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ABSTRACT 

Selenium nanoparticles were reported for its good biocompatibility and low toxicity. Avocado seed 
triggers the immune system, reduces premature aging of the skin and prevents cancer. Avocado seeds have shown 
to possess bactericidal and fungicidal properties. It means that they are able to neutralize different harmful 
microorganisms. Therefore, in the present study we investigated the effect of avocado seed mediated selenium 
nanoparticles on MCF-7 breast cancer cells. Cytotoxic effect of the avocado seed selenium nanoparticle was 
assessed by MTT assay at varying concentrations of 25-150g/ml. Morphological changes were observed using 
the Phase contrast microscope. The apoptotic effect of selenium nanoparticles synthesized from avocado seed 
extract was evaluated by ethidium bromide/acridine orange dual staining assay. The results demonstrated that 
the selenium nanoparticles were found to be cytotoxic towards MCF-7 breast cancer cells with a maximum 
inhibition observed at 150g/ml. IC50 was found to be 75g/ml. Morphological changes were observed in selenium 
nanoparticles treated cells when compared to untreated control. Further, the dual staining assay showed induction 
of apoptosis exhibited as yellowish green fluorescent cells in comparison to the control group that appeared green 
fluorescence. Therefore, it is concluded that selenium nanoparticles synthesized using avocado seed extract have 
significant anti proliferative and apoptotic effect against MCF-7 breast cancer cells.  

Keywords: selenium nanoparticles, avocado seed, green synthesis, anti-cancer activity  

INTRODUCTION 

Selenium (Se) is an essential trace element, primarily acquired through the diet in the form of selenium-
containing amino acids [1]. Active selenium compounds exist in various forms, including selenoproteins, selenium 
salts, and nanoparticles, with their chemical structure playing a vital role in determining their beneficial effects 
[2].Selenoproteins play a crucial role in human health, primarily due to their antioxidant properties, and are linked 
to various beneficial effects such as anti-inflammatory and antiviral activities.Selenium has emerged as a 
promising agent in cancer prevention and treatment [3]. Clinical trials have highlighted its anticancer properties, 
with the most significant benefits of Se supplementation observed in colorectal, lung, and prostate cancers 
[4].However, it has a narrow margin of safety, with toxic effects occurring at intake levels exceeding the 
recommended daily range of 30-90μg [1].To mitigate the toxicity associated with soluble selenium, selenium 
nanoparticles (Se-NPs) have been developed and assessed for their anticancer potential [5]. Both free and 
encapsulated Se-NPs have demonstrated efficacy in reducing cancer cell proliferation in vitro [6 - 8]. Moreover, 
Se-NPs have shown promising results in vivo, exhibiting effectiveness and good tolerance, allowing Se to be 
utilized at doses that would otherwise be toxic in its soluble form [9]. 
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Breast cancer is the most frequently diagnosed cancer among women globally. In 2020, approximately 
2.3 million new cases were reported, with the disease causing 685,000 deaths, representing one in six cancer-
related fatalities [10].Genetic mutations, particularly in the BRCA1 and BRCA2 genes, play a crucial role in 
increasing disease susceptibility, while molecular pathways like PI3K/AKT/mTOR are key drivers of 
tumorigenesis.Therapeutic strategies such as radiotherapy,chemotherapy, surgery, targeted therapyand endocrine 
therapy are well-established and widely used in breast cancer treatment [11]. However, the adverse effects 
associated with these conventional approaches have hindered their broader clinical application [12]. Therefore, it 
is essential to develop safer and more effective individualized treatment strategies for breast cancer.The use of 
nanoparticles in breast cancer therapy has gained substantial attention due to their potential to enhance drug 
delivery and improve therapeutic outcomes [13]. 

Nanoparticles can be synthesized in various method including chemical, physical and green synthesis 
methods. Nevertheless, the green synthesis method of nanoparticles prepared using different parts of the plants, 
fruits and microbes has obtained significance as most of the physical and chemical methods of nanoparticles 
synthesis were found to be toxic and cost – expensive [14].Therefore, the primary objective of this study is to 
swiftly synthesize selenium nanoparticles (SeNPs) using aqueous extracts from avocado seeds and evaluate their 
potential efficacy against human breast cancer cells (MCF-7). 

MATERIALS AND METHODS 

Preparation of Avocado seed extract 

The avocado seeds were thoroughly rinsed with deionized water to remove any impurities and then dried 
at 50°C to eliminate moisture. Once dried, the seeds were finely ground using a blender to produce a powder. Five 
grams of this powder were then mixed with 500 milliliters of deionized water, forming a brown extract solution. 
The mixture was heated at 60°C for 30 minutes with continuous stirring to ensure proper extraction. 

