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ABSTRACT
Introduction: Cellular senescence is an extensively researched issue aimed at influencing the ag-
ing process. A novel research direction involves studying the potential of plant extracts on this
process. Boesenbergia pandurata (Roxb.) Schltr, also known as Boesenbergia rotunda (L.) Mansf, is
a herb with significant potential for research into its effects on aging. Furthermore, it is crucial to
study cellular senescence models to accurately assess the impact of various agents on the aging
process. Methods: In this study, the ethanol extract of Boesenbergia pandurata (Roxb.) Schltr was
evaluated for its potential effects on certain characteristics of senescent fibroblasts derived from
foreskin, which were induced by etoposide. The cells were treated with 20 µM etoposide for 48
hours to induce senescence. Results: The study demonstrated that treating fibroblasts with 20 µM
etoposide for 48 hours induces senescence characteristics. Additionally, administering the ethanol
extract of Boesenbergia pandurata at a concentration of 15 µg/ml ameliorated several features of
senescence in fibroblasts. The treatment resulted in a 27% reduction in cell size (p < 0.05), a 1.2-fold
decrease in SA-β -Galactosidase enzyme activity (p < 0.0001), and reduced gene expression of p16,
p21, and p53. Conclusion: We established a senescent fibroblast model using 20 µM etoposide
and demonstrated that the finger root extract at 15 µg/ml improved various senescence-related
cellular characteristics, suggesting its potential as an anti-aging agent.
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INTRODUCTION
The previous study determined the characteristics as
the hallmark of aging at the body level1,2. One of
the hallmarks of aging, cellular senescence, is care-
fully researched and analyzed in terms of understand-
ing the mechanism of aging1,3. The senescence cell
model plays an important role in the development of
anti-aging therapies4,5. Key aging processes include
chronic sterile low-grade inflammation, macromolec-
ular and organelle dysfunction, stem and progenitor
cell impairment, and cellular senescence. These pro-
cesses are not only central to the development of age-
related phenotypes but also frequently manifest in the
pathological sites of age-associated chronic diseases6.
According to the unitary theory of fundamental aging
processes, intervening in one primary aging mecha-
nism may have a cascading effect on others due to
their relationships. The buildup of senescent cells, as-
sociated with chronic diseases and age-related health
issues, underscores the potential of targeting these
cells as a comprehensive approach to address whole-
body aging7.
Cellular senescence is a complex process in which rel-
evant cellular changes and molecular, morphological
changes, including nonproliferation and interaction

with stimulated cell division8. When cells become
senescent, they undergo fundamental changes and
express specific characteristics that distinguish them
from normal cells9. However, until now, there is no
confirmation to determine the aging level of cells in
vitro. Thus, the assessment relying on the characteris-
tics that senescent cells express is considered amarker
that determines cellular senescence.
The hallmark of senescent cells is the decreased pro-
liferation of cells. Cell morphology also undergoes
alterations during the aging process. Senescent cells
become larger and more flattened, acquiring a ”fried
egg” appearance. Furthermore, in certain cell types
such as fibroblasts, senescence is characterized by in-
creased nuclear and nucleolar size, elevated lysosome
production, and enhanced development of the Golgi
apparatus10. Senescence-associated β -galactosidase
(SA-β -gal) activity serves as a commonly employed
marker for identifying senescent cells within cell pop-
ulations and can be histochemically detected at pH 6
in vitro. The observed accumulation of SA-β -gal in
senescent cells is primarily attributable to an increase
in both lysosome number and activity, along with
contributions from oxidative stress and alterations in
cellular signaling pathways11–13. At the molecular
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level, senescent cells often exhibit cell cycle arrest and
regulatory factors such as p16INK4A, p21CIP1, and
p53 are commonly utilized to detect these senescent
cells14. Additionally, senescent cells secrete a variety
of pro-inflammatory cytokines, chemokines, growth
factors, and matrix metalloproteinases (MMPs), col-
lectively known as the senescence-associated secre-
tory phenotype (SASP)4,15. This secretion profile
can be leveraged as a strategy for identifying senes-
cent cells. Recently, there have been many methods
to generate senescent cell models such as UVB and
chemical stimuli. Among these, etoposide is the pre-
ventive cancer agent found to cause cell aging dur-
ing use16. Cell senescence was induced by low doses
of etoposide, while apoptosis was activated at higher
doses17. Therefore, etoposide is used as an inducer of
cell senescence.
Boesenbergia pandurata (Roxb.) Schltr, also known
as Boesenbergia rotunda (L.) Mansf, is a plant species
native to tropical countries. Boesenbergia pan-
durata rhizomes have been used for food and folk
medicine18,19. Boesenbergia pandurata exhibits sig-
nificant aesthetic potential, particularly in aging re-
search because of its antioxidant potential. Research
on natural substances that can delay skin aging has
been the object of increasing interest in the last few
years. To investigate the potential benefits of Boesen-
bergia pandurata, we developed a senescent fibroblast
model and conducted a preliminary evaluation of the
effects of this rhizome extract on the senescence pro-
cess in young human foreskin fibroblasts, induced by
various concentrations of etoposide.

