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Abstract 

Background  Despite the fact that natives of Southeast Asia have been consuming Prismatomeris glabra for decades 
for a variety of health benefits, research on this species is not as extensive as that on other species due to its limited 
distribution. The purpose of this study was to determine the cytotoxicity and identify the bioactive compounds of P. 
glabra crude leaf extracts against the MCF-7 cell line.

Results  We first examined the potential cytotoxic activity of P. glabra using the MTT assay against the MCF-7 cell line 
to determine the IC50 of the plant extracts at various concentrations at three time points (24 h, 48 h, and 72 h). Across 
all time points, the MTT assay revealed that the aqueous extract exhibited the lowest IC50 values (p < 0.05) compared 
to the ethanol and methanol extracts. All plant extracts exerted the ability to induce cell death in the MCF-7 cell line 
at all time points, and the optimal time for P. glabra to manifest its antiproliferative activities and promote cell death 
was 48 h. LC–MS analysis was conducted to reveal the components in plant extracts. Forty compounds were discov-
ered in P. glabra’s extracts, with the majority being flavonoids and triterpenoids. Five similar compounds were present 
in all three extracts. Further research should be conducted on these compounds to unveil a compound that fulfils 
the criteria as a promising anticancer agent. This research is of the utmost importance, as it provides a fundamental 
framework for the identification of alternative therapies for breast cancer and contributes implicitly to the develop-
ment of new drugs.

Conclusions  This study discovered that P. glabra crude leaf extracts have the potential to inhibit the MCF-7 cell line 
by inducing cell death.
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1 � Background
Cancer is the second-leading cause of death worldwide, 
accounting for an estimated 9.6 million deaths in 2018. 
The most common types of cancer diagnosed worldwide 
are breast, colorectal, lung, cervix, and thyroid [1]. It has 
been reported that breast cancer is the most prevalent 
cancer worldwide, and this includes the Malaysian pop-
ulation [2]. Furthermore, it is the second leading cause 
of death among women [3]. According to the American 
Cancer Society breast cancer treatment will vary depend-
ing on the patient’s type, stage, and overall health, and 
will typically include surgery, radiation, chemotherapy, 
hormone therapy, targeted therapy, and immunother-
apy [4]. The standard modalities possess numbers of 
constraints including toxicity, side effects, inconsistent 
patient treatment results [5], multiple resistance mecha-
nisms [6–8], limited therapeutic efficacy [9, 10], costly 
[9].

For decades, it was discovered that plant parts are 
abundant in medicinal compounds that can be used to 
treat a wide range of human and animal ailments [11]. 
The vast majority of pharmaceuticals available today are 
derived from plants [12]. Herbal demand is increasing for 
a variety of reasons, including efficacy claims for reliev-
ing disease symptoms and providing a cure, being more 
cost-effective, and offering a safer treatment option than 
other therapies [13]. Moreover, unlike synthetic chem-
ical-based drugs, direct plant-based medicines have no 
adverse effects [14]. But the growth of the herbal mar-
ket has to deal with problems like conservation, proper 
scientific research based on traditional knowledge, qual-
ity control, and proper documentation [15]. Not only 
that, but the safety level of any natural product must be 
addressed and documented [16]. Anticancer drugs are 
derived from a variety of medicinal plants, and these 
drugs offer numerous benefits. Bioactivities found in 
medicinal plants can inhibit the growth of cancer cells in 
a variety of ways [17]. In recent years, it has been shown 
that phytochemicals or synthetic drugs derived from 
natural resources like Taxus baccata (paclitaxel), topoi-
somerase I inhibitors (irinotecan, etoposide, and doxoru-
bicin), and Madagascar periwinkle (including vincristine, 
vinblastine, vinorelbine, and vindesine) have beneficial 
effects in various of cancer types [18]. More than 50% of 
cancer drugs available in clinical trials today are derived 
from natural sources [19].

There are 15 Prismatomeris species that grow in 
tropical Asia [20, 21]. Several studies on Prismatomeris 
species such as Prismatomeris connata (P. connata), Pris-
matomeris tetrandra (P. tetrandra), and Prismatomeris 
malayan (P. malayan) have found bioactive compounds 
including anthraquinones, glycosides, triterpenoids, and 
iridoids [22–25]. These compounds have demonstrated 

as antitumor, cytotoxic, anticancer, antimalarial, anti-
fungal, antituberculosis, and antiplasmodial proper-
ties [24–27]. Each species of Prismatomeris, such as P. 
connata, P. tetrandra, and Prismatomeris fragrans (P. 
fragrans), has unique uses. As an example, traditional 
Chinese medicine uses the root of P. connata to treat 
pneumoconiosis, leukocytic, hepatitis, leukaemia, and 
anaemia [28]. Meanwhile, in Chinese traditional medi-
cine as well, P. tetrandra roots were used to treat anae-
mia, gingival bleeding, hepatitis, and leucocythemia [29]. 
The roots of the P. fragrans plant were used in traditional 
medicine as a tonic derived from a water decoction [30]. 
Prismatomeris glabra (P. glabra) (Rubiaceae) [31, 32], or 
locally known as Ajisamat, Haji samat, or Tongkat Haji 
Samat, is typically distributed in tropical and subtropical 
areas up to 700  m altitude in Southeast Asia, including 
Peninsular Malaysia, Sumatra, and Borneo [20, 22, 23, 
33]. The research on P. glabra is not as widely studied as 
that on other species due to its limited distribution. Two 
studies have discovered the presence of anthraquinones 
in P. glabra [32, 34]. In 2021, the presence of sterols and 
flavonoids was identified in P. glabra [35]. According 
to Mohamad et  al. the cytotoxicity effect of P. glabra is 
contributed by the presence of anthraquinones. Anth-
raquinones have also been proven to have anticancer 
properties in a few studies [34, 36]. The phenolic hydroxyl 
(OH) group of anthraquinones is the main factor in their 
antitumor properties [22]. Feng et  al. have showed that 
hydroxylation at the C-1 position of anthraquinones leads 
to a substantial elevation of cytotoxicity activity, which 
implies the importance of the phenolic OH group for 
the antitumor activity of anthraquinones. Furthermore, 
the position of hydroxyl groups (C-5 and C-8) in anth-
raquinone monomers is vital for antitumor efficacy [37]. 
In anthraquinone molecules, C-1 and C-3 are the critical 
functional sites for antitumor activities [38]. Anthraqui-
nones have also demonstrated antioxidant properties [39] 
and are capable of inducing apoptosis [27].  The natives 
make extensive use of P. glabra for a variety of health 
benefits, including increased stamina, protection against 
tropical diseases, increased vitality [20], enhanced ergo-
genic effects [35], and increased sexual desire [40–42]. 
In light of the aforementioned shortcomings of standard 
modalities, this study intends to provide a fundamental 
framework to identify alternative therapies derived from 
natural sources. This study represents original research 
that utilizes three solvents for in vitro analysis and iden-
tification of bioactive compounds in the crude extract of 
P. glabra. To the best of our knowledge, this is the first 
study to report on the biological activity of anthraqui-
nones against MCF-7 cells. We hypothesized that the 
anthraquinones in this study would demonstrate simi-
lar effects as in previous studies, but the level of efficacy 
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of their antitumor properties would be subjected to the 
position of the phenolic OH group in their molecular 
structures. Here, we present our findings of the cytotox-
icity effect of P. glabra’s extracts against the MCF-7 cell 
line at three time points (24 h, 48 h, and 72 h) as well as 
the identification of the potential bioactive compounds 
present in P. glabra’s extracts using liquid chromatogra-
phy-mass spectrometry (LC–MS).

