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Implication for health policy/practice/research/medical education:
The findings of this study highlight the potential of Marchantia paleacea as a source of semi-polar bioactive compounds, 
particularly bisbibenzyl derivatives, with significant cytotoxic activity against breast cancer cell lines. In clinical and research 
practice, the results encourage further preclinical evaluation, standardization of extraction methods, and exploration of 
structure–activity relationships to optimize therapeutic efficacy.
Please cite this paper as: Purkon DB, Herdiana I, Kusmiyati M, Kosasih ED, Aji N, Fadhlillah FM, et al. Cytotoxicity activity 
and in silico studies from ethanol, ethyl acetate, and n-hexane extracts of Marchantia paleacea liverwort herb on MCF-7 and 
T47D breast cancer cells. J Herbmed Pharmacol. 2026;15(1):36-50. doi: 10.34172/jhp.2026.53139.

Introduction: Marchantia paleacea contains macrocyclic bisbibenzyls, including marchantins 
with known cytotoxic, antioxidant, and antimicrobial activities, with no known mechanism 
of action. This study aimed to evaluate the cytotoxic potential of three solvent extracts—70% 
ethanol (EEMP), ethyl acetate (EAEMP), and n-hexane (NHEMP)—of M. paleacea and to 
assess molecular interactions of their bioactive compounds through in silico simulations 
against cancer-related proteins.
Methods: Cytotoxicity was determined on MCF-7 and T47D breast cancer cell lines using 
the MTT assay, with doxorubicin as a positive control. Chemical profiling of the most 
active extract was performed using Fourier-transform infrared (FTIR) spectroscopy and 
gas chromatography-mass spectrometry (GC-MS), followed by molecular docking against 
carbonic anhydrase II (CA-II, PDB ID: 1T47) and cyclin-dependent kinase 2 (CDK2, PDB 
ID: 1T46).
Results: Among the tested extracts, EAEMP showed the strongest cytotoxicity (IC₅₀ = 8.68 
µg/mL for MCF-7; 12.78 µg/mL for T47D), compared with EEMP (119.2 and 64.33 µg/mL) 
and NHEMP (62.07 and 229.8 µg/mL). GC–MS identified Marchantin A, B, and C as major 
constituents, with Marchantin C exhibiting the highest docking affinity (ΔG = −8.62 kcal/
mol) at residues D810 and E640.
Conclusion: The ethyl-acetate extract of M. paleacea demonstrates significant in vitro and 
in silico anticancer potential, suggesting its promise as a semi-polar source of cytotoxic 
bisbibenzyl compounds for future natural anticancer drug development.
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Introduction
Breast cancer is one of the most common types of cancer 
in women worldwide and a major cause of morbidity 
and mortality. Although various therapies, such as 
chemotherapy, hormonal therapy, and immunotherapy, 
have been developed, significant side effects and drug 
resistance remain major challenges in breast cancer 
treatment. Breast cancer is also a type of cancer that 
causes death, with an average of 38 deaths per 100,000 
women worldwide (1). Therefore, new, safer, and more 
effective therapeutic alternatives are needed, including the 
development of natural (herbal)-based anticancer agents.

Several types of plants in Indonesia are known to produce 
secondary metabolites with pharmacological activity, and 
their potential can be utilized as raw materials for the 
development of drugs, especially anticancer drugs. Many 
modern drugs used clinically are derived from medicinal 
plants. One potential plant for research and development 
is the liverwort herb Marchantia paleacea, which has been 
traditionally used in Latin America, China, and Indonesia. 
Some of the pharmacological properties that have been 
tested on the liverwort herb M. paleacea are antioxidant, 
vasorelaxant, antibiotic/antibacterial, immunostimulant, 
and hepatoprotective properties (2). 

Several studies have reported that liverworts contain 
bioactive compounds, such as flavonoids, phenols, and 
bisbibenzyls (3). Compounds in the liverwort genus 
Marchantia have potential biological activities, including 
antimicrobial, anti-inflammatory, and anticancer 
properties (4). The compounds Marchantin A, B, and 
C, found in M. paleacea and previously identified in 
other species of the same genus, such as Marchantia 
polymorpha, have demonstrated cytotoxic activity in 
vitro against breast cancer cells (5). However, there is 
limited scientific data regarding the anticancer activity, 
particularly the anti-breast cancer activity, of the liverwort 
herb Marchantia paleacea in vitro (cytotoxic) on specific 
types of cancer cells.

In this study, we evaluated the cytotoxic activities 
of extracts prepared from 70% ethanol, ethyl acetate, 
and n-hexane in M. paleacea against MCF-7 and T47D 
breast cancer cell lines using the MTT assay. The extracts 
with the highest activity were further analyzed using 
Fourier-transform infrared (FTIR) spectroscopy and gas 
chromatography-mass spectrometry (GC-MS) to identify 
the bioactive compounds contributing to the anticancer 
activity. In silico studies were also conducted to evaluate 
the interactions of these bioactive compounds with cancer-
related protein targets, providing a strong scientific basis 
for their further development as natural or herbal-based 
anticancer agents (6).

