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ABSTRACT

Objective: This study aims to investigate the possibility of additive cytotoxic effects of cisplatin and Andrographis paniculate (Burm. f.) Nees(AP) via
apoptotic, cell cycle and angiogenesis pathways.

Methods: CC50 cisplatin, AP and Andrographolide (AG) were determined by the cell viability of SKOV3 after its exposure to these substances.
SKOV3 cells were then divided into 6 experimental groups: one negativecontrol group, one with CC50 cisplatin alone, and three where CC50 was
combined with CC50 AP, %2CC50 AP, and 1.5CC50 AP, respectively. The additive cytotoxic effect of cisplatin with AP or AG was evaluated through the
modulation of several pathways via qRT-PCR of their markers: apoptotic pathways indicated by Bax, BCL2, Caspase 3 and Caspase 9 expression; cell
cycle indicated by Cyclin-D expression; angiogenesis pathways by VEGF expression.

Results: Cisplatin reduces cell viability to 54%, 37% when combined with AG, and 30%, 23% and 20% with %CC50 AP, CC50 AP and 1.5CC50 AP,
respectively. AG and AP extract decreases SKOV3 cell viability in a dose-dependent manner. Cisplatin combined with AP showed a statistically
significant increase in BAX, Caspase 3, Caspase 9 expression and a decrease in BCL2, which indicated synergy in apoptotic pathways. The best result
was seen in cisplatin combined with %2CC50 AP. A decrease in Cyclin D and VEGF was seen in all groups, the best seen in %2CC50 AP and CC50 AP,

respectively, showing optimal cell cycle arrest and anti-angiogenesis properties when cisplatin is combined with AP extract.

Conclusion: Combining cisplatin with AP extract enhanced cell cycle arrest, apoptosis, and anti-angiogenesis properties.
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INTRODUCTION

Ovarian cancer ranks second as the cause of death among women due
to gynecological cancers worldwide [1]. The incidence and mortality of
ovarian cancer are still relatively high despite the development of
current ovarian cancer treatments and screenings. WHO data from
2022 recorded a global incidence of 324,603 ovarian cancer cases,
with a mortality rate reaching 206,956 [2]. The nonspecific symptoms
of ovarian cancer make it rarely detected in early stages, often found at
advanced stages with various organ metastases. Currently, the
management of ovarian cancer consists of a combination of
cytoreductive surgery and chemotherapy based on platinum
(cisplatin) and taxanes. However, numerous issues such as
chemotherapy resistance relapse cases, severe chemotherapy side
effects, and low 5-year survival rates seem to indicate that existing
ovarian cancer management is suboptimal in addressing the burden of
this disease. One approach currently offered to answer these existing
problems is combining existing standard ovarian cancer therapy with
adjuvant therapy by using natural phytopharmaceuticals.

Andrographis paniculata (Burm. f.) Nees (Acanthaceae) (A. paniculata,
Chuanxinlian) is a phytopharmaceutical containing main constituents
such as diterpenoids, flavonoids, and polyphenols. This
phytopharmaceutical has been used for a long time. It is well-known
for its various pharmacological effects, such as anti-inflammatory,
immunomodulatory, anti-infective, anti-hyperglycemic, and anti-
tumor activity against various cancer cells. The main active ingredient
in Andrographis paniculata (AP) is Andrographolide (AG), a natural
diterpenoid with a molecular formula of C20H3005 [3]. This

compound is known to have anticancer effects involving apoptosis, cell
cycle, and anti-angiogenic activities. Thus, it has been extensively
studied in various cancer cell lines as a chemotherapeutic agent. Its
cytotoxic effects are attributed to the lactone moiety, hydroxyl group
at C-14, and olefinic bond at A12, 13. AG can be found in all parts of AP
but is most abundant in the leaves [4]. AG targets many proteins
involved in various pathways, so the combination of standard therapy
and AG is thought to help resolve resistance issues and improve the
effectiveness of ovarian cancer therapy.

