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					ABSTRACT  

					ARTICLE INFO  

					Vernonia elaeagnifolia is an evergreen creeping plant belonging to the sunflower family. It has  

					been investigated for various medicinal properties, but there is limited information on its  

					antioxidant and anticancer properties. This study therefore aims to examine the antioxidant and  

					anticancer potentials of the ethanol extract of Vernonia elaeagnifolia leaves (VEE). VEE was  

					obtained by maceration in 96% ethanol. Preliminary phytochemical screening was done  

					according to standard method. Antioxidant activity of VEE was assessed using the 2,2′-azinobis  

					(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS.+) radical scavenging assay. Cytotoxic effect  

					against 4T1 and MCF7 breast cancer cells, as well as Vero non-cancerous cells was examined by  

					the 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Phytochemical  

					screening of VEE reveals the presence of alkaloids, flavonoids, saponins, phenolics, and tannins.  

					VEE exhibited modest antioxidant activity with IC50 of 147.28 μg/mL, compared to ascorbic  

					acid which had an IC50 of 5.43 μg/mL. VEE possessed moderate cytotoxic effect against 4T1,  

					and MCF7, and a mild cytotoxic effect against Vero cells with IC50 of 165.50, 185.68, and  

					299.66 μg/mL, respectively. VEE was less potent than Doxorubicin which exhibited IC50 values  

					of 0.44, 2.09, and 4.51 μg/mL, against 4T1, MCF7, and Vero cells, respectively. The selectivity  

					index of VEE was 1.6 - 1.8, indicating limited selectivity for cancer cells. The findings from this  

					study have shown the potentials of Vernonia elaeagnifolia leaves as an antioxidant and a mild  

					cytotoxic agent against breast cancer cells.  
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					Introduction  

					Vernonia elaeagnifolia also known as Vernonia elliptica or  

					Tarlmounia eliptica is commonly called curtain creeper. The plant  

					belongs to the Asteraceae family and is usually used in vertical  

					gardens to increase density and decrease air pollution.1 Asteraceae  

					family have been used for medicinal purposes for a long time,  

					spanning several millennia.2,3 In the past, Vernonia elaeagnifolia was  

					mostly used for warding off leeches and as a natural fiber for textiles.  

					As the plant became increasingly popular, it was later used for it  

					medicinal properties, including anti-hyperlipidemia, anticancer,  

					antibacterial, antioxidant, and antifungal properties.4–7 The medicinal  

					value of Vernonia elaeagnifolia can be attributed to its secondary  

					metabolites, such as alkaloids, flavonoids, tannins, phenolics and  

					flavonoids.6 Several phytochemicals including flavonoids, phenolic  

					compounds, alkaloids, and terpenes have been shown to possess  

					cytotoxic effect.8  

					However, the relationship between cytotoxic effect of plant extracts  

					and their pharmacological properties is complex and multifaceted, and  

					understanding this relationship is crucial for the development of  

					effective and safe anticancer remedies from plant-derived compounds.  

					Vernonia elaeagnifolia has gained a lot of interests among scientists  

					due to its pharmacological properties, and its potential as a promising  

					source of novel therapeutic agents for the prevention and treatment of  

					cancer.9,10 In recent times, considerable research has been conducted  

					to examine the cytoprotective properties of Vernonia amygdalina,  

					specifically its capacity to protect cells from the harmful effect of a  

					variety of stressors.11,12 The cytoprotective effect of Vernonia  

					amygdalina is believed to be a result of its antioxidant and anti-  

					inflammatory activities, which help to mitigate the harmful effects of  

					inflammation and free radicals.13 The in vitro and in vivo  

					cytoprotective properties of Vernonia amygdalina can be harnessed  

					for the prevention and treatment of numerous diseases, including  

					cancer. Vernonia amygdalina has demonstrated in vitro cytotoxic  

					properties against several types of cancer cells, including those of the  

					breast, colon, cervix, lungs, and prostate.14 In addition to its  

					antioxidant properties, Vernonia amygdalina exerts cardioprotective  

					effect by ameliorating the damage caused by high levels of reactive  

					oxygen species (ROS) associated with the use of doxorubicin.15  

					Vernonia elaeagnifolia and Vernonia amygdalina belong to the same  

					genus, Vernonia, however, the anticancer and antioxidant properties of  

					Vernonia elaeagnifolia have not been thoroughly explored, therefore,  

					additional investigations of this genus may yield novel therapeutic  

					agents.  
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					Three distinct cell types; MCF7, which represents estrogen-positive  