Materials and Methods
Materials 
The primary materials used in this study were extracts 

of M. paleacea, prepared at the Pharmacognosy–
Phytochemistry and Pharmacology Laboratories, 
Department of Pharmacy, Poltekkes Kemenkes Bandung. 
The MCF-7 and T47D breast cancer cell lines, along 
with standard cell-culture reagents, were prepared at 
the Central Laboratory and Cell Culture-Cytogenetics 
Laboratory, Universitas Padjadjaran, Bandung, 
Indonesia. All cytotoxicity and phytochemical analyses 
were conducted using standard laboratory equipment, 
including a biosafety cabinet, CO₂ incubator, inverted 
microscope, ELISA reader, rotary vacuum evaporator, 
FTIR spectrometer, and GC–MS instrument. 

Marchantia paleacea samples were collected from 
Kampung Padajaya Street, Sindangjaya Village, Cipanas 
District, Cianjur, West Java, Indonesia (6°44’35.4”S, 
107°02’45.1”E), outside the Cibodas Botanical Garden 
area. Only mature, morphologically uniform thalli were 
selected, and all samples were collected during the same 
season to minimize variability. Species identification was 
confirmed at the Plant Taxonomy Laboratory, Department 
of Biology, FMIPA, Padjadjaran University (Herbarium 
document number: 30/HB/05/2023).

Preparation and determination of test plants, and the 
extraction process with three types of solvents (70% 
ethanol, ethyl acetate, and n-hexane)
Fresh M. paleacea herb (21.0610 kg) was air-dried to 
reduce moisture for storage. Extraction was performed by 
cold maceration using three solvents: 70% ethanol (polar), 
ethyl acetate (semi-polar), and n-hexane (non-polar), with 
periodic stirring, repeated three times for each solvent. 
The resulting liquid extracts were concentrated by rotary 
vacuum evaporation under the following conditions: 70% 
ethanol at 60 °C and 175 mbar, ethyl acetate at 40 °C and 
240 mbar, and n-hexane at 40 °C and 360 mbar.

The resulting paste extracts were used for cytotoxicity, 
FTIR, and GC-MS analyses. The three solvents with 
different polarities enabled qualitative and quantitative 
assessments of secondary metabolites (e.g., flavonoids, 
terpenoids, and bisbibenzyls) with potential cytotoxic 
activity (7).

Anti-breast cancer activity of ethanol, ethyl acetate, and 
n-hexane extracts of Marchantia paleacea against MCF-7 
and T47D breast cancer cell lines
MCF-7 and T47D cells were seeded in 96-well plates 
and cultured at 37 °C with 5% CO₂ until they reached 
80% confluence. After treatment with the samples and 
48 hours of incubation, MTT reagent was added, and 
the absorbance was measured using a Multiskan® ELISA 
reader (8). Complete RPMI medium (10% FBS and 1% 
penicillin/streptomycin) was used. Paste extracts of M. 
paleacea (70% ethanol, ethyl acetate, and n-hexane) were 
dissolved in DMSO to prepare 100,000 μg/mL stock 
solutions, which were serially diluted in RPMI to final 
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concentrations of 7.81–1000 μg/mL (9).
Cells with ≥ 80% confluence were harvested using 

trypsin-EDTA, centrifuged at 1500 rpm for 5 minutes, 
and resuspended in complete medium. Cell numbers and 
viability were assessed by trypan blue exclusion using a 
hemocytometer. Cells were seeded in 96-well plates at 
5,000 cells/well in 200 μL medium, then incubated at 37 
°C with 5% CO₂ for 24 hours (or until 80% confluency) 
before treatment (9).

After labeling, the medium was removed from each 
well and replaced with 200 μL of the test sample at various 
concentrations or control medium. All treatments were 
performed in triplicate, and the plates were incubated for 
48 hours (9). After treatment, the wells were rinsed with 
PBS, and 100 μL of MTT reagent was added. Plates were 
incubated at 37 °C with 5% CO₂ for 2–4 48 hours to allow 
formazan formation. After removing the reagent, DMSO 
was added to dissolve the formazan crystals. Absorbance 
was measured at 550 nm using a Multiskan EX® ELISA 
reader (8). 

Analysis of FTIR and GC-MS of the extract types with the 
most optimal IC50 values 
FTIR analysis was conducted on the extract with the 
lowest IC₅₀ to identify the functional groups related to 
cytotoxic activity. Samples were prepared on KBr discs 
(1:10 ratio), and spectra were obtained using a Nicolet iS10 
FTIR (4000–400 cm⁻¹). The major peaks (O–H, C=O, and 
C=C) were associated with bioactive compounds, such as 
flavonoids, phenols, and bisbibenzyls (10).

