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Cytotoxic activity of Cyrtostachys renda extracts and 
fractions against MCF‑7 and HeLa cancer cells through 
cell cycle arrest and apoptosis induction mechanism

Abstract

In traditional medicine, Cyrtostachys renda has been used for its many bioactive 
components that are good for people’s health. This research assessed the cytotoxic 
effects of extracts and fractions against Michigan Cancer Foundation-7 (MCF-7) and 
Henrietta Lacks (HeLa) cell lines. The extracts and fractions of root and fruit assess 
cytotoxic activities and inhibitory mechanisms against the MCF‑7 and HeLa cancer 
cell lines, respectively. The fruit and roots of C. renda were extracted using the liquid-
liquid method. The sample concentrations evaluated included extracts 31.5-1000 μg/
mL, fractions 15.625-500 μg/mL, and doxorubicin 2-0.0625 μg/mL. Cytotoxicity was 
evaluated on MCF‑7 and HeLa cells using an MTT assay. Morphological alterations 
were subsequently discovered utilizing an inverted microscope. Flow cytometry was 
utilized to find out the cell cycle’s distribution and the apoptosis characteristics. The 
different parts and extracts showed cytotoxic effects on HeLa and MCF‑7 cells, with IC50 
values ranging from 30.69 ± 0.47 to 787.89 ± 1.77 µg/mL. Cell cycle studies showed 
that fraction A4 inhibited the cell cycle in MCF‑7 cells at the G1 phase followed by the 
G2/M and S phases, while fraction B5 inhibited the cell cycle in HeLa cells at the G2/M 
phase. Both fractions showed the ability to induce apoptosis against MCF‑7 and HeLa 
cells. The results showed that the fractions A4 and B5 showed cytotoxic activity against 
MCF‑7 and HeLa cells by cell cycle arrest and apoptosis induction.
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INTRODUCTION

The International Agency for Cancer Research reported 
that among the top 10 deaths globally are non‑Hodgkin 

lymphoma, leukemia, breast, cervical, lung, colon, prostate, 
ovary, liver, and nasopharynx cancers.[1,2] In Indonesia, 
breast cancer had the highest number of newly diagnosed 
cases, totaling 396,914, with 65,858 cases constituting 16.6% 
of the total. Cervical cancer followed with 36,633  cases, 
representing 9.2%.[3] Breast and cervical cancer are the most 
common cancers among women, resulting in a significant 
number of cancer‑related deaths.[4]

Several attempts have been made to improve cancer therapy. 
However, some adverse effects make treatment less effective. 
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Herbal medicine, as a complementary therapy, utilizing 
natural substances with cytotoxic effects, is one technique 
to increase therapeutic efficacy while reducing damage 
induced by chemotherapy medications. Cyrtostachys renda 
is an ornamental and medicinal plant containing several 
secondary metabolites that can enhance the well‑being of 
humans, one of which is a substance known as bioactive 
that is toxic to cancer cells. C. renda is a plant belonging to 
a genus that contains arecoline compounds, which inhibit 
tumor cell growth and proliferation by reducing the activity 
of the enzyme acetyl‑CoA acetyltransferase 1.[5]

In previous research, combining doxorubicin with a 
fractionated approach induced apoptosis in T47D cells. In 
contrast, using doxorubicin alone led to necrosis. Therefore, 
further cytotoxic testing on additional cell types is necessary 
to assess its effectiveness. This study investigates the 
cytotoxic activity of extracts and their active fractions on 
MCF‑7 and HeLa cells. Cytotoxic testing of extracts from 
C. renda plant parts has not been previously reported, and no 
compounds with anti‑cancer properties have been isolated.

MATERIALS AND METHODS

Root and fruit specimen
C. renda was harvested in Muaro Bungo, Jambi Province. 
Samples were collected in May 2023. Drs. Joko Kusmoro, 
M. P., identified this specimen at the Jatinangor Herbarium, 
Indonesia, and assigned the herbarium number 33/
HB/05/2023.

Extraction
The powder of fruit and root were extracted using 
the liquid‑liquid method with four solvents: Water-
methanol (MeOH), water‑ethyl acetate  (AcOEt) and 
water‑dichloromethane (DCM), and n‑hexane.

