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Abstract
Context: Vernonia amygdalina Delile (VAD) is known as a potential plant with a wide variety of medicinal properties, including anticancer.
Aims: To evaluate the combination effect of VAD extract with cisplatin (CIS) against PANC-1 cells, focusing on cell cycle arrest and apoptosis activities.

Methods: This study is an experimental study using PANC-1 cells as objects. The phytochemical compounds were analyzed with LC-MS/MS. The cytotoxic
activity of extracts and their combinations was determined using the MTT assay method in the PANC-1 cell line. Apoptosis, cell cycle arrest, and PI3K/mTOR
profiles were analyzed with flow cytometry. Immunocytochemistry was used to determine Bcl-2, Cyclin D1, and p53 expression.

Results: The phytochemicals found were five compounds with retention times of 8.96, 9.85, 10.52, 12.59, and 10.36. The results of the MTT assay showed that
the 1Cso values of extract and CIS were 21.83 + 0.46 pg/mL and 3.02 + 0.44 pg/mL, respectively. The combination index (Cl) value of extract and CIS had a
synergistic effect. Combination extract and CIS induced early and late apoptosis, inhibited cell cycle progression on the G1 phase, inhibited Bcl-2 and cyclin
D1 expression, induced p53 expression, and inhibited PI3K and mTOR expression.

Conclusions: The combination of extract and CIS showed anticancer activity against PANC-1 cells through induction of apoptosis and cell cycle arrest via
inhibition of PI3K and mTOR expressions.

Keywords: apoptosis; cell cycle arrest; cisplatin; herbal medicine; pancreatic cancer.

Resumen

Contexto: Vernonia amygdalina Delile (VAD) es conocida como una planta potencial con una amplia variedad de propiedades medicinales, incluyendo
anticancerigenas.

Objetivos: Evaluar el efecto combinado del extracto de VAD con cisplatino (CIS) contra las células PANC-1, centrandose en las actividades de detencidn del
ciclo celulary apoptosis.

Métodos: Este estudio es un estudio experimental utilizando células PANC-1 como objetos. El anélisis de los compuestos fitoquimicos se llev a cabo con LC-
MS/MS. La actividad citotdxica del extracto y sus combinaciones se determiné mediante el método de ensayo MTT en la linea celular PANC-1. La apoptosis, la
detencidn del ciclo celulary los perfiles PI3K/mTOR se analizaron con citometria de flujo. Se utilizé inmunocitoquimica para determinar la expresién de Bcl-2,
ciclinaDly p53.

Resultados: Los fitoquimicos hallados fueron cinco compuestos con tiempos de retencién de 8,96, 9,85, 10,52, 12,59 y 10,36. Los resultados del ensayo MTT
mostraron que los valores de ICso del extracto y del CIS fueron 21,83 + 0,46 pg/mL y 3,02 + 0,44 pg/mL, respectivamente. El valor del indice de combinacién
(IC) del extracto y el CIS tuvo un efecto sinérgico. La combinacién de extracto y CIS indujo la apoptosis temprana y tardia, inhibid la progresidn del ciclo
celular en la fase G1, inhibid la expresion de Bcl-2 y ciclina D1, indujo la expresidn de p53 e inhibid la expresion de PI3Ky mTOR.

Conclusiones: La combinacion de extracto y CIS mostré actividad anticancerigena contra células PANC-1 a través de la induccidn de apoptosis y detencion del
ciclo celular via inhibicién de las expresiones PI3Ky mTOR.

Palabras Clave: apoptosis; detencion del ciclo celular; cisplatino; fitoterapia; cancer de pancreas.

ARTICLE INFO AUTHOR INFO

Received: July 27, 2023. ORCID:

Accepted: January 30, 2024. 0000-0001-9122-711X (PAZH)
Available Online: April 16, 2024. 0000-0002-8366-3795 (JMK)

0000-0001-9651-904X (MFL)



https://jppres.com/
https://doi.org/10.56499/jppres23.1748_12.5.870
mailto:poppyanjelisa@usu.ac.id
https://orcid.org/0000-0001-9122-711X
https://orcid.org/0000-0002-8366-3795
https://orcid.org/0000-0001-9651-904X

Hasibuan et al.