GC-MS analysis was performed on the extract with the 
lowest IC₅₀ to identify the major bioactive compounds. An 
RTX-5MS column (30 m × 0.25 mm, 0.25 μm) was used 
with helium as the carrier gas (1 mL/min), employing a 
temperature program from 60 °C (2 minutes) to 280 °C 
at a rate of 10 °C/min. The compounds were identified 
by comparison with the NIST/Wiley library, and the 
main peak was considered the primary compound. The 
relationship between the identified compounds and IC₅₀ 
was evaluated for pharmacological relevance (11).

In silico study of various secondary metabolite compounds 
in Marchantia paleacea as a breast cancer inhibitor
Preparation of test ligands
The active compound Marchantin C from M. paleacea was 
selected as the test ligand. The 2D and 3D structures were 
generated using ChemDraw, and geometric optimization 
was performed using Gaussian 09 with DFT/B3LYP and a 
6-31G basis set (12).

Test target preparation
The protein targets (C-Kit tyrosine kinase, PDB ID: 1T46; 
carbonic anhydrase II, PDB ID: 1CNX; and protein kinase, 
PDB ID: 3POZ) were downloaded from the Protein Data 
Bank (PDB) (*.pdb format). The grid box parameters 

were set based on the active site size (using CASTp), 
ligand size, and conformational flexibility: 1CNX (center: 
x=28.5, y=–14.3, z=5.6; size: 30×30×30 Å), 3POZ (center: 
x=–18.5, y=25.6, z=42.4; size: 40×40×40 Å) (13).

Docking validation
Docking validation was performed by redocking co-
crystallized ligands (prepared in Discovery Studio) 
using AutoDock 4.2.6, with grid boxes centered on the 
corresponding ligands. The parameters included 100 GA 
runs; validation was accepted if the RMSD was ≤ 2 Å. 
All ligands fit within the grid and showed stable binding, 
confirming the adequacy of the grid (13).

Docking simulation
Molecular docking simulations were conducted using 
AutoDock 4.2.6 with validated grid box settings. The 
binding affinity (ΔG), inhibition constant (Ki), and 
ligand–target interactions were analyzed and visualized 
using Discovery Studio Visualizer 2016 (14). Grid box 
dimensions and justification of their suitability for 
accommodating all tested ligands, especially compounds 2 
(Marchantin A), 3 (Marchantin B), and 4 (Marchantin C), 
were confirmed to be appropriate for molecular docking 
simulations.

Data analysis
Data were analyzed using Microsoft Excel 2024 and 
GraphPad Prism (version 10.4.1). Cytotoxicity (MTT 
assay) data for MCF-7 and T47D cells were evaluated 
using nonlinear regression (four-parameter logistic 
curve) to calculate IC₅₀ values and ANOVA to assess the 
significance of extract concentration on cell viability (15).

Results
Preparation and determination of test plants, and the 
extraction process with three types of solvents (70% 
ethanol, ethyl acetate, and n-hexane)
Fresh M. paleacea was collected from Sindangjaya Village, 
Cianjur, West Java (outside the Cibodas Botanical Garden 
area), totaling 21.061 kg. Plant identity was confirmed 
at the Plant Taxonomy Laboratory, FMIPA, Padjadjaran 
University (Herbarium No. 36/HB/05/2023). Simplicia 
yield was 11.52% (w/w) with a water content of 12.75 ± 
0.05%.

Anti-breast cancer activity of the ethanol, ethyl acetate, 
and n-hexane extracts of Marchantia paleacea against 
MCF-7 and T47D breast cancer cells
Cytotoxicity assays on MCF-7 cells revealed varying 
efficacies among the extracts of M. paleacea prepared 
using 70% ethanol (EEMP), ethyl acetate (EAEMP), 
and n-hexane (NHEMP) (Figure 1). Figure 1 shows the 
relationship curve between the percentage of normalized 
absorbance (%) and log concentration from various 
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test preparations of M. paleacea liverwort herb extracts 
(EEMP, EAEMP, and NHEMP) and the positive control 
doxorubicin on MCF-7 breast cancer cells after 48 hours 
(T48). The cytotoxic test results showed a significant 
difference in the IC50 values between the three extracts and 
the positive control, reflecting the effectiveness of each 
test compound in inhibiting cancer cell growth. The ethyl 
acetate extract (EAEMP) exhibited the highest cytotoxic 
potential, with an IC50 value of 8.681 ± 0.0075 µg/mL and 
a coefficient of determination (R²) value of 0.9958. These 
results indicate that EAEMP is highly effective in inducing 
cancer cell death, especially in the MCF-7 cancer cell line.
NHEMP and EEMP showed moderate activity against 
MCF-7 cells, with IC₅₀ values of 62.07 ± 0.08 μg/mL (R² 
= 0.84) and 119.2 ± 0.08 μg/mL (R² = 0.82), respectively. 
Doxorubicin was markedly more potent (IC₅₀ = 0.03 ± 
0.19 μg/mL, R² = 0.97), supporting its status as a standard 
anticancer reference.

