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Breast cancer remains a significant challenge in oncology, necessitating the exploration of novel
therapeutic options. This study investigates the anticancer effects of ethanol and n-hexane
fractions derived from the methanol extract of the Leptastrea purpurea sponge on T47D breast
cancer cells. Employing cytotoxicity assays (MTT and WST-1), mitochondrial transmembrane
potential assays, and protein expression analysis of p53, Caspase-3, and Bax, we aimed to
elucidate the mechanisms underlying their potential anticancer activity. LC-MS/MS analysis
was utilized to identify active compounds within the fractions. The results of the experiment
demonstrate that the ethanol fraction exhibits significant efficacy against T47D breast cancer
cells, with an 1Cs value of 25.36 pg/mL indicating potent cytotoxicity. At a concentration of
1508 pg/mL, it induces cell death in 95% of T47D cells, highlighting its specificity in targeting
breast cancer cells. Comparative analysis with cisplatin reveals a 9.92% higher rate of cell death
induced by the ethanol fraction, suggesting superior apoptosis induction capability. Flow
cytometry results show increased p53 expression at concentrations of 754 and 1508 pg/mL, with
a concentration-dependent pattern. Furthermore, notable increases in Bax protein expression at
concentrations of 377 and 754 pg/mL suggest the involvement of the ethanol fraction in
regulating apoptosis. In conclusion, the ethanol fraction demonstrates promising potential as a
cytotoxic and apoptosis-inducing agent for breast cancer therapy. These findings underscore the

importance of exploring natural products from marine sources as potential anticancer agents.
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Introduction

Breast cancer, a leading cause of cancer-related mortality,
demands innovative therapeutic strategies due to its widespread
impact, affecting both women and men.! In 2023, an estimated
1,958,310 new cancer cases and 609,820 cancer-related deaths in the
United States underline the urgent need for advancements in cancer
treatment.” Among the various subtypes, triple-negative breast cancer
(TNBC) is particularly challenging to treat because it does not respond
to standard breast cancer therapies, making it a focal point for
research.’

Cisplatin has shown promise in treating TNBC, but its application is
severely restricted by cardiotoxic side effects, limiting its long-term
usability.* This underscores a significant gap in treatment options for
TNBC, necessitating the development of alternative therapies that are
both effective and have fewer adverse effects.”

Marine organisms, with their unique biochemical properties, have
emerged as a promising source of novel anti-cancer compounds.
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The sponge Leptasrea purpurea, located on Kondang Merak beach in
East Java, Indonesia, has garnered attention for its potential in yielding
new cancer-fighting drugs.

The rich chemical diversity of marine species provides a vast reservoir
of natural substances that could lead to more effective and less toxic
cancer therapies.®

Research in cancer prevention has increasingly focused on
antioxidants and apoptosis mechanisms.” Antioxidants neutralize free
radicals-highly reactive molecules with unpaired electrons that can
damage DNA, proteins, and lipids-thus protecting cells from damage
and reducing cancer risk and progression.® Apoptosis, the programmed
cell death process, maintains cellular balance and tissue integrity by
eliminating dysfunctional cells, making it a crucial target for cancer
therapies.”*°

This research aims to bridge the gap by identifying new compounds
that can effectively induce apoptosis and enhance antioxidant defense
mechanisms in cancer cells, particularly TNBC. By exploring
compounds derived from Leptasrea purpurea, the study seeks to
understand their potential efficacy and mechanisms of action as
alternative treatments for breast cancer. Advancing this research is
vital for oncology, offering hope for less toxic and more effective
therapeutic options for patients battling this challenging disease.

Materials and Methods

Materials

The 4T1 (ATCC® HTB-133) breast cancer cells were sourced from
Brawijaya University, Indonesia, and cultured in a 100 ml medium of
RPMI supplemented with HEPES, sodium bicarbonate, 10% FBS, 1%
Penicillin Streptomycin, and 0.5% Fungizone. Tripsin-EDTA 0.25%
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aided cell preparation. MTT reagent for cytotoxicity was diluted in
PBS, while washing utilized PBS (pH 7.4) with HPLC grade KClI,
NaCl, Na;HPO,, and KH,PO,4. The stopper reagent comprised 10%
b/v SDS in 0.01 N HCI. WST-1 reagent solution included WST-1, 1-
methoxy PMS, and hydroxyethyl)-1-piperazineethanesulfonic acid
buffer. Annexin-FITC was diluted in a binding buffer containing
HEPES, NaCl, KCI, MgCl,, CaCl,, and propidium iodide. All
components were meticulously sourced and prepared for the
experiments.