METHODS

Preparation of Boesenbergia Pandurata Ex-
tract

The rhizomes of Boesenbergia pandurata were har-
vested from the Southwest region of Viet Nam and
subsequently identified at the Southern Institute of
Ecology, Viet Nam. Fresh rhizomes were thoroughly
cleaned and ground before undergoing solvent ex-
traction. Specifically, 100 grams of the ground rhi-
zomeswere subjected to extractionwith 500mLof ab-
solute ethanol for 72 hours using themaceration tech-
nique. The resultant extract was then filtered and sub-
jected to freeze-drying at -40◦C.The resulting dry ex-
tract was reconstituted in absolute ethanol to achieve
a final concentration of 200 mg/mL. This stock solu-
tion was stored at 4◦C for subsequent experimental
procedures.

Cell Lines
The foreskin fibroblast cell line was provided by the
Stem Cell Institute, University of Science - Viet Nam
National University, Ho Chi Minh City, Viet Nam.
These cells were cultured in D’MEM/F12 (Lonza,
UK), supplemented with 10% FBS (Gibco, UK) and
1% antibiotic (Gibco, UK) under 5% CO2 and 37◦C.

Cytotoxicity Assay
Human fibroblasts (2.5 x 104 cells/mL) were seeded
in a 96-well plate in 100 µL of culture medium. Af-
ter 24 hours, hFs were treated with etoposide (Abcam,
UK) at concentrations of 240 µM, 120 µM, 60 µM,
30 µM, 15 µM, 7.5 µM, 3.75 µM, 1.875 µM, 0.9375
µM and control for 48 hours. Cells were evaluated
for their viability by staining with Alamar Blue for 1
hour and reading the measurements using a DTX 880
multimode reader (Beckman Coulter, CA).
For testing the Boesenbergia pandurata extract (BPE)
potential, humanfibroblasts (hFs) (2.5 x 104 cells/mL)
were seeded in a 96-well plate in 100 µL of culture
medium. After 24 hours, hFs were treated with BPE
at concentrations of 2000 µg/ml, 1000 µg/ml, 500
µg/ml, 250 µg/ml, 125 µg/ml, 60 µg/ml, 30 µg/ml,
15 µg/ml, 7.5 µg/ml and control for 48 hours. Cells
were evaluated for their viability by staining with Ala-
mar Blue for 1 hour and reading the measurements
using a DTX 880 multimode reader (Beckman Coul-
ter, CA).

Cell Size Assay
Human fibroblasts (5 x 103 cells/well) were cultured
in a 48-well plate in 200 µL of culture medium. Af-
ter 24 hours, the cells were treated with etoposide at
concentrations of 10 µM, 20 µM, 30 µM and control
for 48 hours. The suspension cells were observed un-
der 40Xmagnification. Three ROIs (Regions of Inter-
est) per well were captured under a light microscope
to measure their diameter using AxioVision 4.8 soft-
ware (Zeiss, Germany).
For the BPE testing, hFs (5 x 103 cells/well) were cul-
tured in a 48-well plate in 200 µL of culture medium.
After 24 hours, the cells were treated with 20 µM
etoposide to make a senescent fibroblast model for 48
hours. After that, the cells were washed with 200 µL
PBS-. The experimental groups were treated with the
BP extract at concentrations of 60 µg/ml, 30 µg/ml,
15 µg/ml. The senescent group and the control group
were cultured with culture medium. After 48 hours,
the suspension cells were observed under 40Xmagni-
fication. Three ROIs per well were captured under a
light microscope to measure their diameter using Ax-
ioVision 4.8 software (Zeiss, Germany).
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SA-β -Galactosidase Staining Assay
Human fibroblasts (5 x 103 cells/well) were seeded in
a 48-well plate in 200 µL of culture medium. After
24 hours, the cells were treated with etoposide at 10
µM, 20 µM, 30 µM and control for 48 hours. After-
ward, the cells were stained following the protocol of
the beta Galactosidase Staining Kit (ab102534) (Ab-
cam, UK). Three ROIs per well were captured under
a light microscope. The β -galactosidase-positive cell
ratio was then calculated by dividing the total number
of β -galactosidase-positive cells by the total number
of cells.
For the BPE testing, human fibroblasts (5 x 103

