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ARTICLE INFO ABSTRACT

The global burden of cancer highlights the urgent need for therapeutic agents that are both
effective and selective, with natural plant-derived compounds offering promising medicinal
potential. This study aims to evaluate the anticancer potential of Garcinia cowa Roxb. leaf extract,
a plant known for its medicinal properties, especially the cytotoxic effect, cell cycle inhibition,
apoptosis in MCF-7/HER-2 breast cancer cell lines, and selectivity against normal Vero cells. The
cytotoxic activity of G. cowa leaf extract against MCF-7/HER-2 cell lines was assessed using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Flow cytometry was
conducted at the extract’s ICso concentration for cell cycle modulation and apoptosis analysis, and
the results were analysed using a FACSCalibur flow cytometer. G. cowa leaf extract demonstrated
. . strong cytotoxic activity with an 1Cso of 15.68 pg/mL against MCF-7/HER-2 cell lines and 303.6
Copyright: © 2025 Furgan et al. This is an open- pg/mL against normal Vero cells, yielding a selectivity index above 3. The extract significantly
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apoptosis, necrosis, and cell accumulation in the S and G2-M phases. G. cowa leaf extract showed
strong anticancer potential against MCF-7/HER-2 cells by disrupting the cell cycle and promoting
apoptosis and necrosis, with high selectivity for cancer cells.
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Introduction

Breast cancer is the leading cause of cancer-related deaths Various studies have investigated the cytotoxic activity of G. cowa plant

among women worldwide, with 65,858 new cases reported in Indonesia
in 2020, accounting for 16.6% of all new cancer cases.! Breast cancer
cells grow and differentiate rapidly, driven by the expression of
abnormal proteins or genes.? HER-2 plays a crucial role in cancer
development by producing abnormal proteins that drive cancer cell
proliferation. HER-2 overexpression is often associated with aggressive
tumour growth, poor prognosis, and resistance to conventional
therapies, underscoring the need for targeted and selective anticancer
agents.?

In the search for effective anticancer treatments, researchers are
exploring natural sources like Garcinia cowa Roxb. (G. cowa), a plant
native to West Sumatra, which shows promise against breast cancer.*
Phytochemical studies of G. cowa leaves have identified the presence
of xanthones, phloroglucinol, flavonoids, triterpenoids, steroids,
tannins, and saponins.®
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extracts against cancer cells. The ethanol extract of G. cowa fruit rind
showed cytotoxic effects against T47D breast cancer cells, with an 1Cso
value of 19.33 pg/mL, while the ethanol extract of its stem bark
exhibited more potent activity, with an ICso of 5.10 pg/mL.5
Additionally, the dichloromethane fraction of the fruit bark induced
apoptosis in cervical cancer cells (HeLa).” Compounds such as
rubraxanthones, a-mangosteen, and cowanin, isolated from the stem
bark, demonstrated potent cytotoxicity against MCF-7 breast cancer
and H-460 lung cancer cells.® Cowanin acts as an anticancer agent by
arresting the cell cycle at the Go-G1 phase and inhibiting the migration
of T47D cells.® Meanwhile, p-mangosteen, isolated from the leaves,
showed significant antiproliferative and apoptotic effects against non-
small cell lung cancer (NSCLC).® The ethanol extract of G. cowa
leaves was also cytotoxic to T47D cells, with an ICso of 6.13 + 3.51
pug/mL.1  Furthermore, computational analyses using molecular
docking and dynamics indicated that Garcinisidone-A, isolated from the
leaves, can interact with HER-2 in breast cancer cells via hydrogen,
carbon-hydrogen, and alkyl bonds, suggesting its potential as an
effective anticancer agent.*? Despite this, the anticancer potential of G.
cowa leaf extract on HER-2 overexpressing breast cancer cells remains
unexplored.

However, some research gaps remain. No studies have specifically
tested G. cowa leaf extract on HER-2 overexpressing breast cancer
cells, such as MCF-7/HER-2. Additionally, information on the safety
selectivity of this extract against normal cells, such as Vero cells, is
lacking. Furthermore, no studies have used flow cytometry to observe
cancer cell cycle inhibition and apoptosis induced by G. cowa leaf
extract in MCF-7/HER-2 cells.
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This study addresses these gaps by evaluating the cytotoxicity,
selectivity, and mechanisms of action of G. cowa leaf extract on HER-
2 overexpressing breast cancer cells. It provides detailed insights into
cell cycle modulation and apoptosis by employing flow cytometry.
Implementing flow cytometry will also provide detailed data on the
extract’s mechanism of action on cancer cells. This study aims to
develop G. cowa extract as a scientifically validated traditional
medicinal product. It is expected to contribute significantly to the
evaluation of G. cowa leaf extract’s effects on breast cancer,
particularly concerning HER-2 overexpression, extract cytotoxicity,
selectivity, and its impact on cell cycle and apoptosis in MCF7/HER-2
cells.

