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The study aimed to synthesize Satureja khuzistanica essential oil-loaded SLN nanoparticles and to modify the surface of nanoparticles with folate-bound chitosan (SEO-SCF-NPs), and finally to investigate the effects of its toxicity and pro-apoptosis. For this purpose, the SEO-SLN nanoparticles were prepared using stearic acid, lecithin, tween 80, and water by high-pressure homogenization method. After characterization by FTIR, SEM, DLS, and ZETA potential methods, its toxicity effect against normal (HFF) and cancer (MCF-7) cells were evaluated by MTT assay. The occurrence of apoptosis in MCF-7 cells was assessed by flow cytometry and molecular analysis. The obtained results revealed the formation of round nanoparticles with a size of 279.40 nm, single dispersed (PDI: 0.3) and stable (ζ–potential: +31.69 mV). SEO-SCF-NPs indicated the effect of selective toxicity against MCF-7 cells (IC50: 88 μg/ml). Molecular analysis showed that SEO-SCF-NPs could inhibit cancer cells by activating the internal pathway of apoptosis as well as cell cycle disruption. Our finding suggests that SEO-SCF-NPs is a suitable candidate for preclinical cancer studies.
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1 INTRODUCTION
Cancer is a syndrome involving a series of diseases caused by the rapid formation and proliferation of abnormal cells with the ability to spread beyond their natural boundaries. This ability leads to the spread of abnormal cells to other tissues in the body, where a phenomenon called metastasis occurs, which is a major cause of cancer death (Pérez-Herrero and Fernández-Medarde, 2015). Surgery as a primary treatment to remove solid mass followed by chemotherapy and radiotherapy are among the most effective current treatments for cancer (Oneda et al., 2020). Induction of apoptosis by disrupting the cell cycle and generating free radicals is one of the chemotherapeutic strategies to inhibit cancer (Gupta et al., 2020). However, the side effects of chemotherapeutic drugs, including adverse effects on fast-growing cells such as blood cells, gastrointestinal tract, hair loss, and most importantly drug resistance, have limited the use of this treatment (Oun et al., 2018). Advances in biomedicine based on the molecular knowledge of many diseases and the identification of cellular as well as molecular processes that lead to various diseases have led to the discovery of therapeutic molecules with a natural origin effectively affecting target cells (Bayón-Cordero et al., 2019). However, in some diseases, including cancer, although new drugs are being researched, they have problems challenging their usage. The low solubility of drugs, their lack of penetration into the cell membrane, their instability, etc. reduce the concentration of the drug at the target site, prompting use of high doses of the drug, followed by high toxicity and side effects (Bayón-Cordero et al., 2019).
Identifying natural compounds with the ability to inhibit cancer cells can be a viable alternative to chemotherapy drugs. Essential oils are plant secondary metabolites with a combination of monoterpenoids and sesquiterpenoids, phenylpropanoids, flavonoids, etc., which have different biological effects such as anti-tumor, antioxidant, and antibacterial effects due to their composition (Souto et al., 2020). The chemical structure of essential oils is unstable and decomposes due to chemical as well as enzymatic reactions in exposure to moisture, heat, oxygen, and light, where the products of decomposition can disrupt their biological properties and function (Pérez-Herrero and Fernández-Medarde, 2015). The use of targeted drug delivery systems (DDS) in addition to protecting the essential oil from redox reactions can reduce side effects of drugs by increasing bioavailability and elevating drug concentration at the site (Li et al., 2012). The choice of drug delivery systems depends on several factors, including the nature of the drug used. Solid lipid (SLN) nanoparticles are a useful option for the transport of plant essential oils (fatty nature) due to their high biocompatibility and degradability, low toxicity, and ability to encapsulate hydrophobic compounds (Teimouri and Odoumizadeh, 2021). SLNs have successfully encapsulated different types of phytochemicals such as curcumin and Marrubiin (Nakhlband et al., 2018; Wang et al., 2018). They enhance the stability of drugs by protecting them against chemical degradation and enhance solubility, biocompatibility, as well as bio-accessibility of the loaded-drugs (Stella et al., 2018).