The main bioactive components in AP are diterpenoids, flavonoids,
and polyphenols. AG, one kind of diterpenoid, is known to have
anticancer effects through various signaling pathways. Several
pathways involved in AG's anticancer effect include apoptosis, cell
cycle arrest, and anti-angiogenesis. Therasa et al. found anticancer
properties of AP extract by the decrease in Hep-2 human laryngeal
cancer cell viability. The study showed DNA fragmentation caused
by the degradation of chromosomal DNA after the cells were
exposed to AP. On running electrophoresis, Hep-2 exposed to AP
extract cells were smeared, which indicated necrosis [5]. In Mao et
al’s study, it was found that AG increases Hep-2 sensitivity to
carboplatin through apoptotic pathways and by increasing
intracellular reactive oxygen species (ROS), which regulates
PI3K/AKT pathways and alters the BCL2/BAX ratio, which in turn
activates the cleavage of Caspase 3 [6]. AG is also found to inhibit
angiogenesis through inhibition of miR-21-5p, which then promotes
angiogenesis through TIMP3 [7]. It has also been found to induce cell
cycle arrest at the S/G2M or GO/G1 phase [8]. The implications of
these findings lead to the assumption that phytopharmaceuticals can
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aid in enhancing standardized ovarian cancer treatment with
platinum-based chemotherapy [6]. A standard that is known for its
resistance and many side effects, which makes it crucial to find an
alternative to heighten its medicinal effects while attenuating
adverse effects. However, the abundance of other main bioactive
components in AP raises whether using AP extract is better than
using AG alone. This study examined the combined effects of AG, AP
extract, and cisplatin chemotherapy on apoptosis pathways, cell
cycle, and angiogenesis in the SKOV-3 human ovarian cancer cell
line. This study aims to determine the additive cytotoxic effects of
AP and cisplatin on apoptosis pathways (Bax, Caspase-3, Caspase-9,
Bcl2), cell cycle (cyclin D), and angiogenesis (VEGF).

MATERIALS AND METHODS
Materials

AP ethanol extract was provided by PT. Konimex (Jakarta, Indonesia),
following the manufacturer’s procedures. Using 90% ethanol as the
solvent, the maceration method was used to extract the AP simplicia.
For every kilogram of simplicia, a total of 10 1 of ethanol was needed. A
thick extract was produced by vacuum-evaporating the extract at a
temperature of 60 °C until it achieved its maximum thickness, as
indicated by the total solid end-point parameter. This method was
adopted from Khatimah et al’s study in 2024 [9].

Cisplatin was obtained from MyBioSource. AG was obtained from
Plamed, China.

Cell culture

Low passageSKOV3 cells line under 10t were used in this study
were cryopreserved biological materials obtained from the Stem
Cells and Tissue Engineering (SCTE) laboratory, IMERI, Faculty of
Medicine, Universitas Indonesia. Cells were retrieved from the
cryopreservation tank and thawed at 37 °C in a water bath, then
seeded into a 96-well plate. The cells were cultured using a complete
medium consisting of a mixture of 1% antibiotics, 1% antimycotics,
10% fetal bovine serum (FBS), and a high glucose DMEM basal
medium. The cells were seeded into a 75 cm?flask at a density of 5,000
cells/cm? for post-cryopreservation recovery. Cell cultures were
grown in an incubator at 37 °C with 5% CO2. The medium was
replaced every 2 to 3 days until the cells were ready for harvest. Cell
harvesting was performed by adding trypsin enzyme to the cell
culture. The cells were incubated with the trypsin enzyme for 3 to 5
min in the incubator at 37 °C with 5% CO2. After incubation, the cells
were observed under a microscope. Once the cells appeared detached
from the culture vessel, the cell suspension was supplemented with a
complete medium and centrifuged at 650 g for 5 min. The cell pellet
was counted using trypan blue under a microscope. The protocol of
this study was approved by the Health Research Ethics Committee
University of Indonesia and Cipto Mangunkusumo Hospital, Indonesia
(No.KET/148/UN2.F1/ETIK/PPM.00.02/2023).

CC50 determination

The calculation of the CC50 dose was performed on an ethanol extract
of AP, AG and cisplatin. SKOV3 cells seeded in a 96-well plate at a
density of 10,000 cells/cm? were incubated in an incubator at 37 °C
with 5% CO2 for 24 h. After 24 h, the cells showed 70% confluency
and were ready for treatment. The AP and AG extract solution were
diluted in DMSO to create 6 different concentrations: 1, 5, 10, 50, 500,
and 1000 (mcg/ml). Cisplatin extract solution was diluted in DMSO to
create 6 different concentrations: 10, 15, 20, 25, 30, 35 (mcg/ml).