Collection and identification of sponge

The sponge Leptastera purpurea was collected in July 2023 from
Kondang Merak Beach, Malang Regency, East Java, Indonesia (112°
30' 19.80" E - 8° 24' 14.14" S). Dr. Rollando, a botanist, verified the
authenticity of the sponge samples and stored voucher specimens
(FA:089-MACHUNG-2023) in the Pharmacognosy Laboratory of the
Department of Pharmacy at Ma Chung University.

MTT cytotoxicity assay

The cytotoxicity was assessed using the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium (MTT) test. At the beginning, 8x10° T47D
cells were placed in every well of a 96-well plate. On the subsequent
day, the cells were subjected to different doses of ethanol, n-Hexane,
and cisplatin over a period of 24 hours. Afterwards, 100 microliters of
MTT reagent with a concentration of 0.5 milligrams per milliliter were
introduced to the cells and allowed to incubate for a period of 2 to 4
hours. After the incubation period, a solution containing SDS and
0.01N HCI was applied to each well. The absorbance at a wavelength
of 595 nm was later determined using an ELISA reader, and the
percentage of cell viability was computed based on the absorbance
data. The 1Cso value was determined by employing linear regression
analysis to demonstrate the correlation between the concentration of
the sample and the percentage of cell viability.™*

WST-1 cytotoxicity assay

In the WST-1 assay, the quantity of formazan dye produced is directly
proportional to the metabolic activity of cells. The test was conducted
according to the instructions provided by the manufacturer. Concisely,
cells were placed in clear 96-well plates and promptly or the following
day, exposed to various quantities of particles or similar extracts for
either 0 or 24 hours. Afterwards, the cells were rinsed two times with
DPBS 1X and placed in a new solution containing 10% WST-1
reagent for a duration of 2 hours. The absorbance was quantified at a
wavelength of 450 nm using a multiplate reader, with a reference
wavelength of 690 nm being utilized and subtracted. The complete
visible spectrum was recorded for certain tests. The results are
expressed as relative WST-1 activity, with a value of 1.0
corresponding to the absorbance obtained in the control cultures.*

Mitochondrial transmembrane potential assay

The mitochondrial transmembrane potential (A¥m) was analyzed
using Rhodamine 123 dye (Rh123). It identifies the reduction of A¥m,
which is linked to mitochondrial death. Loss of mitochondrial
membrane potential (A¥m) leads to a decrease in the fluorescence of
Rh123. The cells treated with AECIR were stained using 10 pL of
Rh123 dye (10 pg/mL Rh123 in PBS). The plate was thereafter placed
in an incubator at a temperature of 37 °C for a duration of 30 minutes.
Afterward, the dye was eliminated by rinsing with PBS before being
exangned under a fluorescence microscope at a magnification of
200.

Apoptosis assay

A total of 5x10° cells were placed into each well of a six-well tissue
culture plate and cultured for 24 hours. The cells were exposed to
fractions and cisplatin incubated for 24 hours. Following incubation,
both adherent and detached cells were harvested and subjected to
centrifugation at a speed of 2000 revolutions per minute for a duration
of 3 minutes. Subsequently, the cells were rinsed twice with cold
phosphate-buffered saline (PBS). The cells were suspended in 500 pl
of Annexin V buffer and thereafter exposed to Annexin V and
propidium iodide for a duration of 10 minutes at a temperature of 37
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°C. The cells that had been treated were subsequently analyzed using
FACS flow cytometry. The bivariate analysis of FITC-fluorescence
(FL-1) and PI-fluorescence (FL-3) revealed distinct cell populations.
Cells that were negative for both FITC and PI were classified as viable
cells. Cells that were positive for FITC but negative for Pl were
categorized as apoptotic cells. Cells that were negative for FITC but
positive for Pl were identified as necrotic cells. Lastly, cells that were
positive for both FITC and P1 were classified as late apoptotic cells.®

Expression of p53 and caspase 3 proteins with flow cytometry

T47D cells (1x10°% were collected and rinsed once in cold PBS. The
cell pellets were immobilized in 75% ethanol at a temperature of 4 °C
for the duration of one night and subsequently rinsed in cold PBS.
Next, the pellets were mixed with 1 mL of a 50 mg/L PI solution,
along with 0.1% (w/v) sodium citrate and 0.1% (v/v) Triton X-100.
The cell samples were placed in a dark environment and kept at a
temperature of 4 °C for a minimum of 15 minutes. Subsequently, they
were examined using a FACScan flow cytometer.

