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ABSTRACT 
Pentagamavunone-1 (PGV-1), a curcumin analog, is a promising anticancer 
candidate for several cancers that have been proven in vitro and in vivo. How-
ever, the efficacy of PGV-1 against breast cancer is subject to improvement to 
achieve a more suitable application. Here we propose hesperitin, a citrus flavo-
noid, to increase the anticancer potency of PGV-1 in luminal breast cancer 
cells. We use the T47D cell as the model to investigate the effect of co-
administration of PGV-1 and hesperitin on cell cycle block, apoptosis modula-
tion, and senescence phenomena. PGV-1 and hesperitin showed strong and 
weak cytotoxicity with an IC50 value of 2 µM and 100 µM, respectively. The co
-treatment of PGV-1 and hesperitin resulted in strong synergistic effects with 
combination index (CI) value of ≤ 0.2. This combination caused apoptosis in 
correlation with cell cycle disruption in G2/M phase at 48 h. In particular, 
PGV-1 and hesperitin combination increased the incidence of cellular senes-
cence significantly higher than the single treatment. Despite its senescence 
potentiation, hesperitin did not induce senescence in normal cells. Taken to-
gether, hesperitin may increase the anticancer potency of PGV-1 by modulat-
ing cell cycle arrest and apoptosis via the senescence mechanism. 
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INTRODUCTION 
Luminal breast cancer therapy remains a major challenge in oncology 
(Masoud & Pagès 2017). In addition to the complexity of the cellular 
physiology of cancer, there is also the emergence of resistance to specific 
targeted drugs (Baghban et al. 2020). Tamoxifen and its analogs are an 
example of a chemotherapeutic agent with a specific target, namely the 
estrogen receptor (ER) which is then referred to as an ER antagonist 
(Burstein 2020). Long-term use of ER antagonists can cause cancer cell 
resistance because cancer cells will divert their growth signal to the 
MAPK pathway (Clusan et al. 2023). In this case, the growth of cancer 
cells will not depend on ER signals anymore. Diversion of this pathway 
also occurs in the use of aromatase inhibitor drugs which causes a de-
crease in their effectiveness (Heery et al. 2020). Therefore, luminal breast 
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cancer therapy still requires other specific targeted agents. The applica-
tion of agents that target DNA (e.g. doxorubicin) or microtubules (e.g. 
taxol) is an option, but there are still problems with side effects that make 

the patient's condition worse (Č ermák et al. 2020). To overcome this 
problem, the finding of drugs that are safer but effective for luminal 
breast cancer is taken as a challenge. 

Our group has developed a prospective anticancer agent, called 
Pentagamavunone-1 (PGV-1). This compound exhibits high cytotoxic 
activities against luminal breast cancer and triple negative breast cancer 
(TNBC) (Meiyanto & Larasati 2019; Utomo et al. 2022). In the xenograft 
model, PGV-1 also shows significant effect of tumor growth suppressor 
activity against several types of cancer, such as TNBC and leukemia 
(Lestari et al. 2019). Interestingly, the tumor growth inhibition ability of 
PGV-1 is comparable to that of standard drugs (Meiyanto et al. 2019). 
Moreover, PGV-1 did not show any significant side effects (Novitasari et 
al. 2021). Due to its potential anti-cancer characteristics, PGV-1 holds 
promise for future development as a chemotherapy treatment. 

The distinctive ability of PGV-1 to impede the growth of cancer 
cells lies in its cleverness, specifically by hindering the process of mitosis 
during prometaphase (Lestari et al. 2019). However, the performance of 
PGV-1 as an anticancer still needs to be improved to gain more effective-
ness to suppress tumor cell development. One strategy is to apply in 
combination with chemopreventive agents that can increase their cyto-
toxic effect on cancer cells synergistically (Hasbiyani et al. 2021; 
Musyayyadah et al. 2021; Endah et al. 2022). Chemopreventive agents 
are compounds that have weak tumor growth inhibiting properties 
through inhibition of growth signals, for example MAPK inhibitors 
(Haque et al. 2021). These compounds can be expected to support the cy-
totoxic properties of other anticancer compounds with different targets.  