Materials and Methods

Materials

G. cowa leaves, ethanol 70% (Brataco), [3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide] (MTT) (Sigma), Dimethyl Sulfoxide
(Merck), Propidium lodide (Sigma), PI RNAse staining buffer (BD
Biosciences), fungizone 0.5% (Gibco), Sodium Dodecyl Sulfate
(Sigma), HCI (Merck), Annexin Pl apoptosis kit (BD Biosciences),
Dulbecco’s Modified Eagle Medium (Gibco), M199 (Gibco),
Phosphate Buffered Saline (Invitrogen), Trypsin-EDTA (Gibco), Fetal
Bovine Serum (Gibco), Penicillin-Streptomycin (Gibco), RNAse
(Roche), and TritonX-114 (Sigma).

Sample preparation

The leaves of G. cowa were collected from Kudu Gantiang, Padang
Pariaman, West Sumatra (the coordinates, with a latitude of about -
0.5107 and a longitude of 100.1640). The plant material was identified
and authenticated at the Herbarium of Andalas University (ANDA),
Padang, Indonesia, with voucher no 137/K-ID/ANDA/I1/2023. After
collection, the plant materials were air-dried in a greenhouse at ambient
temperature (approximately 25-30°C) for 72 hours, followed by oven-
drying at 40°C for 24 hours to ensure complete dehydration. The dried
leaves were then ground into a fine powder using a laboratory mixer.
Approximately 750 g of the powdered material was macerated in 7.5 L
of 70% ethanol for 24 hours. The maceration process was repeated three
times with fresh solvent to maximise extraction efficiency. The
combined ethanol extracts were concentrated using a rotary evaporator
at 40°C under reduced pressure, yielding 190 g of a dark, concentrated
extract.®

Cell culturing procedure

The MCF-7/HER-2 and Vero cell lines were obtained from the Tissue
Culture Laboratory, Faculty of Medicine, Universitas Gadjah Mada,
Yogyakarta, Indonesia. MCF-7/HER-2 cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM) with high glucose
supplementation, while Vero cells were maintained in M199 medium;
both media were enriched with 10% Fetal Bovine Serum (FBS) and 1%
penicillin-streptomycin to prevent contamination. Cells were incubated
in a CO: incubator at 37°C with 95% humidity to maintain optimal
growth conditions. Upon reaching 70-80% confluency, cells were
harvested using trypsin-EDTA, centrifuged, and transferred to a fresh
medium for further analysis. Daily observations were conducted using
an inverted microscope to monitor cell health and growth. All
procedures were performed by Good Cell Culture Practice (GCCP)
guidelines to ensure quality and safety.'415

Cytotoxicity and Selectivity Assessment Using MTT Assay

The cytotoxic effects of the extract on cell lines were evaluated using
the MTT assay, a colourimetric method established for assessing cell
viability by measuring mitochondrial dehydrogenase activity in viable
cells.t® In this assay, the MTT reagent, initially pale yellow, was
converted by mitochondrial enzymes into an insoluble purple formazan
product within viable cells, serving as an indicator of cell viability. The
absorbance of the resulting formazan was measured at 570 nm with a
microplate reader (Model xMark, Bio-Rad Laboratories, Japan) to
quantify cell survival.'” Cells in each treatment group were exposed to
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various concentrations of the extract for 48 hours. MCF-7/HER-2 cells
were treated with G. cowa extract at concentrations of 0.1, 1, 10, and
100 pg/mL, while Vero cells were treated with concentrations of 10,
100, 500, and 1000 pg/mL. After treatment, MTT solution was added
to each well, and cells were further incubated for 4 hours to promote
formazan crystal formation. Following this incubation period, the
medium was carefully removed, and the crystals were dissolved in
Dimethyl Sulfoxide to release the purple colour, which was
subsequently measured spectrophotometrically (Model xMark
Microplate Absorbance, Bio-Rad, Japan).'® The assay was performed
in triplicate to ensure the reliability of the results. Cell survival was
determined by calculating the percentage of cell survival by comparing
the average absorbance of treatment wells with control wells, which
indicates the proportion of viable cells.!418

