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					Abstract

					Background: Recently, the non-toxic properties of natural plant products have gained more focus as anticancer agents. Therefore, this study aimed to assess the apoptosis effects of the ethanolic extract of Oxalis corniculata on the MCF-7 breast cancer cell line. Materials and Methods: In this experimental study, aerial parts of O. corniculata were collected in Lahijan city (Iran), and after confirmation, they were dried and extracted with ethanol for 24 h. Then, the total phenolic and flavonoid contents of the extract were measured. The 2,2-diphenyl-1-picrylhydrazyl radical scavenging assay was used to measure the antioxidant properties of the extract. Selected cell lines (MCF-7 and human dermal fibroblast) were cultured in 6-wells dishes (1×106 cells/well). After 72 h of treating the extract, cytotoxicity was assessed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay. The expression of apoptotic genes (such as p53, bcl-2, bax, and CD95) was studied by real-time polymerase chain reaction (PCR). Results: The extract's total phenolic content was 31.30±02 µg of gallic acid equivalents/mg of dry extract, and the total flavonoid content was 49.61±04 µg of quercetin as equivalents/mg of extract. The antioxidant activity of O. corniculata was measured at the dose of 619.2 µg/µl, indicating that it decreases cancer cell viability and enhances apoptosis. Within the half maximal inhibitory concentrations, real-time PCR revealed substantial increases in p53 (P<0.001), CD95 (P<0.05), and bcl-2 expression (P<0.05) in MCF-7 cells treated with O. corniculata. Conclusion: This study suggests that O. corniculata may cause apoptosis by oxidative stress in cancer cells. 
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				Introduction

				Cancer cells have a high proliferative ca-pacity that is unrelated to their physio-logical requirements. After cardiovas-cular disease, it is the world's second leading cause of death [1]. In 2018, 9.6 million people died, three-quarters of them occurring in low- and middle-income nations. Over the next ten years, this number is predicted to approach 11 million people [1]. Annually, 2,088,849 indi-viduals worldwide and 112,000 people in Iran are diagnosed with cancer, which is expected to account for 80 % of deaths in Iran during the next ten years [2].

				Chemotherapy, radiation therapy, and sur-gery are the most used treatments accessible in modern medicine. Chemotherapy is a sig-nificant problem for cancer patients. Because highly strong medications can be hazardous, only about 1% of the molecules injected reach the cells they are meant to reach [3]. Others, such as hydroxyl, peroxyl, and superoxide radicals could affect healthy cells and tissues [4], and lead to cancer, diabetes, and heart disease [5]. As a result, the effect of plants on cancer treatment must be considered while developing a new pharmacological molecule or its derivatives for cancer research.

				The cell's innate mechanism for planned cell death is called apoptosis. It is especial-ly important in long-lived mammals since it is essential for both development and ho-meostasis [6, 7]. Both the mitochondrial (intrinsic) and the death receptor (extrinsic) pathways can be used to start the highly reg-ulated process of apoptosis [8, 9]. Numerous tumors have been shown to up-regulate an-ti-apoptotic or down-regulate pro-apoptotic proteins [10-12]. For instance, overexpres-sion of B-cell lymphoma-2 (Bcl-2) is fre-quently linked to several malignancies, such as colorectal adenocarcinomas, B-cell lymphomas, breast cancer, and prostate cancer [13].

				The Bcl-2 family is an essential intrinsic pathway apoptotic regulator. It can be divid-ed into members that are pro- and anti-apop-totic (such as BCL2 Associated X [bax] and bcl-2) [14, 15]. A key element gene that pro-motes the production of the bax gene is p53, a 

			

		

		
			
				pro-apoptotic tumor suppressor protein [16]. Direct induction and activation of the bax lead to bax transcription, which encourages cell cycle arrest or triggers apoptosis [17]. The extrinsic receptor pathway is triggered when members of the tumor necrosis factor (TNF) receptor superfamily's transmembrane cell surface receptors are stimulated. The first apoptosis signal (Fas; CD95), TNF-α, and TNF-related apoptosis-inducing ligand (TRAIL) receptors DR4 and DR5 are mem-bers of this family [18].