Those compounds that potentially act as MAPK inhibitors are 
mostly flavonoid substances, including ones that are largely found in cit-
rus (Meiyanto et al. 2012). So far, there are several citrus flavonoid com-
pounds that have been applied in combination with chemotherapeutics 
agents to suppress cancer growth, including the co-treatment with PGV-
1 in some types of cancer cells. The results of all studies on the combina-
tion of flavonoids with chemotherapeutics agents synergistically increase 
their cytotoxic effects. For example, diosmin with PGV-1 synergistically 
enhances their cytotoxicity through modulation of senescence and mitot-
ic catastrophe in TNBC 4T1 cells (Musyayyadah et al. 2021). Diosmin 
also enhances the cytotoxicity of PGV-1 in colon cancer cells (Ikawati et 
al. 2023). In accordance to those findings, the combination of a chemo-
therapy agent doxorubicin with hesperidin and its aglycone form, hes-
peritin, synergistically inhibits the migration of 4T1 and MCF7/HER2 
cells (Nurhayati et al. 2020; Amalina et al. 2023). Both hesperidin and 
hesperitin have great potential to amplify the cancer-preventive efficacy 
of PGV-1 within breast cancer cells. 

Hesperidin and hesperitin are two major methoxy flavonoids of Cit-
rus sp. that are considerably safe to normal cells (Putri et al. 2022). They 
are selectively cytotoxic toward cancer cells but not toxic in normal cells 
(Filho et al. 2021; Choi et al. 2022). Even though showing similar bioac-
tivities, the bioavailability of these two compounds remains critical in 
considering the best one as a co-chemotherapeutic agent. Hesperidin has 
lower bioavailability than hesperitin (Wdowiak et al. 2022). The low bio-
availability of hesperidin in systemic circulation is due to the presence of 
the rutinoside sugar group attached to the flavonoid (Crescenti et al. 
2022). Moreover, oral hesperidin undergoes first pass metabolism 
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(Corrêa et al. 2019). Hesperidin must be deglycosylated into hesperitin 
before it has the capability to be taken in by the intestine (Corrêa et al. 

2019). Intestinal enterobacteria release ɑ-rhamnosidase and β-
rhamnosidase that will cleave the rutinoside sugar group in hesperidin 
into its aglycone (Mueller et al. 2018). Meanwhile, hesperitin can pas-
sively diffuse into the blood to obtain optimal bioavailability (Takumi et 
al. 2012; Wdowiak et al. 2022). Thus, the approach to exploring the po-
tential of co-chemotherapeutic agents from the citrus flavonoid hesperitin 
has a more promising potential in the future. 

We previously investigated hesperidin in combination with PGV-1. 
In this study, we focused on investigating the synergistic effect of apply-
ing combination treatment hesperitin and PGV-1 on luminal breast can-
cer cells. We used T47D as a model that represents ER expressing breast 
cancer cell lines. This cell line is also known to express PgP that facili-
tates efflux of some chemotherapeutic drugs resulting in resistance phe-
nomenon (Lee & Choi 2022). Swiss Prediction analysis, fortunately 
shows that PGV-1 is not subjected to be the substrate of PgP. However, 
hesperitin shows inhibitory effects on the MAPK/Akt pathway to induce 
autophagy and apoptosis that might contribute to growth inhibitory ef-
fect of PGV-1 on T47D cells (Lin et al. 2023). Our primary aim is to as-
sess the ability of hesperitin to augment the efficacy of PGV-1, particu-
larly in luminal breast cancer. Additionally, we aim to explore the impact 
of combining these two compounds on the phenomenon of cell death. 

 
MATERIALS AND METHODS 
Ethical approval  
Authorization for all research procedures was granted by the Medical 
and Health Ethical Committee of the Faculty of Medicine, Public Health 
and Nursing, Universitas Gadjah Mada (No. KE/FK1012/EC/2020). 
 
Chemicals  
Cancer Chemoprevention Research Center (CCRC), Faculty of Pharma-
cy, Universitas Gadjah Mada was provided PGV-1 with purity HPLC 
95% (Utomo et al. 2022). Hesperitin (HST) was obtained from Sigma Al-
drich (No. Cat. W431300-5G).  
 
Cell culture  
T47D cells, NIH-3T3 cells, and Vero cells were cultured in Dulbecco's 
Modified Eagle's Medium (DMEM) high glucose (Gibco), enriched with 
10% fetal bovine serum (FBS) (Gibco), and 1% Penicillin-Streptomycin 
(Gibco). This cultivation was carried out in an incubator at 37°C with a 
5% CO2 atmosphere. The cells were collected using 0.25% Trypsin-
EDTA (Gibco) when they reached approximately 80% confluence. 
 