Figure 2 presents the graphical relationship between 
normalized absorbance (%) and the logarithm of extract 
concentration, showing that the EAEMP extract produced 
the steepest slope and lowest IC₅₀ value, indicating the 
strongest cytotoxic response. The other extracts, EEMP 
and NHEMP, showed progressively weaker activities, 
while doxorubicin served as the positive control with the 
highest potency. Table 1 summarizes the quantitative IC₅₀ 
values and determination coefficients (R²) obtained from 
these dose–response curves. The EAEMP exhibited the 
highest potency (IC₅₀ = 12.78 ± 0.03 µg/mL, R² = 0.98), 
followed by the ethanol extract (IC₅₀ = 64.33 ± 0.02 µg/
mL, R² = 0.98), and the n-hexane extract (IC₅₀ = 229.8 ± 
0.06 µg/mL, R² = 0.87). Doxorubicin, used as a reference 
anticancer agent, showed an IC₅₀ = 0.02 ± 0.13 µg/mL (R² 
= 0.85). These results confirm that semi-polar extracts, 
particularly EAEMP, contain more bioactive phenolic and 
terpenoid constituents contributing to higher cytotoxic 
potential compared to polar or non-polar fractions.

FTIR and GC-MS test results of the ethyl acetate extract of 
Marchantia paleacea liverwort herb
Figure 3 and Table 2 show that the main FTIR peaks 
correspond to O–H (3389.8 cm⁻¹), aliphatic C–H (2922.7, 
2852.4 cm⁻¹), C=O (1711.6 cm⁻¹), aromatic C=C (1602.2, 
1583.8 cm⁻¹), C–O (1233.0 cm⁻¹), and aromatic ring 
deformations (694.8, 721.5 cm⁻¹), indicating the presence 
of alcohols, phenols, carbonyl, and aromatic compounds.
GC-MS analysis of the ethyl acetate extract (Figure 4, Table 
3) revealed 33 unique compounds. The most abundant 
peak (RT = 51.57 minutes; area = 250,448; 36.5%) 
indicated a dominant bioactive component. Other major 
peaks were observed at 26.09, 38.99, and 43.57 minutes. 
These results, in conjunction with the FTIR findings, 
suggest the presence of diverse active compounds that 
likely contribute to the cytotoxic effects against MCF-7 
and T47D cells. The Y-axis in Figure 4 represents total ion 

Figure 1. Dose–response curve of various extracts of Marchantia 
paleacea against MCF-7 breast cancer cells. The data curve shows the 
relationship between normalized absorbance (%) and log concentration 
used for IC₅₀ determination after 48 hours of treatment. (a) 70% ethanol 
extract (EEMP), (b) ethyl-acetate extract (EAEMP), and (c) n-hexane 
extract (NHEMP) of M. Paleacea. (d) doxorubicin as a standard control. 
IC₅₀ values were obtained using non-linear regression (four-parameter 
logistic model) in GraphPad Prism version 10.4.1. IC₅₀: half-maximal 
inhibitory concentration.
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Figure 1. Dose–response curve of various extracts of Marchantia paleacea against MCF-7 breast cancer cells. The data curve shows the relationship 
between normalized absorbance (%) and log concentration used for IC₅₀ determination after 48 hours of treatment. (a) 70% ethanol extract (EEMP), (b) 
ethyl-acetate extract (EAEMP), and (c) n-hexane extract (NHEMP) of M. Paleacea. (d) doxorubicin as a standard control. IC₅₀ values were obtained using 
non-linear regression (four-parameter logistic model) in GraphPad Prism version 10.4.1. IC₅₀: half-maximal inhibitory concentration.

Table 1. Results of anti-breast cancer activity (IC₅₀ ± SEM, µg/mL) of various extracts of Marchantia paleacea and doxorubicin on MCF-7 and T47D breast 
cancer cell lines after 48 hours incubation

No. Sample
IC50 value

MCF-7 breast cancer cell line (ppm or µg/mL) T47D breast cancer cell line (ppm or µg/mL)

1. EEMP 119.20 ± 0.0792 64.33 ± 0.0245

2. EAEMP 8.68 ± 0.0075  12.78 ± 0.0280

3. NHEMP 62.07 ± 0.0821 229.80 ± 0.0596

4. Doxorubicin 0.03 ± 0.1927 0.02 ± 0.1309

Statistical significance was determined using one-way ANOVA followed by Tukey’s post-hoc test for multiple comparisons among all extracts and 
doxorubicin (P < 0.05). Values are expressed as mean ± SEM (n = 3). EEMP, EAEMP, and NHEMP: Ethanol, ethyl-acetate, and n-hexane extracts of M. 
paleacea. EAEMP exhibited significantly higher cytotoxicity than both EEMP and NHEMP (P < 0.05). Meanwhile, there was a significant difference 
between EEMP and NHEMP on both MCF-7 and T47D cell lines (P < 0.05), indicating a polarity-dependent cytotoxic response.

current (arbitrary units), reflecting the relative abundance 
of each detected compound.

