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					ABSTRACT  

					ARTICLE INFO  

					Breast cancer remains a major health challenge worldwide, demanding the exploration of novel  

					therapeutic agents with improved efficacy and safety. Garcinia cowa, a traditional medicinal  

					plant, has shown promising cytotoxic activity in previous studies. This study aimed to evaluate  

					the apoptosis-inducing potential of Garcinia cowa stem bark ethanol extract (GCSBEE) at 130  

					µg/mL, either alone or in combination with doxorubicin (Doxo) (0.026 µg/mL), in human breast  

					cancer T47D cells. T47D breast cancer cells were treated with GCSBEE at 130 µg/mL,  

					doxorubicin at 0.026 µg/mL, and their combination (GCSBEE + Doxo) for 48 h. After treatment,  

					Apoptosis was assessed using dual staining with acridine orange/propidium iodide and flow  

					cytometry analysis. The results demonstrated that both the extract and doxorubicin significantly  

					increased the proportion of apoptotic cells in both methods. Co-treatment with GCSBEE and Doxo  

					demonstrated a marked shift in cell death dynamics, favoring apoptosis over necrosis. AO/PI  

					staining indicated a significantly elevated apoptotic rate alongside minimal necrotic activity.  

					These results were consistently supported by flow cytometry data, which confirmed a higher  

					proportion of early and late apoptotic cells compared to necrotic cells. Collectively, these findings  

					indicate that GCSBEE may play a modulatory role in enhancing the apoptotic response induced  

					by Doxorubicin, potentially contributing to a more targeted and controlled form of cell death.  
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					Several studies have reported that phytochemical constituents,  

					particularly xanthones isolated from G. cowa, exhibit significant  

					Introduction  

					Breast cancer remains one of the leading causes of morbidity and  

					mortality among women worldwide. According to the World Health  

					Organization (WHO), an estimated 2.3 million new breast cancer cases  

					and 670,000 related deaths were reported globally in 2022. Alarmingly,  

					by 2050, the number of new cases is projected to increase by 38%, with  

					breast cancer-related deaths expected to rise by 68%, reaching  

					approximately 3.2 million new diagnoses and 1.1 million deaths  

					annually.1 Doxorubicin is a cornerstone chemotherapeutic agent widely  

					used in the treatment of breast cancer.2 Despite its effectiveness, its  

					clinical utility is often limited due to dose-dependent toxicity and the  

					emergence of drug resistance.3,4 These challenges underscore the urgent  

					need for novel therapeutic strategies that enhance the efficacy of  

					existing drugs while minimizing adverse effects.  

					cytotoxic effects against various human cancer cell lines, including  

					breast cancer cells.9,12–16  

					Despite these promising findings, the potential complementary  

					interaction between G. cowa stem bark ethanol extract (GCSBEE) and  

					doxorubicin in promoting apoptosis in breast cancer cells has not been  

					fully elucidated. Apoptosis, or programmed cell death, is a critical  

					mechanism in cancer treatment, and enhancing apoptotic response is  

					often associated with improved therapeutic outcomes.17–19  

					This study aims to investigate the apoptotic potential of Garcinia cowa  

					stem bark ethanol extract (GCSBEE) in T47D breast cancer cells, both  

					as a monotherapy and in combination with doxorubicin (Doxo), using  

					morphological (AO/PI staining) and quantitative (flow cytometry)  

					approaches. The findings of this study are expected to provide insights  

					into the potential of G. cowa as an adjuvant agent in breast cancer  

					chemotherapy.  

					In recent years, natural products derived from traditional medicinal  

					plants have gained increasing attention as complementary or alternative  

					sources of anticancer.5–9 Garcinia cowa Roxb. 5 Ex. Choisy, commonly  

					known as “asam kandis” in Indonesia, is traditionally used in Southeast  

					Asia for its medicinal properties.10,11  

					Materials and Methods  

					Collection of Plant Material and Extract Preparation  

					*Corresponding author. Email: fatmasriwahyuni@phar.unand.ac.id  

					Tel: +62 81374024514  

					The stem bark of Garcinia cowa was collected from Kudu Gantiang,  

					Pariaman City, West Sumatra, Indonesia (geographical coordinates:  