Encapsulation of compounds in nanometer structures due to enhanced intracellular uptake of the drug is one of the effective methods for targeting (Teimouri and Odoumizadeh, 2021). Other methods include modifying the surface of carriers to boost the sensitivity of drug delivery systems to target areas (Ganesan et al., 2018). The use of chitosan coating to promote the transfer of bioactive compounds has led to the production of the first generation of surface-modified SLN. Chitosan due to its cationic property, high mucosal adhesion, high bioavailability, and low toxicity is known as a suitable coating for SLN nanocarriers for improving the transport of bioactive compounds (Luo et al., 2015; Campos et al., 2017; Sandri et al., 2017; Vijayakumar et al., 2017). Binding of folic acid (FA) ligand to the surface of carrier systems can be effective in targeted drug delivery to cancer cells (FA positive receptor). Binding of FA ligand to the surface of nanocarriers is easily possible and these ligands have been widely used to target various cancer cells due to their non-toxic and non-immunogenic nature as well as high affinity (Pan and Feng, 2014; Dhas et al., 2015).
The present study was performed to investigate the anti-cancer effects of Satureja khuzistanica essential oil loaded on SLN nanocarriers. In this study, to boost the efficiency of nanocarriers in targeting breast cancer cells, chitosan coating was used on the nanocarrier surface, after which FA ligand was attached to the carrier surface. After characterizing the nanoparticles, their cytotoxic and pro-apoptotic effects were evaluated by flow cytometry and molecular analysis.
2 MATERIAL AND METHODS
2.1 Materials
MCF-7 (ATCC HTB-22) as breast cancer cell line and fibroblast cell line HFF (ATCC SCRC-1041) as normal cell line were provided from the Pasteur Institute of Iran Cell Bank. Sigma-Aldrich (United States) provided MTT, PBS tablets, and Propodium iodide. Invitrogene Co. supplied culture medium (RPMI and DMEM), trypsin EDTA and penicillin-streptomycin. FBS was purchased from Gibco (United States). Stearic acid, non-ionic surfactant (Tween 80), Lecithin, DMSO, and ethanol were provided from Merck Co. Finally, Ampliqon supplied the SYBR Green.
2.2 SEO-SLN-NPs Preparation
The high-pressure homogenization method was applied to loaded the SEO to SLNs (SEO-SLNs). Specifically, 100 µl of SEO was dissolved in the melted 4% v/v stearic acid and 2% v/v lecithin (85°C). Next, the aqueous phase containing 4% v/v tween 80 heated at 85°C was added to the lipid phase and homogenized for 3 min at 80°C. Here, 1 ml of the final solution was centrifuged and the supernatant was used to evaluate the encapsulation of SEO.
2.3 Surface Modification of SEO-Loaded SLN- NPs With CS-FA
In the first step, chitosan was dissolved in acetic acid and then FA was attached to it using NHS (N-Hydroxysuccinimide) and EDC (N-(3-Dimethylaminopropyl)-N′-ethylcarbodimide hydrochloride). For this purpose, 2 mg of FA was dissolved in DMSO. 4 mg of EDC was then dissolved in DMSO and added to FA, and finally the NHS was added to the above solution and incubated for 1 h in the dark. Next, the NHS-FA was filtered and CS was added drop wise and the final pH was set at 9. In order to synthesize SLN, stearic acid and lecithin were transferred to Falcon in a ratio of 2: 1 and incubated at 80°C. Then 100 μL of SEO was added to Falcon. To prepare the aqueous phase, 10 ml of TW 80 was transferred to a falcon and incubated at 80°C, and finally the aqueous phase was added to the lipid phase and homogenized for 3 min. In order to modify the SLN surface, CF solution was gently added to the SLN and after 2 h of incubation on the stirrer, it was centrifuged (18,928 x g). Cell sediment was lyophilized and supernatant was collected to evaluate the encapsulation rate of essential oil and FA binding.
2.4 Synthesis Confirmation of SEO-SCF-NPs by DLS, ζ–Potential, FTIR, and SEM
The physicochemical properties such as particle size, PDI, and surface charge of the SEO-SCF-NPs were determined as triplicate at 25 ± 0.5 and 175°C scattering angle using Malvern zeta sizer (Malvern Instruments, United Kingdom) based on the DLS way. SEM imaging method was used to investigate the size and shape of SEO-SCF-NPs. For this purpose, the dispersed nanoparticles were placed on the aluminum page. Once dried, they were coated with gold and examined microscopically. The FTIR method was used to investigate and identify the functional groups in SEO-SCF-NPs. First, 2 mg of SEO-SCF-NPs was mixed with KBr powder and compressed into tablets. The tablet was then analyzed in the FTIR apparatus within 500 cm−1 to 4,000 cm−1.
