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In Vitro Cytotoxic Activity of Lagerstroemia speciosa (L.) Pers. Leaf Extracts
against MCF-7 Breast Cancer Cells
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Dyah Ayuwati Waluyo Breast cancer is the most commonly diagnosed cancer in women, and
chemotherapy is limited by toxicity and drug resistance. Bungur

Krismayadi (Lagerstroemia speciosa (L.) Pers.) leaves contain flavonoids and other
secondary metabolites that may have cytotoxic potential, but data comparing

Binawan University, East Jakarta, DKI extracts prepared with different solvents against MCF-7 breast cancer cells

remain limited. This study aimed to determine the secondary metabolite
content of L. speciosa leaf extracts and to compare their in vitro cytotoxicity
against MCF-7 cells. Leaf powder (simplicia) was macerated with methanol,
70% ethanol, or ethyl acetate. The extracts were screened qualitatively for
secondary metabolites, and cytotoxicity was determined using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The
extract yields were 10.05% (methanol), 12.63% (70% ethanol), and 2.56%
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Keywords: ) ) (ethyl acetate). All three extracts contained alkaloids, saponins, tannins,
Lagerstroemia speciosa (L.) phenolics, flavonoids, triterpenoids, steroids, and glycosides. The half-
Pers leaf extract; MCF-7 maximal inhibitory concentration (ICsg) values were 98.46 ppm for the
MTT assay methanol extract, 163.67 ppm for the 70% ethanol extract, and 182.72 ppm

for the ethyl acetate extract. The methanol extract had the lowest ICso and
therefore the strongest cytotoxic activity among the three extracts. Based on
these results, L. speciosa leaf extracts showed in vitro cytotoxic activity
against MCF-7 cells and warrant further investigation.
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INTRODUCTION

Breast cancer (carcinoma mammae) is the most commonly diagnosed cancer and the leading cause of cancer death
among women worldwide. Global estimates for 2022 showed that female breast cancer accounted for 11.6% of all new
cancer cases and 6.9% of all cancer deaths(1). In Indonesia, GLOBOCAN 2024 estimated 93,236 new breast cancer cases
and 38,012 breast-cancer deaths; among women, breast cancer accounted for 34.4% of new cancer diagnoses and ranked
first by incidence (2). Breast cancer is treated with surgery, radiotherapy, endocrine therapy, targeted therapy, and
chemotherapy (3). Chemotherapies, however, have toxic effects, and breast cancer cells that initially respond to first- and
second-line drugs may eventually acquire resistance (4). These limitations have driven research on natural products as
candidate anticancer agents, which have been reported to act on multiple targets and to cause fewer side effects (4,5).

Indonesia is a megabiodiversity country, and many of its plants are potential sources of medicinal compounds. Bungur
(Lagerstroemia speciosa (L.) Pers., Lythraceae) is a flowering tree native to Southeast Asia and South Asia. Its
phytoconstituents include glycosides, flavones, corosolic acid, ellagic acid, triterpenes, and tannins, which have been
reported in different parts of the plant, including the leaves (6). Flavonoids and phenolic compounds are of particular

interest because they have been associated with anticancer mechanisms. Flavonoids have been reported to modulate cell-
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cycle progression at the transition from the G1 to the S phase, whereas saponins and triterpenoids have been reported to
disrupt the permeability of mitochondrial membranes and thereby trigger cell death (7).

Studies on L. speciosa in relation to breast cancer have so far explored, for example, leaf extract—-mediated zinc oxide
nanoparticles tested against MCF-7 cells (8) and in silico analysis of phytosterols from the seed extract against breast
cancer target proteins®. However, the effect of the extraction solvent on the yield, phytochemical profile, and cytotoxic
activity of crude L. speciosa leaf extracts against MCF-7 cells remains poorly documented. The type of solvent affects
the characteristics of a plant extract, because solvents of different polarity dissolve different groups of compounds (9).

The cytotoxicity of plant extracts is commonly screened in vitro using the MTT assay. In this assay, metabolically
active cells reduce the yellow tetrazolium salt MTT to purple, water-insoluble formazan crystals. The absorbance of the
dissolved formazan is then measured and used to estimate cell viability and the half-maximal inhibitory concentration
(ICs0)(10). MCF-7 cells, a hormone-dependent breast carcinoma cell line, were used as the target cells. This study aimed
to determine the yield and the qualitative secondary metabolite content of methanol, 70% ethanol, and ethyl acetate
extracts of L. speciosa leaves and to compare their cytotoxic activity against MCF-7 breast cancer cells, expressed as 1Cso
values, using the MTT assay. The novelty of this study is the side-by-side comparison of three solvents of different
polarity in the same MCF-7 model, which provides preliminary data to guide the selection of extracts for further

investigation.