2 � Methods
2.1 � Extraction of Prismatomeris plants
Prismatomeris plants were collected from Tasik Kenyir, 
Hulu Terengganu, Terengganu Darul Iman, Malaysia, 
and identified with the accession number PG0001. The 
procedure for plant extraction was executed in accord-
ance with Salleh et  al. (2015), with minor adjustments 
[20]. P. glabra leaf was air-dried at room temperature and 
ground into a fine powder. Ten (10) grams of powdered 
P. glabra leaf was soaked in three types of solvents in 
100 mL of 95% ethanol, and 100% methanol and distilled 
water (aqueous extract). Ethanol and methanol extracts 
were soaked for 24 h. Meanwhile, for the aqueous extract, 
10  g of powdered P. glabra leaf were boiled in 100  mL 
of distilled water for 10  min. The suspension from the 
macerated and boiling process was filtered using What-
man filter paper No. 1, and rotary evaporation was used 
to remove the solvent. The filtrate was allowed to dry out 
at room temperature, and the resulting crude extracts 
(ethanol, methanol, and aqueous extracts) was stored at 
− 20 °C prior to analysis [43].

2.2 � Cell culture
The MCF-7 cell line (ATCC® HTB-22™) (human breast 
adenocarcinoma) was obtained from the American Type 
Culture Collection (ATCC, Manassas, VA) and the culture 
procedure adhered to the guidelines provided by the man-
ufacturer. The cell line was cultured in a 25 cm2 cell culture 
flask at 37  °C in a humidified atmosphere of 95% air and 
5% CO2 in Roswell Park Memorial Institute (RPMI) 1640 
medium (Nacalai Tesque Inc., Kyoto, Japan) supplemented 
with 10% (v/v) fetal bovine serum (FBS; TICO Europe, 
Netherlands), 1% (v/v) penicillin–streptomycin (Gibco, 
Thermo Fisher Scientific, USA), and 300 mg/litre of L-glu-
tamine (Nacalai Tesque, Inc., Kyoto, Japan). The growth 
of the cell culture was monitored daily under an inverted 
light microscope (Nikon, Japan) for a number of reasons, 
including a change in the medium’s colour, contamination, 
and the morphology of the cell line. The old medium was 

replaced every 2 days with fresh, complete medium after a 
washing step using phosphate-buffered saline (PBS). When 
cells reached 90% confluence, they were washed with 3 mL 
of PBS three times following discarding the old media from 
the flask. This is to ensure all traces have been removed 
from the culture medium before detaching the cells with 
2 mL of trypsin, and incubating at 37 °C for 5–7 min. The 
cells were examined microscopically under an inverted 
light microscope to ensure all cells were detached from 
the surface of the flask before adding 3 mL of fresh media. 
The fresh media (3 mL) was added into the flask, and the 
cell suspension was transferred into a 15 mL Falcon tube 
(Greiner Bio-One, Austria) using a 5 mL serological pipette 
(Greiner Bio-One, Austria). The suspension was centri-
fuged for 5  min at 12,000  rpm and 24  °C. The superna-
tant was gently discarded using a sterile Pasteur pipette 
(Nest Scientific, USA) without disturbing the cell pellet 
at the bottom of the Falcon tube. The fresh media (1 mL) 
was added into the cell pellet, and the cell suspension was 
mixed uniformly and gently. The cells are ready for subcul-
turing, treatment, or storage.

2.3 � Cell viability assay
The MTT (3-[4, 5-dimethylthiazaol-2-yl]—2, 5-diphe-
nyltetrazolium bromide, Sigma-Aldrich Canada) assay 
was carried out to evaluate the percentage of cell viability 
of the MCF-7 cell line following treatment with different 
concentrations of crude extracts of P. glabra. The cell viabil-
ity assay was conducted according to Beheshti et al. (2021) 
with certain adjustments [44]. At 90% cell confluence, the 
MCF-7 cell line was seeded in a flat-bottomed 96-well plate 
(Nest Scientific, USA) at a density of 2.0 × 104 cells/well in a 
volume of 100 µL for 24 h before being treated with com-
plete medium and dimethylsulfoxide (DMSO) (controlled 
cells also called as untreated group) and various concen-
trations (500 µg/mL, 250 µg/mL, 125 µg/mL, 62.5 µg/mL, 
31.3  µg/mL, and 15.6  µg/mL) of ethanol, methanol, and 
aqueous extracts. The cells were treated with complete 
medium only (untreated group) and various concentra-
tions of extracts for 24 h, 48 h, and 72 h in triplicates. A vol-
ume of 10 µL of MTT solution was added to each well and 
incubated for 4 h at 37 °C. Post the incubation period, the 
mixture were removed and 100 µL of DMSO was added 
and was left incubated for 5  min. Finally, the absorbance 
was measured at 570 nm with reference to 630 nm using a 
microplate reader (TECAN, Switzerland). The experiment 
was repeated in triplicate. The percentage of cell viability 
was calculated according to the following formula [45]:

Cell viability (%) =
Absorbance of treated cells− Absorbance of blank

Absorbance of controlled cells− Absorbance of blank
× 100
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The half-maximal inhibitory concentration (IC50) of 
each P. glabra crude extract was determined from the 
dose–response graph. The concentration of P. glabra 
extracts that reduced cell viability by 50% was meas-
ured by graphing triplicate data points over a range of 
concentrations.