Phytochemical screening
The following methods were employed to screen 
phytochemicals: Harborne methods, alkaloids by 
Dragendorff, Mayer, and Wagner, flavonoids by Mg 
powder  +  HCl, H2SO4, NaOH 10%, saponin by HCl 
2N, steroids by Liebermann–Burchard, terpenoids by 
Salkowski, and phenolic by FeCl3.[6]

Isolation of active fraction using vacuum liquid 
chromatography
The extracts AcOEt of fruit and DCM extract of root, which 
exhibited potent cytotoxic activity were subjected to a 
vacuum liquid chromatography column and eluted with a 
gradient polarity eluent of DCM‑MeOH‑H2O with a ratio 
of 30:3:1, 15:3:1, 7:3:1, and 3:3:1, respectively, then finally 
eluted with 100% MeOH, yielding five fractions.

Cytotoxicity test
The cytotoxic effects of extracts and fractions against 

MCF‑7 and HeLa cells were evaluated utilizing the 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl‑2H‑tetrazolium 
bromide (MTT) assay, as referenced by Nordin et al.[7] The 
sample concentrations evaluated included extracts (31.25, 
62.5, 125, 250, 500, 1000 μg/mL), fractions (15.625, 31.25, 
62.5, 125, 250, 500 μg/mL), and doxorubicin (2, 1, 0.5, 0.25, 
0.125, 0.0625 μg/mL).

Cell imaging
Changes in cell morphology after treatment with extracts 
and active fractions were evaluated using inverted 
microscope.

Cell cycle arrest and apoptosis induction assay
Cell cycle arrest and apoptosis induction assays of 
the active fractions used the flow cytometry method, 
referring to the procedure described by Utami 
et  al.[8] The concentration of fraction B5  (145.95 µg/mL) 
and doxorubicin  (1.33 µg/mL) on HeLa cell, and fraction 
A4 (30.69 µg/mL) and doxorubicin (1.21 µg/mL) on MCF‑7 cell.

Statistical analysis
All data values were shown as means with standard 
deviations  (SDs). The student’s t‑test was employed to 
identify differences of statistical significance, with a limit 
of P < 0.05.

RESULTS

Extraction using liquid‑liquid and fractionation using 
vacuum liquid chromatography
Extraction of the extracts AcOEt of fruit and DCM extract 
of root resulted in a yield 15.74% and 20.27%, respectively. 
Meanwhile, the results of the fractionation obtained B5 of 
34.01% and A4 yield of 38.64%.

Phytochemical screening of plant material
Alkaloids and flavonoids are present in all extracts. 
However, not all extracts have saponins, tannins, steroids, 
and terpenoids [Supplementary Table 1].

The cytotoxicity effect of extracts and fractions
The cytotoxic effect of the extracts and fractions is presented 
in Supplementary Table 2 and Figure 1.

Cell morphology analysis of extracts and fractions
The results of cell morphology analysis of the extracts, active 
fraction, and doxorubicin are presented in Figures 2 and 3.

Cell cycle arrest of fractions
The results of the cell cycle modulation of the active fractions 
are presented in Figure 4.

Apoptosis induction of fractions
The results of the apoptosis induction of the active fractions 
are presented in Figure 5.
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DISCUSSION

Secondary metabolites that appear in the fruit and root 
include alkaloids, flavonoids, saponins, tannins, steroids, 
and terpenoids. Previous studies have reported that these 
metabolites are important in cancer treatment by suppressing 
the proliferation of several types of cancer cells through 
various mechanisms, one of which is apoptosis induction.[7] 
The cytotoxic category was measured in reference to Prayong 
et al.[9] The genus Areca or Cyrtostachys such as C. renda 
contains alkaloid compounds such as guvacine, arecoline, 
guvacoline, arecaidine, nicotine, and chavibetol.[10,11]

Cytotoxic effect analysis showed that DCM extract from 
the root showed the strongest activity against MCF‑7 

compared to AcOEt, MeOH, and H2O extracts. While, in 
HeLa cells, AcOEt extract from fruit showed the strongest 
activity compared to DCM, MeOH, and H2O extracts. 
Previous studies have reported that DCM, AcOEt, and 
MeOH extracts showed cytotoxic activity against T47D 
cells.[12] Figure  1  and Supplementary Table  2 show that 
fraction A4 exhibited higher cytotoxic activity against 
MCF‑7 cells with an IC50 of 30.69 ± 0.47 µg/mL. According 
to Figure 1, extracts and fractions inhibit the proliferation 
of MCF‑7 and HeLa cells in a dose‑dependent manner. 
Doxorubicin showed a stronger effect as a positive control, 
with IC50 values of 1.2 ± 0.36 and 1.3 ± 0.74 µg/mL against 
MCF‑7 and HeLa cells, respectively  [Supplementary 
Table 2].