					luminal breast cancer cell, 4T1, which is a triple-negative breast  

					cancer cell, and Vero, which represents a non-cancerous kidney  

					epithelial cell, were used to assess the cytotoxic effect of VEE.16 Vero  

					cells were used to compare the effect of the extract on normal cells.  

					Doxorubicin, a conventional anticancer drug known to cause toxicity  

					and cellular senescence was used as the positive control.17 This  

					preliminary investigation of the antioxidant and cytotoxic activities of  

					Vernonia elaeagnifolia was conducted to explore the potential of the  

					plant as a source of novel chemotherapeutic agent.  

					MTT assay  

					The cell lines (MCF7, 4T1, and Vero) were seeded in a 96-well plate  

					at a density of 7 × 103 cells per well, they were treated with VEE at  

					different concentrations ranging from 1 to 200 μg/mL [in Dimethyl  

					sulfoxide (DMSO)]. The cells were incubated at 37oC in a 5% CO2  

					atmosphere for 24 h. Cell viability was assessed by treatment with 0.5  

					mg/mL MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  

					bromide) reagent. Following the formation of formazan crystals, a  

					stopper reagent (10% Sodium dodecyl sulfate in 0.01N HCl) was  

					added. The absorbance of the resulting solution was measured at 595  

					nm using a spectrophotometer. Doxorubicin was used as the positive  

					control. The absorbance data from each well were converted to  

					percentage of viable cells. The concentration that will cause 50%  

					inhibition of cell viability (IC50) was determined from a regression  

					analysis. The selectivity index (SI) of the extract was calculated by the  

					ratio of the IC50 value in cancer cells and the IC50 value in normal  

					cells.20,21  

					Materials and Methods  

					Plant collection and identification  

					The leaves of Vernonia elaeagnifolia were collected from the main  

					building of Siti Walidah, Universitas Muhammadiyah Surakarta in  

					December, 2023. The plant material was identified at the taxonomist  

					named Siti Kartika Sari, Biology Laboratory, Universitas  

					Muhammadiyah Surakarta with voucher number 036/A-E-  

					I/LAB.BIO/II/2024.  

					Statistical analysis  

					Preparation of extract  

					Data were presented as mean ± standard error of mean (SEM) of  

					triplicates determination. The data were subjected to one-way  

					analysis of variance (ANOVA) followed by Tukey's post hoc test  

					using GraphPad Prism v.9 software.  

					Vernonia elaeagnifolia leaves were washed and dried in an oven at  

					40°C. The dried leaves were pulverized using a mechanical grinder.  

					The powdered leaves were macerated in ethanol (96%) at room  

					temperature for 48 h. After filtration, the marc was remacerated in  

					ethanol (96%) at room temperature for 24 h. the combined ethanol  

					extracted was concentrated to dryness, and the percentage yield was  

					calculated. The extract obtained was referred to as VEE.  

					Results and Discussion  

					In recent times, there has been an increasing interest in the use of  

					herbal remedies for the treatmet of a number of diseases. This  

					increasing surge in the use of medicinal plants is because these plants  

					are perceived to be safe, and do not result in serious side effects.22  

					This study was conducted on the basis of the potential therapeutic  

					benefits that have been linked to the numerous bioactive constituents  

					of the tropical plant Vernonia amygdalina a close related species to  

					Vernonia elaeagnifolia. In addition, Vernonia amygdalina has been  

					shown to have cytotoxic effect against breast, colorectal, cervical,  

					lung, and prostate cancer cells.9-11,14 However, the study on the  

					antioxidant and anticancer effects of Vernonia elaeagnifolia is limited,  

					but it is believed that it would have similar pharmacological properties  

					as Vernonia amygdalina because of the close botanical relationship.  

