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Abstract

	 Doxorubicin has been incorporated in cancer therapy regimes for wide-range 
malignancies, but it causes many side effects. These adverse effects can be overcome 
by combining doxorubicin with other ingredients that possess anticancer potential but 
are safe on normal cells. The tubers of Merremia mammosa, locally known as “Bidara 
Upas” in Indonesia, have been proven to have anticancer potential with resin glycosides 
as the active compounds. This research aims to develop the extract of M. mammosa’s 
tubers (MTE) as a co-chemotherapy agent for doxorubicin. A malignant cancer cell line, 
4T1, was used as the model. MTE was obtained by maceration in 96% ethanol. The thin 
layer chromatography confirmed that MTE contains glycoside compounds. Administration of 
MTE to 4T1 cells showed cytotoxic activity with an IC50 value of 61 μg/mL as evaluated by 
MTT assay. The combination of MTE and doxorubicin exhibited synergistic cytotoxic effects 
with a combination index of <0.7. Moreover, MTE at around IC50 was able to cause DNA 
fragmentation indicating apoptosis as observed by the agarose gel electrophoresis.These 
data support our hypothesis that MTE may serve as a potential co-chemotherapeutic agent 
for doxorubicin; however, the apoptosis-inducing potency of the combination requires 
further investigation.
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INTRODUCTION

	 Cancer malignancy is still an urgent 
problem in the world of global health, including 
cases of breast cancer. Doxorubicin is one of the 
main chemotherapy agents that has been used in 
a wide-array of malignancies including both solid 
tumors and leukemia or lymphoma (Rivankar, 
2014). However, it causes many adverse effects 
such as cardiotoxicity, neuropathy, hepatotoxicity, 

nephrotoxicity, and myelosuppression (Ajaykumar, 
2020). These undesirable side effects can be 
overcome by combining doxorubicin with other 
ingredients that have anticancer potential but are 
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safe on normal cells. This combination can reduce 
the dose of doxorubicin, thereby reducing side 
effects but still maintaining or even increasing the 
effectiveness of therapy (Zulfin, et al., 2021).
	 Natural ingredients can be used as potential 
companion agents for doxorubicin. One of the 
natural plants originating from Southeast Asia that 
has anticancer potency is Merremia mammosa, 
locally known as “Bidara Upas” in Indonesia. This 
plant has been used for generations as a traditional 
medicine (Cahyaningsih, et al., 2017). The water 
extract of the tuber displays cytotoxicity on MCF-
7 breast cancer cells possibly by inducing cell 
apoptosis (Widiyastuti, et al., 2019). The tuber 
of this plant contains resin glycoside, flavonoids, 
tropane alkaloids, polyphenols, and flavonoids 
(Kitagawa, et al., 1996; Purwitasari, 2022). Resin 
glycosides can destroy target cells by disrupting 
cell permeability, causing an imbalance in cellular 
homeostasis (Pereda-Miranda, et al., 2009). Thus, 
resin glycosides can be used as an anticancer agent 
with a cytotoxic and anti-metastatic mechanism, 
as has been proved in HT-29 and HCT-116 colon 
cancer cells with the IC50 value of around 6-7 µg/
mL (Zhu, et al., 2019). Genus Merremia show 
anticancer potencies in several types of cancer cell 
lines likely due to their resin glycoside contents as 
reviewed by Olatunji, et al. (2021). Taken together, 
we hypothesize that tubers of M. mammosa with 
high content of resin glycosides would display 
cytotoxic potency with apoptosis induction in vitro. 
	 As one of the highest cancer cases globally, 
including Indonesia, treatment strategy for breast 
cancer is in need to be continuously developed 
(Osborne, et al., 2025). One subtype of breast 
cancer with high malignancy is triple-negative 
breast cancer (TNBC), that counts up to 25% cases 
of breast cancer in Indonesia (Rahmawati, et al., 
2018). This subtype characterized by the diminished 
or absent expression of estrogen receptor (ER), 
progesterone receptor (PR), and human epithelial 
growth factor receptors (HER-2), thus requires an 
effective approach (Haryanti, et al., 2022). The 
previous study shows the cytotoxic activity and 

