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					ABSTRACT  

					ARTICLE INFO  

					The use of chemopreventive agents in combination with chemotherapy increases the sensitivity  

					of cancer cells, enhances the efficacy of chemotherapy, and reduces damage to healthy tissues.  

					Red ginger rhizomes are among the natural materials that could be created as co-chemotherapy  

					agents. The research aims to evaluate the effect of combining active fractions from red ginger  

					rhizome with doxorubicin on the inhibition of 4T1 breast cancer cell proliferation in vitro. The  

					extract of red ginger rhizome was obtained by maceration in 96% ethanol and fractionated using  

					n-hexane, ethyl acetate, and a water-methanol mixture. The cytotoxicity effect was assessed using  

					the MTT test, while proliferation inhibition and apoptosis were evaluated using the doubling time  

					and AO/PI staining methods. The results showed that n-hexane fraction exhibited a more effective  

					cytotoxic effect, with an IC₅₀ value of 26 µg/mL, in contrast to the ethyl acetate and water-  

					methanol fractions, which had IC₅₀ values of 72 µg/mL and 89 µg/mL, respectively. The n-hexane  

					fraction has a very strong synergistic effect when combined with doxorubicin, with a Combination  

					Index (CI) value of < 0.1. Combination (n-hexane fraction 1/8 IC₅₀ with doxorubicin 1/4 IC₅₀) can  

					extend the doubling time, and the combination (n-hexane fraction ½ IC₅₀; doxorubicin ½ IC₅₀) can  

					induce apoptosis. The findings of this study suggest that the n-hexane fraction of red ginger  

					rhizome has potential as a co-chemotherapy agent in combination with doxorubicin against 4T1  

					breast cancer cells.  

					Article history:  

					Received 11 July 2025  

					Revised 28 July 2025  

					Accepted 06 August 2025  

					Published online 01 October 2025  

					Copyright: © 2025 Oktaviani and Maryati. This is  

					an open-access article distributed under the terms of  

					the Creative Commons Attribution License, which  

					permits unrestricted use, distribution, and reproduction  

					in any medium, provided the original author and  

					source are credited.  

					Keywords: Red ginger (Zingiber officinale var. rubrum), 4T1 breast cancer, doxorubicin, co-  

