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ABSTRACT 

Objective: To evaluate the effects of ethanol extract of Garcinia cowa bark (EEGCB) and doxorubicin (Dox), both individually and in combination, on 
cell cycle regulation and protein expression in T47D breast cancer cells. 

Methods: T47D cells were treated with EEGCB (130 µg/ml), Dox (0.026 µg/ml), and a combination of both, and flow cytometry was used to analyze 
cell cycle distribution and the expression of p53, Cyclin D, and Cyclin E.  

Results: EEGCB induced apoptosis in T47D cells, increasing the subG1 population (p<0.0001), while Dox caused G2/M arrest (p<0.0001). Combined 
treatment enhanced both effects. EEGCB upregulated cyclin D/E, yet the combination reduced their expression, suggesting altered cell cycle 
regulation. Critically, EEGCB alone or with Dox significantly elevated p53 levels (44.6±0.592% and 37.6±1.662%, respectively; p<0.0001), 
implicating p53 in its anticancer activity. These results demonstrate EEGCB’s dual pro-apoptotic and cell cycle-disrupting effects, with potential 
chemosensitizing properties. 

Conclusion: These findings highlight EEGCB as a potential adjunct to conventional chemotherapy, providing a scientific basis for further 
exploration in breast cancer therapy. 
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INTRODUCTION 

Breast cancer is one of the most prevalent malignancies worldwide, 
accounting for a significant proportion of cancer-related morbidity 
and mortality [1]. Despite advances in conventional therapies such 
as chemotherapy, radiotherapy, and targeted treatments, challenges 
such as drug resistance, severe side effects, and high recurrence 
rates persist, underscoring the need for novel therapeutic strategies 
[2, 3]. Recently, natural products have emerged as promising 
sources of anticancer agents due to their diverse bioactive 
compounds, low toxicity, and potential to target multiple molecular 
pathways [4, 5]. Among these, Garcinia cowa, a tropical plant widely 
used in traditional medicine, has garnered attention for its 
pharmacological properties, including anti-inflammatory [6], 
antioxidant [7, 8], and anticancer activities [7, 9, 10]. 

The cell cycle is a tightly regulated process, and its dysregulation is a 
hallmark of cancer. Key regulators such as Cyclin D and Cyclin E play 
critical roles in the transition from the G1 to S phase, making them 
attractive targets for anticancer therapies [11]. The tumor suppressor 
p53 serves as a master regulator of cell cycle arrest, apoptosis, and 
DNA repair, with its dysfunction observed in>50% of human cancers. 
Restoring wild-type p53 activity represents a compelling therapeutic 
strategy, as it can simultaneously modulate multiple oncogenic 
pathways while maintaining genomic stability [12–14]. Doxorubicin 
(Dox), a widely used chemotherapeutic agent, induces cell cycle arrest 
and apoptosis [15, 16], but its clinical usefulness is limited by dose-
dependent cardiotoxicity [17] and the development of drug resistance 
[18]. Combining natural products like Garcinia cowa with conventional 
chemotherapy has emerged as a promising strategy to enhance 
efficacy while reducing adverse effects. 

However, the mechanisms underlying the anticancer effects of 
Garcinia cowa, particularly in combination with Dox, remain poorly 
understood. Limited research has explored the combination effect of 
doxorubicin and Garcinia cowa on cell cycle regulation and protein 
expression in breast cancer cells. Addressing this gap is crucial for 
developing novel therapeutic strategies that leverage the benefits of 
natural products and conventional chemotherapy. This study aimed 

to evaluate the effects of ethanol extract of Garcinia cowa bark 
(EEGCB) and doxorubicin (Dox), both individually and in 
combination, on cell cycle regulation and the expression of p53, 
Cyclin D, and Cyclin E in T47D breast cancer cells. By elucidating the 
molecular mechanisms of EEGCB and its potential combination with 
Dox, this research seeks to contribute to the development of novel 
combination therapies for breast cancer treatment. 