The Selectivity Index (SI) was calculated by dividing the 1Cso value of
a compound against normal cells by its ICso value against cancer cells.
A compound was considered highly selective if the Sl value was greater
than 3 and less selective if the Sl value was less than 3,192

Flow cytometry Assay

MCF-7/HER-2 cells were seeded at a density of 5 x 10° cells per well
in a 6-well plate and incubated at 37°C in a 5% CO2 environment for 24
hours to ensure proper cell adherence. Following the incubation period,
the cells were treated with G. cowa extract at a concentration
corresponding to its ICso value, as well as with MCF-7/HER-2 control
cells. The treated cells were then incubated (Model 3429, Thermo
Fisher Scientific, USA) for an additional 24 hours. After treatment, both
floating and adherent cells were collected by trypsinisation using
0.025% trypsin, and the cell suspension was transferred into a conical
tube. The cells were washed three times with cold PBS, with
centrifugation (Biofuge Primo R, Thermo Fisher Scientific, Germany)
at 2500 rpm for 5 minutes between each wash. The supernatant was
discarded, and the cell pellet was carefully retained. To fix the cells, the
pellet was resuspended in cold 70% ethanol prepared in PBS and
incubated at -20°C for 2 hours. After fixation, the cells were washed
three more times with cold PBS and centrifuged at 3000 rpm for 3
minutes each time to remove residual ethanol, followed by examination
using a flow cytometer (FACScan, BD Biosciences, USA) to view cell
cycle and apoptosis.??2

Cell Cycle Inhibition Analysis

After the initial process was carried out, the cell pellet was then stained
with a Propidium lodide (PI) kit, which included 40 pg/mL of Pl and
100 pg/mL of RNAse. The staining mixture was incubated at 37°C for
30 minutes to ensure adequate staining of the cellular DNA. Finally, the
stained cells were analysed using a FACScan flow cytometer, and data
regarding the distribution of cells across different phases of the cell
cycle (Gi, S, and G2/M) were collected. The resulting data were
analysed using ModFit LT 3.0 software to determine the percentage of
cells in each phase, providing insights into the impact of the treatments
on the cell cycle progression.?627

Apoptosis assay

Subsequently, the cell pellet was stained using an Annexin V kit to
detect apoptotic cells. The staining was performed by resuspending the
cells in the staining solution and incubating at 37°C for 30 minutes.
Finally, the stained cells were analysed using a FACScan flow
cytometer to quantify the extent of apoptosis.??

Statistical analysis

Statistical analysis and data visualisation, including the determination
of 1Cso values for cytotoxic activity and Tukey’s posthoc test for group
comparisons, were performed using GraphPad Prism version 9
(GraphPad Software, 2020, San Diego, CA, USA)?3:30:31

Results and Discussion

The MTT assay was used to evaluate the cytotoxicity of G. cowa leaf
extract on MCF-7/HER-2 (breast cancer) and Vero (normal) cell lines.
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Figure 1 illustrates significant differences in cell viability between the
two cell lines across various extract concentrations. At concentrations
of 10 pg/mL and above, MCF-7/HER-2 cells show a pronounced
decrease in viability compared to Vero cells, indicating the extract’s
selective cytotoxic effect on cancer cells. The Tukey statistical test
results show a p-value of less than 0.001 (p < 0.0001), suggesting that
this difference is highly statistically significant. The significant viability
differences at these concentrations are also marked by red asterisk
symbols, supporting the hypothesis that G. cowa extract has a selective
cytotoxic effect on MCF-7/HER-2 cancer cells while being relatively
safer for normal Vero cells. These findings reinforce the potential of G.
cowa extract as a promising anticancer candidate for further
investigation, particularly due to its selectivity in targeting cancer cells
while minimising effects on healthy cells.

The concentration-viability relationship is detailed in Figure 2. Graph
(@) shows that MCF-7/HER-2 viability remains near 100% at low
concentrations but declines sharply as concentrations increase,
reflecting the extract’s potent cytotoxicity against cancer cells.
Conversely, graph (b) shows a more gradual decline in Vero cell
viability, which remains relatively high at lower concentrations but
decreases significantly at higher concentrations.