				Breast cancer was the second most common cancer in 2018, with two million new cases. According to published statistics, the global breast cancer rate rises by 0.4% [19]. As a result, scientists and researchers have a sig-nificant problem in terms of prevention and treatment. In addition to the patients, growth in breast cancer rates has significant econom-ic and social implications, necessitating the development of a new effective and helpful strategy [19]. Some chemotherapy medicines, such as paclitaxel and anthracycline, inhibit cancer cell development and trigger apoptosis in cancer cells [20]. However, these drugs are ineffective in some people and have harmful side effects on healthy cells [21]. As a result, among the natural substances, developing a potent, focused, and non-toxic agent to treat this condition appears important. Herbs have recently been touted as cancer-fighting medi-cine with fewer adverse effects [22-24].

				Oxalis corniculata, often called reptile wood sure, is a subtropical plant (family Oxalidaceae) native to Iran [25, 26]. The wetlands of northern Iran and sections of Khuzestan are where it thrives. It was tra-ditionally used to treat diarrhea and anemia [27]. It is also utilized as an anti-inflammato-ry, cough suppressant, and anti-hypertensive herb [27, 28]. According to the literature, in-flammation and cancer are closely related, and many anticancer medications are also used to treat inflammatory conditions like rheumatoid arthritis [29]. In addition, chronic inflammation raises the chance of developing several malignancies, suggesting that reduc-ing inflammation may be a sensible approach to both treating and preventing cancer [29].

				However, there are very limited studies on 

			

		

	
		
			
				the benefit of natural resources available for the treatment and prevention of cancer. Be-cause O. corniculata is widely consumed in traditional foods in Guilan province and lit-tle research has been conducted to examine the anticancer potential of this extract [30], this study was aimed to evaluate the effect of O. corniculata extract on MCF-7 cell line sur-vival and expression of the bax, p53, bcl-2, and CD95.

				Materials and Methods

				Plant Material

				The aerial parts of O. corniculata were collected from villages around Lahijan city (Iran) with geographical coordinates (37 ° 13'59.4 "N 50 ° 02'39.1" E) on Google Maps and guided by three familiar natives in April 2017. Then, to confirm the genus and species, it was sent to the herbarium of the School of Pharmacy, Guilan University of Medical Sciences, Rasht, Iran, and after approval, the plant was dried in a dark and humid environment (10-15%) and ground in a hand mill. Then, for extraction, they were transferred to a ten-liter reactor equipped with speed and temperature control, and extraction was performed using ethanol for 24 hours. The solvent was evaporated by a rotary evaporator to obtain ethanol extract of O. corniculata. The extract was stored in a refrigerator until required.

				Total Phenolic Content Measurements

				As described previously, Folin-Ciocalteu method was used to determine the total phenolic content of extracts [31]. One mL of the extract (1 mg/mL) was combined with 5 mL of Folin-Ciocalteu reagent (which had previously been diluted 10-fold with distilled water) and allowed to stand at room temperature for 10 min. Then, the sodium bicarbonate solution was added to 4 mL (75 g/L). The combination was then allowed to rest at room temperature for another 30 minutes in the dark. A UV/VIS spectrophotometer (Lambda 25 PerkinElmer, USA) was used to measure the absorbance at 765 nm. The calibration curve was plotted using five different concentrations of the 

			

		

		
			
				gallic acid standard (25, 50, 70, 100, and 200 g/mL). The calibration curve was then used to determine the total phenolic content of the samples. The number of gallic acid equivalents per gram of dried extract was calculated [32]. All the tests were done three times.

				Total Flavonoid Content

				The total flavonoid content was determined using Saeidnia and Gohari's method [33]. To 5 mL of extract (1 mg/mL), 5 mL of aluminum trichloride (AlCl3, 2% in methanol) was added. After 10 minutes, the mixture's absorbance was measured at 415 nm. Also, 5 mL extract and 5 mL methanol without AlCl3 made up the blank sample. A standard curve of quercetin (0-100 mg/L) was used to determine the total flavonoid content. The total flavonoid concentration was measured in milligrams of quercetin equivalents per gram of extract.

				Radical Scavenging Activity

				The 2,2'-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay was used to determine the antioxidant activity of the sample [31]. Briefly, 1 mL of various extract concentrations was mixed with 2 mL of DPPH methanol solution (40 g/mL). After 30 minutes, the absorbance was measured at 517 nm. For each concentration, the test was repeated three times. As a positive control, vitamin E was employed [34]. Inhibition percent =[(A0-As)/A0]100, where A0 is the absorbance of the control and As is the absorbance of the sample, was used to calculate the percentage of radical scavenging activity of the extract. From the graph plotting the scavenging percentage against extract concentration, the half maximal inhibitory concentration (IC50) values (showing the concentration of the extract [mg/mL] giving 50% radical scavenging) were calculated [34].