apoptosis induction potencies of M. mammosa 
in luminal breast cancer cell line (Widiyastuti, et 
al., 2019). But, how its anticancer and apoptosis 
induction properties in TNBC remains unanswered.
	 This research investigates the potency 
of the extract of M. mammosa tuber as a co-
chemotherapy agent for doxorubicin and whether 
it stimulates apoptosis in malignant cancer cells. 
The 4T1 TNBC cell line was used as the malignant 
cancer cell model. After successfully obtaining the 
extract containing resin glycosides, the cytotoxicity 
assay was carried out by MTT assay both in the 
single and in combination, followed by the DNA 
fragmentation assay to show the apoptosis incidence 
in 4T1 cells.

MATERIALS AND METHODS 

Extract Preparation
	 Tubers of M. mammosa (Figure 1A) were 
obtained from Tawangmangu, Central Java. The 
samples were correctly identified as Merremia 
mammosa Hallier f. based on the determination 
that was carried out by the Department of 
Pharmacognosy, Faculty of Pharmacy, Universitas 
Gadjah Mada (UGM) (reference letter no. 44.25.9/
UN1/FFA.2/BF/PT/2023). The tubers were dried 
and powdered through a 40-mesh sieve, weighed as 
much as 2.7 grams in a conical tube and 20 mL of 
96% ethanol was added as the solvent (Nurrosyidah,  
et al., 2022). The extraction was carried out by 
constant stirring in a rotary shaker for 24 h at room 
temperature, followed by filtration. The macerate 
was then placed in a porcelain cup and evaporated 
in a fume cupboard until a thick extract remains and 
was weighed periodically to obtain a fixed weight. 
The obtained extract is abbreviated as MTE from 
here after.

Phytochemical Identification by Thin Layer 
Chromatography (TLC)
	 A silica gel plate (60 F254 nm) was used 
as the stationary phase and a mixture of butanol: 
ethyl acid: water (4:6:1 v/v) was used as the mobile 
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phase (Putri & Sakinah, 2018). MTE was dissolved 
in 96% ethanol and spotted on the stationary phase. 
After elution, the plate was observed under visible 
light following reaction with alpha naphthol to 
identify the glycoside compounds.

Cytotoxicity Test with MTT Assay
	 Available from the collection of Cancer 
Chemoprevention Research Center, Faculty of 
Pharmacy, UGM, the 4T1 cells were grown and 
cultured in a complete media as described previously 
(Ramadani, et al., 2021; Zulfin, et al., 2021). Cells 
that were 80% confluent were harvested and then 
seeded into a 96-well plate (5×103 cells/well). After 
24 h, cells were treated with MTE or doxorubicin 
in a final volume of 100 μL for each well. Five 
milligrams of MTE were dissolved in 50 µL of 
dimethyl sulfoxide as the stock solution and the 
serial concentration 1, 10, 25, 50, and 100 µg/mL in 
complete media was prepared from it. Doxorubicin 
(Sigma) solution was prepared according to the 
previous method (Putri, et al., 2021; Zulfin, et al., 
2021). After the 24-h treatment, 100 μL of MTT 
reagent (0.5 mg/mL) was added into each well. The 
formazan formed after 2-4 h was dissolved by the 
stopper reagent (10% SDS in 0.01 N HCl) and the 
absorbance was read in a microplate reader at λ 595 
nm. The percentage of live cells wes calculated based 
on the curve between the percentage of cell viability 
and the concentration of the tested compound after 
treatment to calculate the concentration that can 
inhibit 50% of cell growth (inhibitory concentration 
50, IC50) using non-linear regression data analysis 
tools available i.e. Microsoft Excel (Ikawati, et al., 
2020). 
	 As for the cytotoxic combination assay, 
the same method as the single cytotoxic assay was 
used. The IC50 values of each MTE and doxorubicin 
were used to determine the concentration for the 
combination assay.  The combination index (CI) 
was calculated following the established method 
(Ikawati, et al., 2023). 