MCF-7/HER-2 vs Vero

p<0.0001

I 1

150- %k Kk mm MCF-7/HER-2 cells
1
%k ko B Vero cells

< J 1
S 1004
> ==
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Figure 1: Percentage of test cell viability after G. cowa leaf
extract treatment
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Figure 2: Concentration-viability response of extracts on (a).
MCF-7/HER-2 and (b). Vero cell lines

The purpose of this study was to evaluate the anticancer potential of G.
cowa Roxb. leaf extract, focusing on its cytotoxic, cell cycle inhibition,
and apoptotic effects on MCF-7/HER-2 breast cancer cell lines, with
selective safety against normal Vero cells. The MTT assay, a
colourimetric technique based on cellular metabolism, was used to
assess cell viability by measuring the reduction of MTT into formazan
crystals in living cells.'® MCF-7/HER-2 and Vero cells were selected
for their growth properties and sensitivity to chemotherapeutic agents,
making them suitable models for cytotoxicity analysis.'®3234 The
results, shown in Figures 1 and 2, reveal dose-dependent cell viability
inhibition, supported by ICso values calculated via GraphPad Prism
software.

The G. cowa leaf extract showed significant cytotoxicity against MCF-
7IHER-2 cells, with an ICso of 15.68 pg/mL, while its effect on Vero
cells was much weaker, with an 1Cso of 303.60 pg/mL (Figure 3). The
resulting selectivity index was 19.36, indicating a high selectivity
(greater than 3) of the extract towards cancer cells compared to normal
cells. These findings underscore the potent cytotoxic effect of the
extract, as evidenced by its 1Cso value being below 20 pug/mL.** An
important parameter in determining anticancer efficacy is the selectivity
index, which compares toxicity to normal cells and cancer cells. An SI
value exceeding 3 indicates high selectivity for cancer cells, suggesting
the extract’s stronger efficacy in targeting cancer cells while minimising
harm to healthy cells. This characteristic enhances the extract’s
potential as a safer anticancer agent.'®%%36 Nevertheless, further
research is necessary to explore potential synergistic effects with
standard therapies and to elucidate the underlying mechanisms
responsible for inducing cell death.
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Figure 3: I1Cs value of G. cowa leaves extract.

The distribution of cells in different phases of the cell cycle following
treatment can be observed using cell cycle inhibition and apoptosis,
allowing for an estimation of how G. cowa leaf extract inhibits cell
cycle pathways. Cell cycle analysis of MCF-7/HER-2 cells using flow
cytometry was performed under various treatment conditions, including
control and extract treatment at a concentration of 1 x 1Cso (Fig. 4 and
5). The cell cycle profile of MCF-7/HER-2 cells post-treatment is

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

presented in Table 1. The flow cytometry method was employed to
assess apoptosis, aiming to quantify the number of viable cells, necrotic
cells, and apoptotic cells within a short time frame. MCF-7/HER-2 cells
were treated with Annexin V, which binds to phosphatidylserine on the
plasma membrane during the early stages of apoptosis, detected via
fluorescence.?® As shown in Table 2 and Figures 6 and 7, MCF-7/HER-
2 cells were treated with the extract at a concentration of 1xICso. This
study investigated the effects of G. cowa leaf extract on the cell cycle
of MCF-7/HER-2 cancer cells by examining how cells were distributed
across different cell cycle phases before and after treatment. The extract
of G. cowa leaves at ICso concentration causes changes in cell cycle
distribution in MCF-7/HER-2 cancer cells, with a decrease in cells in
the Go-G1 phase and an increase in the S and G2-M phases. The extract
causes an accumulation of cells in the G2-M phase, indicating cell cycle
arrest and inhibition of cancer cell proliferation while also accelerating
the transition through the Gi, S, and G2-M phases, which could enhance
DNA replication and mitosis. The rise in cells in the S phase implies
that the extract speeds up the transition from the Gito the S phase,
increasing DNA replication. Similarly, the increase in the G2-M phase
suggests the extract may hasten the transition from the S phase to
mitosis or speed up mitosis itself. These effects could involve inhibiting
the G1 phase, accelerating phase transitions, or regulating cell cycle
proteins like cyclins and cyclin-dependent kinases (CDKs).2%
Inhibition in both the S phase and G2-M phase suggests interference
with DNA replication and mitosis, leading to DNA damage that
ultimately triggers apoptosis when repair is not possible.37-%

Table 1: Distribution of MCF-7/HER-2 after treatment with G. cowa leaf extract

Treatment Concentration Cell phase (%)

SubG; Go-G1 S G;M Polyploid
Control 0 11 38.1 75 495 33
Extract 1X 1Cso 13 29.9 9.7 55.3 35