				IC50 Calculation and Cytotoxicity Assay

				The cytotoxic effect of an ethanolic extract from the plant was tested using a human breast cancer cell line (MCF-7) and human dermal fibroblast (HDF) as the control. All 

			

		

	
		
			
				the cell lines were obtained from the Pasteur Institute (Tehran, Iran). The MCF-7 cell line was cultured in RPMI1640 medium (Gibco, Germany), and the HDF cell line was cultured in Dulbecco's modified Eagle's medium (Gibco, Germany), supplemented with 10% fetal bovine serum (FBS; Gibco, Germany), 100 U/mL penicillin (Sigma-Aldrich, Sweden), and 100 g/mL streptomycin (Sigma-Aldrich, Sweden), at 37 °C in humid. The ethanolic extract's cytotoxicity was assessed using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Gibco, Germany) assay. In 96-well plates, 1×104 (cells of each cell line /well) were plated. The cells were incubated for 24 hours at 37 °C in 5% CO2 and a humidified environment.

				The extracts were applied to cells at different concentrations (31.25, 62.5, 125, 250, 500, 1000, 1500, and 2000 g/mL) over 72 hours. Then, per well, MTT (0.5 mg/mL, 100 L) was applied and incubated for 4 hours in phosphate buffer saline (PBS; Gibco, Germany). The cells were then washed in PBS buffer after the MTT solution was removed. To dissolve the formazan crystals, 100 microliters of dimethyl sulfoxide (Gibco, Germany) were added to each well, and the plate was shaken at 100 rpm for 10 minutes. The cell survival was determined by measuring the absorbance at 570 nm using an ELISA reader instrument (Stat Fax 2100, Awareness, USA). The IC50 values were calculated using the concentration-response curve. All experiments were performed in triplicate.

				RNA Extraction and cDNA Synthesis

				The selected cell lines (MCF-7 and HDF) were grown in 6-well plates to get adequate RNA for cDNA synthesis and gene expression investigation by real-time polymerase chain reaction (PCR). Cell lines were grown at 37 ºC in humidified air with 5% CO2 in RPMI1640 medium, supplemented with 10% FBS, 100 U/mL penicillin, and 100 g/mL streptomycin. Briefly, 1×106 (cells of each cell line/well) were plated in 6-well plates, along with the determined IC50 for the plant's leaves and fruits. The cells were then incubated for 24 hours at 37 ºC in 5% CO2 in a humidified environment. One well from the same cell 

			

		

		
			
				line was cultivated as a control adjacent to each of the extract wells (without adding the extract).

				Microtubes were incubated at 55 ºC for 60 minutes after quick centrifugation. The reaction was completed by incubation for 5 minutes at 85 ºC. Finally, the samples were placed on ice for a short period before being stored at -20 ºC until needed.

				Quantitative Real-Time PCR 

				The expression of the p53, bax, bcl-2, and CD95 genes, as well as GAPDH (a housekeeping gene), was measured using the Applied Biosystems Step OneTM Real-Time PCR System (USA) and SYBR Green Real-Time PCR dye (Yekta Tajhiz Azma, Iran). Primer3web (version 4, GenFanAvaran Co., Tehran, Iran) was applied to design the PCR primers. The Primer-BLAST system at the National Center for Biotechnology Information (NCBI) was used to assess the specificity of the prepared primers for the specified genes. Table-1 lists the sequences and product sizes of the primers. Then, 1 µl of each primer, 4 µl of diluted cDNA, 10 µl of SYBR Green Master Mix (Yekta Tajhiz Azma, Iran), and 4 µl nuclease-free water were used in the reaction. The PCR conditions were 15 minutes pre-activation at 95 ºC (first denaturation), 40 cycles of 15 seconds at 95 ºC, and 60 seconds at 60 ºC. For each sample, the reactions were carried out twice. Finally, using the 2-ΔΔCt equation, the difference in expression of p53, bax, bcl-2, and CD95 mRNAs in the samples was determined.