These six concentrations of these extracts were added to the cells
and incubated for 24 h. After 24 h, the cells were treated with MTT
reagent (CyQUANT™ MTT Assay) to measure their viability using a
spectrophotometer. In the calculation of cell viability, SKOV3 cells
were seeded in a 6-well plate at a density of 5,000 cells/cm2 and
cultured in an incubator at 37 °C with 5% CO2.

The CC50 doses for each of these extracts in sequence are AP (14
ug/ml); cisplatin (35 ug/ml); and AG (184 pug/ml).

Drug treatment

After reaching 70% confluency, the cells were treated and incubated
for 24 h. The cells were divided into 6 experiment groups: 1)
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Untreated group; 2) SKOV3 group treated with CC50 cisplatin
(35pg/ml); 3) SKOV3 group treated with CC50 cisplatin (35 pg/ml)
and CC50 AG (184 pg/ml); 4) SKOV3 group treated with CC50
cisplatin (35 pg/ml) and %2 CC50 AP extract (7 pg/ml); 5) SKOV3
group treated with CC50 cisplatin (35 pg/ml) and CC50 AP extract
(14 pg/ml); 6) SKOV3 group treated with CC50 cisplatin (35 pg/ml)
and 1.5 CC50 AP extract (21 pug/ml). The cells were then harvested,
observed, and counted using trypan blue under a microscope, and
RNA isolation was performed for gene expression analysis

qRT-PCR

RNA isolation from cultured cells was performed using the Quick-
RNA Miniprep Kit (Zymo Research). The concentration and purity of
RNA were determined using a spectrophotometer. The isolated RNA
was then synthesized into cDNA using the ReverTra Ace qPCR RT
Master Mix with gDNA Remover (Toyobo). Gene expression analysis
with qRT-PCR in this study was conducted using the Applied
Biosystems® 7500 Fast machine and SensiFAST™ SYBR® Lo-ROX
(Bioline) reagents. Primers used in this study were specifically
designed using IDT PrimerQuest software. The sequence of markers
that we examined can be seen in table 1.

Table 1: The sequence of apoptotic, anti-angiogenesis and cycle
cell markers that had been examined

Gene Sequence

Bax R CGG CCCCAGTTG AAGTTG

Bax F GAT GCG TCC ACC AAG AAGCT

BCL2 R AGGACCAGGCCTCCAAGCT

BCL2 F TCC GCA TCA GGA AGG CTA GA

CASPS9 R GCA CCA CTG GGG GTA AGG TTT TCT AG
CASPS9 F ATG GAC GAA GCG GAT CGG CGG CTCC

CAA GCT TGT CGG CAT ACT GTT TCAG
TTC AGA GGG GAT CGT TGT AGA AGT C

Caspsase 3 R
Caspsase 3 F

VEGFR AGTCTCTCATCTCCTCCTCTTC
VEGF F TGGTGTCTTCACTGGATGTATTT
CyclinD R AGACGCCTCCTTTGTGTTAAT
CyclinD F GGGTTGTGCTACAGATGATAGAG

The output from the PCR machine was in the form of CT values.
These values were obtained from the cycle point when the
amplification curve entered the exponential phase. The CT values
obtained were then processed using the Livak Formula to determine
the relative expression value of the target gene to the reference gene
(GAPDH). The Livak Formula used in this study is as follows:

ACT sample (day 2, 4, 7, 14) = CT target gene - CT reference gene
ACT calibrator (day 0) = CT target gene - CT reference gene
AACT = ACT-ACT calibrator
Relative gene expression = 2*(-AACT)

The data results were presented as mean+SD (standard deviation)
using IBM SPSS Statistics 22 software for testing normality and data
homogeneity. This was followed by one-way ANOVA with Dunnett’s
multiple comparisons test as the post-hoc test. Data was considered
statistically significant if *p<0.05, **p<0.01, ***p<0.001, and
**¥%p<0.0001.