MATERIALS AND METHODS 

Plant material and extract preparation 

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). A voucher specimen (No.556-
ID/ANDA/XII/2022) was deposited at the Herbarium of Andalas 
University, where its botanical identity was confirmed by a taxonomist 
(Dr. Nurainas, Andalas University's Herbarium). The plant material was 
washed, dried, and ground into a fine powder. Ethanol extraction was 
performed using the maceration method: 400 g of powdered bark was 
soaked in 4000 ml of 70% ethanol for 72 h at room temperature. The 
extract was filtered and concentrated using a rotary evaporator (40–50 
°C) under reduced pressure to obtain the crude extract, which was 
stored at 4 °C in an airtight container until analysis [19]. 

Thin-layer chromatography (TLC) analysis 

TLC analysis was performed to separate and identify the chemical 
constituents of the extract. The extract was dissolved in a suitable 
solvent and spotted onto a pre-coated silica gel TLC plate (60 F254, 
Merck). The plate was developed in a solvent system optimized for the 
target compounds (Chloroform: methanol: ethyl acetate: formic acid, 86: 
6: 3: 5 v/v/v/v). After development, the plate was dried and visualized 
under ultraviolet (UV) light at 254 nm. The retention factor (Rf) values of 
the separated spots were calculated and compared with reference 
standards (Rubraxathon and cowanin) for identification [20]. 

Cell culture 

T47D breast cancer cells were cultured in DMEM (Dulbecco's 
Modified Eagle Medium) (Gibco, USA) supplemented with 10% fetal 
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bovine serum (FBS) (Gibco, USA) and 1% penicillin-streptomycin 
(Gibco, USA). Cells were maintained at 37 °C in a humidified 
incubator with 5% CO₂. For experiments, cells were seeded at a 
density of 5×10⁵ cells/ml and allowed to adhere for 24 h before 
treatment [21]. 

Treatment with Garcinia cowa extract and doxorubicin 

T47D cells were treated with EEGCB (130 µg/ml), Dox (0.026 
µg/ml), or a combination of EEGCB (130 µg/ml)+Dox (0.026 µg/ml) 
for 48 h. These concentrations were selected based on our prior 
cytotoxicity studies demonstrating a combination index (CI) of 0.8 
(indicating synergy) at this ratio using the Chou-Talalay method [9]. 

Cell cycle analysis 

After treatment, cells were harvested using trypsin-EDTA 
(Ethylenediamine tetra acetic Acid) (Gibco, USA), washed twice with 
cold Phosphate-Buffered Saline (PBS), and fixed with 70% ethanol. 
Fixed cells were washed with PBS (Gibco, USA) and stained with 
Propidium Iodide (PI) (Sigma-Aldrich) solution (50 µg/ml PI, 0.1% 
Triton X-100(Merck), and 20 µg/ml RNase A (Thermo Fisher 
Scientific, USA) in PBS) for 30 min at 37 °C in the dark. Cells were 
analyzed using a BD FACSCalibur flow cytometer equipped with a 
488 nm laser. Fluorescence intensity was measured for at least 
10,000 events per sample, and data were analyzed using CellQuest 
software (BD Biosciences) to determine the distribution of cells in 
the SubG1, G0/G1, S, and G2/M phases of the cell cycle [22]. 

Cyclin D/E expression analysis 

T47D cells were cultured in DMEM supplemented with 10% FBS and 
1% penicillin-streptomycin, treated, and harvested as described 
above. After harvesting, cells were fixed with 70% ethanol. Fixed cells 
were washed with PBS and permeabilized with 0.1% Triton X-100 for 
10 min at room temperature. Non-specific binding was blocked using 
1% Bovine Serum Albumin (BSA) (Merck) in PBS for 30 min. Cells 
were incubated with a primary anti-Cyclin D and anti-Cyclin E 
antibody overnight at 4 °C. After washing with PBS, cells were 
incubated with a fluorophore-conjugated secondary antibody for 1 h 
at room temperature in the dark. Cells were washed twice with PBS, re 
suspended in 500 µl** PBS, and analyzed using a BD FACS Calibur flow 
cytometer. Fluorescence intensity was measured for at least 10,000 
events per sample, and data were analyzed using Cell Quest software 
to quantify total Cyclin D/E expression levels [23]. 