SubG:  : Sub-G; phase
Go-G1 : Go (Resting) phase and Gz (Growth 1) phase

S : Synthesis phase
G:M : G2(Growth 2) and Mitosis
Table 2: Distribution of MCF-7/HER-2 after treatment with G. cowa leaf extract
Treatment Concentration Percentage (%)
Live cells Early apoptotic Late apoptotic Necrosis
Control 0 85.7 5.5 5.4 3.8
Extract 1xICso 72.0 2.7 12.2 14.6
60
- 3 ﬁ o 50 Em Control
g & 9 mﬁj—ﬂ Polyploid 40 Em Extract
e ubG \‘-r” = 30 I -
L — I_I. L B H-IM LI S B B B N BN B N N B E;l: 20___
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Figure 4: MCF-7/HER-2 cell cycle analysis using flow
cytometry. (&) Control cells
(b) Treatment with G. cowa leaf extract

Figure 5: Effects of G. cowa Leaf Extract on MCF-7/HER2
Cell Cycle Phase Distribution.
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Figure 6: MCF-7/HER-2 apoptosis analysis using flow
cytometry. (a) Control cells (b) Treatment with G. cowa leaf
extract
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Further analysis of apoptosis using flow cytometry revealed that before
treatment, cells were distributed as follows, with changes after
treatment suggesting that the extract may induce cell death by
increasing late apoptosis and necrosis, potentially inhibiting cancer cell
growth. The extract’s cytotoxic effects on MCF-7/HER2 cells were
characterised by increased late apoptosis and necrosis, suggesting that
it accelerates cell death through both apoptotic and necrotic
pathways.“°#2  The extract’s secondary metabolites, including
flavonoids, triterpenoids, and steroids, disrupt the cell cycle and induce
apoptosis.>® G. cowa contains active secondary metabolites such as
depsidone and its derivatives, which can inhibit the cell cycle and
induce apoptosis in breast cancer cells through various mechanisms.
Depsidone also inhibits the cell cycle by arresting cells in the G2/M
phase, which in turn affects the regulation of cyclins D1 and E in the G1
and S phases.*** Arresting the cell cycle at critical phases is a
recognised strategy to inhibit cancer cell growth, aligning with the
mechanisms employed by many anticancer drugs. Specifically,
targeting the G2-M phase during the DNA repair checkpoint enhances
the effects of cytotoxic chemotherapy while preventing further DNA
damage.*>47

The limitations of this study include the use of in vitro models with
MCF-7/HER-2 and Vero cells, which, although relevant for initial
testing, do not fully represent the biological complexity of the human
body, necessitating further in vivo models and clinical trials. The
specific molecular mechanisms underlying the anticancer activity of
this extract have also not been fully explored, requiring additional
research to identify essential signalling pathways involved.
Furthermore, the synergistic effects between the extract and
conventional cancer therapies were not evaluated in this study, even
though their collaborative potential could increase effectiveness or
reduce the side effects of existing cancer treatments.
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Figure 7: Distribution of MCF-7/HER-2 after treatment with
G. cowa leaves extract

Conclusion

The G. cowa leaf extract demonstrated promising anticancer activity by
inducing apoptosis and inhibiting the cell cycle in the S and G2-M
phases. With an ICso value of 15.68 pg/mL against MCF-7/HER-2
cancer cells and a selectivity index above 3, the extract exhibits
significant cytotoxic potential. However, further research is required to
fully understand its mechanism of action and assess its potential for
clinical application, particularly in combination with other cancer
therapies. Future studies should focus on elucidating its molecular
mechanisms, evaluating preclinical and clinical efficacy, investigating
pharmacokinetics, and optimising formulation strategies. Addressing
these aspects will provide stronger evidence for the extract’s potential
as a selective, safe, and effective cancer treatment.

Conflict of Interest

The authors declare no conflict of interest.

Author’s Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

Acknowledgement

The author acknowledges receiving master contract number
041/ES/PG.02.00.PL/2024 and the derivative contract number
9/UN16.19/PT.01.03/PL/2024 from DRTPM DIKTIRISTEK and
LPPM Universitas Andalas, and thank them for their support, advice,
and financial assistance.

References

1. Observatory GC. Cancer Today [Online]. International
Agency for Research on Cancer. 2023 [cited 2023 Sep 9].
Available from: https://gco.iarc.fr

2. Freudenberg JA, Wang Q, Katsumata M, Drebin J,
Nagatomo |, Greene MI. The role of HER2 in early breast
cancer metastasis and the origins of resistance to HER2-
targeted therapies. Exp. Mol. Pathol. 2009; 87(1):1-11.

3. Kong X, Zhang K, Wang X, Yang X, Li Y, Zhai J, Xing Z,
Qi Y, Gao R, Feng X, Wang J. Mechanism of trastuzumab
resistance caused by HER-2 mutation in breast carcinomas.
Cancer Manag Res. 2019; 5971-5982.