METHODS
Materials and equipment

Bungur (Lagerstroemia speciosa (L.) Pers.) leaves were identified at LIPI Cibinong. The dried leaf powder (simplicia)
was used for extraction. The solvents were methanol, ethanol, and ethyl acetate (Merck). The reagents for phytochemical
screening were 2N HCI (ROFA Laboratorium); Liebermann—Burchard, Mayer, Dragendorff, and Wagner reagents
(Medical and Laboratory); and magnesium powder and 1% FeCls (Merck). The MTT reagent and dimethyl sulfoxide
(DMSO) were obtained from Sigma. MCF-7 cells (hormone-dependent breast carcinoma cells) were obtained from PSSP
IPB, Bogor. The equipment comprised a rotary evaporator (Biichi), a spectrophotometer (Shimadzu), a microplate reader,
and glassware (Pyrex).
Extraction

Extraction was performed by maceration using three different solvents: methanol, 70% ethanol, and ethyl acetate. For
each extraction, 1 kg (1,000 g) of dried Lagerstroemia speciosa leaf powder (simplicia) was macerated with 10 L of
solvent (1:10, w/v) in a tightly closed container at room temperature for 24 hours. The plant material was then remacerated
with fresh solvent at a 1:5 (w/v) ratio, corresponding to 5 L of solvent, for an additional 24 hours. The macerates obtained
from both extraction cycles were combined and concentrated using a rotary evaporator at 50 °C until a thick extract was
obtained. The methanol, 70% ethanol, and ethyl acetate extracts yielded 100.5 g, 126.3 g, and 25.6 g of thick extract.
Identification of qualitative phytochemical content

The procedures below were used for the qualitative identification of alkaloids, saponins, tannins, phenolics,
flavonoids, triterpenoids and steroids, and glycosides in each extract, using chemical detection reagents (11-13).
Alkaloids

A 0.5 g sample was mixed with 1 mL of 2 N hydrochloric acid and 9 mL of distilled water, heated in a water bath for
2 minutes, cooled, and filtered. The filtrate was divided into three test tubes, with 0.5 mL placed in each tube. Two drops
of Mayer reagent were added to the first tube, two drops of Wagner reagent to the second tube, and two drops of
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Dragendorff reagent to the third tube. The formation of a white to yellowish precipitate with Mayer reagent, a brown
precipitate with Wagner reagent, and an orange to reddish-brown precipitate with Dragendorff reagent indicated a positive
alkaloid reaction. A sample was considered positive for alkaloids when precipitation or turbidity was observed in at least
two of the three tests.

Saponins

A 0.5 g sample was placed in a test tube with 10 mL of hot distilled water, cooled, and shaken vigorously for 10
seconds. The formation of a stable foam 1-10 cm high that persisted for at least 10 minutes indicated the presence of
saponins. One drop of 2N hydrochloric acid was then added; foam that did not disappear confirmed the presence of
saponins.

Tannins

A 1 g sample was boiled for 3 minutes in 100 mL of distilled water, cooled, and filtered. Two milliliters of the filtrate
were mixed with 1-2 drops of 1% iron (III) chloride. A dark blue or blackish-green color indicated the presence of tannins.
Phenolics

Phenolic compounds were identified using the ferric chloride test. A portion of the sample solution was treated with
1% ferric chloride (FeCls) solution. The development of a dark green, bluish-green, blue, or black coloration was
considered a positive reaction for phenolic compounds.

Flavonoids

A 10 g sample was mixed with 10 mL of hot water, boiled for 5 minutes, and filtered while hot. Five milliliters of
the filtrate were mixed with 0.1 g of magnesium powder, 1 mL of concentrated hydrochloric acid, and 2 mL of amyl
alcohol, shaken, and left to separate. A red color in the amyl alcohol layer indicated the presence of flavonoids.
Triterpenoids and steroids

A 1 g sample was macerated in 20 mL of non-polar n-hexane for 2 hours and filtered. The filtrate was evaporated in
an evaporating dish, and 3 drops of Liebermann—Burchard reagent were added to the residue. A green color indicated
steroids, and a red or purple color indicated triterpenoids.

Glycosides

A 0.5 g sample was mixed with 2 mL of glacial acetic acid containing 1 drop of 1% iron (III) chloride (FeCls) solution.
Subsequently, 1 mL of concentrated sulfuric acid (H.SO4) was carefully added along the wall of the test tube to form a
separate layer. The formation of a purple to reddish-brown ring at the interface was considered a positive indication for
glycosides.