The GC–MS analysis of the ethyl acetate extract of 
M. paleacea identified several bioactive compounds, 
including terpenoids (phytol, squalene), fatty acids 
(n-hexadecanoic acid, linoleic acid), sterols (β-sitosterol, 
stigmasterol), and bisbibenzyl derivatives (Marchantin 
A–C). Among these, Marchantin C showed a dominant 
peak (RT = 38.99 minutes, Area% = 9.97%), supporting its 
role as the major cytotoxic compound consistent with the 
in silico and in vitro results.
In silico study of various secondary metabolite compounds 
in the Marchantia paleacea liverwort herb as a breast 
cancer inhibitor
Lipinski rule of five
Table 4 shows that all M. paleacea compounds, as well 

as reference Marchantins A–C, met Lipinski’s rule of 
five, suggesting good oral drug-likeness. In contrast, the 
positive controls (doxorubicin, vinorelbine, vinblastine, 
and vincristine) did not meet these criteria, consistent 
with their use as intravenous drugs. Notably, L7 satisfied 
Lipinski’s rule and was a potential oral drug candidate, 
while L9’s high lipophilicity favors topical or injectable 
use. Lipinski’s parameters (molecular weight, HBD, HBA, 
log P, and MR) were used to assess the oral drug suitability.

Geometry optimization
Compounds that fulfilled Lipinski’s five rules were 
then subjected to geometry optimization to obtain the 
minimum conditions for compounds that can interact and 
bind maximally to the target. 
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Table 2. Fourier transform ınfra-red (FTIR ) interpretation results of the ethyl acetate extract of the Marchantia paleacea liverwort

Peak position (cm⁻¹) Intensity Functional group Possible compounds

694.75 71.36 Out-of-plane deformation of aromatic rings (C-H) Aromatic

721.54 75.08 Out-of-plane deformation of aromatic rings (C-H) Aromatic

774.05 73.39 C-H bending aliphatic Aliphatic

808.92 71.39 Out-of-plane deformation of aromatic rings (C-H) Aromatic

908.74 76.12 C-H aromatic bending Aromatic

1005.29 67.85 C-O stretching Ester

1044.43 58.81 C-O stretching Ester

1110.44 70.53 C-O stretching alcohol Alcohol

1164.21 56.91 C-H bending aliphatic Aliphatic

1232.96 49.77 C-O stretching ester Ester

1340.5 78.37 O-H deformation of phenol Phenol

1373.73 74.45 Aromatic C-H deformation Aromatic

1445.68 68.14 C-H bending aliphatic Aliphatic

1486.47 80.76 C-H aromatic bending Aromatic

1505.05 63.24 C-H bending aliphatic Aliphatic

1583.84 83.06 C=C aromatic stretching Aromatic

1602.23 81.01 C=C aromatic stretching Aromatic

1711.56 67.82 C=O stretching carbonyl Ketone/Ester/Carboxylic acid

2852.38 77.42 C-H aliphatic stretching Aliphatic

2922.66 67.71 C-H aliphatic stretching Aliphatic

3389.83 93.07 O-H stretching alcohol/phenol Alcohol/Phenol

Figure 3. Fourier-transform infrared (FTIR) spectrum graph data from ethyl acetate extract of Marchantia paleacea. O–H (broad, ~3400 cm⁻¹):  Typically 
corresponds to phenolic or flavonoid hydroxyl groups, which are widely recognized for antioxidant and anticancer properties; C=O (sharp, ~1700 
cm⁻¹): Indicates carbonyl groups from ketones or esters, which are commonly found in cytotoxic compounds, such as terpenoids and fatty acid derivatives. 
C=C aromatic (~1600 cm⁻¹): Suggests the presence of aromatic rings, which are integral components of compounds such as bisbibenzyls (e.g., Marchantin 
derivatives).
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Figure 4. GC–MS chromatogram of the ethyl acetate extract of Marchantia paleacea. The X-axis represents the retention time (min), and the Y-axis 
represents the Total Ion Current (TIC, arbitrary units). The most abundant peak was detected at RT = 51.14 min (area = 250,448; 36.5%), followed by the 
peaks at RT = 26.09, 38.99, and 43.57 min, indicating the presence of several semi-polar constituents.