					chemotherapy  

					One way to discover chemopreventive compounds is by exploring  

					natural materials.13 Indonesia is a country rich in plant-based natural  

					Introduction  

					Worldwide, cancer has become the biggest killer.1 A total of  

					396,914 instances of breast cancer were reported in 2020 based on data  

					from the Global Cancer Observatory (GLOBOCAN).2 Worldwide, 28.4  

					million new instances of breast cancer would be reported by 2040, with  

					an annual death toll of 1 million, per the World Health Organization  

					(WHO).3,4,5 The characteristic of the triple-negative breast cancer  

					(TNBC) subtype is the absence of estrogen receptors (ER), epidermal  

					growth factor receptor-2 (HER-2), and progesterone receptors (PR).6  

					Chemotherapy remains the primary option for 4T1 breast cancer cells  

					due to limited therapy choices.1,7 One of the most widely used  

					chemotherapy medications for breast cancer treatment is doxorubicin.8  

					However, doxorubicin has several issues including toxicity to normal  

					tissues, acute adverse effects, and the emergence of resistance.9 These  

					side effects occur because doxorubicin targets DNA that is also present  

					in normal cells, so normal cells are affected by these side effects.10 One  

					potential strategy is the use of co-chemotherapy, which combines  

					chemotherapy medicines with chemopreventive chemicals that are less  

					toxic or non-toxic to lessen the treatment's harmful effects on healthy  

					tissues while increasing its efficacy.11,12  

					medicines that the community has used for several generations to treat  

					various diseases, including cancer.7,14 Researchers found that galangal  

					extract reduces cellular aging in NIH-3T3 fibroblast cells and  

					synergistically enhances the cytotoxic effects of doxorubicin on 4T1  

					cells.15 In 4T1 breast cancer cells, it has the same effect when rice bran  

					extract was combined with doxorubicin.16 These two natural agents  

					have shown that the development of co-chemotherapy agents is a  

					promising strategy for combating cancer. Red ginger rhizome is known  

					to have superior benefits, such as its antiemetic effect, which is greatly  

					needed in cancer treatment.17 Red ginger rhizome is recognized for  

					plenty of advantages, including its antiemetic properties, which are  

					particularly beneficial in cancer therapy. 6-gingerol and 6-shogaol, two  

					principal compounds found in red ginger rhizome, exhibit anticancer  

					effects that can inhibit the growth of breast cancer cells. 10-gingerol  

					exhibits a far potent anticancer effect than 6-gingerol and 6-shogaol,  

					owing to its anti-neuroinflammatory properties, which potentially  

					reduce metastasis.18,19 Researchers have investigated the potential  

					anticancer effects of red ginger rhizome extract using HeLa and T47D  

					cells.20,21 In 4T1 breast cancer cells, there have been no scientific reports  

					on the fractions of red ginger rhizome as a chemopreventive agent. This  

					study was conducted to evaluate the combined effects of the active  

					fraction of red ginger rhizome and doxorubicin in suppressing the  

					progression of 4T1 breast cancer cells in vitro.  
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					Materials and Methods  

					Red Ginger Rhizome Ingredients  

					The powder from the rhizome of red ginger was obtained from the  

					Indonesian Institute of Medicinal (BPTO) in Tawangmangu, Jawa  

					Tengah, Indonesia. The simplicia powder was macerated using a 96%  

					ethanol solvent. The resulting extract was then concentrated using a  

					rotary evaporator (Heidolph, Germany) and maintained at a temperature  

					of 45˚C with a water bath. The extract was partitioned using a liquid-  

					liquid method with n-hexane, ethyl acetate, and a water-methanol  
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					mixture. The fraction was used as samples for single cytotoxicity tests.  

					Further research was conducted on samples that showed potential for  

					combination cytotoxicity tests, cell proliferation inhibition, and  

					apoptosis observation.  

					This process is the basis of the MTT method. This transformation is  

					carried out by utilizing the enzyme succinate-tetrazolium reductase in  

					the mitochondria.26 The IC50 values for the n-hexane, ethyl acetate,  

					and water-methanol fractions were found to be 26 µg/mL, 72 µg/mL,  

					and 89 µg/mL, respectively, against the 4T1 cells (Figure 1). Based on  

					the IC50 values, it is categorized as having a fairly active cytotoxic  

					effect.27 However, this fraction of n-hexane demonstrated superior  

					suppression of 4T1 cell growth. In comparison, doxorubicin exhibited  

					a more potent cytotoxic effect, as seen in Figure 1, exhibiting an IC50  

					value of 0.4 µg/mL. Our findings align with prior studies on HeLa  

					cancer cells, where the n-hexane fraction is known to have significant  

					cytotoxic activity, exhibiting an IC50 value of 20.350 µg/mL.28 In  

					addition, the IC50 value for the red ginger ethanol extract is 22.39  

					µg/mL, indicating that the extract can kill T47D breast cancer cells.21  

					Therefore, this is worth further investigation as a potential anticancer  

					candidate for 4T1 breast cancer. Alterations in cell morphology and  

					diminished cell viability are characteristic of cytotoxic effects. Cells  

					that were still alive after sample treatment show signs of cell shrinkage  

					(Figure 2).  

					Cell Lines and Culture  

					Following their cultivation in an incubator with 5% CO2, the 4T1 breast  

					cancer cells (ATCC, ref. #HTB-22) reached confluence. These cells  

					were cultured in a medium which comprised 10% fetal bovine serum  

					(FBS) (Sigma), 100% glucose, and 1% penicillin and streptomycin  

					from Gibco, USA.  

					MTT assay  

					At a density of 1 x 104 cells/well, 4T1 cells were cultured in a 96-well  

					plate until they reached 80% confluence. Subsequently, the cells were  

					treated with doxorubicin (5; 2.5; 1.25; 0.6; 0.3; 0.16 µg/mL) and red  

					ginger rhizome fraction (50; 100; 200; 400; 800 µg/mL). Meanwhile,  

					concentrations used in the combination below the IC50 value were  

					carried out using the same procedure as the combination cytotoxicity  

					test. After incubation, the cells were washed with PBS (Sigma), and  

					MTT reagent (Sigma-Aldrich, St. Louis, MO, USA) was added.  