cells/well) were cultured in a 48-well plate in 200 µLof
culturemedium. After 24 hours, the cells were treated
with 20 µM etoposide to make a senescent fibroblast
model for 48 hours. After that, the cells were washed
with 200 µL PBS−. The experimental groups were
treatedwith the BPE at concentrations of 60 µg/ml, 30
µg/ml, 15 µg/ml. The senescent group and the con-
trol group were cultured with culture medium. Af-
ter 48 hours, cells were stained according to the beta
Galactosidase Staining Kit protocol (ab102534) (Ab-
cam, UK). Three ROIs per well were captured under
a light microscope. The β -galactosidase-positive cell
ratio was then calculated by dividing the total number
of β -galactosidase-positive cells by the total number
of cells.

RNA Isolation
Human fibroblasts (2 x 105 cells/mL) were seeded in
a 6-well plate in 1 mL of culture medium. After 24
hours, the cells were treated with etoposide at 10 µM,
20 µM, 30 µM and control for 48 hours. After that,
the total RNA from the fibroblasts was extracted us-
ing the Easy-Blue Total RNA Extraction Kit (iNtRON
Biotechnology).
For the BPE testing, human fibroblasts (5 x 103

cells/well) were cultured in a 48-well plate in 200 µLof
culturemedium. After 24 hours, the cells were treated
with 20 µM etoposide to make a senescent fibroblast
model for 48 hours. After that, the cells were washed
with 200 µL PBS−. The experimental groups were
treatedwith the BPE at concentrations of 60 µg/ml, 30
µg/ml, 15 µg/ml. The senescent group and the con-
trol group were cultured with culture medium. After
48 hours, the total RNA from the fibroblasts was ex-
tracted using the Easy-Blue Total RNA Extraction Kit
(iNtRON Biotechnology).
Real-Time Reverse Transcription Quantitative PCR
(Real-Time RT-qPCR)
Real-time reverse transcription quantitative PCR was

performed on the Mastercycler® ep realplex Real-
Time PCR System using the Luna® Universal One-
Step RT-qPCR Kit. The results are presented as the
average of three separate replicates, with quantifica-
tion performed by normalizing to GAPDH expres-
sion. Relative gene expression was determined using
the ∆∆Ct method (Ct is the threshold cycle value).

CD90 Expression
Human fibroblasts were seeded in a 6-well plate. The
cell densitywas 2 x 105 cells perwell (in 1mLvolume).
These cells were treated with 10 µM, 20 µM, 30 µM
etoposide and incubated for 48 hours. Afterwards, the
cells were labeled with 5 µL CD90 (BD Biosciences,
Franklin Lakes, NJ) in 100 µL of staining buffer for 15
minutes. The cells were detected using a FACSCalibur
flow cytometer. Data were analyzed using CellQuest
Pro software (BD Biosciences, Franklin Lakes, NJ).
For the BPE testing, human fibroblasts (2 x 105

cells/well) were cultured in a 6-well plate in 1 mL of
culturemedium. After 24 hours, the cells were treated
with 20 µM etoposide to make a senescent fibroblast
model for 48 hours. After that, the cells were washed
with 200 µL PBS−. The experimental groups were
treatedwith the BPE at concentrations of 60 µg/ml, 30
µg/ml, 15 µg/ml. The senescent group and the con-
trol group were cultured with culture medium. After
48 hours, the cells were labeled with 5 µL CD90 (BD
Biosciences, Franklin Lakes, NJ) in 100 µL of staining
buffer for 15 minutes. The cells were detected using a
FACSCalibur flow cytometer. Data were analyzed us-
ing CellQuest Pro software (BD Biosciences, Franklin
Lakes, NJ).

Statistical Analysis
Data were collected and processed using GraphPad
Prism 9 software. The results are presented as mean
± SD. Differences between treatments were assessed
using one-way ANOVA, with statistical significance
set at p < 0.05.