Table 3. Identified compounds, retention time (RT), peak area, and relative composition of compounds in the ethyl acetate extract of Marchantia paleacea, 
analyzed by GC-MS

No. Compound name Peak area Retention time (RT) Area % Height
1 Phenol, 2,4-bis(1,1-dimethylethyl)- 4002.23 4.031 0.58 1604.69
2 Phytol (isomer 1) 46264.06 23.682 6.75 13245.2
3 n-Hexadecanoic acid 2904.57 25.272 0.42 806.07
4 Octadecanoic acid, methyl ester 10288.32 25.364 1.5 2841.94
5 Bis(2-ethylhexyl) phthalate 54300.74 25.877 7.92 13704.04
6 Marchantin C 60874.07 26.093 8.88 16347.38
7 Squalene 3551.54 26.534 0.52 617.54
8 Tetracosane 6203.86 28.677 0.91 1788.45
9 Phytol (isomer 2) 2677.66 29.016 0.39 716.06
10 n-Hexadecanoic acid (Palmitic acid) 20267.01 30.954 2.96 3096.31
11 Octadecanoic acid, methyl ester (Methyl stearate) 2660.87 32.605 0.39 311.64
12 9,12-Octadecadienoic acid (Linoleic acid) 3366.79 34.564 0.49 1014.9
13 Bis(2-ethylhexyl) phthalate 11668.53 35.652 1.7 2940.96
14 Squalene 3236.66 36.277 0.47 623.45
15 Phytol acetate 4203.63 36.677 0.61 1275.07
16 n-Nonadecanoic acid 2778.48 36.739 0.41 900.87
17 Neophytadiene 6435.41 38.636 0.94 1006.56
18 Marchantin C 68298.99 38.995 9.97 12642.2
19 Tetracosane 5027.79 39.611 0.73 1445.99
20 Pentacosane 7243.46 42.995 1.06 1539.33
21 Heptacosane 3867.0 43.108 0.56 702.66
22 Octacosane 8236.24 43.436 1.2 1768.53
23 Nonacosane 27589.01 43.57 4.03 2721.93
24 Phthalic acid diisooctyl ester 2913.61 44.554 0.43 919.4
25 Stigmasterol 8898.66 44.626 1.3 2509.5
26 β-Sitosterol 4179.68 45.303 0.61 414.38
27 Campesterol 6212.18 46.872 0.91 493.77
28 Cholest-5-en-3-ol (Cholesterol derivative) 2505.83 48.462 0.37 474.75
29 Lupeol 5618.33 49.662 0.82 1534.2
30 Friedelan-3-one 30205.09 49.795 4.41 6346.94
31 Marchantin A 250447.84 51.139 36.54 65343.35
32 Marchantin B 4801.45 58.749 0.7 280.87
33 Docosane 3590.5 60.811 0.52 255.2

Docking validation
To ensure the reliability and reproducibility of the docking 
protocol, validation was performed using co-crystallized 
ligands retrieved from the PDB. The docking parameters, 
including grid box dimensions and center coordinates (x, 
y, z), were presented in Table 5. The co-crystallized ligands 

used were STI (Imatinib) for C-Kit tyrosine kinase (PDB 
ID: 1T46) and QYA (5-Fluorouracil) for Cyclin-dependent 
kinase 2 (PDB ID: 6VJ3).

The redocking validation results were further visualized 
by superimposing the co-crystallized (native) and re-
docked ligand conformations for each protein target. 
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The alignment of both poses, shown in Figure 5, 
demonstrated a strong overlap, confirming the reliability 
of the docking protocol.

As detailed in Table 5, the docking grids were set to 
encompass all ligands, with parameters validated by the 
Lamarckian genetic algorithm (100 GA runs, medium 
evals). Ligand overlays (Figure 5) showed RMSD values ≤ 

2 Å, confirming docking accuracy.

Docking ligand
The ligands were optimized and docked to each target 
using the Lamarckian genetic algorithm. For 1T46 (Table 
6). Marchantin C (MCC) showed the lowest binding energy 
(–8.62 kcal/mol), indicating the highest affinity, followed 

Table 4. Lipinski rule of five (RO5) of several anti-breast cancer comparative drugs and ligand compounds from the liverwort herb of Marchantia paleacea

ID ligand
Lipinski rule of five

Mass (Da)
Hidrogen binding 

donor (HBD)
Hidrogen binding 
acceptor (HBA)

Log partition coefficient P 
(cLog P)

Molar refractivity (MR)