					Reincubated at 37˚C for 2 to 4 hours and then stored at room  

					temperature overnight after adding a 10% SDS solution in 0.01 M HCl.  

					At 595 nm, an ELISA reader (Biorad, USA) was used to assess  

					absorbance. Cell viability percentages were then calculated using  

					absorbance data from single and combination treatments to obtain the  

					IC50 value for single treatments and the combination index (CI) for a  

					combination treatment of doxorubicin and the active fraction of red  

					ginger rhizome.22  

					Inhibition of cell proliferation (Doubling time)  

					Cell proliferation inhibition was carried out using the MTT method. The  

					samples used were at concentrations below IC50 (1/2; 1/4 IC50).  

					Observations were made at 24, 48, and 72 hours.23 The absorbance  

					results obtained using the ELISA reader are used to determine cell  

					viability. The incubation time is plotted against the living cells. The  

					doubling time was determined using the following equation.2,24,25  

					−

					Doubling time =  

					+ 100% … (eq. 1)  

					Y: log (2 x initial number of living cells)  

					A: Intersect  

					B: slope  

					Figure 1: Cytotoxic activity of ZOVR (A) n-hexane fraction,  

					(B) ethyl acetate fraction, (C) water-methanol fraction, and (C)  

					doxorubicin against 4T1 breast cancer cells. The cytotoxic effect  

					was measured using the MTT assay over 24 hours. The  

					displayed values represent the mean ± SD (N = 3).  

					Apoptosis test  

					Acridine Orange/Propidium Iodide (PI) reagent is used to analyze  

					apoptosis. In a 5% CO2 incubator, cells were cultured on coverslips in  

					24-well plates at a density of 2 × 10x5 cells/well until they reached  

					confluence. The cells were treated for 24 hours with doxorubicin and  

					the active component of red ginger rhizome. After that, the coverslip  

					was placed on a microscope slide and stained with 10 µL of the AO/PI  

					reagent mixture, which is prepared by dissolving AO and PI (10 µg/mL)  

					(Sigma-Aldrich, St. Louis, MO, USA) in PBS (Sigma). Look through a  

					Leica Microsystem fluorescent microscope at Wetzlar, Germany.24  

					Statistical analysis  

					The cytotoxic effect of the extract was determined by converting the  

					ELISA readings into the percentage of live cells to calculate the IC50  

					values. Data is presented as the mean ± SD of three repetitions. The data  

					on cell proliferation inhibition were analyzed using GraphPad Prism 10  

					(GraphPad Software, USA) and one-way ANOVA. A p-value ≤ 0.05  

					indicates a statistically significant difference. The doubling time was  

					calculated by comparing the incubation time with the number of living  

					cells.  

					Results and Discussion  

					This study aims to evaluate the cytotoxic effects of the plant extracts  

					both individually and in combination with doxorubicin. Therefore, to  

					ensure that the cells are alive, we used the MTT assay, which involves  

					the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide  

					(MTT) compound. An insoluble purple formazan, which can dissolve  

					in 10% SDS, is produced by living cells that convert MTT (3-(4,5-  

					dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) molecules.  

					Figure 2: Changes in the morphology of 4T1 breast cancer cells  

					after treatment with various fractions of red ginger rhizome were  

					observed using an inverted microscope at 100x magnification.  

					The morphological changes in 4T1 cells are indicated by arrows.  
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					The features of cell death, or apoptosis, encompass chromatin  

					condensation, the result of plasma membrane enlargement, damaged  

					DNA, and the fragmentation of cells into minute fragments known as  

					apoptotic bodies.29 Furthermore, the cytotoxic effects of the active  

					fraction of red ginger rhizome combined with doxorubicin on 4T1 cells  

					will be evaluated in this study. Combining the n-hexane fraction of  

					ZOVR (Zingiber officinale var. rubrum) with doxorubicin resulted in a  

					decrease in percentage cell survival due to its cytotoxic effects, as  

					shown in Figure 3A, compared to the treatment with doxorubicin alone.  