RESULTS
The cytotoxicity of etoposide on human fi-
broblast cells
To evaluate the impact of etoposide on human fi-
broblast cells, we determined the IC50 value through
the Alamar Blue assay, measuring the level of cell
metabolism after a 48-hour treatment with etoposide.
The results show that the IC50 value was found to be
32.08 ± 2.85 µM. Based on these data, the etopo-
side concentrations used for further evaluation were
10 µM, 20 µM, and 30 µM (Figure 1).
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Table 1: The forward and reverse primer sequences 20–22

Gene Primers

p53 F: 5’-GGTTTCCGTCTGGGCTTCTT-3’

R: 5’-GGGCCAGACCATCGCTATC-3’

p21 F: 5’-CTTCGACCTTTGTCACCGAGA-3’

R: 5’-AGGTCCACATGGTCTTCCTC-3’

p16 F: 5’-CATAGATGCCGCGGAAGGT -3’

R:5’-CTAAGTTTCCCGAGGTTTCTCAGA-3’

GADPH F: 5’-GAGTCCACTGGCGTCTTC-3’

R: 5’-GGGGTGCTAAGCAGTTGGT-3’

Figure 1: The cytotoxicity of etoposide on human fibroblast cells. hFs were treated with etoposide for 48
hours, and the cell metabolism was measured via the Alamar Blue assay. Statistical data from three replicates of
the experiment were processed using GraphPad Prism 9.0 software. Abbreviations: conc: Concentration; hFs:
human fibroblasts

The evaluation of cell size of etoposide-
induced-fibroblast
Human fibroblasts treated with etoposide exhibited
changes in morphology, becoming flattened and
adopting a ”fried egg” shape (Figure 2A). A few small
cells remained similar in size to the control group.
The mean diameter of cells after treatment with 10
µM etoposide was 24.40 µm ± 0.65 µm, which was
41.88% larger than the control group (p < 0.0001). In
the group treated with 20 µM etoposide, the mean
cell diameter was 24.43 µm± 0.29 µm. This increase

was not significant compared to the 10 µMgroup (p >
0.05) but represented a 42.08% increase compared to
the control group (p < 0.0001). In the group treated
with 30 µM etoposide, the number of large cells in-
creased, and the diameter of these cells also increased
to 26.48 ± 0.20 µm, 54.26% higher than the control
group (p < 0.0001). In the control group, the aver-
age diameter of the cells was about 17.35 ± 0.48 µm.
These results demonstrate that treatment with etopo-
side at concentrations of 10 µM, 20 µM, and 30 µM
led to an increase in the diameter of human fibrob-
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lasts in suspension compared to the control group
(Figure 2 B,C).The cell shape becamemore flattened,
changing to a ”fried egg” form.

The increase of SA-β -Galactosidase in fi-
broblast induced with etoposide
After 48 hours of treatment with 10 µM etoposide,
the proportion of SA-β -Galactosidase-positive cells
was 22.94 ± 2.28%, which was not statistically sig-
nificant compared to the control group (p > 0.05).
In the 20 µM etoposide group, this proportion was
35.61 ± 0.40%, an increase of 1.7 times compared to
the control group (p < 0.001). A more significant in-
crease, 2.09 times compared to the control group (p
< 0.0005), was observed in cells treated with 30 µM
etoposide, reaching 43.48 ± 5.05%. These results in-
dicate that SA-β -Gal accumulation increased signif-
icantly after 48 hours of etoposide treatment at con-
centrations of 20 µM and 30 µM (Figure 3).

The expression of p16, p21 and p53 gene in
fibroblast treated with etoposide
Cell senescence is associated with increased regula-
tion of the tumor suppressor gene and cell cycle regu-
lators p53, p21CIP1/WAF , and p16INK4A 10. We exam-
ined the messenger RNA levels of p16, p21, and p53
to evaluate cell senescence; higher levelswere found in
the etoposide-treated cells. Notably, the expression of
the p16, p21, and p53 genes in the 20 µM etoposide-
treated cells increased 5.6 times (***p < 0.001), 2.7
times (*p < 0.05), and 4 times (*p < 0.05) compared
to the control group (Figure 4). These results indicate
that etoposide increases the expression of senescence-
related genes and has the potential to induce cellular
senescence.

Positive expression of CD90
Previous studies have shown that CD90 positivity is
one of the markers for identifying fibroblasts. These
cells, treated with etoposide at concentrations of 10
µM, 20 µM, and 30 µM, had CD90 positivity rates of
98.44%, 98.49%, and 96.79%, respectively (Figure 5).
In the control group, the percentage of cells positive
for theCD90markerwas 95.78% (Figure 5). Together
with the morphology of the cells in culture, this result
shows that the cells maintained the characteristics of
fibroblasts when treated with etoposide.
The results above indicate that the concentration of
etoposide at 20 µM for 48 hours is the optimal con-
centration to induce the senescent fibroblast model.
When treated with this concentration, fibroblasts ex-
hibited statistically significant markers of senescent

cells compared to the normal, such as increased cell
size (42.08% increase compared to the control), in-
creased expression of SA-β -Gal (1.7 times increase
compared to the control), increased expression of
p16, p53, and p21 genes, and the percentage of cells
expressing CD90+ increased to 98.49%.