RESULTS

The combination of AG and AP extract with standard therapy
can reduce SKOV3 cell viability

We observed the role of combining AG and AP extract with standard
therapy on SKOV3 ovarian cancer cells through MTT assay. The
results of this study indicated that AG and AP extract had a
significant inhibitory effect on SKOV3 cancer cells, as shown in fig. 1.
Cell viability inhibition is statistically significant (P<0.0001) in all
treatment groups when compared to the control group. The data
showed that the mean viability of SKOV3 cancer cells decreased with
standard therapy (54%) compared to the control. This mean value
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continued to decrease in the treatment groups given AG (37%) and
experienced the most significant decrease in the treatment group
given a combination of standard therapy and AP extract with
sequential results in the groups receiving doses of % CC50 AP
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extract, CC50 AP extract, 1.5 CC50 AP extract at 30%, 23%, 20%
respectively. Thus, it can be concluded that AP extract had a better
inhibitory effect on SKOV3 cells and is dose-dependent compared to
AG (fig. 1A-B).
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Fig. 1: In vitro activity of AG and AP extract in different concentrations toward SKOV3 cancer cells. n=9 A) the significant effect of AG and
AP extract in different concentrations on SKOV3 cell viability was assessed by an MTT assay. The graphic showed that the effect of AP
extract on cell viability is dose-dependent. The results were represented as mean+SD (****P<0.0001 compared to the control) B)
Morphology appearance of control and treated group on SKOV3 cell. The pointed cells show that the cells are alive, while round cells
indicate that the cells have died. The cell density in each group progressively decreased with the treatment administration consisting of
standard therapy with AG or increasing doses of AP extract in each group

AG and AP extract induced apoptosis in SKOV3 cancer cell

To assess the effects of AG and various doses of AP extract on the
apoptosis of SKOV3 cancer cells, we conducted an analysis of pro-
apoptosis gene (Bax) and anti-apoptosis gene (Bcl2) expression
using qRT-PCR. We found that administering AG and AP extract
promoted Bax expression and reduced Bcl-2 levels, shown in fig. 2A
and B, respectively. There is a statistically significant increase of BAX
expression in the group combined with % CC50 AP (P<0.001) and

CC50 AP (P<0.01), the best result being the former. BCL2 expression
showed a significant decrease in all groups except one treated with
cisplatin alone, indicating a synergistic effect in the apoptotic
pathway. The group exhibiting the best induction of apoptosis,
marked by the highest up-regulation of Bax and the highest down-
regulation of Bcl-2, indicating the best apoptosis activity, was found
in the group consisted of SKOV3 cells treated with CC50 cisplatin
and % CC50 AP extract. These results indicated that AG and AP
extract could promote apoptosis in SKOV3 cells (fig. 2A-B).
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Fig. 2: Effects of AG and AP extracts in various experiment groups to levels of A) Bax; B) Bcl-2; C) Caspase-3; D) Caspase-9; E)Cyclin D; F)
VEGF. n=9, After incubating the cells for 24 h, they were cultured, and RNA isolation was performed to analyze their gene expression
using qRT-PCR. The data were presented as mean+SD for all parameters except for caspase-9, which was presented as median and
interquartile range (IQR).*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared with the control
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AG and AP extract increased the activation of caspase 3 and 9 in
SKOV3 cancer cells.

As shown in fig. 3, the administration of AG and AP extract increased
caspase 3 and 9 levels, which were a signaling pathway in apoptotic
activity, through increasing ROS that triggers the apoptotic cascade. In
fig. 2C, caspase 3 increased significantly in all groups where CC50
cisplatin was in combination with CC50 AG (P<0.01) and all
concentrations of AP (P<0.0001 for % CC50 AP and CC50 AP; P<0.001

Gene
Susceptibility

ROS

Environmental
stress
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for 1.5CC50 AP). In fig. 2D, caspase 9 increased significantly only in the
group where CC50 cisplatin is combined with % CC50 AP (P<0.05). In
these two figures, it is also seen that the therapy standard (cisplatin-
only group) slightly increased the level of caspase3 but not caspase9.
On the other hand, the additional administration of AG alone could
increase both expressions of caspase 3 and 9. However, the highest
expression levels of caspase 3 and 9 were found in the treatment
group of AP extract, precisely in the group consisting of SKOV3 cells
treated with CC50 cisplatin and % CC50 AP extract.
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Fig. 3: Proposed mechanism of AP extract on SKOV3 cells as a potential cytotoxic agent