Synthesis of avocado seed extract mediated selenium nanoparticles 

In a typical preparation, 5 mL of avocado seed extract is first diluted with 45 mL of double-distilled water 
(DDW), followed by the addition of 20 mL of a 40 mM selenous acid solution. The mixture is then stirred at 37 
°C for 24 hours, allowing a visible color change to occur. After the reaction, the product is purified by repeated 
centrifugation at 10,000 rpm for 10 minutes, with several washes using DDW to eliminate any impurities. Finally, 
the resulting pellet is freeze-dried for two days before being used for further analysis. 

Cell line study 

Reagents 

DMEM (Dulbecco's Modified Eagle Medium), Phosphate Buffered Saline (PBS), Trypsin-EDTA, Fetal 
bovine serum (FBS), were purchased from Gibco, Canada. Acridine orange (AO), ethidium bromide (EtBr), 
Dimethyl sulfoxide (DMSO), [3-(4,5-dimethythiazol-2-yl) 2,5-diphenyl tetrazolium bromide (MTT), DAPI, 
AO/EtBr were purchased from Sigma Chemical Pvt Ltd, USA.  All other chemicals used were extra pure of 
molecular grade and were purchased from SRL, India. 

Cell line maintenance 

Estrogen dependent (MCF-7) breast cancer cell lines were obtained from the NCCS, Pune. The cells were 
grown in T25 culture flasks containing DMEM supplemented with 10% FBS and 1% antibiotics. Cells were 
maintained at 37◦C in a humidified atmosphere containing 5% CO2. Upon reaching confluency, the cells were 
trypsinized and passaged.  

 

Cell viability (MTT) assay  

The effect of the avocado seed mediated Se-NPs was assessed by MTT assay. The assay is based on the 
reduction of soluble yellow tetrazolium salt to insoluble purple formazan crystals by metabolically active cells. 
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MCF-7 cells were plated in 96 well plates at a concentration of 5x104 cells/well. 24h after plating, cells were 
washed twice with 100μl of serum-free medium and starved by incubating the cells in serum-free medium for 3 
hours at 37ºC. After starvation, the cells were treated with different concentrations of the synthesized nanoparticles 
for 24h. At the end of 20h, the medium from the control and treatment group was discarded and 100μl of MTT 
containing DMEM (0.5mg/ml) was added to each well. After 4h of incubation at 37ºC in the CO2 incubator, the 
MTT containing medium was discarded and the cells were washed with 1x PBS. The formazan crystals formed 
were dissolved in dimethyl sulfoxide (100μl) and the intensity of the color developed was measured using a Micro 
ELISA plate reader at 570 nm. The number of viable cells was expressed as the percentage of control cells cultured 
in serum-free medium. Cell viability in the control medium without any treatment was represented as 100%. The 
cell viability is calculated using the formula: % cell viability = [A570nm of treated cells/A570nm of control cells]×100. 

Morphology study 

Based on MTT assay we selected optimal dose by linear regression analysis for further studies. Analysis 
of cell morphology changes was observed using a phase contrast microscope. 2×105 cells were seeded in 6-well 
plates and treated with the highest concentration of 150µg/ml of nanoparticles for 24h. At the end of the incubation 
period, the medium was removed and cells were washed once with a phosphate buffer saline (PBS pH 7.4). The 
plates were observed under a phase contrast microscope for morphological changes. 

Determination of mode of cell death by acridine orange (AO)/ethidium bromide (EtBr) dual staining 

The apoptotic effect of avocado seed-Se nanoparticles in MCF-7 cell death was determined by AO/EtBr 
dual staining. The cells were treated with 150µg/ml of the synthesized nanoparticle for 24h and then the cells were 
harvested, washed with ice-cold PBS. The pellets were resuspended in 5µl of acridine orange (1mg/mL) and 5µl 
of EtBr (1mg/mL). The induction of apoptosis in the cells were then observed in stained cells using an inverted 
fluorescence microscope. 

Statistical analysis  

All data obtained were analyzed by One way ANOVA followed by Student's t-test using SPSS software. 
Data were represented as Mean ± SEM for triplicates. The level of statistical significance was set at p<0.05. 

RESULTS  

UV-Visible spectra analysis of synthesized Se-NPs 

The Se-NPs was successfully synthesized from avocado seed extract. The changes of color yellow to ruby 
red indicated the synthesis of Se-NPs and was substantiated by UV-Visible spectrum with its peak absorption 
spectrum observed at 277.5nm. 
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Figure 1: Preparation of avocado seed extract mediated synthesis of selenium nanoparticles   

 

 

 

 

 

 

 

 

 

 

 

 

Effect of Se-NPs on cell viability of MCF-7 breast cancer cells 

The MTT assay results revealed a dose-dependent cytotoxic effect of Se-NPs on MCF-7 breast cancer 
cells after 24 hours of treatment. As the concentration of Se-NPs increased from 25 to 150 μg/mL, there was a 
progressive decline in cell viability. At the lowest concentration of 25 μg/mL, 84.74% of the cells remained viable, 
while a significant reduction was observed at higher concentrations, with only 19.69% cell viability at 150 μg/mL. 
The half-maximal inhibitory concentration (IC50) was determined to be 75 μg/mL, indicating that Se-NPs 
effectively reduced the viability of MCF-7 cells at this concentration. These results suggest a strong cytotoxic 
potential of Se-NPs against breast cancer cells, with increasing nanoparticle concentrations significantly inhibiting 
cell survival. 