					Our combination shows a very strong synergistic effect, with a CI score  

					that varies from 0.0 to 0.02 (Figure 3B). A CI score of less than 0.1  

					indicates a potent synergistic effect, while a value between 0.3 and 0.7  

					signifies a robust synergistic effect.30 Therefore, a combination with n-  

					hexane fraction and doxorubicin can augment the cytotoxic effects on  

					4T1 cells. Previous studies have shown that doxorubicin combined with  

					plant extracts, such as Caesalpinia sappan and Ficus septic, Alpinia  

					galanga L., and Hibiscus Sabdariffa, has greater cytotoxic effects on  

					4T1 breast cancer cells compared to when used alone. Thus, our  

					findings are consistent with this.11,15,25  

					G1 phase, both of which limit cell growth.35 10-gingerol compound can  

					inactivate the transcription factors Akt enzyme and p38 protein MAPK,  

					which subsequently impede the growth and dissemination of breast  

					cancer cells.  

					Figure 4: The effect of each single treatment and the  

					combination of n-hexane fraction with dox on the proliferation  

					of 4T1 breast cancer cells. (A) Inhibition of 4T1 cell  

					proliferation after single and combination treatments with  

					concentrations below IC50 (1/4 and 1/8) over incubation periods  

					of 24, 48, and 72 hours. (B) The doubling time values for each  

					sample treatment. Data are presented as mean ± SD (N=3), with  

					significance (P < 0.05).  

					This diminishes EGFR expression in ER-negative MCF-7 and ER-  

					positive (MDA-MB-231) cell lines.36 Fluorescence microscopy can  

					identify several forms of cell death, including apoptosis, which is a  

					physiological mechanism of programmed cell death with therapeutic  

					potential in cancer.37 Apoptosis is characterized by the occurrence of  

					blebbing on the cell membrane without losing its integrity, cytoplasmic  

					shrinkage, nuclear condensation, and fragmentation into apoptotic  

					bodies.31 Cell apoptosis observation was conducted using staining with  

					the orange acridine-propidium iodide reagent. Orange acridine can pass  

					through the membranes of both live and dead cells, where it binds to  

					double-stranded DNA, emitting green fluorescence, and to single-  

					stranded DNA, emitting orange fluorescence. While propidium iodide  

					(PI) cannot penetrate healthy cells, it can enter cells with disrupted  

					plasma membranes due to necrosis, resulting in red fluorescence as a  

					consequence of its interaction with cellular nucleic acids. This dye can  

					only be absorbed by cells with disrupted membranes.38 The formation  

					of red fluorescence indicates that the cells are undergoing apoptosis at  

					the late stage, that was the cell demise cycle.37 The research results show  

					that the control cells (Figure 5a) exhibited green fluorescence with  

					intact nuclear morphology. The early stages of apoptosis were observed  

					in (Figure 5b), characterized by yellow-green fluorescence and nuclear  

					condensation due to the administration of doxorubicin (0.2 µg/mL).  

					Additionally, treatment with the n-hexane fraction and its combination  

					with doxorubicin can induce apoptosis, characterized by nuclear loss,  

					membrane swelling, and the presence of dead cells with red  

					fluorescence (Figures 5c and d). This combination makes the n-hexane  

					fraction at ½ IC50 capable of enhancing the cytotoxic effects of  

					doxorubicin, causing 4T1 breast cancer cells to undergo cell death.  