Cytotoxicity test (MTT assay)

Cytotoxic activity against MCF-7 cells was determined using the MTT assay(14). Cells were seeded at 1 x 10* cells
per well in 100 pL of complete culture medium in 96-well microplates and incubated overnight in a CO, incubator at 37
°C. The medium was then removed, and 100 pL of each extract concentration was added to the wells. The extracts were
dissolved in DMSO, and the concentrations tested were 80 — 200 ppm. Each concentration was tested in three replication.
Untreated MCF-7 cells were used as the negative control, whereas cells treated with the same final concentration of
DMSO used to dissolve the extracts served as the vehicle control. Doxorubicin was used as the positive cytotoxic control.
Blank wells containing complete culture medium and MTT reagent without cells were included to correct for background
absorbance. The plates were incubated again for 24 hours, and the condition of the cells was documented for each
treatment at the end of the incubation. The medium containing the treatment was then removed, and 100 L of MTT

solution (0.5 mg/mL) was added to each well, including the control wells. The cells were incubated with MTT for 2 hours
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at 37 °C in a CO2 incubator. The MTT solution was then discarded, and 100 pL of isopropanol was added to each well to
dissolve the purple formazan crystals. The plates were placed on a shaker to ensure complete solubilization of the
formazan before absorbance measurement. Absorbance was measured with a microplate reader at 570 nm. Cell viability
(%) was calculated as (absorbance of treated cells — absorbance of blank) / (absorbance of untreated cells — absorbance
of blank) x 100%. The ICso value was determined by linear regression analysis of the relationship between extract
concentration and cell viability using Microsoft Excel 2021. The linear regression equation (y = ax + b) was generated,
and the ICso value was calculated by substituting y = 50 and solving for x, where x represents the extract concentration

required to reduce cell viability to 50%.

RESULTS
Extraction yield

The percentage yields of the three extracts are shown in Table 1. The 70% ethanol extract gave the highest yield
(12.63%), followed by the methanol extract (10.05%) and the ethyl acetate extract (2.56%).

Table 1. Percentage yield of L. speciosa leaf extracts obtained by maceration

No Extract Yield (%)
1 Methanol extract 10.05
2 70% ethanol extract 12.63
3 Ethyl acetate extract 2.56

Qualitative phytochemical content
The methanol, 70% ethanol, and ethyl acetate extracts gave positive results for all secondary metabolite groups
tested: alkaloids, saponins, tannins, phenolics, flavonoids, triterpenoids, steroids, and glycosides (Table 2).

Table 2. Qualitative secondary metabolite content of L. speciosa leaf extracts

No Secondary metabolite Methanol 70% ethanol Ethyl acetate
1 Alkaloids + + +
2 Saponins + + +
3 Tannins + + +
4 Phenolics + + +
5 Flavonoids + + +
6 Triterpenoids + + +
7 Steroids + + +
8 Glycosides + + +

+ = positive result.
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Cytotoxic activity against MCF-7 cells
The cytotoxic activity of the extracts against MCF-7 cells was evaluated using the MTT assay. The ICso values
obtained for the three extracts are presented in Table 3. The methanol extract showed the lowest ICso value at 98.46
ppm, followed by the 70% ethanol extract at 163.67 ppm and the ethyl acetate extract at 182.72 ppm.
Table 3. ICso values of L. speciosa leaf extracts against MCF-7 cells

No Extract ICso (ppm)
1 Methanol extract 98.46
2 70% ethanol extract 163.67
3 Ethyl acetate extract 182.72

The morphology of MCF-7 cells after 24 hours of treatment with 100 ppm of each extract is shown in Figure 1. Fewer
adherent cells were observed in wells treated with the methanol and 70% ethanol extracts than in the well treated with the

ethyl acetate extract, where the cell layer appeared denser.

(a) (b) (c)
Figure 1. Morphology of MCF-7 cells after 24 hours of treatment with 100 ppm of (a) methanol extract, (b) 70%

ethanol extract, and (c) ethyl acetate extract of L. speciosa leaves

DISCUSSION
Extraction yield

The extraction yield varied according to the solvent used. The 70% ethanol extract produced the highest yield
(12.63%), whereas the ethyl acetate extract showed the lowest yield (2.56%). Solvents with different polarities dissolve
different groups of compounds; therefore, solvent polarity can substantially influence the amount of material extracted
from plant samples(9).