Expression of Bax protein with western blotting

T47D cells (2x10°) were pre-incubated with or without 2 millimoles
per liter of 3-methyladenine (3-MA) for 1 hour, and then treated with
64 micromoles per liter of oridonin for 12, 24, 36, or 48 hours. Both
adherent and floating cells were gathered and subjected to Western
blot analysis, following the previously reported protocol. In summary,
the T47D cells were rinsed with cold PBS and dissolved using a lysis
solution containing 1% SDS, 1 mmol/L phenylmethylsulfonyl
fluoride, 1 mmol/L EDTA, 2 mmol/L leupeptin, and 1 mmol/L
aprotinin. The protein concentration was quantified using the Bio-Rad
DC protein assay. The protein lysates underwent separation using a
12% SDS-PAGE technique and were subsequently transferred to a
nitrocellulose membrane. The membranes were immersed in a
blocking buffer solution containing 5% skimmed milk in PBS.
Subsequently, they were left to incubate overnight with primary
antibodies, and then treated with secondary antibodies conjugated with
horseradish  peroxidase. The color was generated using
diaminobenzidine (DAB)."

Compounds analysis

The tandem MS system and LC-MS/MS methodology were employed
in conjunction with the UHPLC to analyze our samples. A series of
specialized instruments were utilized to conduct the LC-MS analysis:
LC-30AD binary pumps, CTO-10ASvp column furnace, DGU-20A3R
degasser, and SIL-30AC autosampler. To accomplish the separation of
compounds, a reversed-phase C18 Inertsil ODS-4 analytical column
measuring 150 mm x 4.6 mm x 3 um was utilized. The column
operated at a temperature of 40 °C. Mobile phase A, consisting of
H>0, ammonium formate (5 mM), and formic acid (0.1%), and mobile
phase B, comprising methanol, ammonium formate (5 mM), and
formic acid (0.1%), were utilized in the elution gradient. Compounds
were eluted through the utilization of a gradient composed of these
mobile phases. To maintain the flow rate, the solvent flow was
adjusted to 0.5 mL/min, and sample introduction utilized a fixed
injection volume of 4 pL. The electrospray ionization (ESI) source
was utilized to induce ionization in the air pressure. In order to
optimize the conditions for ESI, the following parameters were
established: a desolvation line (DL) temperature of 250 °C, an
interface temperature of 350 °C, a heat block temperature of 400 °C,
and nebulizing gas and drying gas flow rates of 15 mL/min and 3
mL/min, respectively.”

Statistical analysis

The cytotoxic activity of both ethanol and n-hexane fractions on T47D
breast cancer cells was evaluated across five independent replicates.
The effects were quantified using MTT and WST-1 assays, which are
standard methods for assessing cell viability and cytotoxic response in
vitro. The results are expressed as the mean + standard deviation (SD)
to provide a clear indication of the central tendency and variability of
the data. This statistical presentation allows for a comprehensive
understanding of the cytotoxic potential and consistency of the
response induced by each fraction.

7460

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, June 2024; 8(6):7459-7465

Results and Discussion

Cytotoxic impact of fractions on T47D

The ethanol fraction has a lower 1Cs value than the n-hexane fraction
when tested against T47D cells, as shown in Table 1. Based on the
lower 1Cs value, it looks like the ethanol fraction is more effective at
killing T47D cells than the n-hexane fraction. Furthermore, an ICso
value below 100 pg/mL indicates that the ethanol fraction has
potential as a significant cytotoxic agent.’® This suggests that the
fraction is effective at inhibiting T47D cell growth at relatively low
concentrations.

