation. This fragmentation, which is characterized by endonuclease activity, 

is widely acknowledged as a sign of early-stage apoptosis (Rafei et al. 2013). 

 

 
Fig. 11. Effect of Se-NPs on caspase-3 and caspase-9 activity in MCF-7 cells. Se-NPs increase 
caspase activity twofold, confirming ROS-mediated apoptosis induction. 
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To further clarify the mechanism of apoptosis, the activities of caspase-3 and 

caspase-9 were assessed in MCF-7 cells following Se-NP treatment. Both caspases 

exhibited approximately a twofold increase in activity relative to controls (Fig. 11). 

Caspase-9, an initiator of the intrinsic mitochondrial pathway, was activated in response to 

ROS-induced mitochondrial dysfunction, subsequently triggering caspase-3, the 

executioner caspase. Caspase-3 activation led to DNA fragmentation, a hallmark of 

programmed cell death. These findings establish that Se-NPs induce apoptosis through 

ROS-mediated mitochondrial signaling and caspase activation, thereby providing a 

mechanistic explanation consistent with the elevated ROS levels observed (Fig. 12). 
 

 
 

Fig. 12. The schematic illustrates the ROS-mediated mitochondrial pathway as the central  
mechanism underlying Se-NP-induced apoptosis. 

 
 
CONCLUSION 
 

1. Selenium nanoparticles (Se-NPs) were successfully synthesized using Allium sativum 

extract, with a mean size of ~56 nm, as confirmed by UV–Vis, transmission electron 

microscopy (TEM), and dynamic light scattering (DLS) analyses. The characteristic 

SPR peak at 280 nm validated nanoparticle formation, while TEM and DLS revealed 

uniform, monodisperse particles within the 40 to 100 nm range. Functionality was 

further supported by FTIR, X-ray diffraction (XRD), selected area electron diffraction 

(SAED), and energy-dispersive X-ray (EDX) analyses, confirming structural integrity 

and elemental composition. 

2. Biological assays demonstrated that Se-NPs significantly elevated intracellular reactive 

oxygen species (ROS) levels, which in turn activated caspase-3 and caspase-9, leading 

to apoptosis in MCF-7 cells. Compared to the crude A. sativum extract, Se-NPs 

exhibited enhanced cytotoxicity with a lower IC₅₀ value, underscoring their superior 
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anticancer potential. The findings highlight that A. sativum-mediated Se-NPs induce 

dose-dependent cytotoxicity through ROS generation and caspase activation. 

3. Overall, these findings highlight the potential of A. sativum-mediated Se-NPs as 

promising applications in targeted breast cancer therapy. However, further mechanistic 

studies and in vivo validation are required before definitive therapeutic claims can be 

made. 
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