				Ethical Considerations

				This study was approved by the Ethical Committee of Guilan University of Medical Sciences (approval code: IR.GUMS.REC.1396.228).

				Statistical Analysis

				Statistical analysis was performed using GraphPad Prism 8.3.0 software (GraphPad Software, USA). The normality of the data has been checked using the Shapiro-Wilk test. Differences between the two groups were evaluated by an unpaired t-test. P<0.05 was considered statistically significant.

			

		

	
		
			
				Results

				The Total Phenolic and Flavonoid Contents, and DPPH Radical Scavenging

				The total phenolic content of the extract was measured by the standard curve for gallic acid (y=0.00088x−0.0388, R²=0.997, Table-2). Also, the total flavonoid content was measured regarding the standard curve of quercetin (y=0.0178x−0.0119, R²=0.995, Table-2). The extract's antioxidant ability was tested using the DPPH radical scavenging assay (Table-2).

				IC50 Values

				The calculated IC50 values were 713.8 µg/ml) and 1397 µg/ml for MCF-7 and HDF cell lines, respectively.

				Evaluation of mRNA Expression of p53, bax, bcl-2, and CD95 

				After 24 hours, real-time PCR was used to assess the expression of apoptosis-related genes in MCF-7 and HDF cells that were treated with ethanolic extract of O. corniculata in IC50 values. In both cell lines, the expressions of p53 was increased 

			

		

		
			
				significantly (Figure-1). While the expression of bax increased in both cell lines, the statistically was not significant (P˃0.05, Figure-2). In contrast, the expression of bcl-2 was decreased significantly in MCF-7 cells and insignificantly in HDF cells (Figure-3). Finally, CD95 expression was raised significantly in MCF-7 cells and decreased insignificantly in HDF cells (Figure-4).

				Discussion

				The O. corniculata extract had previously been thought to have a variety of activities, including antioxidants [35, 36], potentially due to flavonoid chemicals [37, 38] and phenolic acids [39]. Antioxidant chemicals such as flavonoids and phenolic acids are commonly found in plants. Flavonoid and phenolic compounds have phenolic hydrogen in their structures, which interacts with the hydrogen donor radical [40]. On the other hand, flavonoids vary in activity due to their more complicated structure than phenolic acids [41]. Plant flavonoids and phenolic acids have anticancer properties, and they do 

			

		

		
			
				Table 1. Sequences of Gene-Specific Primers.

				
					Primers

				

				
					Sequence (5'-3')

				

				
					Nucleotide count

				

				
					Product size (bp)

				

				
					GAPDH

				

				
					F: GACAGTCAGCCGCATCTTCT

				

				
					20

				

				
					104

				

				
					R: GCGCCCAATACGACCAAATC

				

				
					20

				

				
					P53

				

				
					F: GTGGAAGGAAATTTGGGTGTGG

				

				
					22

				

				
					184

				

				
					R:CCAGTGTGATGATGGTGAGGATG

				

				
					20

				

				
					Bax

				

				
					F: TCTGACGGCAACTTCA

				

				
					16

				

				
					186

				

				
					R: GAGGAGTCTCACCCAACCAC

				

				
					20

				

				
					Bcl-2

				

				
					F: TGCACGTGACGCCCTTCAC

				

				
					19

				

				
					293

				

				
					R: AGACAGCCAGGAGAAATCAAACAG

				

				
					24

				

				
					CD95

				

				
					F: TCAGTACGGAGTTGGGGAAG

				

				
					20

				

				
					207

				

				
					R: CAGGCCTTCCAAGTTCTGAG

				

				
					20

				

			

		

		
			
				Table 2. Total Phenol and Flavonoid Contents and Antioxidant Activities of O. Corniculata Extract

				
					Sample

				

				
					Total phenolic (%)

				

				
					Total flavonoid (%)

				

				
					DPPH IC50 (µg/µl)

				

				
					O. Corniculata

				

				
					49.61±0.04

				

				
					31.3±0.02

				

				
					619.207

				

				
					Vitamin E

				

				
					-

				

				
					-

				

				
					0.014

				

				Results are expressed as mean±SD. 