INTRODUCTION

Pancreatic adenocarcinoma is a lethal condition
with poor outcomes and an increasing incidence
(Werner et al., 2013). This is reinforced by the state of
resistance of cancer cells to chemotherapy regimens in
the treatment of pancreatic cancer and late cancer
detection (Karanikas et al., 2016). Drug resistance is a
common and well-understood occurrence among
anticancer treatments, and platinum drugs are no
exception (Housman et al., 2014). Extrinsic and intrin-
sic cell resistance makes it difficult to utilize these
medicines in chemotherapy (Nikolaou et al., 2018).
This causes the use of chemotherapy to be combined,
such as a combination of gemcitabine (GEM) and
cisplatin (CIS) (Housman et al., 2014). The use of this
combination chemotherapy can increase survival and
reduce symptoms of the disease, but it can also in-
crease its toxicity (Ergun et al., 2018). Several studies
reported the side effects of the application of GEM
and CIS, such as thrombocytopenia, which caused the
quality of life to decrease (Chao et al., 2013). On the
other hand, the hematological toxicity of this combi-
nation was often reported (Heinemann et al., 2000).
Furthermore, other ways need to be considered to
treat pancreatic cancer.

Co-chemotherapy is a solution to the multi-drug
resistance (MDR) phenomena (Lubis et al., 2022). Co-
chemotherapy combines phytochemical compounds
from natural materials with chemotherapeutic agents
to increase efficacy and reduce chemotherapy toxicity
against normal tissues (Febriansah et al., 2014).
Vernonia amygdalina Delile leaves (VAD) is a plant
(Asteraceae) that has been widely reported to have
anticancer properties (Hasibuan et al., 2021). Several
studies found that some of its chemical constituents,
such as flavonoids, sesquiterpene lactones, fatty acids,
and steroidal saponins, have an anticancer effect (Ha-
sibuan et al., 2020b). The combination test of VAD leaf
extract with CIS will show the results of the interac-
tion between these ingredients.

Considering that VAD leaves have prospects as a
chemopreventive agent, its strong antitumor ability to
interfere with cancer cell growth and action tracking
as an initiative towards developing new strategies for
cancer treatment (Fachrunisa et al., 2019; Hasibuan et
al.,, 2020a; 2000b). Also, the combination of VAD
leaves with CIS as a chemotherapeutic agent provides
for potentiating the efficacy of the latter at a lower
dose and thus reduces the side effects in normal cells
and increases the effectiveness of CIS (Kim et al., 2014;
Tseng et al., 2016). In this study, secondary metabolite
compounds in VAD leaves were investigated, deter-
mining the combined index value of CIS and VAD
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leaves to determine the nature of their interactions,
tracing the mechanism of action of medicinal sub-
stances as anti-pancreatic cancer through cell cycle
inhibition tests, promoting apoptosis, and influencing
PI3K/mTOR proteins expression in PANC-1 cell
lines.

MATERIAL AND METHODS

Materials

Cisplatin (Platinol)) DMEM medium (Sigma Al-
drich), 0.25 % trypsin EDTA (Gibco, USA), fetal bo-
vine serum (Gibco, USA), Fungizone® (Gibco, USA),
0.4% trypan blue (Gibco, USA), dimethyl sulfoxide
(DMSO) (Sigma, USA), penicillin-streptomycin (Sig-
ma, USA), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT reagent) (Sigma, USA), 96-
well plate (Corning, USA), 24-well plate (Corning,
USA), ethanol (Merck, USA), Ethyl acetate (Merck,
USA), n-hexane (Merck, USA), propidium iodide kit
(Biolegend), PIBK and Akt genes (Biossusa), and
ELISA reader (Merck), FACS flow cytometer (Biorad).

Plant material

Vernonia amygdalina leaves were obtained from
Deli Serdang Regency, North Sumatera, Indonesia.
The leaf was found in the Tumpatan Nibung Sub-
district of Deli Serdang Regency, at elevations ranging
from 4-30 meters above sea level and located at
98°49'3.339” East longitude and 3°35'34.112” North
latitude. The leaf was identified as V. amygdalina by
Medanese Herbarium, Faculty of Mathematics and
Natural Sciences, Universitas Sumatera Utara Indone-
sia (voucher number: 228/UNb5.2.1.1.2.4/HMed/
2023).