The comparatively high yield obtained with 70% ethanol may be related to the ability of the ethanol-water mixture to
extract compounds across a relatively broad polarity range. In contrast, the substantially lower yield obtained with ethyl
acetate suggests that a considerable proportion of extractable constituents in L. speciosa leaves may have greater affinity
for more polar solvents.

The Indonesian Herbal Pharmacopoeia specifies a minimum extract yield of 9.2% for maceration using 70% ethanol
(15). The 70% ethanol extract obtained in the present study had a yield of 12.63%, which exceeded this reference value.
However, this comparison is applicable only to the 70% ethanol extract because the pharmacopoeial specification is linked
to the extraction method and solvent described in the monograph. Therefore, the yields obtained using methanol and ethyl

acetate should not be directly evaluated against the same standard.
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Qualitative phytochemical content

All three extracts showed positive qualitative reactions for alkaloids, saponins, tannins, phenolics, flavonoids,
triterpenoids, steroids, and glycosides. These findings are generally consistent with previous studies reporting the
presence of alkaloids, saponins, tannins, phenolics, steroids, glycosides, and triterpenoids in L. speciosa leaves (16), as
well as flavonoids, glycosides, triterpenes, and tannins in this species (6).

The detection of similar classes of secondary metabolites in all three extracts indicates that methanol, 70% ethanol,
and ethyl acetate were each capable of extracting representatives of these compound groups under the conditions used.
Nevertheless, qualitative phytochemical screening only demonstrates the presence or absence of a compound class and
does not provide information regarding its concentration.

Consequently, differences in biological activity among the extracts cannot be explained solely on the basis of these
qualitative findings. Quantitative determination of relevant compound groups, particularly total phenolic content and total
flavonoid content, would be required to evaluate whether differences in phytochemical concentration are associated with
differences in cytotoxic activity.

Cytotoxic activity against MCF-7 cells

The MTT assay is based on the reduction of the tetrazolium salt MTT to insoluble formazan by metabolically active
cells; the amount of formazan formed, measured as absorbance, therefore reflects the number of metabolically active
cells'®. The ICs values of the three extracts against MCF-7 cells are presented in Table 3. A lower ICso means that a lower
concentration is needed to inhibit 50% of the cells, so the methanol extract had the strongest cytotoxic activity of the
three. The 1Cso values of the 70% ethanol and ethyl acetate extracts were about 1.7 and 1.9 times higher, respectively,
than that of the methanol extract. All three extracts were classified as moderately cytotoxic because their ICso values were
within the 21-200 pg/mL range (17).

The stronger activity of the methanol extract may be related to the phenolic and flavonoid compounds detected in all
three extracts. However, because only qualitative screening was performed, the content of phenolics and flavonoids in
each extract is unknown, and the difference in activity cannot be attributed to the level of any compound group.
Quantitative analysis, such as total phenolic and total flavonoid content, is needed to test this relationship. Phenolic
compounds in general have been reported to act on several cancer cell checkpoints and to induce apoptosis, autophagy,
and cell-cycle arrest, as well as to inhibit angiogenesis and metastasis (18,19). At the molecular level, they have been
reported to decrease Bel-2 expression and mitochondrial membrane potential, suppress HIF-1a expression, and increase
apoptosis through downregulation of p-Akt (19). Flavonoids have been reported to exert antineoplastic effects by
modulating reactive oxygen species (ROS) levels in tumor cells, inhibiting carcinogens, pro-inflammatory pathways, and
angiogenesis, and by inducing apoptosis and inhibiting tumor proliferation and invasiveness (20). These mechanisms were
not examined in the present study and are offered only as possible explanations for the observed cytotoxicity.

Several limitations should be considered. First, selectivity was not evaluated because normal cells were not tested;
the extracts therefore cannot yet be described as having anticancer activity, only as being cytotoxic to MCF-7 cells in
vitro. Second, MTT results depend on assay conditions such as cell density, MTT concentration, and incubation time,
and should be interpreted with this in mind'?. Further studies should include normal cell lines to calculate a selectivity
index, a standard cytotoxic drug as a positive control, quantitative phytochemical analysis, and fractionation of the most

active extract.
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CONCLUSION

The methanol, 70% ethanol, and ethyl acetate extracts of Lagerstroemia speciosa (L.) Pers. leaves contained the same
groups of secondary metabolites qualitatively and showed in vitro cytotoxic activity against MCF-7 breast cancer cells,
with ICsg values 0f 98.46, 163.67, and 182.72 ppm, respectively. The methanol extract was the most active. These extracts
demonstrated in vitro cytotoxic activity and warrant further investigation, including tests on normal cells to determine

selectivity, quantitative phytochemical analysis, and fractionation of the most active extract.
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