The cytotoxicity of BPE on fibroblasts
To determine the potential of BPE on senescent fi-
broblasts, we first performed a cytotoxicity test of this
extract on cells using the Alamar Blue assay. The IC50
result of BPE on fibroblasts was 212.1 ± 5.27 µg/ml.
BPE at concentrations of 60 µg/ml, 30 µg/ml, and 15
µg/ml showed the best cell survival rate when applied
to fibroblasts (Figure 6). Therefore, we chose these
three concentrations to further test the effects of BPE
on senescent fibroblasts.

The cell size assessment of BPE treated-
senescent fibroblast
Senescent cells change shape, becoming larger and
flatter. Therefore, the decrease in cell diameter is one
of the criteria to evaluate the potential of BPE on these
senescent cells. In this experiment, senescent fibrob-
lasts were treated with concentrations of BPE at at
60 µg/ml, 30 µg/ml, and 15 µg/ml. After 48 hours,
the size of fibroblasts was evaluated by cell diame-
ter (using Axio Vision v4.0 software from Carl Zeiss).
When fibroblasts were exposed to the extract of Boe-
senbergia pandurata, the cell size of senescent fibrob-
lasts was smaller than that of untreated senescent cells
(Figure 7). This size was similar to the normal cell
size. Specifically, at a concentration of 15 µg/ml of
BPE, fibroblast size was 27% smaller than untreated
cells (about 21.26 µm ± 2.68 µm) (p<0.05). At 30
µg/ml, the size of the cells was 1.42 times smaller
than that of senescent cells (p < 0.005). In summary,
these results show that the extract of Boesenbergia
pandurata affects the aging process by reducing cell
size.

BPE reducing the positive of SA-β - galac-
tosidase in senescent fibroblast
The presence of the SA-β -Galactosidase enzyme
through an X-gal staining kit at pH 6.0 is used to
confirm senescent cells. In this experiment, senes-
cent fibroblasts were treated with BPE at concentra-
tions of 60 µg/ml, 30 µg/ml, and 15 µg/ml for 48
hours to examine the effect of this extract on senes-
cent cells. Then, the cells were stained with a Galac-
tosidase Staining Kit (Abcam, UK), and senescent
cells exhibited a blue color.
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Figure2: Thesizeoffibroblasts treatedwithetoposide for48hours. A. Themorphologyof fibroblasts changed
after 48 hours of etoposide treatment, scale bar 50 µm; B, C. Fibroblasts exhibited an increased diameter after
treatmentwith etoposide. Fibroblastswereobserved tomeasure thediameter usingAxioVision4.8 software (40X),
**p < 0.01, ****p < 0.0001.

The results show that senescent fibroblasts treated
with BPE displayed a noticeable decrease in SA-β -
Galactosidase expression, which is a commonmarker
of cellular aging. Senescent cells treated with BPE at
a concentration of 15 µg/ml exhibited a 1.2-fold re-
duction in SA-β -Galactosidase positivity compared
to untreated cells (26.311% ± 1.177%) (p < 0.0001).
At a higher concentration of 30 µg/ml, the proportion
of SA-β -Galactosidase positive cells was 25.905% ±
0.431%, representing a 1.22-fold decrease compared
to senescent cells (p < 0.0001). At the highest concen-
tration tested, 60 µg/ml, the SA-β -Galactosidase pos-
itivity ratewas 27.735%± 1.093%, which is a 1.14-fold
reduction compared to senescent cells (p < 0.001).

BPEreducingp16,p53,p21geneexpression

To evaluate the potential of the BP extract on senes-
cent cells, the decrease in aging-related genes illus-
trates these effects9. The results show that treating
senescent cells with BPE decreases the expression of
genes p16, p21, and p53, in contrast to untreated
senescent cells (Figure 9). Senescent cells treatedwith

BPE demonstrate a reduction in p16 gene expression
by 5.89 times (p < 0.0001), 21.3 times (p < 0.0001),
and 18.85 times (p < 0.0001) at concentrations of 15
µg/ml, 30 µg/ml, and 60 µg/ml, respectively, com-
pared with the senescent group. Similarly, BP-treated
senescent fibroblasts at concentrations of 15 µg/ml,
30 µg/ml, and 60 µg/ml also reduced p21 and p53
gene expressions by 5.68 times (p < 0.001), 6.74 times
(p < 0.001), and 3.79 times (p < 0.001) for the for-
mer gene, and by 3.26 times (p < 0.001), 5 times (p <
0.0001), and 2.73 times (p < 0.001) for the latter gene,
respectively, compared to the senescent group.