AG and AP extract induced cell cycle arrest in SKOV3 cancer cells

Cyclin-D is an important mediator that regulate the cell cycle
process. Fig. 2E showed a statistically significant decrease in Cyclin-
D expression in all groups (P<0.01 for combination with AG and
CC50 AP; P<0.001 for %2 CC50 AP and 1.5 CC50 AP) except the group
treated with only cisplatin; however, it showed a slight decrease as
well. This indicated an additive effect of AP and AG in combination
with cisplatin in inducing cell cycle arrest. The results demonstrated
that administering AG and AP extract could decrease cyclin-D levels
compared to the control, with the most significant reduction found
in the SKOV3 group treated with CC50 cisplatin and % CC50 AP
extract.

AG and AP extract decreased VEGF levels in SKOV-3 cancer cells

VEGF expression is an angiogenesis marker. Therefore, increasing its
expression was believed to be one factor in promoting tumor
growth. Fig. 2F showed a statistically significant decrease in VEGF
expression in all groups (P<0.05 for Cis+AG; P<0.01 for Cis+%2 CC50
AP and 1.5 CC 50 AP; P<0.001 for Cis+AP) except the cells that are
treated with cisplatin alone. From the graphic, the administration of
cisplatin alone still caused a slight decrease in the VEGF level
compared with the control. There is a more significant reduction in
VEGF expression occurring in the combination of cisplatin and AP
extract, compared to the combination with AG. The lowest
expression of VEGF is seen in the SKOV3 group treated with CC50
cisplatin and CC50 AP extract. This indicated that AG and AP extract
had an inhibitory effect on VEGF in SKOV3 cells (fig. 2F).

DISCUSSION

A combination of cisplatin and AG or AP extract can promote
apoptosis, anti-angiogenesis activity and cycle cell arrest but those
properties were better shown in the AP extract group combination.
This study found that AG and AP extract possess anti-proliferative
properties against SKOV3 cells. The MTT assay results successfully
demonstrated that AG and AP extract can significantly decrease the
viability of SKOV3 ovarian cancer cells in a dose-dependent manner
(fig. 1A). The decrease in the mean viability count in the SKOV3

group treated with cisplatin and % CC50 AP and in the SKOV3 group
treated with cisplatin and CC50 AP did not show a significant
difference. This phenomenon might be because that the % CC50 AP
dose had already fully occupied the receptors of the SKOV3 cells, so
increasing the dose did not significantly further reduce the mean
viability count.

In this study, the IC50 dose of AP extract, where the viability of
SKOV3 cells decreased to 50%, was found to be at a concentration of
14 pg/ml. Other research using AP extract with different cell lines
has reported varying IC50 values. Rajeswari et al, 2022, found the
IC50 of AP seed extract to be 103.3 ug/ml against the HepG2 cell line
[10]. Research by Rajesh Kumar et al.,, 2015, showed IC50 of AP leaf
extract against H-29 colon cancer cells is at 200pg/ml [11]. Both
studies showed much higher IC50 concentration compared to the
findings in this study. Variations in IC50 values were also observed
in HCT116 and A549 cells, where the IC50 of AP extract was found
to be 45.32+0.86 pg/ml and 97.467+1.496 pg/ml, respectively [12].

The variation in IC50 of AP extract across different cell lines may be
due to differences in receptor expression and signaling pathways
involved in each cell line, which originate from various organs and
thus respond differently to AG. Each cell has specific characteristics,
such as receptor expression, metabolic pathways, and intracellular
conditions. These differences affect the interaction between AG and
the cells. In lymphoma cells (MCF-7), prostate cancer cells (PC-3),
gastric cancer cells (AGS, SNU601, SUN638), bladder cancer cells
(T24) and kidney cancer cells (786-0, OS-RC-2, ACHN cell) the
administration of AG activates TRAIL related apoptosis receptors
[13]. Research on AG in prostate cancer cells has shown anticancer
properties by inhibiting androgen receptors [14]. Different signaling
pathways and receptors are also found in melanoma cancer cell
lines, where AG induces apoptosis in insulinoma mediated by TLR4
(Tokll-like receptor 4) /NF-xB signaling pathways [15].