The MTT assay method is based on the enzymatic reduction of MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) into
formazan salt by the enzyme succinate dehydrogenase found in the
mitochondria of viable cells. Afterwards, a stopper reagent is
introduced, which causes the cell membrane to rupture and the
formazan salt to dissolve. The resulting formazan salt is subsequently
quantified based on its absorbance. Greater absorbance values indicate
a bigger number of viable cells, resulting in increased cell viability.
The principle underlying the WST-1 assay method lies in its
utilization of a water-soluble tetrazolium salt, WST-1, to assess
cellular viability or metabolic activity. Upon introduction into cell
cultures, WST-1 is enzymatically reduced by the activity of cellular
enzymes, particularly those found within the mitochondria of
metabolically active cells. This reduction process converts WST-1 into
a formazan dye, which is soluble in aqueous solutions. The intensity
of the resulting color formation is directly proportional to the
metabolic activity of the cells and can serve as an indicator of cell
viability.”

Several factors may contribute to the differences in MTT and WST-1
assay results between the ethanol and n-hexane fractions. Firstly,
certain components within the ethanol fraction might interact
differently with the MTT and WST-1 substrates. These interactions
might change how tetrazolium is reduced and how formazan products
are made, which could change the results of both tests in the end.
Additionally, MTT and WST-1 may exhibit different reaction rates
under various conditions. The process of tetrazolium reduction to
formazan may occur at varying speeds, depending on factors such as
pH, temperature, and enzyme concentration within the cells. These
differences in reaction kinetics could lead to discrepancies in the final
results between the two assays. Furthermore, the cytotoxic effects of
components within the ethanol fraction or their interactions with other
compounds in the culture medium may vary in their impact on both
types of tests. For instance, a particular compound might be more
effective in inhibiting the reduction process of MTT compared to
WST-1. In summary, variations in substrate interactions, reaction
kinetics, and the cytotoxic influence of components within the ethanol
fraction can account for the observed differences in MTT and WST-1
assay results. These factors highlight the importance of considering
multiple assay methodologies and conducting thorough validations to
ensure robust and reliable conclusions.®

The cellular morphology was examined after treatment with the
ethanol fraction. The administration of the ethanol fraction and
cisplatin resulted in alterations in the physical structure of T47D cells.
Cell nuclei were seen to undergo shrinkage, with some cells
displaying symptoms of cell death, resulting in an overall decrease in
cell count (Figures 1b and 1e). In contrast, cells that were not treated
exhibited a typical shape (Figure 1a). This suggests that the ethanol
fraction has the capacity to cause structural alterations in T47D cells,
which could be a sign of its potential as a substance that is poisonous
to cells. Therefore, the morphological response observed in T47D
cells following treatment with cisplatin and the ethanol fraction may
be influenced by various mechanisms, including DNA damage,
activation of the apoptosis pathway, mitochondrial dysfunction,
oxidative stress, and interaction with cellular signaling pathways.™

Mitochondrial transmembrane potential result

The results indicate that more than 95% of cells experienced changes
in mitochondrial membrane potential after being treated twice with the
ICso concentration of the test compound (Figure 2). This high
percentage suggests that the treatment significantly affects
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mitochondrial function in the majority of cells. Rhodamine 123 is a
fluorescent dye commonly used to assess mitochondrial membrane
potential. It accumulates in the mitochondria in a membrane potential-
dependent manner. A decrease in fluorescence indicates a decrease in
mitochondrial membrane potential, while an increase indicates an
increase in potential.”® Cisplatin is a chemotherapy drug known to
induce cellular stress and apoptosis, often by disrupting mitochondrial
function. The comparison reveals that the test compound, at its ICso
concentration, induces changes in mitochondrial membrane potential
in a much larger proportion of cells compared to cisplatin.
Specifically, while cisplatin administration causes changes in
mitochondrial membrane potential in more than 21% of cells, the test
compound affects over 95% of cells (Figure 3). This suggests that the
test compound may have a more potent impact on mitochondrial
function than cisplatin. The observed difference between the effects of
the test compound and cisplatin on mitochondrial membrane potential
is described as very significant. This suggests that the test compound
may represent a novel and potentially more effective approach for
targeting mitochondrial function in the context of cellular treatment or
therapy. The results of this analysis could have significant
implications for further research and development of treatments
targeting mitochondrial function. Understanding how the test
compound affects mitochondrial membrane potential may provide
insights into its mechanism of action and potential therapeutic
applications.?