The positive expression with CD90

The results indicate that cells expressing the CD90
marker were positive in both the extract-treated and
control groups (Figure 10). In the control group,
the highest proportion of cells positive for the CD90
marker was 98.76%. This was followed by senescent
cells with a CD90 positivity rate of 98.71%. Senescent
cells treated with BPE also exhibited high CD90 ex-
pression (above 98%).
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Figure 3: Etoposide increased the proportion of SA-β -Galactosidase-positive cells in human fibroblasts. A.
Morphology of human fibroblasts, scale bar 100 µm; B. The proportion of SA-β -Galactosidase-positive cells in
human fibroblasts exposed to etoposide after 48 hours, *p < 0.05, **p < 0.01, *** p < 0.001. SA-β -Galactosidase:
Senescence-associated beta-galactosidase.
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Figure4: Geneexpression comparisonbetweenetoposide-treated cells andnormal cells. Cellswere induced
with etoposide at concentrations of 10 µM, 20 µM, and 30 µM for 48 hours, and themRNA expression of p16, p21,
and p53 was measured by RT-qPCR. The relative expression (∆∆Ct) of the three genes was analyzed, and GAPDH
served as an internal reference gene. *p < 0.05, **p < 0.01, ***p < 0.001.

Figure 5: Etoposide-treated fibroblasts CD90positive. Fibroblasts were cultured in 6-well plates at a density of
200,000 cells per well. After 48 hours of treatment with etoposide at concentrations of 10 µM, 20 µM, 30 µM, and
control, cells were stained with a CD90marker. Results were obtained using a FACSMelodymachine and analyzed
using FlowJo software. Blue represents cells expressing CD90+ , and red represents cells without staining.
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Figure 6: The proliferation curve of BPE-treated fibroblasts. hFs were treated with BPE for 48 hours, and the
metabolism of cells was measured via the Alamar Blue assay. Statistical data from three replicates of the experi-
ment were processed using Graph Prism 9.0 software.

Figure 7: BPE reduced the size of senescent fibroblasts. A. Morphology of human fibroblasts exposed to BPE.
Senescent fibroblasts were cultured in a 48-well plate (5,000 cells/well). After 48 hours of treatment with BPE,
suspension cell diameters were measured using Axio Vision v4.0 software. Abbreviations: BPE: Boesenbergia
pandurata extract; Magnification 200X. “+”: aging cells, “-”: normal cells; B. The relative cell size; the cell diameter
of the control group was converted to 100% to compare the increase in cell size. “+”: senescent cells, “-”: normal
cells. *p < 0.05, **p < 0.01.
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Figure 8: BPE decreased the proportion of SA-β -Galactosidase positive senescent fibroblasts. A. Morphol-
ogy of human fibroblasts, magnification 200X; B. The proportion of SA-β -Galactosidase positive senescent fi-
broblasts exposed to BPE after 48 hours. Abbreviations: SA-β -Galactosidase: Senescence-associated beta-
galactosidase, BPE: Boesenbergia Pandurata extract; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

Figure 9: Reducing gene expression in BPE-treated cells compared with the senescent group. Senescent
cells were treated with BPE at 15 µg/ml, 30 µg/ml, and 60 µg/ml for 48 hours, and the mRNA expression of p16,
p21, and p53 was measured by RT-qPCR. The relative expression (−∆∆Ct) of the three genes was analyzed, with
GAPDH serving as an internal reference gene. Abbreviations: BPE: Boesenbergia Pandurata extract; “+”: aging
cells, “-”: normal cells *p < 0.05, **p < 0.01, *** p < 0.001, **** p < 0.0001.