2.5 SEO Entrapment Efficiency
The amount of encapsulated essential oil in nanoparticles was evaluated indirectly. For this purpose, standard curves were drawn for different concentrations of essential oils (32.5, 62.5, 125, 250 and 500 μg/ml). By substituting the extent of supernatant adsorption (section 2.2) in the formulation obtained from the standard curve, the amount of essential oil in the supernatant was obtained. The following formula was used to calculate the amount of encapsulated essential oil. EE % = entrapped SEO/total SEO×100%.
2.6 FA Bonding
The binding of FA to the surface of SEO-SCF-NPs was evaluated using the HPLC method. For this purpose, the supernatant of section 2.3 was used. The level below the peak of the supernatant was evaluated compared to the level below the peak of the standard FA sample. Next, the amount of FA binding was evaluated by considering the volume of the supernatant and the amount of initial FA.
2.7 MTT Assay
MTT method was used to evaluate the toxicity of SEO-SCF-NPs on MCF-7 cells compared to HFF. First, a 5*103 of each cell was cultured in eight columns in three replications and after 24 h of incubation, the cells would attach to the bottom of the plate, and were treated serially with different concentrations of SEO-SCF-NPs. After 48 h, the treatment medium was removed from each well and replaced with 20 μL of MTT solution. After 4 h, the MTT solution was drained from each well using a micropipette and replaced with 100 μL DMSO. Finally, the absorbance of the samples was recorded at 570 nm and the % viability of cells was calculated using the following formula. % cells’ Viability = OD sample/OD control × 100. In the present study, tamoxifen was applied as a positive control as an anticancer drug.
2.8 Evaluation of Cell Death Type
2.8.1 Flow Cytometry
Initially, a certain number of cells were cultured in a six-well plate and after 24 h, they were treated with the concentrations obtained from the MTT test. After 48 h of incubation, the treatment medium was drained and the cells were washed with 1 ml PBS. After draining the PBS, 500 μL of trypsin was added to each well, and after 2 min of incubation, the cells were transferred from each well to separate microtubes. The samples were then centrifuged and after draining the supernatant, 300 μL of Propidium Iodide (PI) dye containing 0.2% Triton X100 was added to the cell sediment; after 10 min of incubation, it was analyzed by flow cytometry.
2.8.2 Molecular Analysis
To investigate the changes in the expression of apoptosis of the genes involved in SEO-SCF-NPs-treated cells, the cells were first cultured in a 12.5 cm2 flask. After 24 h, they were treated with a moderate concentration (90 μg/ml) obtained from the MTT test. After 48 h, the treatment medium was drained and after washing with PBS, the total RNA of the cells was extracted according to the protocol of the manufacturer of the Biotech kit. After examining the amount of RNA with the Nano drop device, it was used to synthesize complementary DNA. The reaction mixture containing complementary DNA along with SYBR Green, distilled water, and specific primer with a final volume of 20 μL was prepared and then analyzed under a specific temperature-time program in Bio-Rad Real Time PCR.
2.9 Statistical Analysis
The data were analyzed using SPSS (version 21) where p < 0.05 was considered significant. The MTT and molecular assay results were analyzed with the One-way ANOVA, LSD test.
3 RESULTS
3.1 Analysis DLS and ζ–the Potential of SEO-SCF-NPs
DLS and surface potential profiles of SEO-SCF-NPs are presented in Figure 1. Their particle sizes and PDI were 279.4 nm and 0.3, while the zeta potentials of SEO-SCF-NPs were +31.69 mV. In a nanostructure, particles with the surface charge of 30 mV and PDI <0.7 are considered as stable and homogenous formulations (Kelidari et al., 2021) thus, SEO-SCF-NPs nanoformulation had satisfactory properties.
[image: Figure 1]FIGURE 1 | (A) DLS analysis (Ps: 279.40 nm and PDI: 0.3) and (B) surface charge (+31.69 mV) of SEO-SCF-NPs.
3.2 SEM Electron Microscope Analysis of SEO-SCF-NPs
The morphology study results of SEO-SCF-NPs with SEM microscope are shown in Figure 2. The images exhibited the spherical shape of the nanoparticles. The particle size shown in the SEM images confirms the DLS results.
[image: Figure 2]FIGURE 2 | SEM electron microscope image of SEO-SCF-NPs.