P53 expression analysis 

For p53 detection, T47D cells were cultured in DMEM supplemented 
with 10% FBS and 1% penicillin-streptomycin, treated, and 
harvested as described above. After harvesting, cells were fixed with 
70% ethanol. Fixed cells were washed with PBS and permeabilized 
with 0.1% Triton X-100 for 10 min at room temperature. Cells were 
blocked with 1% BSA/PBS for 30 min and incubated with an anti-
p53 primary antibody overnight at 4 °C. After washing with PBS, 
cells were incubated with a FITC-conjugated secondary antibody for 
1 hour at room temperature in the dark. Cells were washed twice 
with PBS, resuspended in 500 µl** PBS, and analyzed using a BD 
FACS Calibur flow cytometer. Fluorescence intensity was measured 
for at least 10,000 events, and data were analyzed using Cell Quest 
software [24]. 

Analysis 

Flow cytometry data was analyzed using one-way ANOVA followed 
by Tukey's post-hoc test to compare differences among treatment 
groups. Data are presented as mean±SD (n ≥ 3). Statistical 
significance was set at p<0.05. Analyses were performed using 
Graph Pad Prism (version 8.4.0), and flow cytometry data were 
processed with Cell Quest software. 

RESULTS 

Thin-layer chromatography (TLC) analysis 

Thin-layer chromatography (TLC) analysis of EEGCB, developed on 
Silica gel 60 F254 plates using chloroform: methanol: ethyl acetate: 
formic acid (86:6:3:5 v/v/v/v) as mobile phase, revealed two 
distinct bands with Rf values identical to reference standards when 
visualized under UV 254 nm. The extract fractions E1a/E2a 
(Rf=0.88) and E1b/E2b (Rf=0.56) (as illustrated in fig. 1) showed 
perfect co-migration with cowanin and rubraxanthone standards, 
respectively, demonstrating excellent separation efficiency of this 
solvent system for xanthone compounds. The acidic mobile phase 
(containing 5% formic acid) particularly enhanced the resolution of 
these polar constituents, as evidenced by the sharp, well-defined 
spots without tailing. The selective visualization under UV 254 nm 
further confirmed the presence of conjugated systems characteristic 
of xanthones. This optimized TLC protocol successfully identified 
two major xanthones in G. cowa, while the absence of additional 
bands suggests either complete separation of these dominant 
compounds or potential limitations in detecting minor metabolites 
under these specific conditions. These results provide a reliable 
foundation for subsequent quantitative analysis and bioactivity 
studies of these isolated xanthones. 

 

 

Fig. 1: Thin-layer chromatography (TLC) analysis of EEGCB and reference standards (rubraxanthone and cowanin) under UV 254 nm 
detection 
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Table 1: TLC analysis of Garnicinacowa bark extract 

Sample Rf Value Putative compound 
Garcinia cowa extract (E1 a) 0.88 Cowanin 
Garcinia cowa extract (E1 b) 0.56 Rubraxanthone 
Garcinia cowa extract (E2 a) 0.88 Cowanin 
Garcinia cowa extract (E2 b) 0.56 Rubraxanthone 
Rubraxanthone (Standard) (R) 0.56 Rubraxanthone 
Cowanin (Standard) (C) 0.88 Cowanin 

 

Cell cycle arrest activity of Garcinia cowa bark ethanol extract 
in T47D breast cancer cells 

Flow cytometric analysis revealed distinct alterations in the cell 
cycle distribution of T47D breast cancer cells following treatment 
with EEGCB, Dox, or their combination. Untreated cells exhibited a 
typical cell cycle profile with a predominant population in the G0/G1 
phase. Treatment with EEGCB (130 µg/ml) resulted in a noticeable 
increase in the subG1 population (p<0.0001), indicative of apoptotic 
cell death, while minimally affecting other cell cycle phases. 

Doxorubicin (0.026 µg/ml) treatment led to a significant 
accumulation of cells in the G2/M phase (p<0.0001). Notably, the 
combination of EEGCB and Dox (130 µg/ml+0.026 µg/ml) showed 
significantly stronger effects than either treatment alone, 
characterized by a substantial increase in both the subG1 and G2/M 
populations (p<0.0001). This suggests an enhanced cytotoxic effect, 
potentially through the combined induction of apoptosis and cell 
cycle arrest. The quantitative analysis of cell cycle distribution is 
presented in fig. 2, illustrating the percentage of cells in each phase 
across the different treatment groups. 