DNA Fragmentation Assay 
	 As many as 1×105 cells/mL of 4T1 cells 
were cultured on a 10-cm dish and incubated for 
24 h. The cells were treated with single MTE 
at around and doxorubicin as a positive control 
at the concentration of around IC50 and ¼ IC50, 
respectively. After 24-h of treatment the cells 
were washed and harvested, followed by the DNA 
isolated. The cells used for DNA isolation were 
at the same passage and under identical culture 
conditions to ensure consistency in the experimental 
setup. The cell pellets were mixed with 500 µL 
of DNA extraction buffer (containing 0.1 M Tris-
HCl pH 7.5, 0.05 M EDTA pH 8.0, 1.25% SDS, 
and 2 µg/mL RNase) and centrifuged at 5,000 
rpm for 10 min. After discarding the supernatant, 
100 µL of SE buffer, 100 µL of 4 M guanidine 
isothiocyanate, 700 µL of chloroform, and 400 µL 
of NaCl were added and homogeneously mixed. 
After centrifugation at 10,000 rpm for 10 min, the 
upper layer was transferred into a new tube. The 
DNA was precipitated by the cold absolute ethanol 
and dissolved in the TE buffer. The extracted DNA 
was quantified with a spectrophotometer. DNA 
samples and the DNA ladder marker (DM2400, 
AccuBand 100, Smobio) were electrophoresed 
on a 1.5% agarose gel containing 1 μL/100 mL 
of DNA gel staining (S33102, SYBR Safe DNA 
Gel Stain, Invitrogen). The gel was observed and 
photographed with an ultraviolet gel documentation 
system (Saadat, et al., 2015). 

Data Analysis 
	 The data were analyzed qualitatively. The 
classification of cytotoxicity based on the IC50 value 
was as follows: <2 µg/mL as strong cytotoxic, 2-89 
µg/mL as moderate cytotoxic, and >90 µg/mL as 
not cytotoxic (World Health Organization, 2017 
cit Haryanti, et al., 2018). The classification of 
combination potency based on the CI value was as 
follows: 0.1-0.7 as synergist, 0.7-0.9 as moderately 
synergist, 0.9-1.1 as addictive, while >1.1 as 
antagonist (Haagensen, et al., 2012). The DNA 
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fragmentation pattern in 4T1 cancer cells under 
MTE treatment was compared qualitatively with 
the doxorubicin-treated cell as the positive control 
(Saadat, et al., 2015). 
	 All of experiments in this study were 
approved by the Medical and Health Research 
Ethics Committee, Faculty of Medicine, Public 
Health and Nursing, UGM) (reference no. KE/
FK/1003/EC/2023).

RESULTS

Extraction and Phytochemical Profiles of 
MTE
	 The obtained MTE extract weighed as 
many as 78.6 mg with a yield of 2.91% w/w (Figure 
1B). MTE was analyzed for its phytochemical 
content using the TLC as described in Methods. To 
identify the content of the resin glycoside groups, 
MTE was dyed with alpha naphthol and was 
observed under visible light. Alpha naphthol reacts 
with the aldehyde group of glycoside compounds, 

which have been dehydrated with sulfuric acid to 
produce a purple color (Rathod, et al., 2022). The 
positive-resin glycoside spots appeared as purple 
spots in visible light that were located around 2-3 
cm of the chromatogram (Figure 1C). In agreement 
to the previous reports, the MTE consisted of resin 
glycosides (Kitagawa, et al., 1996).