Extract preparation

The maceration technique was used to make the
ethyl acetate extract of Vernonia amygdalina (EAV).
The dry powder was weighed and placed in a con-
tainer weighing 1000 g. For 24 h, the dry powder was
submerged in 10 L of ethyl acetate, agitated, and left
to stand. This can be done up to three times in a row.
The filtrate was separated from the residue and col-
lected in a container. To get a thick extract, the entire
filtrate was evaporated with a rotary evaporator (Ha-
sibuan and Sumaiyah, 2019).

Secondary metabolite identification

The gradient technique was used to analyze phy-
tochemicals from EAV using TSQ Exactive (Thermo)
(LIPI, Indonesia) with mobile phase A (0.1 percent
formic acid in water) and phase B (0.1% acid in ace-
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tonitrile). The Hypersil GOLD aQ column had a flow
rate of 40 L/min and a diameter of 50 um x 1 mm X
1.9 m, and an analysis duration of 70 min. The data
were evaluated using mzCloud and the Compound
Discoverer program (Tine et al., 2017).

Cell culture

The PANC-1 cell line was obtained from the para-
sitology laboratory, Faculty of Medicine, Universitas
Gadjah Mada, Yogyakarta, Indonesia. The cells were
maintained in DMEM, 10% fetal bovine serum, and
1% Abam. The conditions of this process were se-
cured under 37°C, 5% CO. atmospheric, and 95%
humidity. After incubating for 24 h, the viable num-
ber of cells was calculated with the addition of Try-
pan blue staining in the hemocytometer. Meanwhile,
the Vero cells were conducted to provide the effect of
EAV and CIS against normal cells. The cultured cell
process was similar to PANC-1 cells (Hasibuan et al.,
2023).

Cytotoxic MTT assay

In 96-well plates, 1 x 10* PANC-1 cells were plant-
ed per well and incubated for 48 h. For 24 h, cells
were exposed to increasing concentrations of the ex-
tract or cisplatin, either alone or in combination. The
cells were washed in PBS after the culture media was
removed. Each well received 0.5 mg/mL MTT in the
media and was incubated for 3-4 h. The MTT reaction
was halted by adding 10% SDS to 0.01 N HCI and
incubating in the darkroom overnight. The absorb-
ance was measured at 595 nm with a microplate read-
er. Each treatment was done in triplicate, and the
absorbance data is expressed as a percentage of the
control cells' vitality (untreated) (Satria et al., 2019).

Cell cycle and apoptosis induction by flow
cytometry assay

In a 6-well plate, about 5 x 10> PANC-1 cells were
grown and incubated for 48 h. The extract and cispla-
tin were then given to the cells for 24 h, either alone or
in combination. The cells were collected using trypsin
EDTA, rinsed in phosphate-buffered saline (PBS), and
centrifuged for 5 min at 500 rpm (Dalimunthe et al.,
2017). For apoptosis induction, cells were treated in
the dark for 15 min with annexin V FITC and propid-
ium iodide before being examined using a flow cy-
tometer. Cells were fixed in 70% cold ethanol for 30
min, washed in PBS, and centrifuged at 500 rpm for 5
min to evaluate cell cycle distribution. Cells were then
resuspended in PBS with 40 g/mL propidium iodide,
20 g/mL RNAse, and 0.1% Triton X114 for 15 min in
the dark before flow cytometry detection (Hasibuan et
al., 2015).
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Immunocytochemistry

In a 24-well plate, PANC-1 cells (5 x 104 cells/well)
were planted on coverslips and incubated for 24 h.
The cells were subsequently treated with EAV and
CIS, either alone or in combination, and incubated for
24 h. After incubation, the cells were rinsed in PBS
and then fixed in cold methanol for 10 min. After that,
the cells were washed with PBS and blocked in hy-
drogen peroxide blocking solution for 10 min at room
temperature before being incubated for 1 h with pri-
mary antibodies against Bcl-2, cyclin D1, and p53,
then washed three times with PBS before being incu-
bated with secondary antibody for 10 min. The cells
were rinsed in PBS and then incubated for 10 min in a
3,3-diaminobenzidine (DAB) solution before being
washed in distilled water. After that, the cells were
counterstained for 5 min with Mayer hematoxylin,
and the coverslips were removed and rinsed with
distilled water before being submerged in xylol and
70% ethanol. A light microscope was used to observe
protein expression (Nikon YS100). The brown color
was provided by cells expressing a specific protein,
while the blue color was provided by cells not ex-
pressing a specific protein (Illian et al, 2019;
Istiqomah et al., 2020).