 

 

Fig. 2: Cell cycle distribution in T47D breast cancer cells analyzed by flow cytometry. (A) Representative histograms showing the 
distribution of cells in different phases of the cell cycle (SubG1, G0/G1, S, G2/M, and polyploid) after treatment with vehicle (Untreated), 
EEGCB, Dox, or the combination of EEGCB+Dox. (B) Quantification of cell cycle phase distribution, presented as the percentage of cells in 

each phase. Results are presented as mean±SD (n = 3). Ns: non-significant, **** p<0.0001 compared to the untreated group 

 

Ethanol extract of Garcinia cowa bark modulates cyclin D/E 
expression in T47D breast cancer cells. 

Flow cytometry analysis showed significant changes in the 
expression of cyclin D and E proteins in T47D breast cancer cells 
treated with EEGCB, Dox, or a combination of both. Untreated cells 
(control) showed basal expression of cyclin D and E. Treatment with 
EEGCB (130 µg/ml) caused an increase in cyclin D and E expression 
compared to the control. Doxorubicin (0.026 µg/ml) increased cyclin 
E expression, while cyclin D expression was also increased 
compared to the control. Interestingly, the combination of EEGCB 
and Dox (130 µg/ml+0.026 µg/ml) showed a complex effect. The 
expression of cyclin D and cyclin E decreased compared to 
administration alone, in line with the effect of EEGCB, as illustrated 
in fig. 3. These results indicate a complex interaction between 

EEGCB and Dox in modulating the expression of cyclins D and E in 
T47D cells. 

Effect of Garcinia cowa bark ethanolic extract on p53 protein 
expression in T47D breast cancer cells 

The findings of this study indicate that treatment with EEGCB alone 
or in combination with Dox significantly increased p53 protein 
expression in T47D breast cancer cells. Flow cytometry analysis 
revealed that the untreated control group exhibited the lowest 
percentage of p53-positive cells (8.4±0.700%), while treatment with 
EEGCB (130 µg/ml) alone resulted in a substantial increase 
(44.6±0.592%). The combination of EEGCB (130 µg/ml) and Dox 
(0.026 µg/ml) also showed a notable elevation (37.6±1.662%), 
whereas Dox (0.026 µg/ml) alone induced only a moderate rise 
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(13.3±1.808%), as illustrated in fig. 4. Statistical analysis confirmed 
that the upregulation of p53 protein expression in the EEGCB and 
combination groups was significantly higher than in the untreated 

and Dox-treated groups (****p<0.0001). These results suggest that 
EEGCB is pivotal in enhancing p53 expression, potentially 
contributing to its anticancer properties. 

 

 

Fig. 3: Flow cytometric analysis of Cyclin D and Cyclin E protein expression in T47D breast cancer cells. (A) Representative histograms 
showing Cyclin D expression (PE-A channel). (B) Representative histograms showing Cyclin E expression (FITC-A channel). (C) 

Quantification of Cyclin D and Cyclin E protein expression, presented as the percentage of positive cells. Cells were treated with vehicle 
(Untreated), EEGCB (130 µg/ml), Dox (0.026 µg/ml), or the combination of EEGCB+Dox (130 µg/ml+0.026 µg/ml) for 48h 

 

 

Fig. 4: Effect of EEGCB and Dox on p53 protein expression in T47D breast cancer cells. Flow cytometry analysis was performed to assess 
p53 protein expression in untreated cells, EEGCB-treated cells, Dox-treated cells, and cells treated with the combination of EEGCB and 

Dox. (A) The representative histograms illustrate the percentage of p53-positive cells in each treatment group. (B) The bar graph 
presents the quantification of p53 protein expression (%), showing a significant increase in the EEGCB and combination groups compared 

to untreated and Dox-treated cells (**p<0.01, ****p<0.0001). Data are presented as mean±SD (n = 3) 

 