Trypan blue exclusion assay  
Cultures of T47D cells (5 × 104 cells/well) were established in 24-well 
plates and allowed to incubate for one night. Cells were treated with 0.5-
16 µM PGV-1, 15-1000 µM HST, or their combinations. After 24 h incu-
bation, the cells were rinsed using 500 µL of phosphate buffer saline 
(PBS) 1×, followed by the addition of 100 µL of 0.25% trypsin-EDTA per 
well for a duration of 3 min. Cell suspension (10 µL) was treated with 10 
µL of trypan blue 0.4%. Cells devoid of color were considered viable cells, 
while cells displaying a blue hue were regarded as dead cells. Viable and 
overall cell counts were performed within each well using an inverted 
microscope (Olympus). The percentage of cell viability was derived from 
the ratio of viable cells to total cells. This metric was utilized to compute 
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IC50 and CI values across three separate experiments, each conducted in 
triplicate (Musyayyadah et al. 2021). 
 
MTT Assay 
NIH-3T3 and Vero cells (1 × 104 cells/well) were introduced into 96-
well plates and allowed to incubate overnight. Following this, the cells 
were exposed to varying concentrations of HST (ranging from 1 µM to 
500 µM) for a duration of 24 h. Subsequently, the cells underwent a PBS 
wash, and a solution comprising 100 µL of 0.5% 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) (Sigma) in PBS 1× was add-
ed, followed by a 4 h incubation period. Once the conversion of tetrazoli-
um salts to blue formazan crystals was complete, as denoted by their visi-
ble presence, 100 µL of 10% sodium dodecyl sulfate (SDS) stopper was 
introduced, and the cells were left to incubate overnight. The measure-
ment of absorbance at 595 nm was performed using an ELISA reader 
(Bio-Rad) (Hanifa et al. 2022). 
 
Measuring cell cycle profile 
T47D cells (2 × 104 cells/well) were cultured in 6-well plates and left to 
incubate overnight. Following this, cells underwent treatment with PGV
-1 at concentrations of 0.5 and 1 µM, HST at concentrations of 25 and 50 
µM, as well as their combination, for a duration of 24 h. After treatment, 
the cells were subjected to a wash with 500 µL of PBS 1x, followed by 
detachment using 0.25% trypsin-EDTA for a 3 min interval. To deacti-
vate the enzyme, 1 mL of culture medium was introduced, and the cells 
were gathered, subsequently undergoing a rinse with 500 µL of cold PBS 
1x. Centrifugation at 600 rpm for 5 min facilitated the removal of the su-
pernatant, after which the pellet cells were fixed using 500 µL of 70% al-
cohol, and this was done at room temperature for a span of 30 min, fol-
lowed by another 5-min centrifugation. The pellet cells then underwent a 
wash with 500 µL of PBS 1x, once again followed by centrifugation. Sub-
sequently, the resulting cells were stained with a solution composed of 1 
mg/ml propidium iodide (Merck), 10 mg/mL RNAse (Merck), Triton-X 
100 at a volume of 1 (Merck), and PBS 1x. Cell distribution across the 
SubG1, G0/G1, S, and G2/M phases, indicative of DNA content, was 
assessed utilizing Flow Cytometry (BD Biosciences Accuri C6) alongside 
BD Accuri C6 Software (Amalina et al. 2023). 

 
Measuring apoptosis 
T47D cells (2 × 104 cells/well) were cultivated within 6-well plates and 
left to incubate overnight. Subsequently, the cells were subjected to 
treatment with either PGV-1 or HST separately, as well as in combina-
tion, for durations of 24 and 48 h. Following treatment, the cells under-
went a wash with 500 µL of PBS 1x, and then were detached utilizing 
0.25% trypsin-EDTA for a span of 3 min. The enzyme reaction was deac-
tivated through the introduction of 1 mL of culture medium, after which 
the cells were gathered. Centrifugation at 600 rpm for 5 min was per-
formed, resulting in the removal of the supernatant. The pellet cells were 
subsequently exposed to 100 µL of binding buffer, 5 µL of FITC Annexin 
V, and 5 µL of propidium iodide (PI) (at a concentration of 50 µg/mL) for 
a 5 min interval. Analysis using Flow Cytometry (BD Biosciences Accuri 
C6) in conjunction with BD Accuri C6 Software was employed to discern 
between live, apoptotic, and necrotic cells (Amalina et al. 2023). 