Figure 2: Effect of the doxorubicin, extracts, and fractions C. renda against the morphology of MCF‑7 cells

Figure 3: Effect of the doxorubicin, extracts, and fractions C. renda against the morphology of HeLa cells

Figure 1: Cytotoxic activity of extracts and fractions Cyrtostachys renda against MCF‑7 and HeLa cell lines. Percent cytotoxicity was reported 
as mean values ± standard deviations of three independent assays
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Extracts and fractions caused changes in cell morphology, 
which changed from elongated to round, shrinkage, 
and irregularity of cell membranes  [Figures  2 and 3]. 
Furthermore, the density of treated cells was lower than 
that of untreated cells. Living HeLa and MCF‑7 cells were 
characterized by regular and clear morphology, while dead 
cells were characterized by irregular shape, nontransparent, 
reduced cell number, separated and small size along with 
increasing concentration. At low doses, it had no significant 
effect on cell proliferation, but when the concentration 
was increased, cell shrinkage, apoptotic bodies, and 
morphological changes were observed more significantly.[13]

Figure 4 shows that MCF‑7 and HeLa cells were arrested 
in G1 and G2/M phases when exposed to fractions A4 and 
B5. Treatment of HeLa cells with fraction B5 resulted in a 
greater accumulation of cells in G2/M phase compared to 
doxorubicin which resulted in accumulation of cells in G1 
phase, followed by accumulation in G2/M and S phases. 
Whereas treatment of MCF‑7  cells with fraction A4 and 
doxorubicin resulted in accumulation of cells in G1 phase, 

followed by G2/M and S phases. In contrast, fraction B5 
showed substantial capacity to inhibit HeLa cell cycle 
during G2/M phase, while no significant difference was 
observed in G1 phase. These findings are consistent with 
previous studies showing that doxorubicin induces cell 
cycle arrest at the G2/M and S phases by inhibiting the 
enzyme topoisomerase II.[8] A substantial decrease in cell 
viability results from the regulation of either the S or G2/M 
phases of the cell cycle, as many cells are unable to divide. 
The average duration for one round of cell division is 24 h, 
and this experiment was conducted for 24 h.

Figure  5 shows that treatment with fraction B5 can 
increase HeLa cell death through apoptosis induction, 
while treatment with doxorubicin will increase HeLa cell 
death through necrosis induction. Fraction B5 can increase 
cell apoptosis by 64.6%. The number of cells undergoing 
apoptosis due to treatment with fraction B5 is higher 
than treatment with doxorubicin. Figure  5 also shows 
that treatment with fraction A4 can increase apoptosis 
in MCF‑7  cells by 14.1%, while doxorubicin increases 

Figure 4: A4 fraction and doxorubicin caused the changing of cell cycle distribution against MCF‑7 cell and B5 fraction and doxorubicin 
caused the changing of cell cycle distribution against HeLa cell. Cells were treated for 24 h with doxorubicin and A4 and B5 fractions and 
subjected to flow cytometry analysis after stained with propidium iodide/RNase: (a) Flow cytogram of cell cycle profiles, (b) Quantification 
of cell cycle distribution

b

a
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necrosis by 71.5%. Fraction A4 and doxorubicin do not 
differ significantly in inducing apoptosis in MCF‑7 cells, 
but doxorubicin can cause increased cell necrosis. Cell 
destruction and apoptosis in normal tissues are side effects 
of doxorubicin toxicity, which affects the heart, kidneys, 
liver, and brain. Through caspase‑3 activation, it triggers 
cell death.[14,15] In contrast, fraction B5 induced significantly 
more apoptosis than doxorubicin. Overall, flow cytometry 
analysis of cell death showed that administration of fractions 
B5 and A4 induced apoptosis in HeLa and MCF‑7 cells.