2.4 � Microscopic examination of cellular morphology
The microscopic examination of cellular morphology was 
performed according to Khazaei et  al. (2017), with cer-
tain adjustments [46]. In order to examine the induction 
of cell death through cellular morphological changes in 
the MCF-7 cell line following the cytotoxicity assay, cells 
were seeded at a density of 1 × 104 cells per well into a 
flat-bottomed 96-well containing 100 μL of fresh com-
plete medium per well and incubated overnight at 37 °C 
in a CO2 incubator. Then, the old media was discarded. 
100 µL of complete media (untreated group) and 100 
uL of each P. glabra crude extract at 500 μg/mL (treated 
group) were added and incubated for 24  h, 48  h, and 
72 h, respectively. The image of cell morphology for each 
group was observed and photographed. The morphologi-
cal changes of treated cells were compared with those of 
untreated cells that served as the negative control.

2.5 � Chemical profiling analysis using liquid 
chromatography–mass spectrometry (LC–MS)

A LC–MS QTOF system was selected to analyse sam-
ples following Lawal et  al. (2016), with some modifi-
cations [47]. The LC–MS analysis of the extracts was 
conducted on an Agilent Technologies 6520 system (Agi-
lent Technologies, Santa Clara, California, United States), 
equipped with a column ZORAX Eclipse Plus C18 Rapid 
Resolution HT (2.1 × 100  mm). The mobile phases were 
(a) distilled water and 1% formic acid, and (b) acetonitrile 
and 1% formic acid. The column temperature was set at 
40 °C. The run time was 48 min, with an injection volume 
of 2 µL and a flow rate of 0.25 mL/min. The compounds 
were identified using the Metlin database.

2.6 � Statistical analysis
The statistical analysis was performed using the Graph-
Pad PRISM software version 8.0.2 (GraphPad Software, 

Absorbance of treated cells =Cells+Media

+ Crude extract+ Solvent

(ethanol/methanol/aqueous)

Absorbance of controlled cells = Cells+Media+ DMSO

Absorbance of blank = Media

Inc., San Diego, CA, USA). The differences between the 
means were assessed with the one-way and two-way 
analysis of variance (ANOVA) and Tukey’s post hoc 
test. The dose-dependent curve analysis for the deter-
mination of IC50 was analysed and plotted based on the 
mean ± standard error of the mean (SEM) of the percent-
age cell viability. The difference with p values less than 
0.05 were considered statistically significant (*p < 0.05, 
**p < 0.01 and ***p < 0.001).

3 � Results
3.1 � The crude leaf extracts of P. glabra
In this study, P. glabra leaf was extracted by the macera-
tion technique using three solvents: ethanol, methanol, 
and distilled water (aqueous). The results showed that the 
aqueous extract had the highest extraction yield at 17.6%, 
followed by the methanol extract at 15.7%, and finally the 
ethanol extract at 6.5% (Fig. 1).

3.2 � Cytotoxicity effect
The cytotoxic effects of ethanol, methanol, and aque-
ous extracts of P. glabra were studied against the MCF-7 
cell line using the MTT assay. The cytotoxicity assay was 
evaluated based on time-dependent inhibition activity 
for three time points (24 h, 48 h, and 72 h) in triplicates. 
The IC50 values for all extracts for three time points are 
shown in Table  1. The cytotoxic effects of all extracts 
after 24 h of treatments were expressed as a percentage 
of cell viability in the MCF-7 cell line (Fig. 2). The MCF-7 
cell line was treated with different concentrations of 
ethanol, methanol, and aqueous extracts, i.e., 100, 200, 
300, 400, and 500  µg/mL. The cytotoxicity of the etha-
nol extract was dose-dependent, showing the highest cell 
viability (92.78 ± 9.33%) at 100 µg/ml and the lowest cell 
viability (44.46 ± 6.16%) at 500  µg/mL (Fig.  1). The IC50 
value of the ethanol extract against the MCF-7 cell line 
after 24 h of treatment was 467.80 ± 10.88 µg/mL (Table 1 
and Fig.  3A). The cytotoxicity of the methanol extract 
was dose-dependent, showing the highest cell viability 
(117.37 ± 12.10%) at 100 µg/mL and the lowest cell viabil-
ity (19.03 ± 1.56%) at 500  µg/mL (Fig.  2). The IC50 value 
of the methanol extract against the MCF-7 cell line after 
24 h of treatment was 318.34 ± 7.22 µg/mL (Table 1 and 
Fig. 3A). Similarly, the aqueous extract also showed itself 
to be dose-dependent, with an IC50 of 159.20 ± 31.72 µg/
mL following 24 h of treatment (Table 1 and Fig. 3A).

The cytotoxicity of the ethanol, methanol, and aque-
ous extracts of P. glabra leaf against the MCF-7 cell line 
after 48  h showed a dose-dependent manner. The cyto-
toxicity of the ethanol extract at 100  µg/mL showed 
the highest percentage of cell viability (92.11 ± 10.04%), 
while at 500 µg/mL, it showed only 21.45 ± 2.60% of cell 
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viability (Fig.  2). The IC50 value of the ethanol extract 
against the MCF-7 cell line following 48  h of treatment 
was 251.52 ± 12.5 µg/mL (Table 1, Fig. 3B). At 100 µg/mL 
of the methanol extract, the cell viability of the MCF-7 
cell line was 91.64 ± 7.97  µg/mL. While, 6.97 ± 1.28% of 
the cell viability of the MCF-7 cell line following 48 h of 
treatment with 500 µg/mL of the methanol extract. The 
IC50 value of the methanol extract against the MCF-7 
cell line following 48 h of treatment was 206.02 ± 11.1 µg/
mL (Table  1, Fig.  3B). Likewise, the cytotoxicity of 
the aqueous extract against the MCF-7 cell line also 
showed a dose-dependent manner with an IC50 value of 
110.93 ± 5.33 µg/mL following 48 h of treatment (Table 1, 
Fig. 3B).

After 72 h, the cytotoxicity of the ethanol, methanol, and 
aqueous extracts of P. glabra leaf against the MCF-7 cell 
line also depicted a dose-dependent manner. At a concen-
tration of 100 µg/ml of the ethanol extract, the cell viability 
was 140.78 ± 5.29%. An increase in the ethanol extract con-
centration at 200, 300, 400, and 500 µg/mL reduced the cell 

viability of the MCF-7 cell line after 72 h of treatment to 
41 ± 9.42%, 24.63 ± 4.28%, 20.78 ± 3.13%, and 20.81 ± 2.86%, 
respectively (Fig. 2). The IC50 value of the ethanol extract 
against the MCF-7 cell line after 72  h of treatment was 
214.92 ± 10.62 µg/mL (Table 1, Fig. 3C). For the cytotoxic-
ity of the methanol extract against the MCF-7 cell line, it 
also showed a reduction in the percentage of cell viability 
with increasing the concentration of the methanol extract 
(Fig.  3C), with an IC50 value of 184.70 ± 11.77  µg/mL 
(Table 1, Fig. 3C). Similar pattern of reduction in the per-
centage of cell viability as increasing the concentration of 
the aqueous extract. The IC50 value of the aqueous extract 
was 158.01 ± 8.49 µg/mL which is lower compared to the 
IC50 values of the ethanol and methanol extracts following 
72 h of treatment (Table 1, Fig. 3C).