					Therefore, the present study investigated the antioxidant and cytotoxic  

					effects of Vernonia elaeagnifolia.  

					Phytochemical screening  

					VEE was screened for the presence or absence of phytochemicals such  

					as polyphenols, alkaloids, flavonoids, anthraquinones, tannins, and  

					saponins according to the method previously reported by Sultana et al.  

					(2017).5  

					Antioxidant assay  

					The antioxidant activity of VEE was assessed using the 2,2′-azinobis  

					(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging  

					assay according to the methods previously described by Kusumorini et  

					al. (2022)18 and Dong et al. (2015).19 Briefly, ABTS cation radical  

					(ABTS•+) solution was prepared by mixing 5 mL of 7 mM aqueous  

					ABTS solution with 88 μL of 140 mM K2S2O8 solution. The mixture  

					was then kept in the dark at room temperature (25oC) for 1216 h.  

					The absorbance of the dark blue coloured ABTS•+ solution formed  

					was adjusted to 0.7 ± 0.02 at a wavelength of 734 nm by dilution in  

					water. One milliliter (1 mL) of various concentrations (25, 50, 100,  

					200, and 400 ppm) of VEE in ethanol or ascorbic acid (5, 10, and 15  

					ppm) in methanol was added to 2 mL of the ABTS•+ solution. The  

					reaction mixture was incubated in the dark at room temperature for 6  

					min, and the absorbance was measured at 734 nm. The ABTS free  

					radical-scavenging activity (RSA) was calculated using the formula  

					below:  

					Phytochemical constituents of VEE  

					The qualitative phytochemical screening of VEE revealed the presence  

					of alkaloids, flavonoids, phenolic compounds, and saponins (Table 1).  

					These results corroborated the phytochemical profile of the ethanol  

					extract of Vernonia amygdalina.9,14 These findings provides the basic  

					data for future investigations of the bioactive constituents of Vernonia  

					elaeagnifolia.  

					Table 1: Phytochemical Constituents of VEE  
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					Alkaloids  

					+
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					solvent. Subsequently, the IC50 value was calculated using a linear  

					regression equation.  

					Determination of cytotoxic activity  

					Cell lines  

					The MCF7 (ATCC: CRL-2539), 4T1 (ATCC: HTB-22), and Vero  

					(ATCC: CCL81.2) cells were obtained from the Molecular Biology  

					Laboratory of the Research Centre for Medicinal Raw Materials and  

					Traditional Medicine in Tawangmangu, Indonesia. The cells were  

					maintained in Dulbecco's Modified Eagle’s Medium (DMEM)  

					supplemented with 1% penicillin-streptomycin (Gibco, New Zealand),  

					10% fetal bovine serum (Sigma, United States), sodium bicarbonate  

					Anthraquinones  

					Tannins  

					-

					(Sigma,  

					United  

					States),  

					and  

					4-(2-hydroxyethyl)-1-  

					piperazineethanesulfonic acid (HEPES) buffer.  
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					higher antioxidant activity. VEE exhibited an IC50 value of 147.28  

					μg/mL (Figure 1), which suggests that the plant extract has moderate  

					Saponins  

					+

					+: Present, -: Absent, VEE: Vernonia elaeagnofolia leaves ethanol  

					extract.  

					antioxidant activity.25 The plant extract was about 30 times less potent  

					than ascorbic acid, which showed an IC50 value of 5.43 μg /mL.  

					Diverse methodologies including radical-scavenging activity and the  

					quantification of total phenols and flavonoids have been employed to  

					assess the antioxidant capacity of Vernonia amygdalina.9  

					Antioxidants, due to their ability to scavenge free radicals, can either  

					prevent or slow down cellular damage.13,27 A previous study evaluated  

					Antioxidant effect of VEE  

					Currently, Vernonia elaeagnifolia has been used extensively for a  

					variety of purposes. Despite the absence of substantial evidence, the  

					antioxidant properties of this plant is often associated with its use as  

					an anti-pollution and sun protection agent.23 The antioxidant assay of  

					VEE was performed using the ABTS method, in which the antioxidant  

					compounds in VEE is reacted with the ABTS radical cation (ABTS.+)  

					which was produced from the reaction of potassium persulfate with  

					ABTS reagent. The solution containing the cation radical is dark blue  

					in colour and absorbs light at a maximum wavelength of 743 nm.  