The Cytotoxicity Effect of MTE
	 A single cytotoxic test was carried out to 
determine the toxicity of MTE on 4T1 cells with 
the IC50 value as an evaluation parameter. MTE 
treatment caused changes in the cell morphology 
and decreases in cell density in a dose-dependent 
manner. The control cells did not experience 
changes in cell morphology, while MTE-treated 
cells became irregularly round, smaller, and not 
attached to the bottom of the well (Figure 2A). After 
treatment at a serial concentration ranging from 1 to 
100 µg/mL for 24 h, MTE resulted an IC50 value of 
61 µg/mL in 4T1 cells (Figure 2B). Thus, MTE was 
categorized as moderately cytotoxic in 4T1 cells.

Figure 1. Preparation and phytochemical of MTE. (A) Tubers of Merremia mammosa. (B) The ethanolic extract 
of M. mammosa tuber after thickening. (C) TLC profile of MTE under visualization of visible light after 
dyeing with alpha naphthol reagent. The purple spots indicate resin glycosides.
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Figure 2. Cytotoxicity of MTE on 4T1 cells. (A) Morphology of 4T1 cells after treatment for 24 h. (B) The 
cell viability was performed by MTT method and is presented in the graph as MTE concentration against 
percent cell viability, data are shown as the mean ±SD. The dashed line indicates 50% cell viability. The 
cytotoxic assays were performed in a three separate experiments in triplicate for each experiment. The 
representative results are shown.

Cytotoxicity Effects of the Combination of 
MTE and Doxorubicin 
	 A combined cytotoxic assay was performed 
to evaluate the effect of MTE in increasing the 
cytotoxicity of doxorubicin on 4T1 cells. The 
IC50 values of MTE and doxorubicin were used to 
determine the combination concentration, i.e. at 
around 1/8, ¼, and ½ of  IC50. The IC50 of doxorubicin 
was around 0.5 µM (data not shown), in agreement 
with the previous finding (Zulfin, et al., 2021). The 

combination of MTE and doxorubicin was able to 
inhibit cell growth to a greater extent compared 
to the single treatment of MTE or doxorubicin at 
the same concentration (Figure 3A). All the tested 
combination concentration resulted in CI values of 
0.32-0.69, indicating synergistic combination effect 
(CI<0.7) (Figure 3B) based on the classification 
by Haagensen, et al. (2012). These findings 
validated our hypothesis that MTE is a potential co-
chemotherapy candidate for doxorubicin.

Figure 3. The effect of the combination of MTE and doxorubicin on 4T1 cells. The cells were treated with the 
combination of MTE and doxorubicin (Dox) at the particular concentration as indicated for 24 h, assayed 
with MTT method to obtain the percentage of cell viability (A), and the combination index was calculated 
(B).

A B
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The Effect of MTE on 4T1 Cell Apoptosis 
	 Apoptotic cells exhibit internucleosomal 
DNA fragmentation producing fragments of 
approximately 180–200 bp and their multiples (e.g., 
350 and 540 bp, and so on so forth), resulting in a 
ladder pattern on agarose gel electrophoresis (Kari, 
et al., 2022). After treating 4T1 cells with MTE for 
24 h, the isolated DNA were resolved in the agarose 
gel. The anticancer molecular mechanism of 
doxorubicin is complex, but it has been established 
that doxorubicin induces cell apoptosis (Rivankar, 
2014). Therefore, doxorubicin at around ¼ IC50 was 
used as a positive control. Doxorubicin was indeed 
caused cell apoptosis as indicated by thick fragment 
DNA bands at around 2,000-3,000 bp and 1,000-

1,200 bp as mutiples of the smaller fragments that 
did not appear in control cells without any treatment 
(Figure 4, 1st vs 4th lane). On the other hand, both 
MTE at around and above IC50 (60 and 100 μg/mL, 
respectively) showed the DNA fragmentation profile 
comparable to the doxorubicin (Figure 4, 2nd and 
3rd lane). In contrast, necrotic cell death results in 
random DNA degradation, producing a smear rather 
than a ladder pattern.  Therefore, the DNA laddering 
observed in Figure 4, corresponding to fragments of 
the multiples of ~180–200 bp consistent with the 
theoretical hallmark of apoptosis, indicates that 
MTE induces apoptosis in 4T1 cells. These results 
suggest that MTE inhibits the cancer cell growth 
possibly by apoptosis induction. 