3.3 FTIR Analysis of SEO-SCF-NPs
The FTIR spectra for SEO-SCF-NPs are presented in Figure 3. Specific SLN peaks include strong peaks at 2846.9 and 2918 6 cm−1 (O-H and C-H bonds), at 1470 and 1728.1 cm−1 (C=O and C=C bonds), and 1079 cm−1 (C-C and C-O) (Abbasalipo et al., 2016). The formation of FA-CS is indicated by the presence of a peak at 1731 cm−1 (C = O), which confirms that CS has successfully modified SLN-NPs (Dhas et al., 2015; Lu et al., 2019). The shift of SLN specific peaks of 2846.9 cm–1 and 2918.6 cm–1 to 2850.10 cm–1 and 2917.886 cm–1 plus peak at 1728.1 cm–1 to 1724.27 cm–1 approved the SLN surface modification and SEO loading.
[image: Figure 3]FIGURE 3 | FTIR spectra of SEO-SCF-NPs.
3.4 SEO Entrapment
The standard curve for different concentrations of SEO at 270 nm was obtained with a linear relationship (Y = 0.008x + 0.0075) and a correlation coefficient of 0.921 (R2 = 0.92). According to the density of SEO (1000 mg/ml) and incoporating the obtained numbers in the standard curve formula, the value of free SEO was calculated. Through the formula mentioned in section 2.5, SEO encapsulation efficiency was reported to be 84.5%.
3.5 FA Bonding
In the HPLC method, by calculating the level of FA in the supernatant and standard FA, the amount of supernatant FA was calculated to be 0.02 mg/ml. Given the volume of supernatant (25 ml) and the amount of primary FA (2 mg), the FA binding percentage was reported 75%.
3.6 MTT Assay for SEO-SCF-NPs
Examination of viability alteration of MCF-7 and HFF cell in SEO-SCF-NPs treatment (Figure 4) shows that at all concentrations, the bioavailability of HFF cells was 100% and SEO-SCF-NPs treatment had no inhibitory effect on normal cells. While in MCF-7 cells from the concentration of 15–62 μg/ml, almost 30% of the cells have been inhibited; with increasing the concentration to 125 μg/ml, the inhibition rate has reached above 90%. These results demonstrate the concentration-dependent inhibitory effects of SEO-SCF-NPs against MCF-7 cells. The IC50 of SEO-SCF-NPs and tamoxifen as a positive against MCF-7 cells was obtained 88.37 and 34.61 μg/ml respectively.
[image: Figure 4]FIGURE 4 | Analysis of MCF-7 and HFF cell viability in treatment with various concentrations of SEO-SCF-NPs. The results were represented as mean ± SD and “***” p < 0.001.
3.7 Flow Cytometry
Cell cycle changes in SEO-SCF-NPs-treated cells compared to untreated cells are shown in Figure 5. In the study of the cell cycle, the percentage of Sub-G1 phase cells indicates apoptotic cells. Examination of the cell cycle in untreated cells shows that about 8% of the cells are in this phase, while in the cells treated with nanoparticles with elevation of concentration, the percentage of Sub-G1 phase cells Increased to 26.7, 45.8, and 79.8%. These results confirm the occurrences of apoptosis in nanoparticle-treated cells. No cessation and inhibition of cell growth was observed in any of the other stages of the cell cycle (G1, S, and G2-M). The results generally show that nanoparticles stop cell growth and proliferation by stopping cells in the Sub-G1 phase and causing cell death.
[image: Figure 5]FIGURE 5 | Cell cycle analysis in MCF7 cells treated with different concentrations of SEO-SCF-NPs.
3.8 Gene Expression
Expression of caspase genes as the genes involved in the apoptosis pathway in nanoparticle-treated cells showed a significant increase compared to controls (Figure 6). High expression of caspase-9 indicates the occurrence of apoptosis via an intrinsic pathway, which ultimately leads to increased expression of the caspase-3 gene. The results of the molecular analysis confirm the activation of the intrinsic apoptosis pathway.
[image: Figure 6]FIGURE 6 | Increased expression of caspase 3 and 9 genes in SEO-SCF-NPs-treated cells by the qPCR method. The results were represented as mean ± SD and “*” p < 0.05 and “**” p < 0.01.