					When antioxidant compounds donate electrons or hydrogen atoms, the  

					cation radical solution becomes colourless.24 In the present study, the  

					antioxidant activity of VEE was assessed on the basis of the IC50 value  

					of ABTS radical scavenging activity. A lower IC50 value indicates a  

					the antioxidant properties of Vernonia  

					elaeagnifolia under  

					glycophytic and halophytic conditions, and the extract was found to  

					cause significant changes in the levels of enzymatic antioxidants such  

					as superoxide dismutase, catalase, guaiacol peroxidase, ascorbate  

					peroxidase, total polyphenols, proline, and ascorbic acid.6 These  

					findings indicate that Vernonia elaeagnifolia show promise as natural  

					therapeutic agent for combating oxidative stress and potentially  

					combating cancer.  
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					Figure 1: Antioxidant activity of ascorbic acid (A) and VEE (B). The antioxidant activity was determined using ABTS Radical Scavenging Assay.  

					VEE: Vernonia elaeagnofolia leaves ethanol extract.  

					Cytotoxic effect of VEE  

					on the bioactive compounds from Vernonia elaeagnifolia is expected  

					to play a significant role in the development of novel therapeutic  

					agents with unique chemical moieties. It is important to note that this  

					low cytotoxicity is observed exclusively for Vero cells, indicating that  

					VEE might possess lower cytotoxic activity against normal cells  

					compared to conventional drugs such as doxorubicin. However, this is  

					subject to further investigations.  

					The cytotoxic effect of VEE was evaluated against two breast cancer  

					cell lines; 4T1 and MCF7 cells. VEE inhibited the proliferation of the  

					two cell lines in a dose-dependent manner. The IC50 values of VEE  

					were 165.5 and 185.68 μg/mL for 4T1 and MCF7, respectively  

					(Figure 2A-B). To determine the selectivity against cancer cells, the  

					cytotoxic activity of VEE was assessed using Vero cells. The IC50  

					value of VEE against Vero cells was 299.66 μg/mL (Figure 2C). For  

					the positive control (doxorubicin), the IC50 was found to be 0.44, 2.09,  

					and 4.51 μg/mL against 4T1, MCF7, and Vero cells, respectively  

					(Figure 2D). According to the 2017 World Health Organization  

					(WHO) classification of cytotoxic agents, VEE exhibited a moderate  

					cytotoxic activity against 4T1 and MCF-7 breast cancer cells, and a  

					mild cytotoxicity against Vero cells. The selectivity index (SI) was  

					calculated from the ratio of the IC50 value obtained for normal cells  

					and that obtained for cancer cells, and was found to be 1.81 and 1.61  

					for 4T1 and MCF-7, respectively (Table 2). A substance is said to  

					exhibit selectivity toward cancer cells when the SI value is ≥ 3.4 From  

					the results obtained in this study, VEE does not demonstrate selective  

					toxicity for malignant cells.  

					Table 2: Cytotoxic activity (IC50) and Selectivity Index (SI) of VEE  

					against 4T1, MCF7, and Vero cells  

					Selectivity Index  

					Cell line  

					IC50 (μg/mL)  

					(SI)  

					1.81  

					1.61  

					4T1  

					165.50  

					185.68  

					299.66  

					MCF7  

					Vero  

					This study proposed a hypothesis that Vernonia elaeagnifolia and  

					Vernonia amygdalina, being members of the same genus, would  

					exhibit similar antioxidant and anticancer effects. The alkaloids,  

					flavonoids, phenolics, and terpenoids present in Vernonia amygdalina  

					are also present in VEE, potentially contributing to their therapeutic  

					effects, and offering a natural and sustainable health benefits.26 As the  

					hunt for effective and sustainable therapies continues, further research  

					VEE: Vernonia elaeagnofolia leaves ethanol extract  

					The findings from this study, though premature, might be regarded as  

					significant, as Vernonia elaeagnifolia exhibits considerable  
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					therapeutic potential due to its antioxidant and cytoprotective  

					activities.  