 
Measurement of senescent cells 
All cell models (T47D, NIH-3T3, and Vero cells) were grown in the con-
centration of 1, 2, and 2, respectively 104 cells/well into 6-well plates and 
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allowed to incubate overnight. After incubation with the drugs for 24 h, 
the cells underwent a PBS 2× pH 6.0 rinse, followed by fixation using a 
4% paraformaldehyde solution for 10 min. Subsequent washing was car-
ried out twice with 1× PBS, followed by staining using a 1 mL X-gal so-
lution. Following an incubation period of 72 hours, the cells were as-
sessed under an inverted microscope at 200× magnification, and enumer-
ation was conducted using ImageJ Software (Salsabila et al. 2023). 
 
Data analysis 
The gathered experimental data underwent analysis through SPSS 25 
(SPSS Inc., Chicago, IL, USA, version 25). One-way ANOVA was imple-
mented to assess distinctions between groups and an independent sample 
t-test was used to ascertain differences between individual samples. Fol-
lowing that, the Bonferroni test was employed in conjunction with one-
way ANOVA, with considering significance at a level of p < 0.05. 

 
RESULTS  
Growth inhibitory effects of PGV-1 and HST on T47D cells  
We assessed the cytotoxic characteristics of PGV-1, HST, and their com-
bined effect on T47D luminal breast cancer cells through the trypan blue 
exclusion assay. First, we performed a single cytotoxic assay using PGV-
1 and HST in T47D cells for 24 h. We found that both PGV-1 and HST 
exhibited cytotoxic properties, with IC50 values of 2 µM and 100 µM, re-
spectively (Figure 1a and 1b). These results indicate that PGV-1 shows 
strong cytotoxic activity, whereas HST has a weak cytotoxic effect on 
T47D cells. Thus, PGV-1 has a stronger inhibitory effect on cell growth 
than HST does (p < 0.001). 
 Next, we combined the growth suppression properties of PGV-1 
and HST against T47D at different concentrations of PGV-1 0.25 µM, 
0.5 µM, 1µM and HST 12.5 µM, 25 µM, 50 µM. Interestingly, HST in-

Figure 1. Growth suppression properties of PGV-1, HST, and their co-administration in T47D cells. Cells were 
subjected with PGV-1 (a), HST (b), or their co-administration (c). The concentrations of PGV-1 and HST used in 
the combination were based on IC50 value, which are PGV-1 0.25 µM, 0.5 µM, 1 µM and HST 12.5 µM, 25 µM, 50 
µM, respectively.  Cell viability and CI value (d) are expressed as the mean ± standard error (SE) for a total of 
three replicates. 
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creased the efficacy of PGV-1 synergistically with CI values ≤ 0.2 
(Figure 1c and 1d). The combination of PGV-1 and HST is believed to 
have good prospects as a chemotherapeutic agent. Thus, we used the 
combined cytotoxic assay concentrations of PGV-1 and HST for further 
testing on cell cycle, apoptosis, and cellular senescence effects. 
 

Effect of PGV-1 and HST on cell cycle profile  
To investigate the impact of combining HST and PGV-1 in restraining 
cancer cell growth, we examined the influence of HST and PGV-1 indi-
vidually and in co-administration on hindering the progression of cell 
cycle. HST and PGV-1 showed cell cycle arrest phenomenon in 24 h in-
cubation time. In this case, PGV-1 0.5 and 1 µM exert cell cycle inhibi-
tion especially at G2/M phase by 33% and 34% (Figure 2, p < 0.05). A 
comparable outcome was likewise witnessed in the examinations involv-
ing HST concentrations of 25 and 50 µM, resulting in a 31% adjustment 
in cell cycle inhibition at the G2/M phase (Figure 2). Additionally, the co
-administration application of all doses of HST and PGV-1 led to cell cy-
cle inhibition within the G2/M phase (Figure 2). Notably, the co-
administration of HST at 50 µM and PGV-1 at 0.5 µM exhibited the 
most substantial cell cycle inhibition in the G2/M phase among the vari-
ous concentrations, particularly within T47D. Halting the cell cycle pro-
gression at the G2/M phase prompts cancer cells to cease their prolifera-
tion and eventually undergo cell death. Nevertheless, additional verifica-
tion is necessary to substantiate the collaborative impact of the two com-
pounds on inducing cancer cell demise.  
 