850

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Trop J Nat Prod Res, February 2025; 9(2): 846 - 852

Susanti M, Pratama AR, Suryani MI. Development and
validation of TLC-densitometry method for quantification of
tetraprenyltoluguinone in the stem bark hexane extract of
Garcinia cowa Roxb. Heliyon. 2022; 8(9):1-6.
Ritthiwigrom T, Laphookhieo S, Pyne SG. Chemical
constituents and biological activities of Garcinia cowa Roxb.
Maejo Int. J. Sci. Technol. 2013, 7(02), 212-231.

Husni E, Nahari F, Wirasti Y, Wahyuni FS. Cytotoxicity
study of ethanol extract of the stem bark of asam kandis
(Garcinia cowa Roxb.) on T47D breast cancer cell line.
Asian Pac. J. Trop. Biomed. 2015; 5(3):249-252.

Wahyuni FS, Febria S, Arisanty D. Apoptosis induction of
cervical carcinoma HelLa cells line by dichloromethane
fraction of the rinds of Garcinia cowa Roxb. Phcog J. 2017;
9(4):475-477.

Wahyuni FS, Shaari K, Stanslas J, Lajis NH, Dachriyanus H.
Cytotoxic xanthones from the stem bark of Garcinia cowa
Roxb. J Chem Pharm Res. 2015; 7(1):227-236.

Wahyuni FS, Syafri S, Permatasari D, Hefni D, Hamidi D,
Nomiza NA, Rezti IA. Cowanin induces apoptosis in breast
cancer cells via Bcl-2 signalling pathway. J Altern
Complement Med. 2023; 20(3):631-636.

Chouni A, Pal A, Gopal PK, Paul S. GC-MS analysis and
screening of antiproliferative potential of methanolic extract
of Garcinia cowa on different cancer cell lines. Phcog J.
2021; 13(2):347-361.

Wahyuni FS, Triastuti DH, Arifin H. Cytotoxicity study of
ethanol extract of the leaves of asam kandis (Garcinia cowa
Roxb.) on T47D breast cancer cell line. Phcog J. 2015;
7(6):369-371.

Furgan M, Dachriyanus, Susanti M, Putra PP, Wahyuni FS.
Unravelling the interaction between Garcinisidone-a and
HER-2 protein in breast cancer: a computational study. Int J
App Pharm. 2024; 16(Special Issue 1):99-104.

Wahyuni FS, Putri DE, Putra YU, Hamidi D. Cytotoxic
activity of Taxus sumatrana (miqg.) De laub. Bark, leaves,
and shoots on hela, T47D, and MCF-7/HER2 cell lines Int J
App Pharm. 2024; 16(Special Issue 1):93-98.

Coecke S, Balls M, Bowe G, Davis J, Gstraunthaler G,
Hartung T, Hartung T, Hay R, Merten OW, Price A,
Schechtman L, Stacey G. Guidance on good cell culture
practice: A Report of the Second ECVAM Task Force on
good cell culture practice. Atla-Altern Lab Anim. 2005;
33(3):261-287.

Hefni D, Wahyuni FS. The Cytotoxicity Study of Lantana
camara Linn Essential Oil on HeLa Cancer Cells Line.
Phcog J. 2021; 13(6):1498-1501.

Mosmann T. Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity
assays. J. Immunol. Methods. 1983; 65(1-2):55-63.

Dewi IP, Dachriyanus YA, Ismail NH, Hefni D, Susanti M,
Syafri S, Wahyuni FS. Curcuma Aeruginosa Roxb. Extract
Inhibits the Production of Proinflammatory Cytokines on
Raw 264.7 Macrophages. Int J App Pharm. 2024; 16(1):41-
44,

Rahmawati N, Ismail NH, Hamidi D, Wahyuni FS. Cytotoxic
Activity Screening of Various Uncaria Spp Plants on T47D
Breast Cancer Cells. Trop. J. Nat. Prod. Res. 2023;
7(1):2218-2221

Ibrahim OHM, Abo-Elyousr KAM, Asiry KA, Alhakamy
NA, Mousa MAA. Phytochemical Characterisation,
Antimicrobial Activity and In Vitro Antiproliferative
Potential of Alchemilla vulgaris Auct Root Extract against
Prostate (PC-3), Breast (MCF-7) and Colorectal
Adenocarcinoma (Caco-2) Cancer Cell Lines. Plants. 2022;
11(16):1-14.