					elaeagnifolia extract against different cancer cells is necessary. The  

					results obtained in this study suggest that exploring the effect of the  

					combination of VEE with a known chemotherapeutic agent could  

					offer better outcome.28,29 This is particularly important, as  

					chemotherapy can often exert negative effects on normal cells.17,30,31  

					This study provides valuable information regarding the use of VEE  

					with respect to its antioxidant and cytotoxic effects, and has shown the  

					potential for the development of VEE as a natural chemotherapeutic  

					agent. Hence, conducting a thorough study on the mechanisms of  

					action of VEE can help gain a deeper understanding of the molecular  

					targets of the plant extract, and its practical applications.  

					This study reveals an intriguing discovery, Vernonia amygdalina  

					extract is effective in inhibiting 4T1 cancer cells, however, Vernonia  

					elaeagnifolia extract demonstrates a relatively reduced ability to do so.  

					Furthermore, the ethanol fraction of the leaves of Vernonia  

					amygdalina has demonstrated a notable cytoprotective effect on Vero  

					cells. Whereas Vernonia elaeagnifolia extract exerted  

					a

					weak  

					cytotoxic effect against Vero cells, which suggest that it has a  

					potential of exerting minimum damage to normal cells. However,  

					further investigation on the potential cytotoxic effect of Vernonia  
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					Figure 2: Cytotoxic activity of VEE against 4T1 cells (A), MCF7 cells (B), Vero cells (C), and doxorubicin against three different cells (D). The  

					cytotoxic effect was determined using MTT assay. The data are mean ± standard error of mean (SEM) (n=3). VEE: Vernonia elaeagnofolia leaves  

					ethanol extract.  

					to thank Enago (www.enago.com) and Dr. Osayemwenre Erharuyi for  

					the English language review.  

					Conclusion  

					Phytochemical screening of VEE has shown that the plant contains  

					potentially bioactive compounds like alkaloids, flavonoids, phenolics,  

					and saponins. VEE demonstrated moderate antioxidant activity,  

					moderate cytotoxic activity against MCF7 and 4T1 breast cancer cells,  

					and a weak cytotoxic effect against Vero (a non-cancerous) cell. The  

					selectivity index shows that VEE is not selectively toxic to malignant  

					cells.  

					References  

					1.  

					Varghese JT and Ghosh S. Trace Species and Air Pollutant  

					Transport In Green Facades: A Vernonia elaeagnifolia Case Study For  

					A Built Environment. Front Heat Mass Transfer. 2016; 7:1-7.  

					2.  

					Jafarinia M and Jafarinia M. A Review of Medicinal  

					Conflict of Interest  

					Properties of some Asteraceae Family Plants on Immune System. Rep  

					Theauthorsdeclareno conflictofinterest.  

					Health Care. 2019; 5(2):1–8.  

					3.  

					Rolnik A and Olas B. The Plants of the Asteraceae Family  

					as Agents in the Protection of Human Health. Int J Mol Sci. 2021;  

					22(6):3009.  

					Authors’ Declaration  

					The authors hereby declare that the work presented in this article is  

					original and that any liability for claims relating to the content of this  

					article will be answered by them.  

					4.  

					Varghese JT, Ghosh S, Pandey S, Samanta R. Evaluating  

					The Cleansing Efficiency of An Extended Living Façade Draped With  

					Vernonia elaeagnifolia. J Green Build. 2015; 10(2):157–177.  

					5.  

					Sultana A, Khaliq T, Ur Rehman A, Majeed W, Faisal MN,  

					Acknowledgements  

					Aslam B, Iftikhar A, Sultana F, Anwar H. Pharmacological evaluation  

					of Vernonia elaeagnifolia (Asteraceae) leaves in hyperlipidemic  

					albino rabbits. Trop J Pharm Res. 2017; 16(5):1077.  