DISCUSSION
Aging is a complex process caused by both intrin-
sic and extrinsic factors8. Lozoptin et al. updated
the twelve hallmarks of aging, which include genomic
instability, telomere attrition, epigenetic alterations,
loss of proteostasis, disabled macroautophagy, dereg-
ulated nutrient-sensing, mitochondrial dysfunction,
cellular senescence, stem cell exhaustion, altered in-
tercellular communication, chronic inflammation,
and dysbiosis3. Notably, studies have shown that ex-

periments targeting one of these hallmarks can have a
direct impact on the overall aging process23. There-
fore, research aimed at improving the cellular aging
process represents a promising direction in anti-aging
and rejuvenation therapies.
Numerous cosmetic approaches have been explored
to address social demands, with natural extracts gain-
ing prominence due to their safety profiles and com-
patibility with diverse skin types24. Although the po-
tential of Boesenbergia Pandurata has been primarily
investigated in the context of its anti-cancer proper-
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Figure 10: The CD90positivity of BPE-treated senescent fibroblasts. Fibroblasts were cultured in 6-well plates
at a density of 200,000 cells/well. After 48 hours of treatment with BPE at concentrations of 15 µg/ml, 30 µg/ml,
and 60 µg/ml, cells were stained with a CD90 marker. Results were obtained using a FACSMelody machine and
analyzedusing FlowJo software. Blue represents cells expressingCD90+, and red represents cellswithout staining.
Abbreviations: BPE: Boesenbergia Pandurata extract; “+”: aging cells, “-”: normal cells.

ties, such as in liver and pancreatic cancers, its anti-
aging potential remains underexplored18. Moreover,
developing a senescent cell model is crucial for assess-
ing the efficacy of novel therapeutic strategies in this
domain.
Etoposide has been identified as an agent capable of
inducing cellular senescence at low concentrations
due to its inhibition of topoisomerase and induction
of DNA double-strand breaks (DSBs)25. This study
demonstrated that etoposide induces senescence in
human fibroblasts at a concentration of 20 µM. This
finding is consistent with previous studies showing
that low concentrations of etoposide induce senes-
cence in other cell lines, such as the H29SR adreno-
cortical cell line26, the HepG2 hepatoblastoma cell
line17, and the A549 lung cancer cell line27. At this
concentration, human fibroblasts exhibited a 41.88%
increase in cell size compared to the control group
(p < 0.0001). This cell enlargement has also been re-
ported in the work of Anna Litwiniec et al. (2018),
which showed that low-dose etoposide treatment in-
duces cell size increase, chromatin condensation, seg-
mented or lobulated nuclei, and multinucleation in
treated cells26, and Tigges et al. (2014), who re-
ported increased cell size and diminished prolifera-

tive capacity following etoposide treatment1. Addi-
tionally, this study indicates that fibroblasts treated
with 20 µM etoposide exhibited a 35.61% increase in
SA-β -Gal expression, a well-known marker of senes-
cence, compared to the control group. In a re-
lated study, Taiki Nagano (2016) claimed a signifi-
cant increase in SA-β -Gal expression in HepG2 cells
treated with 10 µM etoposide17, further supporting
the role of etoposide in promoting senescence mark-
ers across different cell types. In the senescent state,
senescence-inducing factors converge on tumor sup-
pressor pathways, specifically the p53/p21CIP1 and
p16INK4A/pRB pathways, resulting in cell cycle ar-
rest12. Our study demonstrated an increase inmRNA
expression levels of the p16, p53, and p21 genes,
consistent with findings by Carlos Anerillas (2022),
who reported elevated p16 expression in WI-38 cells
treated with 50 µM etoposide and in BJ fibroblasts
treated with 25 µM etoposide28. Notably, this senes-
cent fibroblast model has been repeatedly used to test
the activity of BPE and consistently shows that the
signs of cellular senescence remain unchanged in the
senescent group after 48 hours of testing, indicating
the stability of the in vitro fibroblast aging model.
Boesenbergia Pandurata has been identified as a plant
rich in phenolics, terpenoids, and flavonoids29,30,
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which are known for their anti-inflammatory and
antioxidant properties31–33. In vivo studies by
Sungkyung Kim et al. (2012) demonstrated that the
extract effectively mitigates UVB-induced skin aging
in hairless mice, underscoring its potential anti-aging
benefits34. Furthermore, Kim et al. observed sig-
nificant improvements in skin hydration, gloss, and
reduction in wrinkling in test subjects treated with
BPE35. Do Un Kim et al. (2017) showed that BPE has
potential as a nutraceutical or nutricosmetic ingre-
dient, enhancing skin hydration, gloss, and reducing
wrinkles when administered orally, with the ethanol
extract containing 8% panduratin A36. While these
results underscore the plant’s promise, there is still
limited research on its in vitro effects on cellular ag-
ing. Thus, our study aims to assess the impact of BPE
on the aging process, specifically targeting its effects
on senescent fibroblasts.
Our study found that the IC50 of BP ethanol extract
on fibroblast is 212.1± 5.27 µg/ml, with noteworthy
observations that at concentrations of 15 µg/ml, 30
µg/ml, and 60 µg/ml, the highest percentage of vi-
able cells was observed. Therefore, the efficacy of Boe-
senbergia Pandurata ethanol extract was assessed us-
ing an etoposide-induced cellular senescence model
at these concentrations.
However, testing these concentrations on senescent
fibroblasts, based on previous experiments, did not
show significant differences. Therefore, even the low-
est concentration in this study, 15 µg/ml, demon-
strated positive effects inmitigating the aging process.
The study shows that BPE at 15 µg/ml has the poten-
tial to improve the signs of cellular senescence while
remaining safe for cells. This result aligns with the
study of Ruttanapattanakul, J., et al. (2021), which
found that BPE at 15.6 µg/mL (and lower) did not af-
fect the cell viability of HaCaT cells cultured in com-
plete media or serum-free media, after 24 hours on
scratch wound closure37.
The ethanol extract of Boesenbergia pandurata at a
concentration of 15 µg/ml reduced the size of senes-
cent cells by 27% compared to untreated cells (approx-
imately 21.26 µm ± 2.68 µm) (p < 0.05). A hall-
mark of cellular aging, the accumulation of SA-β -Gal
in cellular lysosomes, was also assessed to evaluate
the anti-aging potential of this extract12. The results
showed a 1.2-fold reduction in SA-β -Galactosidase-
positive cells relative to untreated cells (26.311% ±
1.177%) (p < 0.0001). This study further demon-
strated that BPE reduces the expression of genes as-
sociated with cell cycle arrest, such as p16, p53, and
p21. When senescent fibroblasts were induced by
etoposide, these genes were upregulated compared