				DPPH: 2,2'-diphenyl-1-picrylhydrazyl

			

		

	
		
			
				Figure 1. The effects of the ethanolic extract of O. corniculata on p53 expression in HDF (A) and MCF-7 (B) cell lines. Real-time PCR showed that the O. corniculata extract caused a significant increase in the p53 expression after 24 hours in both cell lines (compared to the control). Data are expressed as mean±SD. **P<0.0001 vs. control
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				Figure 2. The effects of the ethanolic extract of O. corniculata on bax expression in HDF (A) and MCF-7 (B) cell lines. Real-time PCR showed that the O. corniculata extract caused an increase in the bax expression after 24 hours in both cell lines (compared to the control). However, this increase was not statis-tically significant. Data are expressed as mean±SD. ns: Not significant
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				Figure 3. The effects of the ethanolic extract of O. corniculata on bcl-2 expression in HDF (A) and MCF-7 (B) cell lines. Real-time PCR showed that the O. corniculata extract caused a significant decrease in the bcl-2 expression after 24 hours in both cell lines (compared to the control). Data are expressed as mean±SD. * P<0.05 vs. control. ns: Not significant
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				Figure 4. The effects of the ethanolic extract of O. corniculata on CD95 expression in HDF (A) and MCF-7 (B) cell lines. Real-time PCR showed that the O. corniculata extract caused a significant increase in the CD95 expression after 24 hours in MCF-7 cell lines (compared to the control). However, treated HDF cells with O. corniculata extract led to a significant decrease in the expression of CD95 after 24 hours. Data are expressed as mean±SD. *P<0.05 vs. control. ns: Not significant
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				so by interfering with basic cellular functions such as cell cycle arrest, apoptosis induction, inflammation, angiogenesis inhibition, and antioxidant activity [42-44]. Furthermore, phenolic substances have been demonstrated to behave as peroxidants in cancer cells, inhibiting tumor cell proliferation by damaging DNA strands [45]. As a result, the phenol content of O. corniculata's whole extract has been determined. The results showed that the plant contains a high amount of phenolic chemicals. These findings are in line with a previous study, which found that the phenol concentration of O. corniculata extract was around 6.4 mg/g dry weight [35]. Also, O. corniculata contained phosphorus, iron, niacin, vitamin C, β-carotene, calcium, and oxalic acid. Antitumors, antioxidants, lipid peroxidation, and anti-inflammatory medications are just a few of the biological activities of these substances [3, 35, 46].

				Moreover, several studies [47-52] looked at the anticancer potential of whole plant extracts with high phenolic content. Several compounds found in plants have been shown to inhibit the growth of cancer cells and prevent cancer by interrupting the cell cycle [1]. In the current study, the cell cycle was assumed to be inhibited by ethanolic extract via p53. Because one of the most critical functions of p53 is to interrupt the cell cycle in the G1, G2, or S phases to generate the conditions for DNA repair [53].

				Studies have demonstrated that under tumor conditions, the amount of reactive oxygen species (ROS) increases because of increased metabolism and mitochondrial abnormalities [54], which favors cancer [55]. As a result, the cell adjusts to high amounts of ROS [56]. Anticancer drugs with antioxidant capabilities are thus thought to trigger cell apoptosis [57].

				As a result, DPPH radical scanning activity must be used to assess antioxidant activity in MCF-7 cells treated with ethanolic extract of O. corniculata. The results of this approach revealed an increase in antioxidant activity in treated MCF-7 cells compared to control cells. The adsorption intensity corresponds to the level of ROS in the cytoplasm of the cell. Therefore, the ethanolic extract of O. corniculata stimulates antioxidant activity 

			

		

		
			
				in the IC50 dose. More researchs on the potential for mitochondrial membrane in MCF-7 cells treated with O. corniculata are needed to support this claim.

				We used gene expression analysis to identify the major genes involved in cell death caused by the O. corniculata extract. Several genes implicated in innate apoptosis pathways have been examined, including bax, p53, and CD95 (Fas), and bcl-2 as anti-apoptotic [58, 59]. The intrinsic mechanism of apoptosis has been demonstrated to be controlled by p53 activity [60]. Also, bcl-2 and bax are two genes that contribute to p53-induced apoptosis [61].