Figure 4. DNA fragmentation in 4T1 cells analyzed by the agarose gel electrophoresis. The cells were               
treated as indicated for 24 h prior to DNA isolation. Doxorubicin 100 nM (Dox) was used as the positive 
control, while cells without any treatment served as control. The size of DNA ladder marker is presented 
in kilobase pair (kbp).

DISCUSSION

	 Originated from southeast Asia, Merremia 
mammosa is easily to be found in Indonesia. As 
part of the family of Convolvulaceae that contains 
relatively high alkaloids and resin glycosides 
(Nagano, et al., 2009), we predicted that the 

ethanolic extract of M. mammosa tubers (MTE) is 
also rich in those compounds. Positively reacted 
with alpha naphthol, glycosides are confirmed 
to be present in MTE (Figure 1C). There were 
several positive spots in the chromatogram, 
indicating that several glycosides exist instead 
of single compound. Previously, resin glycoside 
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mammosides A, B, H1, and H2 have successfully 
isolated from the chloroform-soluble portion of the 
M. mammosa tuber methanol extract (Kitagawa, et 
al., 1997) in addition to merremosides a, b, c, d, and 
e (Kitagawa, et al., 1996). To further identify the 
compound, TLC by using standard compounds, i.e. 
mammoside B, can be implemented.
	 We validated the MTE-containing resin 
glycosides display cytotoxicity activity moderately 
in malignant 4T1 cells (Figure 2). In contrast to 
our finding, the ethanolic extract of M. mammosa 
tuber does not show cytotoxicity in T47D cells 
with an IC50 of 165 µg/mL, but fractionation with 
ethyl acetated increasing its activity into moderate 
cytotoxicity with IC50 of 32 µg/mL (A’yun, 2016). 
Interestingly, the ethyl acetate fraction is practically 
not toxic in non-cancerous cell line with an IC50 
value of more than 700 µg/mL (A’yun, 2016), 
indicating the selectivity the ethyl acetate fraction 
of M. mammosa tubers. Together with the current 
data, this further rationale the utilization of MTE as 
co-chemotherapy agent candidate for doxorubicin 
to minimize its adverse effect on normal tissues, in 
which MTE has cytotoxic effect toward cancer cell 
but not to normal cells. 
	 The verification of the potency of MTE 
as a co-chemotherapy agent for doxorubicin was 
executed by the combination assay. As displayed in 
Figure 3, MTE synergistically improve cytotoxicity 
of doxorubicin in 4T1 cells. All of the combinations 
at different concentrations produced synergism, 
meaning less doxorubicin is needed to obtain the 
same anticancer effect.  A synergistic combination 
can increase the efficacy of doxorubicin while 
reducing the treatment dose to obtain the same 
cytotoxic effect (Muna & Jenie, 2018). Doxorubicin 
exerts its anticancer effects mainly through DNA 
intercalation, inhibition of topoisomerase II, and 
induction of oxidative stress–mediated cell death 
(Tacar, et al., 2013). Previous reports have shown that 
plant-derived extracts contain bioactive constituents 
with antiproliferative properties that may modulate 