PI3K and mTOR expression analysis

In a six-well plate, PANC-1 cells (5 x 10°
cells/well) were planted and incubated for 24 h. The
cells were then cultured for 24 h after being treated
with EAV and CIS, either alone or in combination.
0.025% trypsin was used to collect both floating and
adhering cells in a conical tube. The cells were rinsed
three times with cold PBS and centrifuged for five
minutes at 2500 rpm. The sediment was collected
while the supernatant was separated. The sediment
cells were fixed in 70% ethanol for 2 h at 20°C, then
PI3K FITC and mTOR PE antibodies were added and
treated for 10 min at 37°C. The FACScan flow cytome-
ter was used to examine the samples (Hasibuan et al.,
2020b).

Data analysis

To calculate the ICsp value from a single cytotoxici-
ty assay, we plotted linear regression of concentration
and % cell viability using Excel MS Office 2020. The
entire data obtained from the flow cytometer was
analyzed using BD Accuri C6 software and the SPSS
22 ANOVA test. Meanwhile, the combination treat-
ment on PANC-1 cells was evaluated by calculating
the Combination Index (CI) value using the following
formula [1].

(D)1 . (D)2
(Dx)2

Cl= [1]
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Where D: and D; are the doses of the two drugs in combination, that
inhibit the proliferation of the cells by x%, and Dx: and Dx. are the doses
of the drugs alone, that are expected to be necessary to achieve the
experimentally measured response by x%.

The CI values were determined for each combina-
tion of LBE and doxorubicin using CalcuSyn® (Bio-
soft, Cambridge, UK) (Sutejo et al., 2019).

RESULTS

Identification of secondary metabolites

LCMS/MS analysis was used to conduct a phyto-
chemical ingredient study. Compounds with reten-
tion times of 8.96, 9.85, 10.52, 12.59, and 10.36 min are
among the five compounds of concern to be dis-
cussed. These are compounds that have a significant
peak area. Based on the examination results, the ac-
tive compounds' molecular weights were 361.12 m/z,
469.29 m/z, 621.30 m/z, 871.57 m/z, and 593.27 m/z.
Furthermore, the identification results of compounds
identified as  vernomenin-6-(2-hydroxy-methyl)-
acrylate, 18-hydroxy-27-norolean-12,14-dien-30-al-28-
oic acid, dibritanilactone B, candidate Cs4sH7309, and
candidate CosHysO1s. The chromatogram can be seen
in Fig. 1.

Cytotoxic activity by single treatment of EAV and
cisplatin

EAV and CIS were employed as materials in this
work, with concentrations of 31.25, 62.5, 125, 250, and
500 pg/mlL, respectively, to examine their cytotoxic
capability against PANC-1 cells. Table 1 shows the
ICs0 value of EAV and CIS.

Based on these findings, EAV has cytotoxic prop-
erties against PANC-1 cells, as indicated by the ICsp
value of 21.83 + 0.46 ng/mL. Based on the IC5 value
of EAV, it was stated that EAV had a strong potential
to inhibit PANC-1 cells (Syari et al., 2019). We investi-
gated the effect of the extract and CIS in combination
on PANC-1 cells at various concentrations. Further-
more, the EAV is categorized as having high selectivi-
ty, while CIS as a positive control is categorized as not
selective.

Combinatorial effect of EAV and cisplatin on
PANC-1 cells

In this study, the treatment with the series concen-
trations of each drug under ICsy values was used to
examine the combinatorial impact of these agents.
The results revealed that increasing the concentration
of EAV 3.75, 7.5, 15, and 30 pg/mL in conjunction
with CIS 0.375, 0.75, 1.5, and 3 pg/mL did not result
in decreased cell viability, yielding a combination
index (CI) value of 0.017-0.238. The CI value can be
seen in Table 2.
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From all the test formations carried out between
the combination of EAV and CIS, the CI value <1 was
obtained. This provides information that the com-
bined effect that occurs showed a synergistic effect
(Febriansah et al., 2014).