Previous studies on other cancer cell lines have also shown similar
results, where they found that AG and its derivatives can decrease
cell proliferation/viability through different mechanisms depending
on the cancer cell line. Generally, the reduction in cancer cell
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viability is partly caused by the induction of apoptosis, cell cycle
arrest, and inhibition of cancer cell angiogenesis [16]. Research by
Chen et al, 2017, found that AG can overcome resistance issues in
the ovarian cancer cell lines A2780 cisRandA2780ZD0473R, where
it was found that AG activity to kill fifty percent of cancer cell was
higher than cisplatin in normal and resistant cancer cell lines. On
ovarian cancer cell lines A2780 cisR, the combination of AG and
cisplatin also exhibited a strong synergistic effect with combination
indices (CI)<1 when cisplatin and AG were administered with a 4-
hour time difference, especially at higher concentrations. The
greatest synergistic effect was observed when cisplatin was
administered first, followed by AG4 or 24 h later (0/4 h and 0/24 h
sequence) [17].

Based on microscopic examination, cell morphology in all groups
showed two types: pointed cells and round cells (fig. 1B). Pointed
cells indicate that the cells are alive, while round cells indicate that
the cells have died. Among the treatment groups, we observed that
the cell density decreased when standard therapy was administered
along with AG or AP extract, with the lowest density found in the
SKOV3 group treated with CC50 cisplatin and 1.5 CC50 AP extract.
The reduction in density was caused by numerous dead cells
detaching from the culture vessel and floating, concurrent with an
increase in the dose of AP extract.

From this study, we successfully proved that administering AG and
AP extract with standard therapy to SKOV3 ovarian cancer cell lines
promotes the apoptosis process by increasing the levels of Bax,
initiator and executioner caspases (caspase 9 and caspase 3), while
also decreasing the level of Bcl2 (fig. 2A-D). Apoptosis occurs
involving various signaling pathways, such as the extrinsic death
receptor ligand or the intrinsic mitochondrial pathway that can
activate both caspase-dependent and caspase-independent
pathways. The Bcl-2 family proteins, including antiapoptotic (Bcl-2)
and proapoptosis (Bax) members, play a crucial role in regulating
apoptosis via the mitochondrial pathway. Caspase is a protease that
functions as an inactive proenzyme in the cytosol. When apoptosis
stimuli are present, initiator caspases (caspase 8 and 9) undergo
activation to subsequently activate executioner caspases (caspase-3
and 7) [18]. Caspase-3 is a key executioner caspase in apoptosis
involved in cleaving many cellular proteins [19].

In MDA-MB-231 breast cancer cells, AGhas been shown to promote
apoptosis through induction of mitochondrial cytochrome c and
increased expression of Bax, as well as decreased expression of Bcl-2
[8]. Research by Mao et al.,, 2019, on Hep-2 human laryngeal cancer
cells also showed similar results, where administration of AG led to
increased expression of p53, Bax, caspase 3, and decreased
expression of the anti-apoptosis gene Bcl-2 [6]. In H1975 cells, AG
showed similar results on the above apoptosis markers, which
increased Bax expression and decreased Bcl-2 expression, as well as
the increase of cleaved caspase 3 and cleaved caspase 9, which are
pro-apoptotic-related  proteins [20]. In human ovarian
teratocarcinoma (PA-1), the apoptosis process cells are induced by
increased activated caspase-3 and decreased levels of Bcl-2 after
administration of AG compared to control [21].

Other proposed mechanisms of how AP impacts the apoptotic
pathway involve the interaction of AG to survivin. Survivin is a
protein that inhibits apoptosis by blocking the activation of caspase
9 and caspase 3. This protein is highly found in cancer. Survivin
works by preventing apoptosome formation, which inhibits
procaspase 9 activation and thus decreases caspase 9 and caspase 3
activation [22]. In Wanandi et al, 2020, study, through molecular
docking simulation; it showed that AG reduces the affinity for the
protein-protein interaction between survivin, caspase 3 and caspase
9. This in turn would increase the activation of caspase 9 and
caspase 3, promoting apoptotic activity [22]. The results of this
study support this theory as the increase of caspase 3 and 9 is seen
in the group where cisplatin is combined with AG and AP extract,
with the best seen in combination with % CC50 AP. This implies
further mechanism that supports apoptosis present in AP, compared
to just AG, that might be beneficial to further study.