					0°30'42.1"S 100°09'48.7" E), and authenticated by a botanist at the  

					Department of Biology, Andalas University, under the voucher number  

					556-ID/ANDA/XII/2022. The collected material was thoroughly rinsed  

					with distilled water, air-dried at room temperature (25 ± 2°C), and  

					ground into a fine powder using an electric grinder. The powdered stem  

					bark (400 g) was macerated in 4 L of 70% (v/v) ethanol at room  

					temperature for 72 h with occasional shaking. The resulting extract was  

					filtered through filter paper (Whatman No. 1), and the solvent was  

					evaporated under reduced pressure using a rotary evaporator (40–  

					50°C). The crude extract was further stored at 4°C in an airtight  

					container until further use.20  
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					Thin Layer Chromatography (TLC) Analysis  

					Prism software (version 8.4.0, GraphPad Software Inc.). The results are  

					expressed as mean ± standard deviation (SD) (n = 3). Inter-group  

					comparisons were evaluated by one-way analysis of variance  

					(ANOVA) followed by Tukey's honestly significant difference (HSD)  

					post-hoc test for multiple comparisons. Flow cytometry data were  

					additionally processed using CellQuest software (BD Biosciences) for  

					initial gating and population analysis. Statistical significance was  

					established at p < 0.05.  

					Preliminary screening of the chemical constituents of the extract was  

					done using thin-layer chromatography (TLC). The extract was  

					dissolved in a suitable solvent and carefully spotted on a pre-coated  

					silica gel 60 F254 TLC plate (Merck, Germany). The plate was  

					developed in a pre-optimized mobile phase of n-hexane: chloroform:  

					ethyl acetate: formic acid (20:70:9:1, v/v/v/v) in a saturated TLC  

					chamber. After development, the plate was air-dried and visualized  

					under ultraviolet (UV) light at 254 nm and 366 nm. The retention factor  

					(Rf) values of the separated spots were calculated and compared with  

					reference standards (Rubraxathon, Tetrapreniltoluquinone, and  

					cowanin) for identification.  

					Results and Discussion  

					Thin-Layer Chromatography (TLC) profile  

					TLC analysis of the Garcinia cowa bark ethanol extract indicated the  

					presence of Four putative compounds: rubraxanthon (Rf 0,45),  

					tetrapreniltoluquinon (Rf 0,7), and cowanin (Rf 0,8) (Table 1, Figure  

					1). The solvent system (n-hexane: chloroform: ethyl acetate: formic  

					acid, 20:70:9:1, v/v/v/v) successfully separated the components, with  

					Rf values matching those of the standards. The detection of alfa-  

					tetrapreniltoluquinon, alfa-mangostin, cowanin, and rubraxanthone is  

					consistent with previous studies on Garcinia species, which have  

					identified these xanthones as major bioactive constituents23–27. The  

					solvent system used in this study provided clear separation, aligning  

					with established methods for xanthone analysis.28 These results support  

					further investigation into the pharmacological potential of G. cowa,  

					particularly given the known biological activities of these compounds,  

					such as antioxidant and anti-inflammatory effects.27,29  

					Cell culture  

					The human breast cancer cell line T47D was cultured in Dulbecco's  

					Modified Eagle Medium (DMEM) supplemented with 10% heat-  

					inactivated Fetal Bovine Serum (FBS) and 1% penicillin-streptomycin  

					(10,000 U/mL penicillin and 10 mg/mL streptomycin). Cells were  

					maintained at 37°C in a humidified atmosphere of 5% CO₂. For  

					experimental procedures, cells were seeded in appropriate culture  

					vessels at a density of 5 × 10⁵ cells/mL and allowed to adhere for 24  

					hours under standard culture conditions before treatment initiation.21  

					Cell Treatment  

					T47D cells were treated with Garcinia cowa stem bark ethanol extract  

					(GCSBEE, 130 µg/mL), doxorubicin (Doxo, 0.026 µg/mL), their  

					combination (GCSBEE+Doxo), or left untreated (control) for 24 h in 6-  

					well plates (37°C, 5% CO₂). The concentration was chosen based on the  

					initial cytotoxicity tests that we had previously performed.21  

					Table 1: Phytochemical constituents of ethanol extract of  

					Garcinia cowa stem bark  

					Apoptosis assay by AO/PI double staining  

					Sample  

					Rf Value  

					0.45  

					Putative Compound  

					Rubraxanthone  

					The apoptotic effects of GCSBEE, Doxo, and their combination were  

					evaluated using acridine orange/propidium iodide (AO/PI) double  

					staining assay according to established protocols with modifications.  