The data showed that, compared to the methanol and 
ethanol extracts, the aqueous extract had significantly 
lower IC50 values across the time points of treatment 
(p < 0.05). After 24 h, 48 h, and 72 h of treatment, the IC50 
values were 159.20 ± 31.72  µg/mL, 110.93 ± 5.33  µg/mL, 
and 158.01 ± 8.49  µg/mL, respectively. However, both 
methanol and ethanol extracts were less potent against 
the MCF-7 cell line, with IC50 values of 184.70 ± 11.77 µg/
mL and 214.92 ± 16.62 µg/mL, respectively, after 72 h of 
treatment.

3.3 � Microscopic observation of morphological changes 
in MCF‑7 cell line

The induction of cell death in the MCF-7 cell line by P. 
glabra crude leaf extracts was evaluated at 24 h, 48 h, and 
72 h of treatments by a morphological analysis using an 

Fig. 1  The effect of various solvents on the extraction yield percentage of P. glabra crude leaf extracts

Table 1  IC50 values of the ethanol, methanol, and aqueous 
extracts of P. glabra crude leaf extracts against the MCF-7 cell line 
after treatment for 24 h, 48 h, and 72 h

The data represent the mean ± SEM of three independent experiments

Extracts 24 h 48 h 72 h
IC50 value (µg/mL)

Ethanol (LE) 467.80 ± 10.88 251.52 ± 12.50 214.92 ± 10.62

Methanol (LM) 318.34 ± 7.22 206.02 ± 11.10 184.70 ± 11.77

Aqueous (LW) 159.20 ± 31.72 110.93 ± 5.33 158.01 ± 8.49
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inverted light microscope as showed in Fig.  4. Figure  4 
depicts the observed morphological changes increasing 
in sequential order with treatment duration in all treated 
groups. In comparison to the untreated group (Fig. 4A), 
Fig.  4B–D showed that cells in all treated groups led to 
a reduction in the number of cells, cell shrinkage, mem-
brane blebbing, and cell rupture as treatment duration 
increased. These extracts caused the cells to lose their 
normal shape, with some of the cells detaching after 
24 h and the shape of the cells changing more and more 
as time progressed towards 72 h. On the other hand, in 
the untreated group, the cells continued to exhibit their 
original morphological characteristics, such as epithelial 
cell morphology, while also increasing in number despite 
the duration of treatment (Fig.  4A). Overall, all treated 
groups showed cell characteristics such as shrinkage, 
blebbing, and polygonal shape, which indicate the cells 
undergo cell death process. Based on these findings, it 
was determined that crude extracts from P. glabra leaf 
had the ability to both inhibit the growth of cancer cells 
and induce cell death as examined through cellular mor-
phological changes in the MCF-7 cell line.

3.4 � LC–MS analysis
The compounds matched via the Metlin database were 
the predicted compounds for the particular mass-to-
charge ratio (m/z). This was due to multiple compounds 
that may share similar m/z values. To narrow down the 
data, compounds with Score Db that are close to 100 
were chosen, and from all compounds with high scores 
obtained before, only the compounds with Diff (Db.ppm) 
that have a value within − 2 to + 2 were chosen. Db is the 
compound matched against the Metlin database. Figure 5 
and Table  2 show the compounds detected in the three 
extracts that followed the criteria, and Fig.  6 shows the 
LC–MS chromatograms of P. glabra’s extracts.

Based on Table 2 and Fig. 7, there are 18 identified com-
pounds in LE, nine of which are triterpenoids (quillaic 
acid, tomentosic acid, ganoderic acid DM, bryononic acid, 
lucidumol A, emmotin A, ganoderol A, betulinic acid, and 
dehydroconicasterol) and five of which are flavonoids (sily-
marin, biochanin A diacetate, 4-o-caffeoyl-3-o-feruloylquin-
icacid, epigallocatechin5,3′,5′-trimethylether3-o-gallate, 
and scutellarein4’-methylether7-(2″,6″-diacetylalloside)). 
Besides, 15 compounds were identified in LM, as shown 

Fig. 2  The cytotoxicity effect of ethanol, methanol, and aqueous P. glabra crude leaf extracts against the MCF-7 cell lines after three different time 
points of treatment where A 24 h, B 48 h, and C 72 h. The error bars represent the standard error of the mean (SEM). Data are expressed as a mean 
percentage of viable cells ± SEM of at least three replicates in three independent tests; The asterisk symbols (*), (**), and hash symbol (#) indicate 
p < 0.05, **p < 0.01 and #p < 0.001, respectively. The differences were determined by two-way ANOVA and Tukey’s post hoc test
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in Table  2. Seven compounds are triterpenoids (quillaic 
acid, tomentosic acid, ganoderic acid dm, bryononic acid, 
ganoderol a, betulinic acid, and dehydroconicasterol) while 
four compounds are flavonoids (epigallocatechin5,3′,5′-
trimethylether3-o-gallate, silymarin, biochanin A diacetate, 
and neoduleen). Only six chemicals were discovered in 
LW, five of which are flavonoids (epigallocatechin5,3′,5′-
trimethylether3-o-gallate, silymarin, biochanin A diacetate, 
and scutellarein4′-methylether7-(2″,6″-diacetylalloside) and 
two of which are triterpenoids (quillaic acid, and ganoderic 
acid DM). Intriguingly, silymarin, biochanin A diacetate, 
epigallocatechin 5,3′,5′-trimethyl ether 3-O-gallate, quil-
laic acid, and ganoderic acid DM were identified in all three 
extracts (Fig. 7).