  

 

 

 

 

 

 

 

 

 

 

Graph 1: The bar graph showing the cytotoxic effect of the avocado seed selenium nanoparticles in MCF- 
7 breast cancer cells using MTT assay.  
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Effect of Se-NPs on morphology of breast cancer cells 

The treatment of breast cancer cells with Se-NPs at a concentration of 75 µg/mL for 24 hours resulted in 
significant morphological changes indicative of cell death. Observable alterations included cell shrinkage, 
membrane blebbing, and the rounding of cells, which are characteristic features of apoptosis. These findings 
suggest that Se-NPs induce cytotoxic effects at this concentration, leading to the disruption of normal cell 
morphology and eventual cell death.  

 

 

 

 

 

 

 

 

 

Figure 1: Representative images showing the effect of synthesized Se-NPs on MCF-7 cells after 24h 
incubation. Magnification, 10x. 

 

Effect of Se-NPs on apoptosis induction in MCF-7 cells 

The impact of selenium nanoparticles (Se-NPs) on apoptosis induction in MCF-7 cells was assessed by 
treating the cells with Se-NPs at a concentration of 75 µg/mL for 24 hours. The assessment of apoptosis was 
performed using the EtBr/AO (ethidium bromide/acridine orange) staining method, which differentiates between 
viable, early apoptotic, and late apoptotic cells based on their fluorescence. In the treated cell population, apoptosis 
was evident, with the staining results highlighting significant induction of cell death. Viable cells, which exhibited 
green fluorescence, were visibly present but less numerous compared to the control. Early apoptotic cells, 
characterized by yellowish-green fluorescence, were clearly distinguished, indicating an initial phase of apoptosis. 
This observation suggests that the Se-NPs effectively induced early apoptosis at the specified concentration. 

 

 

 

 

 

 

 

 

 

Figure 2: Representative images showing the apoptotic effect of synthesized nanoparticle cells following 24h 
treatment in MCF – 7 breast cancer cells, magnification 20x. Viable cells appear green in fluorescence and 
early apoptotic cells appear yellowish green on staining with acridine orange and ethidium bromide stain 
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DISCUSSION 

In this study, we evaluated the cytotoxic and apoptotic effects of selenium nanoparticles (Se-NPs) on 
MCF-7 breast cancer cells. The MTT assay results revealed a dose-dependent cytotoxic effect of Se-NPs, with a 
significant reduction in cell viability as the concentration increased. At 25 µg/mL, cell viability was 84.74%, 
whereas at 150 µg/mL, it dropped to 19.69%. The IC50 value of 75 µg/mL indicates that Se-NPs are potent in 
reducing cell viability, suggesting a strong cytotoxic potential against MCF-7 cells. These results align with 
previous studies demonstrating the anticancer potential of Se-NPs. For instance, Cittrarasu et al. (2021) reported 
the green synthesis of Se-NPs and their cytotoxic effects on various cancer cell lines, underscoring the general 
efficacy of Se-NPs in inducing cell death [15]. Similarly, Spyridopoulou et al. (2021) highlighted the apoptotic 
and immunogenic cell death markers induced by biogenic Se-NPs in colon cancer cells, reinforcing the notion that 
Se-NPs can effectively trigger apoptosis in cancer cells [2].  

Morphological changes observed in MCF-7 cells after treatment with Se-NPs at 75 µg/mL, such as cell 
shrinkage, membrane blebbing, and rounding, are indicative of apoptosis. These findings are consistent with those 
of Toubhans et al. (2020), who demonstrated that Se-NPs induce significant biomechanical alterations in ovarian 
cancer cells, a process linked to apoptosis [5]. Furthermore, the EtBr/AO staining method used in this study 
revealed that early apoptotic cells were prevalent following Se-NP treatment. This observation aligns with the 
work of Nagalingam et al. (2022)and Mi et al., (2022) which reported similar apoptotic effects of Se-NPs on cancer 
cells viz., HepG2 hepatocellular carcinoma cells and gastric cancer cells, confirming that Se-NPs effectively 
induce early apoptosis [16]. 

The significant reduction in cell viability and the induction of apoptosis observed in our study underscore 
the potential of Se-NPs as effective therapeutic agents in breast cancer treatment. The dose-dependent response 
and observable morphological changes provide compelling evidence of their cytotoxic and pro-apoptotic 
properties. Future studies should explore the molecular mechanisms underlying these effects and evaluate the in 
vivo efficacy of Se-NPs to better understand their therapeutic potential. 
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