					Research conducted by Ekowati (2012) supports the finding that a  

					mixture with Java chili (Piper retrofractum) and red ginger extract can  

					induce apoptosis in Myeloma and Widr cells through p53 expression.39  

					Previous studies have shown that ginger, scientifically known as  

					Zingiber officinale, can induce cell death by activating caspase-3 and  

					releasing cytochrome C through the mitochondrial pathway, similar to  

					curcumin.39 The active constituents in red ginger, including 6-gingerol,  

					can induce apoptosis by elevating the Bax/Bcl-3 ratio, releasing  

					cytochrome C, mactivating the AMPK cascade, and inhibiting PI3/AKT  

					and mTOR pathways.40,41  

					Figure 3: Profile of 4T1 cell growth inhibition after treatment  

					with a combination of ZOVR n-hexane fraction (3.25; 6.5; 13  

					µg/mL) and doxorubicin (0.05; 0.1; 0.2 µg/mL) (A) and  

					combination index values (B). Cell viability was evaluated  

					using the MTT assay for all treatments over 24 hours, as  

					described in the methods. Dox: doxorubicin  

					Cell proliferation inhibition testing was also conducted using the MTT  

					method, both individually and in combination with doxorubicin. The  

					concentrations tested were 1/4 and 1/8 of the IC50. It is expected that at  

					concentrations lower than the IC50 value, not many cells will die during  

					the 72-hour observation due to the cytotoxic nature of the test  

					compound.5 Absorbance data show the quantity of living cells and  

					illustrate the ability of the sample to inhibit growth of cells at 24, 48,  

					and 72 hours. At each incubation time (24, 48, and 72 hours), Figure 4A  

					clearly shows that the control group, single treatment, and combination  

					of n-hexane fraction 1/8 IC50 and Dox 1/4 IC50 exhibit significantly  

					different cell viability (p < 0.05). The inhibitory effect in the  

					combination treatment was much higher compared to the single  

					treatment. This is comparable to the cell doubling time value of a  

					combination treatment with the fraction of n-hexane 1/8 IC50 with  

					doxorubicin 1/4 IC50, which was much higher than the single treatment,  

					as can be seen in (Figure 4B). Compounds that slow down cell doubling  

					time are considered to inhibit genes or protein chains that are involved  

					in the cell cycle.31 A doubling of time is a duration necessary for a cell  

					to replicate its quantity.32 The data above shows that the combination of  

					n-hexane fraction treatment with doxorubicin does not stop the cell  

					cycle, but rather likely only causes cell cycle arrest, thereby impeding  

					cell development. The bioactive components contained in red ginger's  

					rhizome, such as 6-gingerol, 8-gingerol, 10-gingerol, and 6-shogaol,  

					were shown in prior research to induce cell cycle cessation and cell  

					apoptosis.33 Active compounds such as 6-shogaol from ginger (Zingiber  

					officinale) are capable of providing antiproliferative cell activity by  

					downregulating Notch signaling (Hes1 and Cyclin D1 genes), which  

					induces a significant accumulation of the cells cycle dependent on the  

					G2/M phase in breast cancer cells.34 6-Gingerol compound induces  

					apoptosis in colorectal cancer cells and halts the cell's cycle during the  
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					The n-hexane fraction of red ginger rhizome has cytotoxic effects  

					against 4T1 cell lines with an IC₅₀ value of 26 µg/mL. The combination  

					of the n-hexane fraction and doxorubicin produces a very strong  

					synergistic effect in inhibiting cell proliferation and can induce  

					apoptosis. The n-hexane fraction, as a co-chemotherapy agent with  

					doxorubicin, has significant potential as a natural anticancer therapy  

					option for breast cancer.  

					13. Cragg GM, Pezzuto JM. Natural Products as a Vital Source for  

					the Discovery of Cancer Chemotherapeutic and  

					Chemopreventive Agents. Med Princ Pract. 2016; 25(2): 41–  

					59.  

					14. Atanasov AG, Zotchev SB, Dirsch VM, Supuran, Claudiu T.  

					Natural products in drug discovery: advances and opportunities.  

					Nat Rev Drug Discov. 2021; 20(3): 200–216.  

					15. 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 Can Prev.  

					2020; 21(1): 107–117.  

					Conflict of Interest  

					The author`s declare no conflict of interest.  

					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 borne by them.  

					Acknowledgements  

					The authors would like to thank Hibah Terintegrasi Tri Dharma (HIT)  

					Grant of Universitas Muhammadiyah Surakarta for funding this  

					research.  

					16. 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.  

					17. Rofida S, Nurani LH, Utami D, Edityaningrum CA.  

					Cytotoxicity of Zingiber officinale var. rubrum on HeLa cells  

					and prediction of anti-proliferative activity via the JAK2 /  

					STAT3 and hedgehog pathways using a molecular docking  

					approach. 2023; 13(3): 291–305.  

					18. Fuzer AM, Lee SY, Mott JD, Cominetti MR. [10]-Gingerol  

					Reverts Malignant Phenotype of Breast Cancer Cells in 3D  

					Culture. J Cell Biochem. 2017; 118(9): 2693–2699.  