					The Riset Kompetitif program (No. 303.34/A.3-IIILRI/X2023) at  

					Universitas Muhammadiyah Surakarta provided support for this  

					research. The Laboratorium of Molecular Biology, Research Center  

					for Medicinal Raw Materials and Traditional Medicine is appreciated  

					for providing the cell lines used in this study. The authors would like  

					6.  

					Subramani K, Balaji S, Karnan R. Antioxidants Activies of  

					the Phenolic Constituents of Flowers and Leaves of Vernonia  

					elaegnifolia DC. Int J Engr Res Technol. 2014; 3(1):3022-3026.  

					7918  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					Trop J Nat Prod Res, July 2024; 8(7):7921-7925  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					7.  

					Acharzo AK, Rahman S, Anisuzzman Md, Islam MA,  

					27.  

					Abd-Elkareem M, Abd El-Rahman MAM, Khalil NSA,  

					Kundu P, Bokshi B, Siddique MAT, Ahamed R, Billah M.  

					Antihyperglycemic, Neuropharmacological, Cytotoxic, Anticoagulant,  

					and Anti-inflammatory Pharmacological Evaluations of Vernonia  

					elaeagnifolia DC Leaves Secondary Bioactive Metabolites. Eur J  

					Pharm. 2023; 3(4):1–9.  

					Amer AS. Antioxidant and cytoprotective effects of Nigella sativa L.  

					seeds on the testis of monosodium glutamate challenged rats. Sci Rep.  

					2021;11(1):13519.  

					28.  

					Ahlina FN, Nugraheni N, Salsabila IA, Haryanti S, Da’i M,  

					Meiyanto E. Revealing the Reversal Effect of Galangal (Alpinia  

					galanga L.) Extract Against Oxidative Stress in Metastatic Breast  

					Cancer Cells and Normal Fibroblast Cells Intended as a Co-  

					Chemotherapeutic and Anti-Ageing Agent. Asian Pac J Cancer Prev.  

					2020; 21(1):107–117.  

					8.  

					Eden WT, Rakainsa SK, Widhihastuti E. Antioxidant and  

					Anticancer Activity of Opuntia elatio Mill. Ethanol Extract and the  

					Fractions. Trop J Pharm Res. 2023; 7(12):5558–5565.  

					9.  

					Hussen EM and Endalew SA. In vitro antioxidant and free-  

					radical scavenging activities of polar leaf extracts of Vernonia  

					amygdalina. BMC Complement Med Ther. 2023; 23(1):146.  

					29.  

					Utami DT, Nugraheni N, Jenie RI, Meiyanto E. Co-  

					treatment of Brazilein Enhances Cytotoxicity of Doxorubicin on WiDr  

					Colorectal Cancer Cells Through Cell Cycle Arrest. Indones Biomed  

					J. 2020; 12(4):376–383.  

					10.  

					Gresham L, Ross J, Izevbigie E. Vernonia amygdalina:  

					Anticancer Activity, Authentication, and Adulteration Detection. Int J  

					Environ Res Public Health. 2008; 5(5):342–348.  

					30.  

					Karagiannis GS, Condeelis JS, Oktay MH. Chemotherapy-  

					11.  

					Azubuike NC, Onwukwe OS, Ugwuodo MC, Toni-Duruaku  

					Induced Metastasis: Molecular Mechanisms, Clinical Manifestations,  

					M. Evaluation of Vernonia amygdalina Leaves for Gastroprotective  

					Activity on Experimental Models of Gastric Ulcer in Rats. J  

					Complement Alternat Med Res. 2022; 19(2):35–42.  

					Therapeutic Interventions. Cancer Res. 2019; 79(18):4567–4576.  

					31.  

					Zulfin UM, Rahman A, Hanifa M, Utomo RY, Haryanti S,  

					Meiyanto E. Reactive oxygen species and senescence modulatory  

					effects of rice bran extract on 4T1 and NIH-3T3 cells co-treatment  

					with doxorubicin. Asian Pac J Trop Biomed. 2021; 11(4):174-182.  

					12.  

					Peter AI, Azu OO, Edagha IA. Cytoprotective Effects of  

					Ethanolic Extract of Vernonia amygdalina Leaves on Alloxan Induced  

					Hepato-Toxicity in Albino Wistar Rats. Am J Life Sci. 2015;  

					3(6):395-401.  