4 � Discussion
Breast cancer is the most common cause of death in 
many countries, including Malaysia, where the Malaysian 
National Cancer Registry Report for 2007–2011 reported 
the highest incidence rate of 17.7% [48]. In breast cancer 
treatment, invasive methods such as chemotherapy and 
surgery have led the majority of patients to turn to com-
plementary and alternative medicine (CAM), which they 
believe will cause less harm and improve their quality 
of life. Several of the most prevalent CAMs in Malaysia, 
including dietary supplements, medicinal herbs, home-
opathy, and traditional medicine, were used to treat 
breast cancer [49]. In a study conducted in Malaysia, 
approximately 34.8% of breast cancer patients were esti-
mated to use complementary and alternative medicine 

Fig. 3  Bar chart illustrates the IC50 value of MCF-7 cell lines post-treatment with LE, LM, and LW after A 24 h, B 48 h, and C 72 h. Ethanol extract (LE), 
methanol extract (LM), and an aqueous extract (LW). Data are expressed as means ± SEM, n = 3; *p < 0.05, **p < 0.01 and ***p < 0.001. The differences 
were determined by one-way ANOVA and Tukey’s post hoc test



Page 8 of 18Zulkipli et al. Beni-Suef Univ J Basic Appl Sci           (2024) 13:33 

(CAM), with Malays (43.9%) being the most commonly 
used, followed by Chinese (41%) and Indians (14.4%) 
[50]. It is believed that these remedies reduce stress and 
alleviate symptoms, particularly during conventional and 
invasive breast cancer treatment [51].

In this study, P. glabra leaf was extracted using etha-
nol, methanol, and water as the extraction solvents 
through the maceration technique. According to this 

finding, different solvents resulted in different per-
centages of extraction yields. The resulting extraction 
yield indicated a considerable amount of phytochemi-
cal constituents [45]. This is because the concentration 
of phytochemical constituents in an extract can vary 
greatly depending on the polarity of the solvents used 
for extraction. A higher percentage of extraction yield 
was observed in the aqueous, methanol, and ethanol 

Fig. 4  Morphological changes of the MCF-7 cell line in the untreated group as the control A and treated with 500 μg/mL of B LE, C LM, and D LW 
at 24, 48, and 72 h of treatment. Arrows indicate a membrane blebbing and b lysis of body formation asmorphological changes observed in treated 
groups. The photographs were taken at 20 × magnification with an inverted light microscope
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extracts, indicating that the efficiency of extraction 
is optimal with highly polar solvents. This may be due 
to the presence of numerous polar compounds in the 
plant material that are soluble in highly polar solvents 
like water, methanol, and ethanol [52]. The solvent used, 
extraction method, presence of interfering substances, 
temperature, extraction time, and phytochemical com-
position all contribute to the efficiency of extraction 
[53–56]. In addition to the extraction procedure and 
plant part used as starting material, the solvent used is 
also one of the factors that determine the quality of an 

extract [57]. Based on prior research with Prismatom-
eris plants, ethanol, methanol, and water were used as 
solvents for the extraction of the leaves. Root extracts of 
P. tetrandra and P. connata were extracted with ethanol 
[37, 58], whereas those of P. sessilifiora and P. malay-
ana were extracted with methanol [59, 60]. P. glabra 
was extracted utilizing ethanol, methanol, and water 
as solvents [20, 32, 35]. Due to the paucity of research 
on Prismatomeris plant crude extracts, similar solvents 
were used to evaluate the inhibitory activity against 
cancer cell lines. These solvents were selected not only 

Fig. 5  The compounds that detected in LE, LM, and LW extracts (Adapted from PubChem)
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due to the efficiency of extraction, which favoured the 
highly polar solvents, but also because the plant mate-
rial contains many polar chemicals that are soluble 

in polar solvents, such as water, methanol, and etha-
nol [52]. Also, the excellent extraction solvent has low 
toxicity, a preservative effect, is easy to evaporate at 

Table 2  Detected compounds in LE, LM, and LW extracts

Compound Formula Start RT End m/z Mass (DB) Score (DB) Diff (DB, ppm)

Ethanol extract (LE)

Tetracenomycin C20 H16 O8 9.16 9.23 9.35 385.09 384.08 98.58 0.86

Silymarin C25 H22 O10 10.83 10.96 11.04 483.13 482.12 98.91 0.97

Biochanin A Diacetate C20 H16 O7 10.96 11.06 11.22 369.10 368.09 96.63 − 1.19

4-O-Caffeoyl-3-O-feruloylquinic acid C26 H26 O12 10.98 11.06 11.23 531.15 530.14 97.88 − 1.49

Epigallocatechin 5,3′,5′-trimethyl ether 3-O-gallate C25 H24 O11 11.78 11.83 11.94 501.14 500.13 98.19 0.97

Scutellarein 4′-methyl ether 7-(2″,6″-diacetylalloside) C26 H26 O13 12.79 12.86 13.04 547.14 546.13 99.24 0.07

Quillaic acid C30 H46 O5 14.00 14.07 14.21 487.34 486.33 98.18 0.8

Tomentosic acid C30 H48 O6 14.02 14.07 14.18 505.35 504.35 98.99 0.99

Ganoderic acid DM C30 H44 O4 14.02 14.08 14.26 469.33 468.32 98.49 1.14

Eplerenone C24 H30 O6 23.65 23.76 23.92 415.21 414.20 99.18 − 0.22

1α,25-dihydroxy-26,27-dimethyl-20,21,22,22,23,23-
hexadehydro-24a-homovitamin D3/1α,25-dihydroxy-26,27-
dimethyl-20,21,22,22,23,23-hexadehydro-24a-homocholecal-
ciferol

C30 H44 O3 24.36 24.43 24.55 453.34 452.33 97.12 − 1

Demethylphylloquinone C30 H44 O2 27.12 27.24 27.30 437.34 436.33 98.99 − 0.62

Bryononic acid C30 H46 O3 27.14 27.24 27.30 455.35 454.35 98.68 − 0.04

Lucidumol A C30 H48 O4 27.17 27.24 27.31 495.34 472.36 99.39 0.39

Emmotin A C16 H22 O4 29.69 29.82 29.94 301.14 278.15 99.52 − 1.03

Ganoderol A C30 H46 O2 34.13 34.32 34.52 439.36 438.35 99.52 − 0.41

Betulinic acid C30 H48 O3 34.18 34.32 34.61 457.37 456.36 99.25 0.3

Dehydroconicasterol C29 H46 O 34.20 34.32 34.53 411.36 410.35 99.41 0.45

Methanol extract (LM)

Tetracenomycin C20 H16 O8 9.21 9.27 9.41 385.09 384.09 98.42 − 1.68

Silymarin C25 H22 O10 10.83 10.97 11.06 483.13 482.12 98.90 − 0.51

Biochanin A Diacetate C20 H16 O7 11.34 11.41 11.59 369.10 368.09 99.56 − 0.01

Epigallocatechin 5,3′,5′-trimethyl ether 3-O-gallate C25 H24 O11 11.78 11.83 11.97 501.14 500.13 99.19 0.91