to normal cells; however, upon treating the senes-
cent cells with 15 µg/ml of the extract, gene expres-
sion levels decreased. These findings align with pre-
vious studies showing BPE possesses antioxidant and
anticancer properties16,29,30,32,37,38. Several studies
have also reported the extract’s potential in reducing
UV-induced cellular aging. Compounds such as pan-
duratin A and 4-hydroxypanduratin A, as well as the
BPE, exhibit protective anti-aging effects on human
skin fibroblasts against UV radiation30, reducingUV-
induced MMP-1 expression by deactivating MAPK
signaling pathways (ERK, p38, and JNK), which sub-
sequently decreases cFos and c-Jun phosphorylation,
leading to reducedAP-1DNAbinding activity 39. The
extract’s anti-inflammatory potential may also con-
tribute to mitigating aging processes, although this
was not examined in the current study 39,40. Overall,
based on these preliminary findings with the ethanol
extract of B. pandurata, it can be concluded that the
extract is effective in alleviating cellular aging pro-
cesses through several characteristic biomarkers.

CONCLUSIONS
This study successfully established a senescent fibrob-
last model using the etoposide agent. The opti-
mal etoposide concentration for inducing fibroblast
senescence was determined to be 20 µM, with a treat-
ment duration of 48 hours. The IC50 of etoposide for
fibroblasts is 32.08 µM ± 2.854 µM. Furthermore,
this study demonstrated the potential of the ethanol
extract of Boesenbergia pandurata root in modulating
specific senescence characteristics induced by etopo-
side. The extract showed an IC50 for fibroblast inhi-
bition of 212.1 µg/ml ± 5.27 µg/ml. When applied
at 15 µg/ml, B. pandurata extract improved several
markers of cellular aging, including reduced cell size,
decreased SA-β -Galactosidase activity, and downreg-
ulated expression of p16, p53, and p21.

ABBREVIATIONS
BPE - Boesenbergia Pandurata Extract, CD90 - Clus-
ter of Differentiation 90, FBS - Fetal Bovine Serum,
GAPDH - Glyceraldehyde 3-phosphate dehydroge-
nase, hFs - human fibroblasts, IC50 - Half-maximal
inhibitory concentration, µM - Micromolar, µg/ml
- Micrograms per milliliter, mRNA - Messenger
RNA, PBS - Phosphate Buffered Saline, pH - Poten-
tial Hydrogen, PCR - Polymerase Chain Reaction,
pRB - Retinoblastoma Protein, p16INK4A - p16 In-
hibitor of Cyclin-dependent Kinase 4A, p21CIP1 -
p21 Cyclin-dependent kinase Inhibitor 1, p53 - Tu-
mor protein p53, qPCR - Quantitative Polymerase
Chain Reaction, SA-β -Gal - Senescence-associated
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beta-Galactosidase, SASP - Senescence-associated se-
cretory phenotype, UVB - Ultraviolet B
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