					19. Martin ACBM, Fuzer AM, Becceneri AB, Silva JA, Tomasin  

					R, Denoyer D, Kim SH, Mcintyre KA, Person HB, Yeo B,  

					Nagpal A, Ling X, Araujo HSS, Viera PC, Cominetti MR,  

					Pouliot N. 10]-Gingerol Induces Apoptosis and Inhibits  

					References  

					1. Yin L, Duan JJ, Bian XW, Yu SC. Triple-negative breast cancer  

					molecular subtyping and treatment progress. Breast Cancer  

					Res. 2020; 22(1): 1–13.  

					2. Dewi MP, Indrayudha P, Maryati, Saifudin A, Muflihah CH.  

					Cytotoxic Activity and Antiproliferation of Soursop Seed  

					Protein (Annona muricata) Against 4T1 Cells. Vol. 3,  

					Proceedings of the 4th International Conference Current  

					Breakthrough in Pharmacy (ICB-Pharma 2022). Atlantis Press  

					International BV; 2023. 361–369 p. Available from:  

					http://dx.doi.org/10.2991/978-94-6463-050-3_31  

					3. Arnold M, Morgan E, Rumgay H, Mafra A, Singh D,  

					Laversanne M. Current and future burden of breast cancer:  

					Global statistics for 2020 and 2040. Breast. 2022; 66:15–23.  

					Available from: https://doi.org/10.1016/j.breast.2022.08.010  

					4165  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					Trop J Nat Prod Res, September 2025; 9(9): 4162 – 4166  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Metastatic Dissemination of Triple Negative Breast Cancer in vivo.  

					Oncotarget. 2017; 8(42): 72260–72271.  

					Garcinia cowa Bark Extract and Doxorubicin in T47D Breast  

					Cancer Cells. Trop J Nat Prod Res. 2025; 9(1): 67–72.  

					31. Maryati, Sutrisna E, Saifudin A, Kusumaningrum ID, Abu  

					Bakar MF. Extract of ceplukan (Physalis angulata L.) inhibited  

					proliferation and induced apoptosis in myeloma cell line. Food  

					Res. 2019; 3(6): 755–760.  

					32. Niu J, Li M, Wang Y. Cell Proliferation and Cytotoxicity  

					Assays, The Fundamentals for Drug Discovery. Int J Drug  

					Discov Pharmacol. 2024; 100013.  

					33. Anggraini K, Setyaningrum DAW, Wulansari L, Andayani HT,  

					Shihran LP, Fauziyyah I. Effect of Extraction Solvent on  

					Extraction Yield, Cytotoxic Activity and Bioactive Compound  

					in Zingiber officinale Roscoe var rubrum. Vol. 1. Atlantis Press  

					International BV; 2023. 815–825 p. Available from:  

					http://dx.doi.org/10.2991/978-94-6463-284-2_86  

					20. Qonitah F, Ariastuti R, Pratiwi M, Wuri NA. Phytochemical  

					Screening of Ethanol Extract of Kaffir Lime Leaves (Citrus  

					hystrix) from Klaten Regency. Gema. 2022; 34(01): 47–51.  

					21. Sulistyowati CB. Cytotoxic Activity of Ethanol Extract of  

					Ginger Rhizome (Zingiber officinale Roscoe) and Red Ginger  

					(Zingiber officinale Roscoe var. Rubrum) against T47d Breast  

					Cancer Cells. 2011; (Faculty of pharmacy Universitas  

					Muhammadiyah Surakarta, Surakarta).  

					22. Zulfin, Maryam U, Rahman, Hanifa, Mila, Utomo, 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.  

					23. Countinuing Care Retirement Community (CCRC). Prosedur  

					Tetap Uji Pengamatan Proliferasi Sel (Doubling Time). 2009;  

					1–5.  

					24. Khazaei S, Esa NM, Ramachandran V, Hamid RA,  

					Pandurangan AK, Etemad A, Ismail P. In vitro antiproliferative  

					and apoptosis-inducing effect of Allium atroviolaceum bulb  

					extract on breast, cervical, and liver cancer cells. Front  

					Pharmacol. 2017; 8(JAN): 1–16.  

					25. Edityaningrum CA, Khairurrizki A, Nurani LH, Bachri MS,  

					Yuliani S, Utami D, Kintoko, Nurkhasanah, Irham LM, Zakaria  

					ZA. Co-Chemotherapy Effect of The Extract of Hibiscus  

					Sabdariffa and Cisplatin Against Apoptosis and Anti-  

					Proliferation on T47d and Vero Cells. Trop J Nat Prod Res.  