oxidative stress, disrupt cell cycle progression, and 
enhance chemosensitivity (Newman & Craff, 2020). 
Thus, MTE may potentiate doxorubicin activity by 
sensitizing 4T1 cells to DNA damage, interfering 
with survival pathways, or improving intracellular 
drug accumulation, resulting in enhanced 
cytotoxicity when used in combination. Further 
studies evaluating apoptosis markers and related 
signaling pathways will be necessary to elucidate 
the precise molecular mechanisms underlying the 
observed synergistic effect.
	 Although the exact mechanism of MTE in 
increasing the cytotoxicity of doxorubicin in 4T1 
cells remains unclear, we proved that MTE is able to 
induce apoptosis as indicated by the DNA laddering 
(Figure 4). This phenomenon can be interpreted 
as preliminary evidence of its intrinsic anticancer 
activity, rather than as a mechanistic explanation 
for the observed synergistic effect. We acknowledge 
as a limitation of this study that apoptosis assays 
were not performed for the combined treatment 
of MTE and doxorubicin. Although combination-
induced DNA fragmentation data would strengthen 
the mechanistic interpretation, such data are not 
available within the scope of the present study. For 
further development, it is necessary to measure the 
apoptosis induction activity under the combination 
of MTE and doxorubicin, either qualitatively or 
quantitatively, i.e. by Annexin V-propidium iodide 
flow cytometry (Ramadani, et al., 2021; Zulfin, et 
al., 2021). Additionally, the molecular mechanism 
of the apoptosis induction will become a valuable 
information. Based on a study by Widiyastuti, et al. 
(2019), the water extract of M. mammosa tuber in a 
combination formula with other Indonesian plants 
stimulates apoptosis in MCF-7 breast cancer cell 
by suppressing the expression of the anti-apoptotic 
protein Bcl-2. The similar investigation on the 
expression of anti and pro-apoptotic proteins, for 
example by immunostaining or immunoblotting, 
can be imposed to predict the molecular mechanism 
of MTE in inducing apoptosis in 4T1 cells.
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CONCLUSION

	 The tuber ethanolic extract of Merremia 
mammosa (MTE) containing glycosides is 
moderately cytotoxic to 4T1 malignant cancer 
cells. Interestingly, the combination of the 
extract with doxorubicin works synergistically as 
demonstrated by combination index analysis. This 
synergism indicates the potential of MTE as a co-
chemotherapeutic agent to enhance the anticancer 
efficacy of doxorubicin at lower doses. However, 
the underlying molecular mechanisms of this 
interaction remain to be fully elucidated.

ACKNOWLEDGMENTS

	 This research was funded by the Indonesian 
Ministry of Education and Culture through 
“Program Kreativitas Mahasiswa (PKM)” in 2023. 
The authors thank to UGM for supporting this PKM 
project and to all members of CCRC Faculty of 
Pharmacy UGM.

REFERENCES 

A’yun, Q., 2016, Uji Sitotoksik Fraksi Etil Asetat 
Umbi Bidara Upas (Merremia mammosa (Lour.) 
Hall. F.) terhadap Sel Kanker Payudara T47D, 
Undergraduate Thesis, Universitas Setia Budi, 
Surakarta.

Cahyaningsih, R., Hidayat, S., and Hidayat, E., 2017, 
Perbanyakan Vegetatif Bidara Upas (Merremia 
mammosa (Lour.) Hallier f) Kebun Raya Bogor,  
Berita Biologi, 16(2), 167-174. 

Haagensen, E.J., Kyle, S., Beale, G.S., Maxwell, 
R.J., and Newell, D.R., 2012, The synergistic 
interaction of MEK and PI3K inhibitors is 
modulated by mTOR inhibition, British Journal 
of Cancer, 106(8), 1386–1394. 

Haryanti, S., Widiyastuti, Y., and Rahmawati, N., 
2018, Cytotoxic and MMPs inhibitory activities 
of Sappan Wood (Caesalpinia sappan L.): various 
extracts on 4T1 breast cancer cell line, Health 

Science Journal of Indonesia, 9(1), 51–56. 
Ikawati, M., Jenie, R.I., Utomo, R.Y., Amalina, N.D., 

Ilmawati, G.P.N., Kawaichi, M., and Meiyanto, 
E., 2020, Genistein enhances cytotoxic and 
antimigratory activities of doxorubicin on 
4T1 breast cancer cells through cell cycle 
arrest and ROS generation, Journal of Applied 
Pharmaceutical Science, 10(10), 95-104.