4 DISCUSSION
Solid lipid nanoparticles (SLNs) are lipid-based carriers on a scale of 30–1000 nm which are synthesized using degradable lipids and are therefore safe biological systems. These carriers are one of the most suitable delivery systems for plant and bioactive compounds. The advantages of these nanocarriers include escape from spleen or liver filtration, high bioavailability, less chronic or acute toxicity, as well as the possibility of loading hydrophilic and hydrophobic compounds (Ganesan et al., 2018). Several studies demonstrated that SLN nanocarriers have been used for oral delivery of bioactive plant compounds such as curcumin, quercetin, resveratrol, and especially essential oils. These natural phytochemicals have been widely used all over the world and their use is constantly enhancing due of the strong demand for pure natural ingredients in food and pharmaceutical industries (Ayan et al., 2017; Comoglu et al., 2017; Couto et al., 2017). Burst release of plant bioactive compounds encapsulated in SLN nanoparticles in systemic conditions and internal environment of the body with different pH is one of the disadvantages of using these carriers (Ramalingam et al., 2016). Modification of nanoparticle surface can be effective to enhance the transfer efficiency of bioactive compounds and prevent their explosive release under systemic conditions (Ramalingam and Ko, 2015). In some studies, various compounds such as heparin, polyethylene glycol, albumin, and polysaccharides have been used to modify the surface of SLN nanoparticles to control the transport of bioactive plant compounds (Lee et al., 2014; Niu et al., 2016; Sandri et al., 2017). In the present study, SLN nanocarriers were used to load Satureja khuzistanica essential oil. After the synthesis, the surface of nanoparticles was modified using a chitosan coating attached to folic acid. The synthesized nanoparticles had an average diameter of 279.40 nm, a dispersion index of 0.3, and a surface charge of +31.69 mV. Considering the acceptable size (10–300 nm) of nanoparticles for clinical applications (Mattheolabakis et al., 2012; Kobayashi et al., 2014) as well as the standard for dispersion index for (PDI<0.7) mono disperse particles (Irani et al., 2021) along with surface charge higher than positive 30 for stable particles (Ho et al., 2015), it can be stated that the synthesized nanoparticles are monodisperse, stable with an ideal size for therapeutic studies.
Improvement of the transport and stability of encapsulated bioactive compounds in SLN nanocarriers is directly related to the compounds that are used in the formulation such as surfactants, co-surfactants, and lipids as well as their synthesis methods. In this study, similar to some previous studies, stearic acid, lecithin, tween 80, and distilled water (Singh et al., 2014; Andrade et al., 2019; Trucillo and Campardelli, 2019) were used to synthesize SEO-SLN-NPs by the hot homogenization and probe-sonication method (Wang et al., 2016; Sadat Khadem et al., 2021).
The lipid nature of essential oils is the main reason for using the SLN nanocarrier as a lipid-based transport system as it has high efficiency in encapsulating lipophilic compounds such as essential oils (Ganesan et al., 2018). Similar experiments revealed that the application of SLN carriers to transfer different EOs has been reported, which is comparable to the present study. For example, in a study, a combination of frankincense and myrrh essential oils was used to load SLN nanoparticles (FMO-SLNs), where nanoparticles with dimensions of 113 nm and a surface charge of -16 mV with a loading capacity of 80.60% were synthesized (Shi et al., 2012). Comparison of this study with the present study shows that CS-FA coating in the present study is probably the reason for the enlarged SEO-SCF-NPs size. On the other hand, in the present study, the surface charge of SEO-SCF-NPs +30 mV was reported, which indicates the higher stability of SEO-SCF-NPs. On the other hand, the change of negative charge of SLN nanoparticles to positive is due to the presence of CS coating around SEO-SCF-NPs. Comparison of encapsulation efficiency of essential oil shows that in SEO-SCF-NPs, the loading rate is higher than FMO-SLNs, which is probably due to surface changes of SEO-SCF-NPs. In another study in 2021, SLN-NPs containing Foeniculum vulgare essential oil with a size of 55.43 nm and a surface charge of −29.54 mV were synthesized (Sharifalhoseini et al., 2021), which is smaller than SEO-SCF-NPs and has a negative surface charge. The differences can be attributed to the coating of SEO-SCF-NPs with CS-FA. The presence of a positive charge due to chitosan coating on the surface of nanoparticles can play an effective role in the transfer of nanocarriers to negatively charged cancer cells (Wang et al., 2013). The results of a study conducted in 2016 similar to the present study indicated that modifying the surface of