DOX 543 7 12 -0,4641 129,8884
VIO 824 3 13 3,5175 220,5687
VIB 810 3 12 3,9909 220,4288
VIC 824 3 13 3,4292 218,7888
MCA 440 3 5 6,2718 125,7263
MCB 456 4 6 5,9774 127,3911
MCC 424 2 4 6,8854 125,0056
L1 543 7 12 -0,4641 129,8884
L2 238 1 6 0,9580 56,0803
L3 308 0 2 6,3630 95,9910
L4 250 0 0 6,4910 83,7620
L5 340 0 4 5,3500 97,8100
L6 213 0 2 3,7923 61,4994
L7 196 0 2 3,2406 59,0330
L8 278 0 0 7,1677 94,0560
L9 296 1 1 6,3641 95,5618
L10 250 0 0 6,4910 83,7620
L11 208 1 1 3,6790 66,6118
L12 254 1 1 5,4820 81,8508
L13 210 1 1 4,2318 67,9758
L14 256 1 2 5,5523 77,9478
L15 144 1 1 2,7293 45,0788
L16 222 0 0 5,7108 74,5280
L17 204 0 0 4,8913 68,8330
L18 138 0 0 3,0786 43,7770
L19 168 0 0 4,5591 57,3540
L20 224 1 4 2,2644 58,5828
L21 222 1 1 3,4657 65,9968
L22 254 0 2 3,9444 59,4840
L23 204 0 0 5,2015 70,9930
L24 306 1 3 4,3496 90,4138
L25 204 0 0 4,7252 66,7430
L26 204 0 0 4,7252 66,7430
L27 204 0 0 4,7252 66,7430

DOX: Doxorubicin; VIO: Vinorelbine; VIB: Vinblastine; VIC: Vincristine; MCA: Marchantin A; MCB: Marchantin B; MCC: Marchantin C; L1: 1,2,4-Benzenetricarboxylic acid 
1,2-dimethyl ester; L2: Phthalic acid di(2-propylpentyl) ester; L3: Linoleyl acetate; L4: 3-Octadec-yne; L5: Oxalic acid allyl pentadecyl ester; L6: 1-Hexyl-2-nitrocyclohexane; 
L7: 1,6-Octadien-3-ol, 3,7-dimethyl-, propanoate; L8: 7,11,15-trimethyl-3-hexadecene.

Table 5. Docking validation parameters of ligands 1T46 and 6VJ3 obtained from the Protein Data Bank (PDB)

PDB ID Co-crystallized ligand
Grid Box (spacing = 0.375 Å) Grid center coordinate

x y z x y z

1T46 STI (Imatinib) 40 40 46 27.696 26.657 39.342
6VJ3 QYA (5-Fluorouracil) 40 40 40 16.567 5.451 13.121

Å: Ångström (unit of length; 1 Å: 10⁻¹⁰ m); x, y, z: Cartesian coordinates representing the center points of the docking grid box in the three-dimensional 
molecular space. STI: Co-crystallized ligand Imatinib (native ligand of PDB ID 1T46); QYA: Co-crystallized ligand 5-Fluorouracil (native ligand of PDB ID 
6VJ3).
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by Marchantin A (–8.14 kcal/mol) and B (–7.96 kcal/mol). 
Doxorubicin (–6.99 kcal/mol) and the comparators had 
higher energies, with key interacting residues identified 
for each ligand. Other ligands showed lower affinities but 
may still be of interest for further study.

The active site interactions for 1T46 involved residues 
D810, E640, V643, and F811 (Table 6). Marchantin C, 
stigmasterol, and Marchantin B showed strong binding 
(–8.62 to –6.79 kcal/mol). In contrast, ligands 7 and 11 
exhibited positive binding energies (+0.24 to +0.87 kcal/

Figure 5. Overlay of imatinib ligand co-crystals on the 1T46 target (a) 
and co-crystal overlay of 5-fluorouracil (5-FU) ligand on 6VJ3 target (b).

Table 6. Docking results of various ligands to target 1T46 using the Lamarckian genetic algorithm method

No. Ligand 
code

Compound interactions (Amino acid compound residues/Active site) of target 1T46 Docking results

Hydrogen bonds Hydrophobic interactions Binding energy 
(kcal/mol)

Inhibition 
constant (µm)

1 COZ C673, D810, H290                                                                    K623, T670, L644, L799, L595 –12.64 0.00002037

2 DOX T670, E640, C788, H790, 
I808, A636 V668, K623, L644, V643, C788 –5.74 62.17

3 VIO L647, C809, E640 V654, L813, L637, K623, R791, V643 +50.66 n/a

4 VIB R791, E640, C728 V654, C809, L647 +23.52 n/a

5 VIC I808, L783, E640 V643, R791, V654 +53.22 n/a

6 MCA R791, D810, H790, L644, 
I808, V654 E640, C788, I653, L783, V643 –5.78 58.25

7 MCB – D810, H790, C788, L783, C809, I653, I808, E640, L644, V643 –4.23 791.82

8 MCC D810, C809 E640, L644, L783, V643, I808, I653, C788 –7.7 2.28

9 L1 C763, Y672, L595, T670, 
L623, D810 A621, V603, L799 –6.57 15.37

10 L2 L623, D810, E640 V668, T670, L644, V643, I653, L783, I808, A621, Y672, C673, 
F811, L595, L799, V603, C809 –9.94 0.05148

11 L3 Y672, C672, T670, E640, 
D810

L595, F811, L799, A621, V603, L623, V654, L644, V668, C809, 
I653, I808 –7.71 2.24

12 L4 – C673, V654, C809, V603, L644, K623, V668, L799, A621, Y672, 
L595 –6.81 10.18

13 L5 Y672, C673 L644, K623, C809, V654, F811, V603, A621, L799, L595 –6.88 9.13

mol) in 3POZ, indicating unfavorable interactions, and 
were therefore excluded from further analysis.