					Briefly, T47D breast cancer cells (5 × 10⁴ cells/well) were seeded in 6-  

					well plates and treated with GCSBEE (130 µg/mL), doxorubicin (0.026  

					µg/mL), a combination of both, and a vehicle control for 48 hours. After  

					treatment, cells were harvested, washed twice with cold phosphate-  

					buffered saline (PBS), and stained with a mixture of acridine orange (10  

					µg/mL) and propidium iodide (10 µg/mL) for 5 minutes in the dark at  

					room temperature. The stained cells were immediately analyzed under  

					a fluorescence microscope at 400× magnification. Morphological  

					changes characteristic of apoptosis, such as chromatin condensation and  

					nuclear fragmentation, along with the differential uptake of AO and PI,  

					were assessed to distinguish viable cells (uniform green nuclei), early  

					apoptotic cells (bright green-yellow condensed/fragmented chromatin),  

					late apoptotic (yellow to orange with fragmented chromatin), and  

					necrotic cells (red nuclei).  

					Garcinia cowa extract (EB1)  

					Garcinia cowa extract (EB2)  

					0.7  

					Tetrapreniltoluquinon  

					Garcinia cowa extract (EB3)  

					0.8  

					Cowanin  

					Rubraxanthone (Standard)  

					(R)  

					Tetrapreniltoluquinon  

					(Standard) (T)  

					0.45  

					Rubraxanthone  

					0.7  

					0.8  

					Tetrapreniltoluquinon  

					Cowanin  

					Cowanin (Standard) (C)  

					Apoptosis induction in T47D cells assessed by AO/PI double staining  

					The AO/PI double staining assay showed significant induction of  

					apoptosis in T47D cells by GCBSEE, GCBSEE+Doxo groups  

					compared to Doxo alone. GCSBEE monotherapy (130 µg/mL)  

					exhibited remarkable pro-apoptotic activity, with 65,13 ± 2,845% total  

					apoptosis, characterized by substantial early (29,67 ± 1,701%) and late  

					apoptotic populations (35,46 ± 4,239%). Notably, The combination  

					therapy (GCSBEE + Doxo) showed apoptotic cells enhancement,  

					achieving 93.63% ± 3.275 total apoptosis - a 25% increase over Doxo  

					alone (74.92% ± 1.852) (Table 2). Morphological analysis revealed  

					distinct nuclear changes: chromatin condensation in early apoptosis  

					(yellow arrows, Figure 2A) and fragmented nuclei in late apoptosis  

					(orange arrows, Figure 2A), confirming the quantitative data.  

					Our findings align with recent studies demonstrating Garcinia species'  

					apoptosis-inducing potential through mitochondrial pathways.30–32  

					While the observed supportive interaction between GCSBEE and  

					doxorubicin aligns with previous studies demonstrating that natural  

					compounds, such as xanthones from Garcinia species, enhance  

					chemotherapy efficacy by modulating apoptotic pathways.21,30,33–35 The  

					25% increase in apoptosis with the GCSBEE-Doxo combination is  

					consistent with reported studies of other plant-derived adjuvants, such  

					as lephantopus scaber, Dendrophthoe pentandra, and curcumin.36–39  

					These findings underscore GCSBEE’s potential as a chemosensitizer,  

					offering a strategy to reduce doxorubicin doses while maintaining  

					Apoptosis analysis by flow cytometry  

					Apoptotic cell death was quantitatively assessed using annexin V-  

					FITC/propidium iodide (PI) double staining flow cytometry as  

					previously described with modifications.22 Briefly, T47D breast cancer  

					cells (5 × 10⁵ cells/well) were treated with GCSBEE (130 μg/mL), Doxo  

					(0.026 μg/mL), a combination of both, and a vehicle control for 48  

					hours in complete DMEM. Cells were then harvested, washed twice  

					with cold PBS, and resuspended in 1-fold concentration of binding  

					buffer. Subsequently, cells were stained with annexin V-FITC (5 μL)  