SLN nanoparticles with chitosan could enhance the size and change the surface charge from negative to positive. This study also showed that modifying the surface of nanoparticles can significantly reduce drug release and prevent burst drug release (Ying et al., 2011). In another study, SLN-NPs containing cisplatin were modified by CS coating. Comparison of the physicochemical properties of these nanoparticles (PS: 190 nm and Zp: + 22 mV) with SEO-SCF-NPs showed smaller size and surface charge. The increase in the size of SEO-SCF-NPs can be attributed to the presence of FA on the surface of the SEO-SCF-NPs (Wang et al., 2016). In a study, FA alone was used to modify the surface of SLN nanoparticles. The results of this study have also reported an increase in the therapeutic performance of the modified nanoparticles and a change in the size plus surface charge of the nanoparticles after surface modification (Rajpoot and Jain, 2018). The presence of FA on the surface of nanoparticles increases their intracellular uptake by cancer cells with high FA receptor expression. Since MCF-7 has a high expression of FA receptor (Marshalek et al., 2016; Monteiro et al., 2020), in this study, the MCF-7 cell line was used for anti-cancer studies of SEO-SCF-NPs. The results of the MTT test revealed that the SEO-SCF-NPs had a selective effect on the inhibition of MCF-7 cancer cells (IC50: 88.37 μg/ml), while no inhibitory effect was observed on HFF cells. In a 2015 study, chitosan-coated SLN nanoparticles were synthesized for cisplatin loading. The results of this study showed an increase in the toxicity of nanoparticles in chitosan coatings compared to uncoated nanoparticles on cervical cells with a median concentration of 0.16 μg/ml (Wang et al., 2016). In addition, in another study, folic acid was used to modify the surface of oxaliplatin-loaded SLN nanoparticles. The results of this study, similar to the previous study, showed enhanced cellular uptake and cytotoxic effects (IC50 < 10 μg/ml) compared to unmodified nanoparticles (Rajpoot and Jain, 2018). The results of these studies show that modifying the surface of nanoparticles with chitosan and folic acid alone can have positive effects on increasing the toxicity and intracellular uptake of the drug in cancer cells. In this study, the effects of pro-apoptotic SEO-SCF-NPs on MCF-7 cells were confirmed by their effect on the cell cycle and altered expression of caspase genes. The results of this study showed that SEO-SCF-NPs by stopping cells in the Sub-G1 stage as well as increasing the expression of the caspase 9 gene as a gene involved in the intrinsic pathway of apoptosis and increasing the expression of the caspase 3 gene have led to apoptosis in treated cells. These funding is an agreement with the study have been carried out by Hajipour et al. that indicated the SLN-loaded Ellagic acid (EA) exhibited anticancer properties against the cancer cells by increasing Bax and decreasing BCL2 expression gene. Similarly, a 2012 study showed that SLN nanoparticles loaded with transferrin-conjugated curcumin could inhibit cancer cells by stopping the cell cycle and increasing the expression of caspase genes (Mulik et al., 2012), which is similar to the present study. In another study, the pro-apoptotic effects of Ellagic acid acid-loaded SLN nanoparticles were confirmed by increasing Bax gene expression and reducing the Bcl-2 gene expression (Hajipour et al., 2018). In contrast to the present study, a 2019 study showed that tamoxifen-loaded SLN nanoparticles could inhibit breast cancer cells in a concentration- and time-dependent manner without stopping the cell cycle (Abbasalipourkabir et al., 2016). Liang et al. reported the pro-apoptotic effect of SLN nanoparticles via activating the internal apoptotic pathway and disrupting the cell cycle. In this study, it was shown that treatment with nanoparticles in macrophage cells caused an imbalance in Bax/Bcl-2 expression as well as increased Caspase3 plus PARP expression (Liang et al., 2019). In a study in 2021, the effect of SLN-NPs loaded with Foeniculum vulgare essential oil on MCF-7 cancer cells by stopping cells in the Sub-G1 phase was confirmed by flow cytometry (Sharifalhoseini et al., 2021), which is similar to the present study.
5 CONCLUSION
The results of this study confirmed the formation of a stable (+31.69 mV) and single-dispersed (PDI: 0.3) SEO-SCF-NPs on the nanometer scale (279.40 nm). In examining the toxicity effect of SEO-SCF-NPs, the selective toxicity of nanoparticles against breast cancer cells compared to normal cells has been reported. Further investigation showed that one of the inhibitory mechanisms of nanoparticles on cancer cells is through activation of the internal pathway of apoptosis and cell cycle disruption. These results suggest the use of SEO-SCF-NPs as a suitable candidate for preclinical cancer studies.
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