Ikawati, M., Musyayyadah, H., Putri, Y.M., Zulfin, 
U.M., Wulandari, F., Putri, D.P.P., and Meiyanto, 
E., 2023, The synergistic effect of combination 
of Pentagamavunone-1 with diosmin, galangin, 
and piperine in WiDr colon cancer cells: in 
vitro and target protein prediction, Journal of 
Tropical Biodiversity and Biotechnology, 8(2), 
e80975. 

Kari, S., Subramanian, K., Altomonte, I. A., 
Murugesan, A., Yli-Harja, O., and Kandhavelu, 
M., 2022, Programmed cell death detection 
methods: a systematic review and a categorical 
comparison, Apoptosis: An International Journal 
on Programmed Cell Death, 27(7-8), 482–508. 

Kitagawa, I., Baek, N.I., Ohashi, K., Sakagami, M., 
Yoshikawa, M., and Shibuya, H., 1996, Indonesian 
Medicinal Plants. XV. Chemical structures of five 
new resin-glycosides, merremosides a, b, c, d, 
and e, from the tuber of Merremia mammosa 
(Convolvulaceae), Chemical & Pharmaceutical 
Bulletin (Tokyo), 44(9), 1680-1692.

Kitagawa, I., Ohashi, K., Baek, N. I., Sakagami, 
M., Yoshikawa, M., and Shibuya, H., 1997, 
Indonesian Medicinal Plants. XIX. 1) Chemical 
structures of four additional resin-glycosides, 
mammosides A, B, H1, and H2, from the tuber 
of Merremia mammosa (Convolvulaceae), 
Chemical & Pharmaceutical Bulletin, 45(5), 
786–794.

Muna, L.N., and Jenie, R.I., 2018, Combination of 
curcuma (Curcuma xanthorriza Roxb) and awar-
awar (Ficus septica Burm. F.) ethanolic extracts 
enhance doxorubicin to modulate cell cycle 
progression of T47D cells, Indonesian Journal of 
Cancer Chemoprevention, 9(1), 9-15.  



 65

Indonesian Journal of Cancer Chemoprevention, February 2025
ISSN: 2088–0197
e-ISSN: 2355-8989

Nagano, T., Pospíšil, J., Chollet, G., Schulthoff, S., 
Hickmann, V., Moulin, E., et al., 2009, Total 
synthesis and biological evaluation of the 
cytotoxic resin glycosides ipomoeassin A–F and 
analogues, Chemistry–A European Journal, 
15(38), 9697-9706. 

Nahar, M.N., Acharzo, A.K., Rahaman, M.S., Zabeen, 
I.A., Haque, S., and Islam, M.A., 2020, 
Phytochemical screening and antioxidant, 
analgesic, and anthelmintic effect of ethanolic 
extract of Merremia umbellate stems, Clinical 
Phytoscience, 6, 86. 

Newman, D.J., and Cragg, G.M., 2020, Natural 
products as sources of new drugs over the nearly 
four decades from 01/1981 to 09/2019, Journal 
of Natural Products, 83(3), 770–803.

Nurrosyidah, I.H., Eka Saputri, E.O., Anwari, F., 
and Ningsih, A.W., 2022, Antibacterial activity 
of Indonesian Bidara Upas Tuber (Merremia 
mammosa L.) against pathogen bacteria, Gaceta 
Médica de Caracas, 130(Supl 5), S1153-S115.

Olatunji, T.L., Adetunji, A.E., Olisah, C., Idris, 
O.A., Saliu, O.D., and Siebert, F., 2021, 
Research progression of the genus Merremia: 
a comprehensive review on the nutritional 
value, ethnomedicinal uses, phytochemistry, 
pharmacology, and toxicity, Plants (Basel, 
Switzerland), 10(10), 2070. 

Osborne, A., Adnani, Q.E.S., and Ahinkorah, B.O., 
2025, Breast cancer incidence in Indonesia: a 
sex-disaggregated analysis using WHO health 
equity assessment toolkit data, BMC Cancer, 
25(1), 986.