Neoduleen C18 H10 O5 12.79 12.85 12.98 307.06 306.05 96.17 − 3.58

Quillaic acid C30 H46 O5 13.98 14.04 14.24 487.34 486.34 97.69 0.16

Tomentosic acid C30 H48 O6 13.99 14.05 14.17 505.35 504.35 99.29 0.56

Sericoside C36 H58 O11 13.98 14.05 14.21 684.43 666.40 95.00 0.14

Ganoderic acid DM C30 H44 O4 13.98 14.05 14.25 469.33 468.32 98.61 0.19

Eplerenone C24 H30 O6 23.63 23.74 23.90 415.21 414.20 99.22 − 0.97

Bryononic acid C30 H46 O3 27.13 27.23 27.30 455.35 454.35 98.82 0.53

Demethylphylloquinone C30 H44 O2 27.13 27.23 27.31 437.34 436.33 99.64 0.22

Ganoderol A C30 H46 O2 34.13 34.32 34.76 439.36 438.35 99.01 − 0.40

Betulinic acid C30 H48 O3 34.19 34.32 34.53 457.37 456.36 99.19 0.72

Dehydroconicasterol C29 H46 O 34.21 34.32 34.47 411.36 410.36 99.18 0.78

Aqueous extract (LW)

Silymarin C25 H22 O10 10.84 10.91 10.99 483.13 482.12 97.38 − 0.99

Epigallocatechin 5,3′,5′-trimethyl ether 3-O-gallate C25 H24 O11 11.73 11.79 11.94 501.14 500.13 98.90 0.40

Scutellarein 4′-methyl ether 7-(2″,6″-diacetylalloside) C26 H26 O13 12.76 12.82 12.95 547.15 546.13 99.08 − 0.48

Quillaic acid C30 H46 O5 13.99 14.04 14.17 487.34 486.34 98.35 1.51

Ganoderic acid DM C30 H44 O4 13.99 14.05 14.19 469.33 468.32 99.21 0.98

Biochanin A Diacetate C20 H16 O7 19.39 19.47 19.62 369.10 368.09 98.75 − 0.11
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low temperatures, accelerates the extract’s physiologic 
absorption, is unable to make the extract to be complex 
or separate, and ease of evaporation at low tempera-
tures [61].

In our study, the cytotoxic effects of various concen-
trations of ethanol, methanol, and aqueous extracts of P. 
glabra leaf were evaluated using the MCF-7 cell line as 
a breast cancer disease model. The cytotoxicity of these 
extracts was measured using an MTT assay. In this 
context, half-maximal inhibitory concentration (IC50) 

indicates the concentration of the plant extracts needed 
to inhibit a given biological or biochemical function by 
half. According to this finding, the aqueous extract of P. 
glabra leaf consistently exhibited the lowest IC50 across 
all time points (24 h, 48 h, and 72 h) compared to metha-
nol and ethanol extracts. Meanwhile, ethanol extract 
consistently manifested the highest IC50 values across 
all time points. The lower the IC50 values, the higher the 
anticancer activity, and the higher the IC50 values, the 
lower the anticancer activity [62]. Based on this finding, 

Fig. 6  Chromatograms of different types of P. glabra extracts. A LE, B LM, and C LW
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we postulate that the polar compounds in P. glabra might 
be the major contributor to the IC50 parameter. As stated 
above, the IC50 of the aqueous extract of P. glabra leaf 
manifested the lowest values across all time points com-
pared to methanol and ethanol. This event might be 
influenced by the following factors: Firstly, it might be 
that the major P. glabra composition material is polar 
compounds. Secondly, the polarity index (P′) of water is 
10.2, which is higher than the P′ of ethanol (P′ = 4.3) and 
methanol (P′ = 5.1) [63]. The composition of the plant 
material and the polarity of the solvent are the factors 
that affected the extraction efficiency. The extraction effi-
ciency of plant material increases with increasing solvent 
polarity [64, 65]. Lastly, these polar compounds might 
possess specific functional groups that favour the for-
mation of hydrogen bonds with water; thus, they have a 
higher tendency to dissolve in water compared to ethanol 
and methanol [66]. According to the American National 
Cancer Institute (NCI), crude extracts qualify as having 
cytotoxic activity if their IC50 values < 20 µg/mL or 10 µM 
after incubation for either 48 h or 72 h [67]. Furthermore, 
crude extract with IC50 values in the range of 21–200 µg/
mL is classified as slightly cytotoxic, whereas the range of 
201–500 µg/mL is weakly cytotoxic [68]. Thus, based on 
this classification, an aqueous extract is slightly cytotoxic, 
whereas methanol and ethanol extracts are weakly cyto-
toxic. To the best of our knowledge, this is the first study 
of P. glabra crude leaf extracts in which ethanol, metha-
nol, and distilled water were used as solvents, so we were 

unable to make a comparison. The preliminary anticancer 
activity of P. glabra’s extracts was assessed using an MTT 
assay. Prior to validating whether an agent has potential 
anticancer properties using animal studies and further 
clinical evaluation in humans, it is crucial to conduct 
preclinical evaluation in vitro using this cell-based assay 
[69]. Based on this finding, each of these extracts demon-
strated an antitumor effect against MCF-7 cells. Interest-
ingly, the aqueous extract of P. glabra demonstrated the 
most significant antitumor effect against MCF-7 cells. 
We hypothesized that the active compounds in the aque-
ous extract have a significant and strong contribution to 
the antitumor effect compared to the active compounds 
in the methanol and ethanol extracts. In order to find the 
active compound that strongly contributed to the antitu-
mor effect against MCF-7 cells through a specific mecha-
nism of action, we did further analyses, such as HPLC, 
apoptosis assay, cell cycle assay, RNA sequencing, and 
real-time PCR. However, in this study, we just reported 
the findings of plant extraction, the cytotoxicity effects of 
plant extracts (quantitatively and qualitatively), and LC–
MS analysis. The subsequent findings showed promising 
outcomes (unpublished).