Table 1: The results of cytotoxicity assay against T47D cell
line

Fraction 1Cs0 MTT Assay 1Cs0 WST-1 Assay
(ng/ml) (ng/ml)

Ethanol 25.36 £0.19 753.98 + 3.82

n-Hexane 630.63 + 2.31 806.16 + 4.14

Values area means + SD, n =5 replicates

Figure 1: a. Cell control; b. Cisplatin; c. Ethanol fraction (377
pg/mL); d. Ethanol fraction (754 pg/mL); e. Ethanol fraction
(1508 pg/mL); The black arrows indicate the normal living
cell, whereas the red arrows indicate the cell morphology
changing
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Figure 2: Mitochondrial transmembrane potential result. a.

Cell control; b. Cisplatin; c. Ethanol fraction (377 pg/mL); d.
Ethanol fraction (754 upg/mL); e. Ethanol fraction (1508
pg/mL)
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Apoptosis analysis

The study aimed to assess the influence of the ethanol fraction and
cisplatin on the growth of T47D breast cancer cells during a 24-hour
timeframe. The inquiry employed the Annexin V assay in combination
with flow cytometry to detect the initiation of apoptosis in the treated
cells.? Annexin V, a protein, has a high attraction for negatively
charged phospholipids found on cell membranes. In addition,
propidium iodide (PI) staining, which specifically binds to DNA, was
used to differentiate between cell death caused by apoptosis and
necrosis.”® Figure 4 displays the results of the apoptosis induction
assay performed using flow cytometry. It shows the percentage of cell
death caused by apoptosis or necrosis after treatment with the ethanol
fraction and cisplatin.

After being exposed to the ethanol fraction and cisplatin, the
examination of cell death percentages shows that untreated cells have
a viability rate of 95.06% and a matching cell death rate of 4.94%.
After being treated with the ethanol fraction, the recorded rate of cell
death is 4.81%, but treatment with cisplatin results in a cell death rate
of 7.82%. The results indicate that the ethanol fraction treatment leads
to a 9.92% increase in cell death compared to cisplatin, indicating that
the ethanol fraction triggers apoptosis.

The T47D breast cancer cell line is a subtype that is defined by having
wild-type caspase-3 and caspase-7, as well as positive expression of
estrogen receptor (ER) and progesterone receptor (PR). Additionally,
it has a mutant form of the p53 protein.?* The induction of apoptosis in
these cells is hypothesized to occur through p53-independent
pathways.? Cisplatin is known for its ability to reduce the levels of
Bcl-2 protein in T47D breast cancer cells, leading to the formation of
crosslinks in DNA and consequent apoptosis caused by DNA damage.
Decreased expression of Bcl-2, a protein that prevents cell death,
reduces cell survival and increases sensitivity to chemotherapeutic
drugs.?® Future study should focus on identifying the precise proteins
implicated and elucidating the molecular mechanisms that explain the
synergistic interactions among the extract components, p53 protein
expression, Bcl-2, and NF-kB in T47D breast cancer cells in a
laboratory setting.

Expression of p53 and caspase-3 proteins

Flow cytometry analysis was conducted to assess the expression levels
of p53 and caspase-3 proteins. The findings revealed a notable
upregulation in the expression of all three proteins in T47D cells
treated with cisplatin compared to the control group (Figure 5).
Specifically, the flow cytometry results indicated a significant increase
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in p53 expression in T47D cells following treatment with extract
concentrations of 754 and 1508 pg/mL. However, at lower
concentrations (377 pg/mL), the observed p53 expression did not
exhibit a significant difference compared to untreated cells. Consistent
with the effects of cisplatin, all three concentrations of the extract led
to a significant enhancement in caspase-3 protein expression.”

Expression of Bax protein with western blotting

Western blot analysis was employed to assess the expression levels of
the Bax protein. The findings revealed a significant increase in Bax
protein expression following treatment with concentrations of 377 and
754 pg/mL. However, it was observed that conducting Bax protein
expression analysis via western blotting was not feasible in cells
treated with higher concentrations. This limitation arises due to the
cell destruction that occurs at high treatment concentrations,
potentially leading to the mixing of cell proteins in the medium.
Consequently, during protein extraction, the protein may be lost along
with the medium (Figure 6). These observations were further
supported by alterations in cell morphology data, indicating that
administration of the highest treatment concentration resulted in cell
destruction, with only a few cells exhibiting altered morphology able
to survive and adhere to the petri dish.?®
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Figure 3: Effects of compounds on T47D cells. a. Cell
control; b. Cisplatin; c. Ethanol fraction (377 pg/mL); d.
Ethanol fraction (754 pg/mL); e. Ethanol fraction (1508
pg/mL)