Effect of PGV-1 and HST on apoptosis induction  
To validate the impact of HST, PGV-1, and their co-administration ap-

Figure 2. Cell cycle profile after treatment with PGV-1, HST, and their co-administration on T47D. Cells were 
subjected with PGV-1, HST, or both co-administration in various concentrations as indicated followed by 24 h in-
cubation. After washing with PBS, the cells were stained with propidium iodide and then subjected to flow cytome-
try. Cell cycle profile were generated from flow cytogram (a) into quantitative diagram (b) to obtained the signifi-
cance differences (*p < 0.05) of the data within three replicated measurement (n = 3). 
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plication on inducing cancer cell death, we performed apoptosis analysis 
through flow cytometry. HST and PGV-1 alone and its combination 
manifest apoptosis phenomenon under 10% for 24 h. The percentage of 
cells undergoing apoptosis is low due to the short incubation period. 
Therefore, we extended the incubation time of the apoptosis assay to 48 
h. After 48 h, their combination exerted apoptotic cells in 21% (Figure 
3b). The number of apoptotic cells was two times greater than that of the 
control. Furthermore, the combination of HST and PGV-1 increased cell 
death by modulating apoptosis at 48 h. The mechanism of apoptosis in-
duction is associated with DNA damage. Damaged cells undergo senes-
cence before regeneration. We conducted senescence tests to determine 
morphological cell changes due to the aging of cancer cells, especially 
luminal breast cancer. 
 
Cellular Senescence Effect  
We explored the influence of HST and PGV-1 on inducing senescence in 

T47D using an assay involving associated β-galactosidase. Senescent cells 
were distinguished by the emergence of a green hue within the cells, indi-

cating the presence of β-galactosidase expression (Figure 4a).  

 PGV-1 and HST alone increased β-galactosidase positive cells sig-
nificantly by two up to three fold compared to the control. Interestingly, 
their combination showed two-fold induction of green cells than the sin-
gle treatment (Figure 4b). These results indicate that combining PGV-1 
and HST can increase cell senescence in T47D cells, where this pro-
senescence effect is highly desirable in cancer. Pro-senescence activity 

Figure 3. Apoptosis effects after treatment with PGV-1, HST, and their co-administration on T47D. Cells were 
subjected to PGV-1, HST, or both co-administration in various concentrations as indicated followed by 24 h incu-
bation. After washing with cold PBS, the cells were stained with FITC Annexin V and Propidium Iodide, then sub-
jected to flow cytometry. Apoptosis effects were generated from flow cytogram (a) into quantitative diagram (b) to 
obtain the significance differences (*p <0.05; **p <0.001) of the data within three replicated measurements (n = 3). 
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demonstrated as a result of this treatment has a beneficial impact on in-
hibiting cancer cell development. However, further knowledge of its se-
lectivity in normal cells is still needed to ensure its safety.  
 
HST attenuates DOX induced-normal cells senescence  
We evaluated the cytotoxicity and senescent cell effects in NIH-3T3 nor-
mal fibroblasts and Vero normal kidney cells. We explored the cytotoxic 
effects of HST through the MTT assay. HST performs IC50 values of 700 
µM and 314 µM in NIH-3T3 and Vero cells, respectively (Figure 5a). 
Consequently, HST was found to be non-toxic to Vero and NIH-3T3 
cells.  
 Additionally, we evaluated the senescence effect of HST on both 
normal cells by using doxorubicin (DOX) as a cell senescence-inducing 
agent. DOX produced five times more green cells than green cells in con-
trol. Hence, DOX can serve as a positive reference for the senescence as-
sessment (Figure 5b). The combination of DOX with HST of 50 and 100 
µM reduced the number of green cells significantly with p value < 0.001 
compared to DOX alone. This response suggests that HST reduces intra-
cellular senescent cells in NIH-3T3 and Vero cells.  
 
DISCUSSION 
Hesperitin (HST) has long been used as a human health supplement to 
promote immunity, hormone balance, and inflammatory responses. 
Knowing the health response to HST, this study challenges its potential 
as a co-chemotherapeutic agent with PGV-1. The data showed that HST 
weakly suppressed the growth of T47D cells; however, when combined 
with PGV-1, HST escalated its cytotoxic effect synergistically. These 
results indicate that HST potentially enhances PGV-1 efficacy in luminal 
breast cancer cells by modulating its cytotoxic activity. This effect is 
probably triggered by differences in the molecular mechanisms of the two 
compounds. 