					2024; 8(6): 7509–7513.  

					26. Maryati M, Sutrisna E. Fraksi Petroleum Eter Tanaman  

					Ceplukan (Physalis angulata L.) Menghambat Proliferasi dan  

					Memacu Apoptosis pada Sel HeLa. Biota J Ilm Ilmu-Ilmu  

					Hayati. 2011; 16(1): 80–87.  

					27. Agustina P, Haryoto, Indrayudha P. Apoptosis and  

					Antiproliferation of Tespong Herbs (Oenanthe javanica  

					(Blume) DC) Fraction Against MCF 7 Breast Cancer Cell. BIO  

					Web Conf. 2024; 135: 10–14.  

					28. Fadlilah M. Cytotoxic Activity Test of Red Ginger Extract and  

					Fraction (Zingiber officinale Roscoe var. rubrum) Against HeLa  

					Cells in vitro. Masker Med. 2013; 1(September): 62–73.  

					29. Fitrianingsih, Maharini I, Utami DT. Development of Ethanolic  

					Extract of Pinang Masak Jambi (Areca Catechu L.) as A  

					Modulator of Doxorubicin Cytotoxic Effect in Breast Cancer  

					Therapy. Pharm Sci Res. 2020; 7(1): 45–50.  

					34. Bawadood AS, Al-Abbasi FA, Anwar F, El-Halawany AM, Al-  

					Abd AM. 6-Shogaol suppresses the growth of breast cancer  

					cells by inducing apoptosis and suppressing autophagy via  

					targeting notch signaling pathway. Biomed Pharmacother.  

					2020; 128: 110302. DOI:10.1016/j.biopha.2020.110302  

					35. Lee SH, Cekanova M, Seung JB. Multiple mechanisms are  

					involved in 6-gingerol-induced cell growth arrest and apoptosis  

					in human colorectal cancer cells. Mol Carcinog. 2008; 47(3):  

					197–208.  

					36. Joo JH, Hong SS, Cho YR, Seo DW. 10-Gingerol inhibits  

					proliferation and invasion of MDA-MB-231 breast cancer cells  

					through suppression of Akt and p38MAPK activity. Oncol Rep.  

					2016;35(2):779–784.  

					37. Yang S, Zhao Q, Xiang H, Liu M, Zhang Q, Xue W, Song B,  

					Yang S. Antiproliferative activity and apoptosis-inducing  

					mechanism of constituents from Toona sinensis on human  

					cancer cells. Cancer Cell Int. 2013; 13(1): 1–8.  

					38. Rahwawati J, Maryati M, Yuliani R. Cytotoxic and  

					Antiproliferation Activity of n-Hexane Fraction of Avocado  

					seed (Persea americana Mill.) on MCF7 cell. Pharmacon J  

					Farm Indones. 2022; 19(1): 35–44.  

					39. Sarmoko, Solihati I, Setyono J, Ekowati H, Fadlan A. Zingiber  

					officinale Var. rubrum extract increases the cytotoxic activity  

					of 5-fluorouracil in colon adenocarcinoma Widr cells. Indones  

					J Pharm. 2020; 31(4): 266–272.  

					40. Zhang S, Kou X, Zhao H, Mak KK, Balijepalli MK, Pichika  

					MR. Zingiber officinale var. rubrum: Red Ginger's Medicinal  

					Uses. Molecules. 2022; 27(3).  

					41. Zhang M, Zhao R, Wang D, Wang L, Zhang Q, Wei S, Wei S,  

					Lu F, Peng W, Wu C. Ginger (Zingiber officinale Rosc.) and its  

					bioactive components are potential resources for health  

					beneficial agents. Phyther Res. 2021; 35(2): 711–742.  

					30. Ifora I, Hamidi D, Susanti M, Hefni D, Wahyuni FS. Enhancing  

					Chemotherapeutic Efficacy: Synergistic Cytotoxic Effect of  

					4166  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

	EPUB/images/img_08.png
w

®






EPUB/images/img_07.png
a





EPUB/images/img_05.png






EPUB/images/img_04.png






EPUB/toc.xhtml

Table of Contents


		Page






EPUB/images/img_02.png





EPUB/images/img_01.png










EPUB/images/img_10.png