However, it was found that few cytotoxicity studies 
were conducted using P. glabra leaf extract with differ-
ent solvents. In 2020, Azman and colleagues conducted a 
cytotoxicity study using the dichloromethane leaf extract 
of P. glabra, and this extract successfully inhibited the 
MCF-7 cell line across three different time points [45]. 
Meanwhile, in 2021, Subramaniam and colleagues used 
the ethyl acetate leaf extract of P. glabra in the cytotoxic-
ity study, and it was found that this extract inhibited the 
MCF-7 cell line at different time points [70]. There have 
been a number of cytotoxicity studies conducted on vari-
ous plant species using a variety of different types of sol-
vents, and these studies have shown inhibition against a 
variety of different cell lines. According to Rohin and col-
leagues, the methanol extract of Duku (Lansium domesti-
cum corr.) showed greater inhibition of human colorectal 
adenocarcinoma cell lines (HT-29) compared to ethanol 
and ethyl acetate extracts [71]. In addition, Bismillah 
leaf (Vernonia amygdalina) extract in ethyl acetate had a 
greater cytotoxic effect on the U-87 cell line than metha-
nol and ethanol extracts [72]. This study revealed that the 
active compounds extracted from P. glabra using vari-
ous solvents may have beneficial effects in the treatment 
of breast cancer, hence, further research is needed into 
the identification of the bioactive compounds responsi-
ble for these effects at the molecular level. This finding 
agreed with and was consistent with those from studies 
on human laryngocarcinoma Hep-2 cell lines and human 
non-small cell lung cancer cells conducted with other 
Prismatomeris species, such as P. connata [37, 73]. The 

Fig. 7  The compounds identified in the leaf extract of P. glabra were 
determined using LC–MS approach. Silymarin, biochanin A diacetate, 
epigallocatechin 5,3′,5′-trimethyl ether 3-O-gallate, quillaic 
acid, and ganoderic acid DM are the five compounds identified 
concurrently in all P. glabra extracts
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effect comes from an active compound in the plant called 
anthraquinone. This compound caused the cell cycle 
arrest, which led to apoptosis.

Comparing the IC50 values of crude extracts (etha-
nol, methanol, and aqueous extracts) and doxorubicin 
(the most efficacious chemotherapy drug for breast can-
cer treatment) across three time points, the IC50 values 
of doxorubicin are too low when compared to the IC50 
values of all crude extracts found in this study. This 
indicates that doxorubicin is a potent drug. Yusuf and 
his colleagues reported in 2020 that the IC50 value of 
doxorubicin after 24  h of incubation with the MCF-7 
cell line was 5.074 µg/mL [74]. Meanwhile, several stud-
ies reported that the IC50 value of doxorubicin on the 
MCF-7 cell line after 48  h of incubation ranged from 
0.417 to 0.68 µg/mL [75–78]. According to Abdel-Sattar 
and his colleagues (2023), the IC50 value of doxorubicin 
on the MCF-7 cell line was 0.2 ± 0.06 µg/mL after 72 h of 
incubation [79].

This study was conducted not only to determine the 
cytotoxicity of P. glabra crude leaf extracts but also to 
examine the ability of P. glabra crude leaf extracts to 
induce cell death in the MCF-7 cell line by analysing cell 
morphology. Thus far, P. glabra crude leaf extracts have 
exerted their antiproliferative activities and induced cell 
death, with the optimum time being 48 h. This evidence 
provides a biological mechanism for the morphological 
changes characterised by blebbing, cell shrinkage, and 
floating, as well as the appearance of apoptotic cells. 
However, the cytotoxic activity was slightly lower after 
72  h of incubation. It is postulated that the depletion 
of the active compound occurred after 72  h due to a 
decrease in antioxidant activity following cellular mon-
olayer absorption [80].

In this study, a total of 40 compounds detected in P. 
glabra’s extracts, where 18 compounds identified in 
ethanol extracts, followed by 15 compounds and 7 com-
pounds in methanol and aqueous extracts, respectively. 
Several identified compounds with masses less than 
400  m/z. There are several factors that influence the 
mass of the identified compound, including in-source 
fragmentation [81], ion suppression (one form of matrix 
effect) [82–84], collision cell pressure, ion source flow 
rates, ultimate mass spectrometry vacuum, cleanliness 
of the ion source, ion optics, and the collision cell [83]. 
Flavonoids and triterpenoids constitute the preponder-
ance of the 40 compounds identified. Five compounds, 
including silymarin, biochanin A diacetate, epigallocat-
echin 5,3′,5′-trimethyl ether 3-O-gallate (EGCG), quillaic 
acid, and ganoderic acid DM were present in all extracts. 
EGCG has been selected for the subsequent research 
as the impact of EGCG on cancer cells, such as MCF-7 
cells, is intricate and encompasses diverse molecular 

processes. EGCG can exert its anticancer efficacy by 
multiple mechanisms, including inhibiting cell prolifera-
tion, arresting the cell cycle, inducing apoptosis, having 
anti-angiogenic effects, mediating signalling pathways, 
and modifying the function of estrogen receptors. Zan 
et al. (2019) identified that EGCG exhibited its antican-
cer properties by suppressing cell growth, causing cell 
cycle arrest in the G2/M phase, and stimulating apopto-
sis in MCF-7 cells [85]. Furthermore, a study conducted 
by Huang et al. (2017) established that EGCG exhibited 
its anticancer properties by inhibiting cell prolifera-
tion in MCF-7 cells and inducing apoptosis via the P53/
Bcl-2 signalling pathway [86]. Luo et al. (2014) postulated 
that the anticancer properties of EGCG were manifested 
through its ability to impede the growth and proliferation 
of MCF-7 cells, potentially by suppressing the protein 
expression of VEGF and HIF-1α, which are implicated in 
the process of angiogenesis [87]. We have performed var-
ious downstream investigations, such as RNA sequenc-
ing, cell cycle analysis, and apoptosis analysis, in order to 
investigate the mechanism by which EGCG acts against 
MCF-7 cells. Nevertheless, we are now unable to reveal 
the results of these studies, as we intend to publish them 
in our forthcoming publication.