Qanash H, Bazaid AS, Aldarhami A, Alharbi B, Almashjary
MN, Hazzazi MS, Felemban HR, Abdelghany TM.
Phytochemical characterisation and efficacy of Artemisia
judaica extract loaded chitosan nanoparticles as inhibitors of

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

cancer proliferation and microbial growth. Polymers. 2023;
15(2):1-19.

Weerapreeyakul N, Junhom C, Barusrux S, Thitimetharoch
T. Induction of apoptosis in human hepatocellular carcinoma
cells by extracts of Lannea coromandelica (Houtt.) Merr. and
Diospyros castanea (Craib) Fletcher. Chin Med. 2016; 11:1-
10.

Febriansah R, Putri DDP, Sarmoko, Nurulita NA, Meiyanto
E, Nugroho AE. Hesperidin as a preventive resistance agent
in MCF-7 breast cancer cells line resistance to doxorubicin.
Asian Pac J Trop Biomed. 2014; 4(3):228-233.

Lestari B, Novitasari D, Putri H, Haryanti S, Sasmito E,
Meiyanto E. Evaluation of The Genotoxicity of Three Food
Additives using CHO-K1 Cells under in vitro Micronucleus
Flow Cytometry  Assay. Indones. J.  Cancer
Chemoprevention. 2017; 8(2):74-80.

lonescu CA, Aschie M, Matei E, Cozaru GC, Deacu M,
Mitroi AF, Baltatescu GI, Nicolau AA, Mazilu L, Tuta LA,
lorga IC. Characterisation of the Tumor Microenvironment
and the Biological Processes with a Role in Prostatic
Tumorigenesis. Biomedicines. 2022; 10(7):1-20.

Satria D, Silalahi J, Haro G, llyas S, Hasibuan PAZ. Cell
cycle inhibition of ethylacetate fraction of Zanthoxylum
acanthopodium DC. Fruit against T47D cells. Open Access
Maced J Med Sci. 2019; 7(5):726-729.

Engel N, Oppermann C, Falodun A, Kragl U. Proliferative
effects of five traditional Nigerian medicinal plant extracts
on human breast and bone cancer cell lines. J
Ethnopharmacol. 2011; 137(2):1003-1010.

Chatri M, Hasibuan PA, Meiyanto E, Putra DP, Septisetyani
EP, Satria D, Waruwu SB. Effect of African Leaves
(Vernonia amygdalina Delile) on the Development of T47D
Breast Cancer Cells. Trop J Nat Prod Res. 2024; 8:7740-
7746.

Engel N, Falodun A, Kiihn J, Kragl U, Langer P, Nebe B.
Pro-apoptotic and anti-adhesive effects of four African plant
extracts on the breast cancer cell line MCF-7. BMC
Complement Altern Med. 2014; 14(1):1-13.

Putri RH, Soetrisno, Wasita B, Priyanto H, Pamungkasari
EP, Cilmiaty R. Investigating the Effects of the Ethyl Acetate
Fraction of Mas Banana Bracts: Suppressing Cell Growth,
Promoting Cell Death, and Targeting Specific Molecules in
Hela Cells. Trop J Nat Prod Res. 2024; 8(11):9035-9042.
Ambrosio MR, Magli E, Caliendo G, Sparaco R, Massarelli
P, D’Esposito V, Migliaccio T, Mosca G, Fiorino F,
Formisano P. Serotoninergic receptor ligands improve
Tamoxifen effectiveness on breast cancer cells. BMC
Cancer. 2022; 22(1):1-14.

Eren CY, Gurer HG, Gursoy OO, Sezer CV. Antitumor
Effects of L-citrulline on Hela Cervical Cancer Cell Lines.
Anticancer Agents Med Chem. 2022; 22(18):3157-3162.
Hefni D, Dachriyanus, Nahda AM, Wahyuni FS. Effect of
Cowanin on Cyclin D1 Expression In MCF-7/HER2 Breast
Cancer Cells. Int J App Pharm. 2024; 16(Special Issue
1):149-151.

Sangour MH, Ali IM, Atwan ZW, Al Ali AAALA. Effect of
Ag nanoparticles on viability of MCF-7 and Vero cell lines
and gene expression of apoptotic genes. Egypt. J. Med. Hum.
Genet. 2021; 22(1):1-11.

Widiandani T, Tandian T, Zufar BD, Suryadi A, Purwanto
BT, Hardjono S. In vitro study of pinostrobin propionate and
pinostrobin butyrate: Cytotoxic activity against breast cancer
cell T47D and its selectivity index. J Public Health Afr. 2023;
14:1-6.