Previous studies have shown that arecoline is a major 
compound found in areca nut and other palm species, which 
can induce cell death in HA22T/VGH cells by activating 
caspase‑3.[16] The mechanism of action of active fractions in 
inducing apoptosis specifically targets caspase activation. 
Arecoline induces apoptosis in various cancer cells, such 
as lung adenocarcinoma A549/8, and various leukemia 
cells. Through its muscarinic effects, it causes an increase 
in tumor necrosis factor receptor 2, which causes cancer 
cell death.[17] Recent studies have shown that arecoline can 
stop the development of basal cell carcinoma by reducing 
interleukin‑6 levels, increasing p53, and inducing cell cycle 

arrest and apoptosis.[18] Molecular docking studies have 
shown that arecoline binds to the muscarinic acetylcholine 
receptor M3, an essential role in the proliferation, 
differentiation, and death of leukemia cells.[19] When applied 
to PC‑3 cells, arecoline could also inhibit the expression of 
several proteins involved in cell cycle regulation, including 
cyclins D1 and D3 as well as CDK1, CDK2, and CDK4.[20] 
Cell cycle regulation mainly emphasizes the inhibition of 
CDK and cyclin protein expression.

The potential of A4 fraction was further studied to 
isolate and elucidate the bioactive compounds that act as 
antiproliferatives. Furthermore, more effective cultivation 
techniques should be applied to enhance the production of 
bioactive compounds in C. renda.

CONCLUSION

The purpose of this study was to isolate the active fractions 
from the C. renda fruit and root extracts and evaluate the 
cytotoxic effects, and inhibitory mechanisms of active 
fractions against MCF‑7 and HeLa cells. The cytotoxic test 
against MCF‑7  cells using the MTT assay revealed that 

Figure 5: A4 fraction induced apoptosis against MCF‑7 cell and B5 fraction induced apoptosis against HeLa cell. Cells were treated for 24 h 
with doxorubicin and A4 and B5 fractions and at the appropriate concentrations before being stained with FITC/PerCP‑Cys5‑5‑A for cytometry 
analysis: (a) Flow cytogram profiles of treated cells, (b) Quantification of treated cell death population

b

a
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fraction A4 had the highest cytotoxic activity, with an IC50 
value of 30.69 ± 0.47 µg/mL. Furthermore, flow cytometry 
profiles showed that the A4 fraction’s cytotoxic effect was 
enhanced by modulating the cell cycle at the G2/M phase 
and inducing apoptosis.
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Supplementary Table 1: Secondary metabolites of fruit and root extracts
Secondary 
metabolites

Fruit extracts Root extracts
DCM AcOEt MeOH H2O DCM AcOEt MeOH H2O

Alkaloids
Dragendorff + + + + + + + +
Mayer + + + + + + + +
Wagner + + + + + + + +

Flavonoids + + + + + + + +
Saponins − − + + − − + +
Tannins − + + − − − + +
Steroids − − − − − − + −
Terpenoids − − + − − − + −
+: Contains secondary metabolites, −: Secondary metabolites are not present. DCM: Dichloromethane, AcOEt: Ethyl acetate, MeOH: Methanol

Supplementary Table 2: The IC50 values of 
doxorubicin, extracts and fractions against 
MCF‑7 and HeLa cells
Sample IC50  (µg/mL) Cytotoxicity 

categoryMCF‑7 HeLa
Extracts

Fruit
DCM ‑ 219.86±4.918 Moderate
AcOEt ‑ 210.63±5.473 Moderate
MeOH ‑ 209.73±2.102 Moderate
H2O ‑ 625.56±5.559 Moderate

Root
DCM 136.62±1.259 ‑ Moderate
AcOEt 282.73±2.417 ‑ Moderate
MeOH 1193.46±2.105 ‑ Nontoxic
H2O 2841.57±1.807 ‑ Nontoxic

Fractionates
Fruit

B1 ‑ 265.84±0.254 Moderate
B2 ‑ 152.65±0.893 Moderate
B3 ‑ 156.06±1.487 Moderate
B4 ‑ 336.08±3.406 Moderate
B5 ‑ 145.95±0.282 Moderate

Root
A1 404.02±2.676 ‑ Moderate
A2 261.01±1.451 ‑ Moderate
A3 88.08±1.814 ‑ Potential
A4 30.69±0.469 ‑ Potential
A5 787.89±1.773 ‑ Moderate

Doxorubicin 1.21±0.355 1.33±0.737 Potential
*Cytotoxic category: potential<100 μg/mL, moderate 100–1000 μg/mL, nontoxic 
>1000 μg/mL). IC50 was provided as mean values ± standard deviations from three 
independent tests. ‑: Not tested, DCM: Dichloromethane, AcOEt: Ethyl acetate, 
MeOH: Methanol, MCF‑7: Michigan Cancer Foundation‑7