Cell cycle progression and apoptosis induction

The combined impact of CIS and extract in inhibit-
ing cell growth might be due to a change in the cells'
physiological processes (Kotawong et al., 2018). Flow
cytometry was used to study the effect of combinato-
rial therapy on PANC-1 cell cycle progression and cell
death in order to better understand the physiological
processes of the cells (Lubis et al., 2019). We selected
one combination, EAV-CIS, with a concentration of
30:1.5 pg/mL. Fig. 2 depicts the treatment's cell cycle
histogram. G1 arrest was marginally caused by a sin-
gle dose of CIS 1.5 pg/mL (68.1%), compared to cell
control (65.6%). Whereas EAV caused inhibition of
cells in the S phase (29.4%), compared to cell control
(20.8%). The combined effect of EAV and CIS provid-
ed inhibition of the G1 phase (67.9%).

We stained treated cells with propidium iodide-
annexin V and submitted them to flow cytometry to
investigate the cell death process in the cell popula-
tion and if the synergistic combination was mediated
by apoptosis (Szliszka et al., 2009). The result of apop-
tosis can be seen in Fig. 3. In comparison to untreated
cells (3.9%), the apoptotic population was dramatical-
ly enhanced in PANC-1 cells treated with a combina-
tion of EAV-CIS (13.8%). When compared to EAV
(52.5%) or CIS (14.9%) alone, the combination of EAV-
CIS had fewer apoptotic cells but showed the greatest
percentage of necrotic cells (32.4%). To confirm the
cell cycle arrest activity and cell death mechanism in
PANC-1 cells of the single and combination treat-
ment, the expression level of Bcl-2, cyclin D1, and p53
were analyzed by immunocytochemistry, and PI3K/
mTOR by flow cytometer with PE and FITC-A rea-
gents were shown in cells treated with single CIS and
its combination with EAV. The results are shown in
Fig. 4A-B.

The results of the protein expression assessment
showed a significant difference between the control
group and the group test (p<0.05). Bcl-2 and cyclin D1
expression on PANC-1 cells showed a significant
decrease in CIS, EAV, and combination groups com-
pared with the control group (p<0.05). In contrast, the
expression of p53 on PANC-1 cells showed a signifi-
cant increase in CIS, EAV, and combination groups
compared with the control group (p<0.05). This ex-
plains that the test group affects cell cycle activity and
apoptosis in PANC-1 cells through the expression of
Bcl-2, cyclin D, and p53 proteins.
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Table 1. The ICso value of acetate extract of Vernonia amygdalina (EAV) and cisplatin (CIS) against PANC-1 and Vero cells.

1Cso (ng/mL)

Compounds Index selectivity
PANC-1 cells Vero cells

EAV 21.83+0.46 153.78 £ 1.52 7.04+0.76

CIS 3.02+4.44 6.32+£3.42 2.09+£0.65

ICso Values from three independent experiments were given as means + SD, and the standard deviations were less than 10%. The index selectivity values
described a selectivity effect of EAV and CIS. The sample showed a selective effect if the index selectivity value =3.

Table 2. The value of cisplatin's combination index (Cl) in combination.

Concentration (pg/mL)

Treatment Viability (%) Cl
EAV Cis

Combination 1 30 3 63.91+1.34 0.238
Combination 2 15 3 84.94+1.56 0.104
Combination 3 7.5 3 79.38 +1.47 0.071
Combination 4 3.75 3 79.04 +2.68 0.052
Combination 5 30 15 83.79+2.41 0.166
Combination 6 15 15 94.37+3.21 0.080
Combination 7 7.5 15 94.16+2.51 0.047
Combination 8 3.75 15 55.17+0.92 0.051
Combination 9 30 0.75 83.92+1.72 0.158
Combination 10 15 0.75 92.53+3.64 0.075
Combination1l 7.5 0.75 95.93+3.01 0.039
Combination 12 3.75 0.75 91.72+2.23 0.024
Combination 13 30 0.375 99.18 £3.56 0.130
Combination 14 15 0.375 103.93+4.32 0.063
Combination 15 7.5 0.375 105.96 +4.87 0.032
Combination 16 3.75 0.375 108.61+4.92 0.017