Calder6n-Montafio JM, Martinez-Sanchez SM, Jiménez-
Gonzélez V, Burgos-Morén E, Guillén-Mancina E, Jiménez-
Alonso JJ, Diaz-Ortega P, Garcia F, Aparicio A, Lopez-
Lazaro M. Screening for selective anticancer activity of 65
extracts of plants collected in Western Andalusia, Spain.
Plants. 2021; 10(10):2193-2122.

851

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Trop J Nat Prod Res, February 2025; 9(2): 846 - 852

Jabit ML, Wahyuni FS, Khalid R, Israf DA, Shaari K, Lajis
NH, Stanslas J. Cytotoxic and nitric oxide inhibitory
activities of methanol extracts of Garcinia species. Pharm
Biol. 2009; 47(11):1019-1026.

Cornwell JA, Crncec A, Afifi MM, Tang K, Amin R, Cappell
SD. Loss of CDK4/6 activity in S/G2 phase leads to cell cycle
reversal. Nature. 2023; 619(7969):363-370.

Kumar P, Koach J, Nekritz E, Mukherjee S, Braun BS,
DuBois SG, Nasholm N, Haas-Kogan D, Matthay KK, Weiss
WA, Gustafson C. Aurora Kinase A inhibition enhances
DNA damage and tumor cell death with 1311-MIBG therapy
in high-risk neuroblastoma. EJNMMI research. 2024;
14(1):54-66.

Zdioruk M, Want A, Mietelska-Porowska A, Laskowska-
Kaszub K, Wojsiat J, Klejman A, Uzarowska E, Koza P,
Olejniczak S, Pikul S, Konopka W. A new inhibitor of
tubulin polymerisation kills multiple cancer cell types and
reveals p21-mediated mechanism determining cell death
after mitotic catastrophe. Cancers. 2020; 12(8):1-21.

Jenie RI, Handayani S, Susidarti RA, Udin LZ, Meiyanto E.
The cytotoxic and antimigratory activity of Brazilin-
doxorubicin on MCF-7/HER2 cells. Adv Pharm Bull. 2018;
8(3):507-516.

Kusumastuti R, Utomo RY, Khumaira A, Putri H, Jenie RI,
Meiyanto E. Pentagamaboronon-0 increased cytotoxicity of
and inhibited metastasis induction by doxorubicin in breast
cancer cells. J Appl Pharm Sci. 2019; 9(6):43-51.

Mohamed SIA, Elsayed GH, El Shaffai A, Yahya SMM,
Mettwally WSA.. In-vitro study of cytotoxic and apoptotic
potential of Thalassia hemprichii (Ehren.) Asch. and
Enhalus acoroides (L.f.) Royle against human breast cancer
cell line (MCF-7) with correlation to their chemical profile.
BMC Complement Med Ther. 2024; 24(1):1-16.
Chottanapund S, Van Duursen MB, Zwartsen A, Timtavorn
S, Navasumrit P, Kittakoop P, Sureram S, Ruchirawat M,
Van den Berg M. Depsidones inhibit aromatase activity and
tumor cell proliferation in a co-culture of human primary
breast adipose fibroblasts and T47D breast tumor cells.
Toxicol Rep. 2017; 4:165-171.

Zwartsen A, Chottanapund S, Kittakoop P, Navasumrit P,
Ruchirawat M, Van Duursen MB, Van den Berg M.
Evaluation of anti-tumour properties of two depsidones—
Unguinol and Aspergillusidone D—in triple-negative MDA-
MB-231 breast tumour cells. Toxicol Rep. 2019; 6:1216-
1222.

SunJ, Li M, Lin T, Wang D, Chen J, Zhang Y, Mu Q, Su H,
Wu N, Liu A, Yu Y. Cell cycle arrest is an important
mechanism of action of compound Kushen injection in the
prevention of colorectal cancer. Sci Rep. 2022; 12(1):1-16.
Vogel C, Hager C, Bastians H. Mechanisms of mitotic cell
death induced by chemotherapy-mediated G 2 checkpoint
abrogation. Cancer Res. 2007; 67(1):339-345.

Wiecek AJ, Cutty SJ, Kornai D, Parreno-Centeno M,
Gourmet LE, Tagliazucchi GM, Jacobson DH, Zhang P,
Xiong L, Bond GL, Barr AR. Genomic hallmarks and
therapeutic implications of Go cell cycle arrest in cancer.
Genome Biol. 2023; 24(1):1-35.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License

852