DISCUSSION 

The TLC analysis of EEGCB revealed distinct bands corresponding 
to Rf values of 4.5 and 7, matching the reference standards 
rubraxanthone (Rf=0.56) and cowanin (Rf=0.88), respectively. 
These results corroborate previous findings that identified 
xanthone compounds in related Garcinia cowa [20, 25]. The 
excellent separation achieved using the chloroform: methanol: 
ethyl acetate: formic acid (86:6:3:5 v/v/v/v) solvent system 
demonstrates its effectiveness for xanthone analysis, consistent 

with the methodology reported by previous studies [20]. The 
presence of these characteristic xanthones supports the plant's 
traditional medicinal uses, as these compounds are known for 
their antioxidant [26, 27] and anti-inflammatory properties [28, 
29]. However, the absence of additional bands suggests potential 
limitations in detecting minor metabolites under these conditions. 
These findings validate the presence of bioactive xanthones in G. 
cowa and highlight the need for complementary analytical 
techniques, such as LC-MS, to fully characterize its phytochemical 
profile. 
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The flow cytometry analysis of cell cycle and Cyclin D, E, and p53 
expression was performed using optimized concentrations derived 
from dose-response relationships (EEGCB: IC50 = 130 μg/ml; 
doxorubicin: IC50 = 0.026 μg/ml). The combination ratio (130 μg/ml 
EEGCB+0.026 μg/ml Dox) was specifically selected based on our 
prior demonstration of synergistic interaction (combination index 
[CI] = 0.8 via Chou-Talalay analysis) [9]. The observed increase in 
the subG1 population in T47D cells treated with EEGCB suggests a 
potent induction of apoptosis, a critical mechanism in cancer cell 
elimination. This finding aligns with previous studies indicating that 
bioactive compounds within Garcinia cowa possess the capacity to 
trigger mitochondrial-mediated apoptosis in various cancer cell 
lines [30–32]. Dox, a well-established chemotherapeutic agent, 
elicited a distinct cell cycle arrest at the G2/M phase, consistent with 
its known mechanism of action involving topoisomerase II inhibition 
and subsequent DNA damage [33, 34]. The concomitant increase in 
the subG1 population following Dox treatment further underscores 
its pro-apoptotic activity. Notably, the enhanced combinatorial effect 
observed with the EEGCB and Dox combination, as evidenced by the 
substantial elevation of cells in both the subG1 and G2/M phases, 
highlights the potential for EEGCB to enhance Dox-mediated 
cytotoxicity. These findings are further supported by previous 
studies demonstrating that both curcumin-doxorubicin and 
resveratrol-doxorubicin combinations can induce cell cycle arrest in 
breast cancer cells [35, 36]. Collectively, these findings suggest that 
EEGCB holds promise as a standalone anticancer agent or as a 
valuable adjunct to conventional chemotherapy.  

The flow cytometric analysis of cyclin D and E expression in T47D 
breast cancer cells revealed intriguing patterns following treatment 
with EEGCB, Dox, and their combination. While both EEGCB and Dox 
monotherapies increased cyclin D and E expression compared to 
untreated cells, the combination treatment paradoxically reduced 
their expression levels below those observed with single-agent 
treatments. This unexpected finding suggests a complex regulatory 
interaction between these compounds in cell cycle control. The 
observed upregulation of cyclins D and E by EEGCB alone (130 
µg/ml) may reflect a compensatory cellular response to 
phytochemical-induced stress, as certain plant-derived compounds 
have been shown to transiently activate cell cycle proteins before 
inducing growth arrest [37, 38]. Similarly, Dox-induced cyclin E 
elevation (0.026 µg/ml) aligns with its known ability to disrupt 
normal cell cycle progression through DNA damage response 
pathways [39]. The paradoxical downregulation of Cyclin D/E by the 
EEGCB-Dox combination, despite the upregulation by individual 
treatments, can be explained by several mechanisms as follows: 
individual treatments can partially inhibit pathways such as 
PI3K/AKT/mTOR (upstream of Cyclin D) or MAPK (Cyclin E), but the 
combination can completely suppress these signals [40, 41]. The 
combination treatment's suppressive effect on cyclin expression 
provides compelling evidence of molecular interactions between 
EEGCB and Dox. This phenomenon may result from EEGCB’s 
potential to interfere with Dox-induced compensatory mechanisms 
or to enhance Dox's ability to disrupt cyclin-dependent kinase 
complexes [42, 43]. The differential modulation of cyclin D (G1/S 
regulator) and cyclin E (S phase promoter) suggests that the 
combination may target multiple cell cycle checkpoints 
simultaneously, potentially explaining its enhanced cytotoxic effects 
observed in previous cell cycle analyses. These findings are 
consistent with previous reports on natural product combinations, 
where both arctigenin-doxorubicin and resveratrol-doxorubicin 
were shown to induce cell cycle arrest in breast cancer cells through 
suppression of the Cyclin D1/CDK4/RB pathway [44]. These 
findings highlight the importance of investigating natural product-
chemotherapy interactions at the molecular level to better 
understand their therapeutic potential and optimize combination 
strategies for breast cancer treatment. 