				The extract regulates the production of pro-apoptotic genes, according to our study. In MCF-7 cells, bax and p53 lowered the expression of the anti-apoptotic gene bcl-2, likely raising cytochrome c and caspase production and leading to greater apoptosis. Increased p53 expression may also cause cell cycle stages to be inhibited. Interestingly, some of our findings are in accordance with several earlier reports carried out on other plants. For example, bcl-2 down-regulation and bax up-regulation were observed in response to Euphorbia esula extract in human gastric carcinoma SGC-7901 cells [62]. Previous studies have shown triggering apoptosis in MCF-7 cells via significantly decreased bcl-2 gene expression by Calystegia sepium methanol extract [63] and significant up-regulation of bax and down-regulation of bcl-2 levels by the black turtle bean extract [64]. Patel et al. [65] indicated that Tribulus terrestris extract induced up-regulation in the expression of bax and p53 genes as well as down-regulation of bcl-2 expression.

				FasL and Fas/CD95 receptor protein association mediates death receptor signaling, followed by caspase-8 activation [66-68]. We investigated whether Fas/CD95 plays a role in MCF-7-induced apoptosis. In MCF-7 cells, the quantity of the Fas/CD95 gene increased concentration-dependent manner. Chen et al. demonstrated that Houttuynia cordata extract raised p27 expression, decreased cyclin D1, cyclin A, CDK 4, and CDK 2, and interrupted the G0/G1 cycle [69]. Also, they revealed that caspase-8/caspase-3 

			

		

	
		
			
				activation and regulation of Fas/CD95, caspase-8, and caspase-3 proteins were involved in H. cordata-induced apoptosis [69]. H. cordata growth inhibition caused by caspase-3 and -8 inhibitors was also significantly reduced [69]. HCT promotes apoptosis of A549 cells and activation of caspases-3 and -8 via the Fas/CD-95-mediated death receptor apoptosis pathway [69].

				Our findings demonstrated that the ethanolic extract of O. corniculata regulates the expression of the pro-apoptotic p-53, which interrupts the cell cycle at the G0/G1 and G2/M stages. Furthermore, changing the gene expressions of members of the bcl-2 and bax families in the intrinsic pathway of apoptosis might reveal the role of MAPK family members in controlling the proliferation of cancer cells [70], which is consistent with our findings.

			

		

		
			
				Conclusion

				The ethanolic extract of O. corniculata produces cytotoxicity in the MCF-7 cell line; however, no cytotoxicity was seen in HDF cells. The extract has a regulatory influence on pro-apoptotic marker genes (p53, bax, and CD95) and the anti-apoptotic gene (bcl-2), which promotes apoptosis in breast cancer cells. This activity could be explained by the presence of flavonoids and related polyphenols. Hence, we recommended more studies to identify the extract's active constituent and establish the process.
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Apoptosis Effects of Oxalis Corniculata L. Extract
on Human MCF-7 Breast Cancer Cell Line
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Abstract

Background: Recently. the non-toxic properties of natural plant products have gained
more focus as anticancer agents. Therefore. this study aimed to assess the apoptosis
effects of the ethanolic extract of Oxalis corniculata on the MCF-7 breast cancer cell line.
Materials and Methods: In this experimental study. aerial parts of O. corniculata were
collected in Lahijan city (Iran). and after confirmation. they were dried and extracted with
ethanol for 24 h. Then. the total phenolic and flavonoid contents of the extract were measured.
The 2.2-diphenyl-1-picrylhydrazyl radical scavenging assay was used to measure the
antioxidant properties of the extract. Selected cell lines (MCF-7 and human dermal fibroblast)
were cultured in 6-wells dishes (1x10° cells/well). After 72 h of treating the extract, cytotoxicity
was assessed using 3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyl-2H-tetrazolium bromide
(MTT) assay. The expression of apoptotic genes (such as p53. bcl-2. bax. and CD95) was
studied by real-time polymerase chain reaction (PCR). Results: The extract's total phenolic
content was 31.30+02 g of gallic acid equivalents/mg of dry extract, and the total flavonoid
content was 49.61+04 g of quercetin as equivalents/mg of extract. The antioxidant activity of
O. corniculata was measured at the dose of 619.2 pg/ul. indicating that it decreases cancer cell
viability and enhances apoptosis. Within the half maximal inhibitory concentrations. real-time
PCR revealed substantial increases in p53 (P<0.001). CD95 (P<0.05). and bcl-2 expression
(P<0.05) in MCF-7 cells treated with O. corniculata. Conclusion: This study suggests that
O. corniculata may cause apoptosis by oxidative stress in cancer cells.

[GMJ.2022;11:e2484] DOI:10.31661/gmj.v11i.2484
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