					and PI (5 μL) for 15 minutes at room temperature in the dark. Flow  

					cytometric analysis was immediately performed using  

					a

					BD  

					FACSCalibur (BD Biosciences). Data analysis was conducted using  

					CellQuest software, with viable cells (annexin V-/PI-), early apoptotic  

					(annexin V+/PI-), late apoptotic (annexin V+/PI+), and necrotic  

					populations (annexin V-/PI+) being distinctly quantified. All  

					experiments were performed in triplicate to ensure reproducibility.  

					Statistical Analysis  

					All quantitative data from apoptosis assays (both AO/PI double staining  

					and annexin V-FITC/PI flow cytometry) were analyzed using GraphPad  

					efficacy  

					a

					critical advantage given anthracycline cardiotoxicity  

					concerns.40,41  

					3077  

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

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, July 2025; 9(7): 3076 - 3081  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Figure 1: TLC Profile of Garcinia cowa Stem Bark Ethanol Extract Developed in n-hexane: chloroform: ethyl acetate: formic acid  

					(20:70:9:1, v/v/v/v) with Rf Values 0.8, 0.7, and 0.45.  

					± 0.839 in Doxo) while Doxo showed greater late apoptosis (19.87%±  

					0.416 vs 18.67% ± 0.473 in GCSBEE) (Table 3). The combination of  

					GCSBEE and Doxo yielded highly compelling findings. The two  

					agents, when administered together, demonstrated mutually reinforcing  

					effects by enhancing apoptosis and reducing necrosis. The acridine  

					orange/propidium iodide (AO/PI) staining assay revealed a notably high  

					Table 2: Apoptosis assessed by AO/PI staining in T47D cells  

					treated with ethanol extract of Garcinia cowa stem bark,  

					doxorubicin, and their combination.  

					rate of apoptosis (93.63 ± 3.275%) and a low rate of necrosis (2.57 ±  

					Treatme  

					nt  

					Group  

					Viable  

					cell  

					Mean  

					±

					Necrot  

					ic cells  

					Mean  

					±

					Early  

					Late  

					Total  

					1.664%). These findings were corroborated by flow cytometry analysis,  

					which showed a predominance of early apoptosis (27.03 ± 9.697%) and  

					late apoptosis (11.57 ± 2.801%), with necrosis remaining minimal (1.23  

					± 0.709%). This suggests that GCSBEE may modulate the cytotoxic  

					profile of Doxo, directing the cell death pathway more toward apoptosis  

					than necrosis.  

					Apoptos Apoptos Apoptos  

					is  

					is  

					is  

					Mean ±  

					SD(%)  

					0.00 ±  

					0.000  

					Mean ±  

					SD(%)  

					0.00 ±  

					0.000  

					Mean ±  

					SD(%)  

					0.00 ±  

					0.000  

					SD(%) SD(%)  

					Control  

					100.00  

					± 0.000  

					27.86 ±  

					0.00 ±  

					0.000  

					The concordant outcomes from both analytical methods strengthen the  

					understanding that GCSBEE acts not only by increasing the number of  

					cells undergoing apoptosis, but also by altering the pattern of cell death  

					from unregulated necrosis to a more controlled and orderly apoptotic  

					process. This transition is clinically advantageous, as apoptosis  

					typically induces less inflammation. The AO/PI staining, which  

					evaluates changes in cell morphology and membrane integrity, along  

					with flow cytometry, which quantitatively assesses the externalization  

					of phosphatidylserine on the cell membrane, together provide strong  

					complementary evidence supporting the proposed mechanism of action  

					of GCSBEE. Representative dot plots clearly distinguished viable  

					(Annexin V-/PI-), early apoptotic (Annexin V+/PI-), and late  

					apoptotic/necrotic populations (Annexin V+/PI+) (Figure 3A).  