In addition to apoptosis mechanisms, the decrease in cancer cell
viability can also occur through cell cycle arrest mechanisms. This
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research indicates that the administration of AG and AP extract
reduces the levels of cyclin D (fig. 2E). Cyclin D is an essential
regulator in the cell cycle that functions in the nucleus. Cyclin D
regulates the transition from the G1 to the S phase by regulating
cyclin-dependent kinase 4 (CDK) and CDK6. The Cyclin D1/CDK4
complex translocates to the nucleus and phosphorylates the
retinoblastoma (RB) protein. Together with Cyclin E/CDK2, it causes
the loss of repressive function of the E2F transcription factor, which
regulates the transcription of genes specific to cell proliferation.
High expression levels of cyclin D promote cell proliferation and
tumor growth [23].

AG is a substance that has been studied to cause cell cycle arrest in
the G2/M phase in glioblastoma and melanoma cells [24, 26]. This
occurs due to increased expression of cell cycle inhibitory proteins
such as p38 [24, 25] and p53 [26, 27], which lead to a decrease in
cyclin expression necessary for the transition of G to S phase, thus
inhibiting the cell cycle process. The study by Khan et al. found that
administration of low doses of AG (16-128 uM) caused cell cycle
arrest in the G2/M phase, while high doses (256 puM) caused cell
cycle arrest in the GO/G1 phase [28]. Dai et al., who studied the
effects of AG administration on the cell cycle in the SGC7901 gastric
cancer cell line, also showed consistent results, where high and
medium doses of AG (40 and 20 pg/ml, respectively) induced cell
cycle arrest at the G2/M phase [29]. Rajeswari et al., 2022, found
similar results in that the majority of Hepg-2 human laryngeal
carcinoma cells experience cell cycle arrest in the G2/M phase after
the administration of AG [30]. The phase at which cell cycle arrest
induced by AG occurs may vary. In HCT-116 colorectal cancer cell
line and MCF-7 breast cancer cell line, derivatives of AG arrest the
cell cycle in the G1/S phase [31]. Whilst HuCCA-1 bile duct cancer
cells have an increased number of cells found and arrested at the
G0/G1 phase [32]. In rheumatoid arthritis, AG demonstrates cell
cycle arrest in the GO/G1 phase by inhibiting p21 and p27, reducing
the Bcl2/Bax ratio, and decreasing the levels of CDK-4 protein [33].
Research by Bhat et al, 2021, shows different results regarding the
role of AG in human ovarian teratocarcinoma, where this study
found higher cell levels in the G2/M phase in the group given AG
compared to the control [21].

Lastly, the results of this research demonstrate the role of AG and AP
extract in the process of angiogenesis (fig. 2F), where in line with
previous research findings. Peng et al,, 2015, studied the effect of AG
on VEGF by administering two doses of AG (5, 10 and 25 pM) for 24
h on HK1 and CNE-1 nasopharyngeal cancer cell lines and found that
AG exhibited a dose-dependent inhibitory effect on VEGF levels in
these cancer cell lines [34]. Similar results were also found by Shi et al,
2017, where VEGF levels decreased after administering AG in
hepatoma Hep3B and HepG2 cells [35]. Another in vivo study by
Nugrahaningsih et al, which examined VEGF expression in 24 C3H
mice with mammary adenocarcinoma, found that oral administration
of AP extract for 14 d could reduce VEGF expression levels, with the
lowest VEGF expression found at a dose of 15 mg/d of AP extract [36].
This study successfully proves that AG and AP extract can decrease the
levels of VEGF. AG is a molecule that can bind to the ATP-binding
pocket of the VEGF receptor (VEGFR2). VEGFR2 is the primary
receptor of VEGF that plays a crucial role in angiogenesis. By binding
VEGF to this receptor, VEGF mediates endothelial invasion, cell
migration, proliferation, and survival, increases vascular permeability,
and promotes neovascularization [37].