This research establishes the foundation for the investi-
gation of P. glabra’s potential active compounds as CAMs. 
This endeavour is concomitant with or aligned with 
the support of the World Health Organization (WHO), 
which promotes the secure application of botanical rem-
edies for therapeutic purposes [88]. Firstly, this research 
could potentially serve as a viable targeted therapy option 
for the treatment of breast cancer. Cancer pathogenesis-
associated cellular processes, including cell survival and 
proliferation, are regulated by a multitude of signalling 
pathways. One method to surmount this limitation is 
through the application of natural compounds that pos-
sess the ability to selectively influence a multitude of sig-
nalling pathways, thereby directly affecting the molecular 
processes of cells [89]. The mTOR/PI3K/Akt signalling 
pathway is one of the primary mechanisms responsible 
for the development of resistance to endocrine therapy 
in breast cancer [90]. Several studies have documented 
that EGCG inhibits proteins involved in signalling path-
ways that are responsible for cellular proliferation, sur-
vival, differentiation, and growth [91, 92]. Therefore, 
rather than focusing on the mTOR/PI3K/Akt signalling 
pathway, researchers can employ natural compounds as 
CAMs that operate by targeting multiple signalling path-
ways; this approach can effectively circumvent the devel-
opment of drug resistance. Additionally, this research 
establishes a fundamental framework for investigations 
that centre on the investigation of novel mechanisms to 
combat breast cancer. Such investigations may utilise 



Page 14 of 18Zulkipli et al. Beni-Suef Univ J Basic Appl Sci           (2024) 13:33 

EGCG in conjunction with chemotherapy drugs. Jiang 
et  al. (2016) demonstrated that the concurrent use of 
EGCG and cisplatin effectively reverses cisplatin resist-
ance. This was consistently observed in both NSCLC cell 
lines and xenografts [93]. Additionally, a study conducted 
by Wu et al. (2021) unveiled encouraging findings regard-
ing the efficacy of irinotecan and EGCG in the treatment 
of colorectal cancer [94]. Indirectly, not only can over-
come the drug resistance but also enhance the effective-
ness of treatments. In essence, this research provides a 
foundational structure for subsequent investigations that 
centre on targeted therapy, the investigation of unique 
mechanisms, the mitigation of drug resistance, and the 
optimisation of treatment efficacy through the utilisation 
of natural compounds, specifically EGCG. One of its bio-
medical applications could be the enhancement of breast 
cancer treatment through this research concentration.

Furthermore, the methodologies employed in this 
present study are in accordance with the drug discov-
ery stage of the drug development and discovery pipe-
line. The process of drug discovery and development is 
intricate, protracted, laborious, expensive, and involves 
experts from multiple disciplines. This work represents 
a crucial advancement in drug discovery, aiming to pro-
vide a more reliable alternative to current therapies. Fol-
lowing the completion of the cell viability assay in this 
investigation, the cytotoxicity was assessed using the 
dose–response graph. Cell-based phenotypic assays are 
frequently used in drug discovery stage, as opposed to 
target-based biochemical assays. Insufficient understand-
ing of complex biological systems and diseases often 
leads to the failure of target-based biochemical assays to 
meet projected efficacy levels [95]. Phenotypic tests pro-
vide a more pertinent and superior initial stage for drug 
discovery. Compared to target-based biochemical assays, 
phenotypic assays not only yield a greater number of 
first-of-its-kind small-molecule pharmaceuticals [96], but 
they also effectively identify small molecules with thera-
peutic effects that are pertinent to their specific molecu-
lar mechanisms of action [97]. The cell viability assay is a 
widely used phenotypic assay by researchers to identify 
cytotoxic compounds [98]. In addition to providing cost-
effective and user-friendly procedures [99], this assay 
serves as the principal assay for identifying compounds 
capable of eradicating cancer cells, a counter assay to 
obviate compounds exhibiting undesired cytotoxicity, 
and a tool for determining the fate of compounds in the 
drug discovery and development process based on cyto-
toxicity endpoint parameters [100].

In addition, chemical profiling analysis was performed 
using LC–MS QTOF in this study. During the lead 
identification phase of drug discovery, it is critical to 
conduct biological activity screenings on thousands of 

compounds. In addition to high-speed approaches, the 
primary concern is the utilisation of precise analytical 
methodologies for the analysis of these compounds; LC–
MS is a viable tool for accomplishing this objective [101]. 
Throughout the drug discovery and development pro-
cess, LC/MS-based methodologies have been powerful 
and essential analytical tools, including during the lead 
identification phase [102]. As an example, its application 
encompasses the determination of compound molecular 
weights in order to assess lead candidates [103]. In addi-
tion, bioaffinity screening analysis and lead identification 
during natural product dereplication are both possible 
with LC–MS [104]. LC–MS can be utilised for an innu-
merable array of analyses on account of its speed, sensi-
tivity, selectivity, plethora of applications, and minimal 
sample volume requirements, among other benefits. It is 
imperative to establish clear objectives for the research 
in order to capitalise on the superiority of LC–MS [105]. 
This study therefore signifies progress towards a solid 
alternative to existing treatments.

Undoubtedly, global attention has been drawn to the 
trend towards green synthesis of nanomaterial in recent 
years. The green synthesis of nanomaterials presents 
numerous benefits, including its simplicity, cost-effec-
tiveness, efficiency, and scalability to accommodate larger 
operations [106]. Due to these benefits, this technique 
has been implemented in numerous industries, such as 
targeted drug or gene delivery of medicine, advanced 
nanocarriers, cancer immunotherapy, and electronics, 
and [107, 108], sensors, diagnostics, cosmetics, remedia-
tion, and imaging [109]. Thus, this study is a crucial ini-
tial phase in the green synthesis of nanomaterials and has 
the potential to advance biomedical applications through 
alternative therapeutics utilising green-synthesized 
nanomaterials.

5 � Conclusions
According to the MTT study, the aqueous extract of P. 
glabra leaf has the lowest IC50 value at all time points 
compared to the ethanol and methanol extracts. The 
aqueous extract of P. glabra leaf exhibited promising 
results as an antiproliferative agent against the MCF-7 
cell line when treated optimally after 48  h of treat-
ment. This result is consistent with the results of cell 
morphology analysis, which revealed that all crude leaf 
extracts of P. glabra exerted antiproliferative effects and 
induced cell death, with the optimal time being 48 h. In 
light of these findings, an aqueous extract of P. glabra 
leaf could be evaluated as a potential candidate for 
drug formulation against breast cancer. As far as we are 
concerned, this is the first study of the cytotoxic and 
apoptotic effects of extracts of P. glabra leaf extracted 
with ethanol, methanol, and distilled water. In addition, 
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flavonoids and triterpenoids are hypothesised to con-
tribute to the inhibition of the MCF-7 cell line in this 
study. Cytotoxicity assays are vital in the basic research 
of drug discovery and development, specifically for the 
development of anticancer therapies. The identifica-
tion of cytotoxicity levels in cancer cells is of utmost 
importance due to their potential to impede the pro-
liferation of target cells through genetic disruption or 
the inhibition of essential nutrient uptake necessary 
for cell survival. It is highly recommended to conduct 
additional studies on the examination of various breast 
cancer cell lines, the isolation of bioactive compounds 
from the extracts, and the implementation of in  vivo 
experiments to assess pharmacokinetic and pharmaco-
dynamic parameters.
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