This study demonstrated that EEGCB (130 µg/ml) significantly 
upregulated p53 protein expression in T47D breast cancer cells, 
both as monotherapy and in combination with doxorubicin (Dox, 
0.026 µg/ml). Flow cytometry analysis showed a substantial 
increase in p53-positive cells in the EEGCB-treated group 
(44.6±0.592%), surpassing the Dox-treated group (13.3±1.8-8%). 
The combination of EEGCB and Dox also enhanced p53 expression 

(37.6±1.662%), demonstrating a combined effect exceeding 
individual treatments. Previous studies have highlighted the 
anticancer properties of Garcinia-derived xanthones, which are 
known to activate tumor suppressor pathways, including p53-
mediated apoptosis and cell cycle arrest [45–47]. Our findings are 
consistent with previous findings that reported that xanthones from 
Garcinia cowa induce apoptosis in human cancer cell lines [48]. 
Although the EEGCB+Dox combination showed lower p53 
expression than EEGCB alone, this may reflect MDM2-mediated 
degradation during DNA damage response [49] or activation of p53-
independent death pathways [50]. The slightly reduced p53 
expression in the combination group compared to EEGCB alone 
suggests potential molecular interactions between EEGCB and Dox, 
which warrant further investigation. The upregulation of p53 
expression following treatment with EEGCB, Dox, or their 
combination serves as a key indicator of programmed apoptosis 
pathway activation. These findings align with previous reports on 
natural product-induced apoptosis, including studies demonstrating 
that resveratrol-doxorubicin combination therapy induces apoptosis 
in breast cancer cells through modulation of the BAX: BCL-2 ratio 
and caspase-9 activation [51]. Similarly, concurrent administration 
of curcumin and doxorubicin has been shown to enhance apoptotic 
induction in breast cancer cells [52]. 

Given its potent effect on p53 expression, EEGCB holds promise as 
an adjuvant therapy for breast cancer, particularly in combination 
with standard chemotherapeutic agents. However, further studies 
are needed to elucidate the molecular mechanisms underlying these 
interactions and validate the findings in in vivo models. 

CONCLUSION 

This study demonstrates that EEGCB exerts its anticancer effects 
through a novel, multi-targeted mechanism in T47D breast cancer 
cells. Specifically, EEGCB: (1) induces apoptosis via p53 pathway 
activation, (2) exhibits enhanced combinatorial effect with 
doxorubicin by potentiating G2/M phase arrest, and (3) uniquely 
modulates cyclin D/E expression in a manner distinct from 
conventional chemotherapy. Notably, the extract's ability to 
simultaneously regulate multiple cell death and cell cycle pathways, 
while showing superior p53 activation compared to doxorubicin 
alone, reveals its potential as both a primary therapeutic agent and 
chemopotentiator. These findings not only validate the traditional 
medicinal use of G. cowa but also provide a mechanistic foundation 
for developing innovative, plant-based combination therapies for 
hormone receptor-positive breast cancer. The dual targeting of 
tumor suppressor pathways and cell cycle regulators by EEGCB 
represents a promising strategy to overcome limitations of current 
monotherapies, warranting further investigation into its active 
phytoconstituents and in vivo efficacy. 
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