Pereda-Miranda, R., Villatoro-Vera, R., Bah, M., 
and Lorence, A., 2009, Pore-forming activity 
of morning glory resin glycosides in model 
membranes, Revista Latinoamericana de 
Química, 37(2), 144-154.

Purwitasari, N., and Agil, M., 2022, Metabolite 
Profiling of extract and fractions of bidara 
upas (Merremia mammosa (Lour.) Hallier F.) 
tuber using UPLCQToF-MS/MS, Biomedical and 
Pharmacology Journal, 15(4), 2025–2041. 

Putri, D.D.P., Rivanti, E., Istiaji, R.P., and Meiyanto, 
E., 2021, Solanum nigrum ethanolic extract 
(SNE) increases cytotoxic activity of doxorubicin 
on MCF-7 Cell, Indonesian Journal of Cancer 
Chemoprevention, 12(2), 67-73. 

Putri, G.T.A., and Sakinah, E.N., 2020, Efek fraksi air 
ekstrak umbi bidara upas (Merremia mammosa 
(Lour.) Hailler f.) terhadap kepadatan kolagen 
pada luka tikus diabetes, Jurnal Tumbuhan 
Obat Indonesia, 13(1), 41-49.

Rahmawati, Y., Setyawati, Y., Widodo, I., Ghozali, 
A., and Purnomosari, D., 2018, Molecular 
subtypes of Indonesian breast carcinomas - lack 
of association with patient age and tumor size, 
Asian Pacific Journal of Cancer Prevention, 
19(1), 161-166.

Ramadani, R.D., Utomo, R.Y., Hermawan, A., and 
Meiyanto, E., 2021, Pentagamaboronon-0-
sorbitol induces apoptosis through elevation 
of reactive oxygen species in triple negative 
breast cancer cells, Indonesian Journal of 
Cancer Chemoprevention, 12(1), 46-56.

Rathod, Z.R., Pooja, S., Sonali, M., Charin, P., 
Dhrumi, S., and Saraf, M.S., 2022, A review 
on qualitative and quantitative analysis of 
carbohydrates extracted from bacteria, Acta 
Scientific Pharmaceutical Sciences, 6(3), 20-28. 

Rivankar, S., 2014, An overview of doxorubicin 
formulations in cancer therapy, Journal of 
Cancer Research and Therapeutics, 10(4), 853–
858.

Salimi, A., Zadeh, B.S.M., and Kazemi, M., 2019, 
Preparation and optimization of polymeric 
micelles for deferoxamine mesylate: In vitro 
and ex vivo studies, Research in Pharmaceutical 
Sciences, 14(4), 293-307. 

Tacar, O., Sriamornsak, P., and Dass, C.R., 2013, 
Doxorubicin: an update on anticancer molecular 
action, toxicity and novel drug delivery systems, 
The Journal of Pharmacy and Pharmacology, 
65(2), 157–170.

Widiyastuti, Y., Sholikhah, I.Y.M., and Haryanti, S., 
2019, Efek sitotoksik formula jamu daun sirsak, 



66

Septiani, et al., 
Indones. J. Cancer Chemoprevent., 16(1), 57-66

buah takokak, dan umbi bidara upas terhadap 
sel kanker payudara MCF-7, Jurnal Kefarmasian 
Indonesia, 9(2), 140-149. 

Zhu, D., Chen, C., Xia, Y., Kong, L.-Y., and Luo, 
J., 2019, A purified resin glycoside fraction 
from pharbitidis semen induces paraptosis by 
activating chloride intracellular channel-1 in 
human colon cancer cells, Integrative Cancer 

Therapies, 18, 1534735418822120.
Zulfin, U.M., Rahman, A., Hanifa, M., Utomo, R.Y., 

Haryanti, S. and Meiyanto, E., 2021, Reactive 
oxygen species and senescence modulatory 
effects of rice bran extract on 4T1 and NIH-
3T3 cells co-treatment with doxorubicin, Asia 
Pacific Journal of Tropical Biomedicine, 11(4), 
174-182. 