Synergistic effects are indicated by a C<1, additive effects by a C=1, and antagonistic effects by a CI>1.
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The activity of CIS, EAV, and their combination
was also observed in PI3K and mTOR proteins. Based
on the results, a combination of CIS and EAV groups
showed a significant decrease in the PI3K and mTOR
expression. The expression of these PI3K and mTOR
proteins decreased from 26.5% to 11.7% and 93.4% to
9.0%, respectively (p<0.05). The same thing happened
to the administration of CIS on PANC-1 cells. How-
ever, decreased expression of PI3K did not occur with
EAV 30 pg/ml (p<0.05). This explains why the com-
bination of CIS and EAV is mutually beneficial. Re-
duce the risk of side effects and increase effectiveness
in inhibiting PANC-1 cancer cells.

DISCUSSION

The use of additional chemotherapy in cancer
treatment is one effort that can be made to increase
the effectiveness and reduce the risk of side effects
from conventional chemotherapy. Additional chemo-
therapy derived from natural ingredients is currently
very popular because it has been proven to be effica-
cious and can interact synergistically with conven-
tional chemotherapy. One of them is the use of EAV
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as additional chemotherapy. This research succeeded
in proving the efficacy of EAV as an anti-pancreatic
cancer in single therapy against PANC-1 cells with an
ICso of 21.83 £ 0.46 ng/mL and was proven to be se-
lective with a selectivity index value of 7.04 * 0.76.
This activity was described in the previous study by
Hasibuan et al. (2024), that the single treatment of
EAV against PANC-1 cells has the strongest activity
with ICsoof 21.19 £ 0.76 ng/mL. The cytotoxic effect of
EAV cannot be separated from the active compound
content. This research shows that EAV contains at
least three terpene compounds, namely vernomenin-
6-(2-hydroxymethyl)-acrylate,  18-hydroxy-27-noro-
lean-12, 14-dien-30-al-28-oic acid, and dibritanilactone
B. In previous studies, these compounds have been
tested for cytotoxic activity against several cancer cell
lines (Topgu et al., 2021; Tuasha et al., 2022; Zhang et
al., 2015).

Cisplatin is a potent chemotherapeutic drug that is
commonly used to treat pancreatic cancer (Kong et al.,
2020). Due to the danger of cardiotoxicity, nephrotox-
icity, and resistance progression, its use in chemo-
therapy is frequently limited (Aldossary, 2019).
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Figure 4. The effect of acetate extract of Vernonia amygdalina (EAV), cisplatin (CIS), and their combination on Bcl-2, Cyclin D1, p53,

(B1) control group; (B2) CIS 1.5 pg/mL; (B3) EAV 30 pg/mL; (B4) CIS and EAV combination (1.5: 30). Cells were treated for 24 h, and Bcl-2, cyclin D1, and
p53 expressions were analyzed using the immunocytochemical method. PI3K and mTOR expressions were obtained using a flow cytometer with FITC-A
and PE as reagent. The black arrow shows the protein expression of the PANC-1 cells.
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Concerns about the serious side effects of cisplatin
have limited the use of cisplatin as the main chemo-
therapy in the treatment of pancreatic cancer (Barabas
et al., 2008). One possible technique for improving
cisplatin anticancer activity while reducing toxicity is
to combine it with natural chemopreventive medi-
cines (Xiao et al., 2020). Therefore, we investigated the
modulatory effect of EAV combined with cisplatin on
cytotoxicity, cell cycle progression, and apoptosis
induction in the PANC-1 cancer cell line. The MTT
assay demonstrated that single EAV, as well as cispla-
tin, significantly reduced the viability of PANC-1 cells
in this investigation. We also used an MTT experi-
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ment with the extract and cisplatin to determine the
CI value. The CI is commonly regarded as the sim-
plest method for assessing synergism or antagonism
in pharmacologic drug interactions (Kapadia et al.,
2013). Synergism interaction would be extremely ben-
eficial in the treatment of horrible diseases like cancer
(Dong et al., 2014). The key benefits include achieving
a synergistic therapeutic impact, lowering doses and
toxicity, and preventing or delaying drug resistance
(Ruzzolini et al., 2018). The combination of cisplatin
0.375, 0.75, 1.5, and 3 pg/mL with EAV 3.75, 7.5, 15,
and 30 pg/mL (equivalent to 1, 1/2, 1/3, and 1/4 of
ICso, respectively) exhibited a synergistic inhibitory

J Pharm Pharmacogn Res (2024) 12(5): 876


https://jppres.com/

Hasibuan et al.

effect. As a result, the combination extract may mini-
mize cisplatin dosage treatment while also lowering
the risk of cardiotoxicity and nephrotoxicity.