In vivo studies showed promising apoptotic and anti-angiogenesis
effects of AP and cisplatin combination therapy. Rajendrakumar et
al. studied the nephroprotective properties of AP. In his study, he
divided male wistar rats into five groups, one being negative control,
one positive control where nephrotoxicity was induced by a single
dose of cisplatin 7.5 mg/kg intraperitoneally injected, the third
group had only 500 mg/kg of AP, the fourth group had the same
dose of AP 15 d before the injection of cisplatin, and the last group
had the AP dose with the cisplatin injection. The histopathology
results revealed tubular vessel congestion, vacuolar degeneration,
renal cell apoptosis, necrosis, and inflammatory cell infiltration
indicative of nephrotoxicity. The groups with exposure to AP all had
improvements in their histopathology compared to the second
group [38]. The same result is shown in Adeoye et al’s study, where
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it is supported by other data presenting AP mitigating CP-induced
changes in kidney tissue indicated by the decrease of serum
creatinine, oxidative stress and urine protein [39].

AP or AG are known to synergize with other chemotherapy agents.
Sukardimanet al. found that the administration of ethyl acetate
fraction of AP combined with doxorubicin significantly increases
apoptosis of fibrosarcoma cells in mice [39]. The same study also
showed a significant decrease in VEGF protein expression in mice
injected with the AP and doxorubicin-implying a synergistic effect in
inhibiting neovascularization, tumor proliferation and tumor
growth. Another study by Yuan et al where a xenograft murine
model using A549 cell showed mice treated with AG extracted from
AP combined with Paclitaxel (PTX) had significantly smaller tumors
compared to those without treatment or treated with just AG or PTX
[40]. These studies provide insight into the potential beneficial
synergy of AP combined with chemotherapy in real-life applications.
However, it is important to note that AP has poor oral
bioavailability. A possible reason for this limitation is due to its
chemical structure as a diterpenoid that limits absorption to
systemic circulation due to its low water solubility. This necessitates
the need for enhancement of AP using soluble agents and
bioenhancers in animal studies or clinical trials [41].

Natural compounds have many phytoconstituents that are beneficial
in cancer therapy. These compounds generally impact multiple
pathways, including the regulation of cytokines, pro-inflammatory
proteins, transcription factors, etc. It is also well-known that the
combination of phytoconstituents with chemotherapy has improved
patient outcomes by enhancing cancer cells’ efficacy to the drugs
[16] For example, paclitaxel, after a series of trials and error, has
finally been approved by FDA in December 1992 as a treatment in
refractory ovarian cancer [42] This innovation continues to improve
as new technology was found, the use of albumin-bound
nanoparticle (nab) enables paclitaxel to avoid severe toxicity caused
by formulation and concentrate in the target tumor. The use of nab-
paclitaxel was approved in 2005 for the treatment of metastatic
breast cancer. The use of AG, a diterpenoid richly found in AP, with
methotrexate has been known to decrease the hepatotoxicity of
methotrexate when given for arthritis. It reduces TNF-a, IL-18 and
IL-6, showing anti-arthritic activity that has better outcomes than a
single treatment of methotrexate alone [43].

The main bioactive components in AP are diterpenoids, flavonoids,
and polyphenols, where AP contains more than 20 diterpenoids and
more than ten flavonoids. AG, a colorless diterpenoid lactone, is
known to have anticancer effects through various signaling
pathways. Flavonoids isolated from AP exhibit antioxidant
properties by capturing free radicals such as ROS or reactive
nitrogen species (RNS) [44]. Similarly, polyphenols have antioxidant
and anti-inflammatory effects. The abundance of main bioactive
components in AP with various benefits was considered a factor that
made using AP extract better than AG alone.

CONCLUSION

In summary, our research revealed that a combination of cisplatin and
AG or AP extract can promote apoptosis, anti-angiogenesis activity and
cycle cell arrest but those properties were better shown in the AP
extract group combination. The proposed mechanism of AP extract on
SKOV3 cells is illustrated in fig. 3. The best group that showed the
highest level of apoptosis and cell cycle arrest was demonstrated in a
group containing CC50 Cisplatin and % CC50 AP, while the highest
level of anti-angiogenesis properties was seen in group CC50 Cisplatin
and CC50 AP extract. Therefore, we can derive two conclusions. First,
is that combining cisplatin with AP extract was better than cisplatin
and AG in inducing cell cycle arrest, apoptosis, and anti-angiogenesis
properties. Second, the combination of cisplatin with AP or AG
provides a synergistic effect that enhances the anticancer properties of
chemotherapy which might prove beneficial to investigate further for
its implications in clinical settings.
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