In order to gain deeper insights into the impact of HST on cellular 
physiology, we examined the influence of HST alone and in co-

Figure 4. Senescent effects after treatment with PGV-1, HST, and their co-administration on T47D. Cells were 
subjected to PGV-1, HST, or both co-administration in various concentrations as indicated followed by 24 h incu-
bation. They were stained using X-Gal. (a) Green color (red arrows) indicated cells stained with X-Gal hydrolyzed 

by β-galactosidase, expressed when cells were senescent. (b) The quantification of cellular senescence. The data are 
presented as average (n = 3). ns, not significant; ***p ≤ 0.001. 
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administration with PGV-1 on the progression of the cell cycle. Remark-
ably, these combinations exhibited distinct targets for inhibiting the cell 

cycle. A concentration of 50 μM HST led to the arrest of the cell cycle at 
the G2/M phase within T47D. Notably, the co-administration of HST 
and PGV-1 triggered a more pronounced cell cycle helt at the G2/M 
phase, surpassing the effect of HST treatment alone. A similar effect was 
observed with a single HST administration in U937 cells (Lin et al. 
2023). On the other hand, PGV-1 targets the M phase, specifically the 
prometaphase (Lestari et al. 2019; Meiyanto et al. 2022). The different 
target of cell cycle inhibition could result in strong cell growth inhibition 
and lead to apoptosis (Suski et al. 2021; Hanifa et al. 2022). In this re-
gard, we found that HST elicited modulation of apoptosis of T47D cells 
at 48 h. Uniquely, HST also causes cell autophagy (Lin et al. 2023). Au-
tophagy triggers the apoptotic response by activating caspase-8 and re-
ducing anti-apoptotic proteins (Fan & Zong 2012). The simultaneous 
presence of apoptosis and autophagy can strengthen the effect of cancer 
cell death. We traced the events of cell death further by observing the 
morphology associated with the process of senescent cells. 

Senescent cells become one of the strategic cancer inhibition targets 
because some cancer cells adapt by deactivating senescence signals 
(Hanahan & Weinberg 2011). Cell senescence is affected by the presence 
of cellular stress signals, such as DNA damage and under cellular abro-
gation (Huang et al. 2022). The concurrent application of HST and PGV-

Figure 5. The effect of HST on NIH-3T3 and Vero. (a) Cell viability profile after treatment with drug followed by 
24 h incubation. (b) Observation of senescence and its quantification in NIH-3T3 and Vero after being given HST. 
The results are shown as the mean ± SE for a total of three replicates. Dox: doxorubicin.  *p <0.05; **p <0.001.  
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1 led to a higher count of cells exhibiting senescence. In line with the re-
sults of this assay, we know that HST with PGV-1 modulates senescent 
cells, and this effect is positively correlated with increased inhibition of 
mitotic cells and cell death. Although the co-administration of these two 
compounds shows good molecular death effects on luminal breast cancer 
cells, tracing their cytotoxic activity on normal cells is necessary to en-
sure their efficacy and safety. 

HST possesses strong antioxidant and immunomodulatory proper-
ties that hopefully can play a role as the normal cell protection from oxi-
dative stress (Parhiz et al. 2015). For this purpose, we used NIH-3T3 cell 
line and vero cell line as the representative of skin and kidney tissues re-
spectively, which are usually to be the riskiest tissue against cellular 
damaging agents (Endah et al. 2022). Our data reveal that individual 
HST application did not result in toxicity for either NIH-3T3 or Vero 
cells. Aligned with the outcomes of the cytotoxicity assessment, HST ex-
hibited a reduction in the count of senescent cells induced by doxorubicin 
(DOX) in both normal cell types. We used DOX as the representative of 
strong senescent inducing-agents that have been known to cause cellular 
damage via Reactive Oxygen Species (ROS) generation (Salsabila et al. 
2023). These results indicated that HST potentially protects against 
premature aging and damage to skin and kidney tissues. In this study, 
HST demonstrated its ability to increase the efficacy of PGV-1 and could 
help to protect surrounding cells from damage. In general, cell damage 
can be induced by oxidative agents including drugs, cellular stress, and 
poisons (Madkour 2020; Zulfin et al. 2021). These findings provide back-
ing for the prospective development of HST as a co-chemotherapeutic 
agent, capable of enhancing the cytotoxic impact of chemotherapy agents 
and to reduce the cellular damages caused by toxic agents, including oxi-
dative stress. 
 
CONCLUSION 
In conclusion, HST synergistically enhanced PGV-1 efficacy by increas-
ing its growth suppression effect against T47D as representative of lu-
minal breast cancer. This phenomenon correlates to their inhibition of 
cell cycle machinery especially at mitosis, which leads to senescence and 
apoptosis. Treatment of HST in combination with PGV-1 may also pro-
tect cells from premature aging and prevent damage to kidney tissue. 
These results suggest the possibility of utilizing HST as a co-
chemotherapeutic agent targeting luminal breast cancer, eliciting cell 
death. 
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