					These findings suggest that GCSBEE is capable of modulating the  

					cytotoxic effects of Doxorubicin (Doxo), directing cells more  

					prominently toward the apoptotic pathway rather than necrosis. This  

					observation aligns with previous studies reporting that xanthone  

					compounds derived from Garcinia species can enhance the efficacy of  

					chemotherapeutic agents by regulating the intrinsic apoptotic  

					pathway.42-45  

					GCSBE  

					E

					7.02 ±  

					29.67 ±  

					35.46 ±  

					65.13 ±  

					3.235**  

					1.097*  

					1.701ns  

					4.239**** 2.845****  

					**  

					Doxo  

					12.86 ± 12.22 ±  

					1.350  

					3.80 ±  

					30.68 ±  

					2.307  

					44.24 ±  

					0.814  

					74.92 ±  

					1.852  

					93.63 ±  

					0.702  

					2.57 ±  

					GCSBE  

					38.35 ±  

					55.28 ±  

					E + Doxo 2.178** 1.664**  

					2.779***  

					3.123**** 3.275****  

					**  

					**  

					Data are presented as mean ± SD (n = 3). ns non-significant, *p <  

					0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 compared to Doxo  

					(one-way ANOVA followed by Tukey’s post hoc test).  

					Apoptosis induction in T47D cells assessed by flow cytometry  

					Flow cytometry analysis using Annexin V-FITC/PI staining revealed  

					that both GCSBEE (130 µg/mL), Doxo (0.026 µg/mL), and their  

					combination significantly induced apoptosis in T47D cells compared to  

					control (43.1% ± 0.800, 37.23% ± 1.242, and 29.63% ± 0.709 total  

					apoptosis respectively, p<0.0001, Table 3). The flow cytometry data  

					demonstrated a distinct pattern of cell death distribution, with GCSBEE  

					treatment producing higher early apoptosis (24.43% ± 0.839 vs 17.37%  
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					Figure 2: Apoptosis in T47D cells assessed by AO/PI double staining after treatment with GCSBEE (130 µg/mL), doxorubicin (0.026  

					µg/mL), and their combination. (A) AO/PI fluorescence images showing viable cells (green arrow), early apoptotic (yellow arrow), late  

					apoptotic (orange arrow), and necrotic (red arrow) cells, and (B) Quantification of cell death stages.  

					Table 3: Apoptosis assessed by flow cytometry in T47D cells treated with ethanol extract of Garcinia cowa stem bark, doxorubicin,  

					and their combination  

					Treatment  

					Group  

					Control  

					Viable cell  

					Mean ± SD(%)  

					89.63 ± 1.250  

					Necrotic cells  

					Mean ± SD(%)  

					1.20 ± 0.100  

					Early Apoptosis  

					Mean ± SD(%)  

					7.30 ± 0.954  

					Late Apoptosis  

					Mean ± SD(%)  

					2.20 ± 0.400  

					Total Apoptosis  

					Mean ± SD(%)  

					9.50 ± 1.229  

					GCSBEE  

					55.73 ± 0.862****  

					58.73 ± 1.447****  

					61.00 ± 0.819****  

					3.97 ± 0.115ns  

					4.93 ± 0.306ns  

					1.23 ± 0.709ns  

					24.43 ± 0.839****  

					17.37 ± 0.839**  

					27.03 ± 9.697****  

					18.67 ± 0.473****  

					19.87 ± 0.416**  

					11.57 ± 2.801**  

					43.1 ± 0.800****  

					37.23 ± 1.242****  

					38.63 ± 7.108****  

					Doxo  

					GCSBEE + Doxo  

					Data are presented as mean ± SD (n = 3). ns non-significant, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 compared to control (one-way  

					ANOVA followed by Tukey’s post hoc test).  

					Figure 3: Apoptosis in T47D cells assessed by flow cytometry after treatment with GCSBEE (130 µg/mL), doxorubicin (0.026 µg/mL),  

					and their combination. (A) Representative Annexin V/PI plots. (B) Quantitative analysis of cell death stages.  
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					Conclusion  
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					This study provides experimental evidence that GCSBEE effectively  

					induces apoptosis in T47D breast cancer cells, as demonstrated by flow  

					cytometry and fluorescence microscopy analyses, thereby highlighting  

					its potential as  

					a

					promising phytochemical candidate for the  

					development of novel breast cancer therapies or chemosensitization  

					strategies.  
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