Cytotoxic action is dependent on cell cycle regula-
tion and apoptosis induction. The cell cycle is a well-
organized and strictly regulated system for cell divi-
sion that includes four phases: G1, S (synthesis), G2,
and M (mitosis) (Teodoro et al., 2012). Abrogation of
cell cycle checkpoints at crucial times is predicted to
target cell cycle regulatory faults in order to achieve
cancer cell-specific cytotoxicity and render tumor cells
vulnerable to apoptosis (Kabala-Dzik et al., 2018;
Uroz et al., 2018). To overcome cell cycle-mediated
drug resistance and improve cytotoxic effectiveness,
these medicines are now coupled with traditional
chemotherapeutic drugs (Haryanti et al., 2016). Our
results confirmed that a single treatment of CIS 1.5
pg/mL and EAV 30 pg/mL induced cell accumula-
tion at different phases, G1 and S phase, respectively.
The combination of CIS with EAV enhanced cell ac-
cumulation at G1, compared to the untreated cells
and each single treatment. These findings revealed
that EAV enhanced the cytotoxic action of CIS, result-
ing in cell death.

The cell cycle arrest represents a cancer cell's sur-
vival mechanism for repairing its damaged DNA
(Williams and Stoeber, 2012). When a particular
chemical disrupts cell cycle checkpoints before DNA
repair is completed, the apoptotic pathway is activat-
ed, leading to cell death (Eldhose et al., 2014). In com-
parison to untreated cells and each treatment, the
combination of CIS and the extract boosted apoptotic
and necrotic cell induction in our study. ICC and flow
cytometer analysis showed expression of Bcl-2, p53,
PI3K, and mTOR in the treatment of single CIS and its
combination with EAV, confirming apoptosis induc-
tion. Multiple signaling pathways are implicated in
apoptosis-related cell death, with the Bcl-2 family
playing a vital role in regulating caspase activation
(Aamazadeh et al., 2020). Pro-apoptotic initiators, pro-
survival guardians, and pro-apoptotic effectors are all
members of the Bcl-2 family (Chen et al., 2010). The
most commonly characterized protein expression
pattern implicated in apoptotic cancer cell death is
increased expression of Bax (a pro-apoptotic protein)
with a simultaneous drop in Bcl-2 (a pro-survival
protein) (Ohno et al., 2010).

Because of mutations, amplification, deletion,
methylation, and post-translational alterations, the
phosphoinositide 3-kinase (PI3K) pathway governs
cell growth and proliferation and is frequently
dysregulated in cancer (Akinleye et al., 2013). Apop-
tosis, malignant transformation, tumor development,
metastasis, and radioresistance all rely on this intra-
cellular signaling system (Mao et al., 2016). Phospha-
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tase and tensin homolog (PTEN) is a PI3K/Akt/
mTOR pathway negative regulator. Many useful in-
hibitors targeting one signal node (single inhibitor) or
two signal nodes at the same time (dual inhibitor) in
the PI3K pathway have been created in recent years
due to the pathway's vital involvement in cancer re-
search (Li et al., 2019; Wang et al., 2020). In the recent
decade, tremendous progress has been made in the
development of combination therapy that combines a
PI3K inhibitor with other medicines to provide a
more effective treatment (Istiqomah et al., 2020). In
this study showed the combination activity of CIS and
EAV to decrease the expression of PI3K and mTOR
compared with the untreated cell group and single

group.

CONCLUSION

The combination of EAV and CIS showed anti-
cancer activity on PANC-1 cells through induction of
apoptosis and cell cycle arrest and inhibited expres-
sion of PI3BK/mTOR pathways. These results are es-
sential to be shared with another researcher as infor-
mation for other tests. More tests, such as in vivo and
toxicity effects of this combination, are still needed to
prove the combination's ability to fight pancreatic
cancer.
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