					13.  

					Panahi M, Rahimi B, Rahimi G, Yew Low T,  

					Saraygord‐Afshari N, Alizadeh E. Cytoprotective effects of  

					antioxidant supplementation on mesenchymal stem cell therapy. J Cell  

					Physiol. 2020; 235(10):6462–6495.  

					14.  

					Joseph J, Lim V, Rahman HS, Othman HH, Samad NA.  

					Anti-cancer effects of Vernonia amygdalina: A systematic review.  

					Trop J Pharm Res. 2020; 19(8):1775–1784.  

					15.  

					Syahputra RA, Harahap U, Dalimunthe A, Pandapotan M,  

					Satria D. Protective effect of Vernonia amygdalina Delile against  

					doxorubicin-induced cardiotoxicity. Heliyon. 2021; 7(7):e07434.  

					16.  

					Dai X, Cheng H, Bai Z, Li J. Breast Cancer Cell Line  

					Classification and Its Relevance with Breast Tumor Subtyping. J  

					Cancer. 2017; 8(16):3131–3141.  

					17.  

					Hu X and Zhang H. Doxorubicin-Induced Cancer Cell  

					Senescence Shows a Time Delay Effect and Is Inhibited by Epithelial-  

					Mesenchymal Transition (EMT). Med Sci Monit. 2019; 25:3617–  

					3623.  

					18.  

					Kusumorini N, Nugroho AK, Pramono S, Martien R.  

					Determination of The Potential Antioxidant Activity of Isolated  

					Piperine from White Pepper Using DPPH, ABTS, and FRAP  

					Methods. Majalah Farmaseutik. 2022; 18(4):454.  

					19.  

					Dong JW, Cai L, Xing Y, Yu J, Ding ZT. Re-evaluation of  

					ABTS•+ Assay for Total Antioxidant Capacity of Natural Products.  

					Nat Prod Commun. 2015; 10(12):2169-2172.  

					20.  

					Suhendi A, Wikantyasning ER, Setyadi G, Wahyuni AS,  

					Da’i M. Acetoxy Chavicol Acetate (ACA) Concentration and  

					Cytotoxic Activity of Alpinia galanga Extract on HeLa, MCF7 and  

					T47D Cancer Cell Lines. Indones J Cancer Chemoprev. 2017;  

					8(2):81-84.  

					21.  

					Da’i M, Meilinasary KA, Suhendi A, Haryanti S.  

					Selectivity Index of Alpinia galanga Extract and 1’-Acetoxychavicol  

					Acetate on Cancer Cell Lines. Indones J Cancer Chemoprev. 2019;  

					10(2):95-100.  

					22.  

					Afolayan FID, Sulaiman KA, Okunade WT. Ethnobotanical  

					survey of plants used in cancer therapy in Iwo and Ibadan, South-  

					Western of Nigeria. J Pharm Pharmacogn Res. 2020; 8(5):346–367.  

					23.  

					Nawale S, Priyanka N, Das S, Ganga Raju M. Data of in  

					vivo screening of antiulcer activity for methanolic extract of Vernonia  

					elaeagnifolia DC. Data in Brief. 2019; 23:103753.  

					24.  

					Ilyasov IR, Beloborodov VL, Selivanova IA, Terekhov RP.  

					ABTS/PP Decolorization Assay of Antioxidant Capacity Reaction  

					Pathways. Int J Mol Sci. 2020; 21(3):1131.  

					25.  

					Setha B, Gaspersz FF, Idris APS, Rahman S, Mailoa MN.  

					Potential of Seaweed Padina Sp. As A Source of Antioxidant. Int J Sci  

					Technol Res. 2013; 2(6):221-224.  

					26.  

					Bisol Â, Campos PS, Lamers ML. Flavonoids as anticancer  

					therapies: A systematic review of clinical trials. Phytochem Res. 2020;  

					34(3):568–582.  

					7919  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

	




EPUB/toc.xhtml

Table of Contents


		Page








EPUB/images/img_02.png
N






EPUB/images/img_01.png