Table 2: Compounds have been identified from the fractions

. Chemical Neutral Mass  Retention Time

Fraction Component .
Formula (Da) (min)
Valine CsH1102 117.0790 0.51
14-Acetoxy-7p-angeloyloxynotonipetranone C22H3205 376.22500 5.68
14-Deoxy-11-oxoandrographolide C20H2805 348.1937 6.90
(E)-Labda-8(17),12-diene-15,16-dial C2oH3002 302.2246 8.09
Ethanol Arachidonic acid C2oH3,0, 304.2402 9.87
Linolenic acid Ci18H3002 278.2246 9.49
Candidate Mass (BLP-E1) Cs2Hs107 561.3666 7.58
Candidate Mass (BLP-E2) C31H4703 481.3556 8.24
Cs3Hs103 509.38690 9.32
Linolenic acid CisH3002 278.2246 9.49
Arachidonic acid C2oH3,0, 304.2402 9.87
Bis(2-ethylhexyl)phthalate C24H304 390.2770 11.32

n-Hexane .

Candidate Mass (BLP-H1) CsH15NO3 149.1052 0.48
Candidate Mass (BLP-H1) Ca0Ha1NO; 343.3086 7.89
Candidate Mass (BLP-H2) Ca2HasNO; 371.3399 8.66
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Compounds analysis result

Analyses on the ethanol fraction revealed the presence of nine
identified compounds (Table 2). There are six compounds identified
by name, namely valine, 14-acetoxy-7p-angeloyloxynotonipetranone,
14-deoxy-11-oxoandrographolide,  (E)-labda-8(17),12-diene-15,16-
dial, arachidonic acid, and linolenic acid (Figure 7). Then, the analysis
results on the hexane fraction showed the presence of six identified
compounds. There are three compounds identified by name, namely
linolenic acid, arachidonic acid, and bis(2-ethylhexyl)phthalate
(Figure 8). Directly, valine itself does not possess an anticancer
mechanism. However, as part of a protein, valine plays a role in
various biological processes within the human body. Several studies
have indicated that a diet rich in specific amino acids, including
valine, may influence metabolism and the growth of cancer cells.
However, this relationship is complex and requires further research to
understand its precise role.”® The compound 14-acetoxy-7B-
angeloyloxynotonipetranone, found in Plectranthus hadiensis, has
been reported to exhibit cytotoxic activity against MDA-MB-231S
cancer cell line cells, with an 1Csy value of 5.5 pM (2.15 ug/mL).*
The compound 14-deoxy-11-oxoandrographolide, a derivative of
andrographolide found in Andrographis paniculata, has been shown to
possess cytotoxic activity against HepG2 liver cancer cells with an
ICs, value of 282 pg/mL. Additionally, 14-Deoxy-11-
oxoandrographolide has demonstrated the ability to inhibit the
formation of new blood vessels required for tumor growth, a process
known as angiogenesis.> (E)-Labda-8(17),12-diene-15,16-dial is a
compound belonging to the group of labdanoids, commonly found in
various plant species. This compound has been shown to induce
apoptosis mechanisms through the p53 pathway.* Linolenic acid has
demonstrated inhibition of the proliferation of OS-RC-2 cells, a type
of human RCC cell line. PPAR-y activation and COX-2 inhibition are

ot
wt
ot

"
10°
9

Propidium lodide ——

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

two signaling pathways involved in the action of ALA on OS-RC-2
cells.®

Conclusion

The ethanol fraction is highly effective against T47D breast cancer
cells, with an ICs value of 25.36 pg/mL indicating strong
cytotoxicity. It induces cell death in 95% of T47D cells at 1508
pg/mL, confirming its ability to target breast cancer cells. Compared
to cisplatin, it causes 9.92% more cell death, suggesting superior
apoptosis induction. Flow cytometry shows increased p53 expression
at 754 and 1508 pg/mL, with a concentration-dependent effect. Bax
protein expression also increases significantly at 377 and 754 pg/mL,
indicating the ethanol fraction's role in regulating apoptosis. Overall,
the ethanol fraction holds promise as a cytotoxic and apoptosis-
inducing agent in breast cancer therapy.
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Figure 7: LC MS/MS chromatogram of ethanol fraction
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Figure 8: LC MS/MS chromatogram of n-hexane fraction
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