Marchantin C (MCC) exhibited the highest binding 
affinity to 6VJ3 (–8.62 kcal/mol), followed by Marchantin 
A and B (–8.14 and –7.96 kcal/mol, respectively). 
Key residues included P202, N62, T199, and V135. 
Doxorubicin and COZ displayed lower affinities (–6.99 
and –7.35 kcal/mol). Other compounds, such as L2 and 
L5, exhibited even weaker binding (Table 7). These results 
highlight MCC as a promising candidate for further 
exploration as a natural therapeutic agent for 6VJ3.

Discussion
The three liquid extracts were evaporated under controlled 
temperature and pressure to obtain concentrated 
samples for further analysis (16). FTIR and GC-MS 
analyses consistently identified key bioactive compounds 
(Marchantin A, B, and C) containing functional groups, 
such as phenolic O–H, aromatic rings, and carbonyls. 
These groups are closely linked to antioxidant and 
anticancer activities, supporting the observed cytotoxic 
effects in MCF-7 and T47D cells (17).

The EAEMP demonstrated the highest cytotoxic 
and anticancer activity among all fractions, which can 
be attributed to the presence of semi-polar bioactive 
constituents, including flavonoids, phenols, bisbibenzyls, 
and terpenoids, that are widely reported for their anticancer 
mechanisms (18). The n-hexane extract exhibited weaker 
effects, indicating that the most active compounds in M. 
paleacea are more soluble in semi-polar or polar solvents 
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No. Ligand 
code

Compound interactions (Amino acid compound residues/Active site) of target 1T46 Docking results

Hydrogen bonds Hydrophobic interactions Binding energy 
(kcal/mol)

Inhibition 
constant (µm)

14 L6 D810, K623, L644 C809, L799, F811, V654, V603, V668, A621 –8.1 1.15

15 L7 K623, L799, D810, E640 A621, F811, V668, V603, C809, V654, L644 –6.9 8.76

16 L8 D810, K623, E640 L783, H790, I653, I808, L644, C809, A621, V603, L799, F811, 
L595, C673 –7.91 1.60

17 L9 T670, L644 Y672, C673, L595, L799, A621, V603, C809, F811, K623, V654 –8.21 0.96107

18 L10 T670 K623, L644, V668, V654, V603, C809, A621, F811, L595, L799, 
C672, Y672 –6.75 11.23

19 L11 C673, E671, Y672, L644, 
V668 V654, K623, L799, F811, C809, V603, A621 –5.88 48.70

20 L12 D810, E640, C809, F811 V668, L644, A621, Y672, C673, L595, L799, V603, V654 –6.88 9.07

21 L13 V668, E640, D810, C673, 
Y672, L644 K623, F811, V603, C809, A621, V654, L799, L595 –6.32 23.48

22 L14 C673 L799, F811, L595, V603, C809, V654, A621, K623, C668 –6.43 19.21

23 L15 V668, E640, D810 K623, A621, V603, F811, L799, V654, C809 –4.64 400.07

24 L16 D810 F811, C809, V654, K623, V603, L595, L799, C673, A621, Y672 –6.51 17.05

25 L17 L799, L595 K623, A621, V603, V654, C809, F811 –7.74 2.14

26 L18 F811, K623, A621, V603 V654, L644, C809 –5.17 161.09

27 L19 L644 V668 –5.5 92.34

28 L20 D810, T670 V668 –7.53 3.04

29 L21 T670 - –7.43 3.56

30 L22 T670, V622, G676 V668 –5.82 54.47

31 L23 - A621, V603, C668, K623, L644, C809, V654, I653, H790, I808 –7.23 5.01

32 L24 E640, L644, K623 V654, L799, A621, V603, L595, C809 –7.98 1.40

33 L25 E640, L595 V668, K623, V654, V603, C809, C673, A621, L799 –8.13 1.09

34 L26 K623, C673 V654, C809, V603, L595, Y672, L799, A621 –8.01 1.35

35 L27 V654, C809, L799, F811 V603, K623, A621 –7.6 2.69

COZ: Co-crystalized ligand; DOX: Doxorubicine (i.v.); VIO: Vinorelbine (i.v.); VIB: Vinblastine (i.v.); VIC: Vincristine (i.v.); MCA: Marchantin A; MCB: 
Marchantin B; MCC: Marchantin C; L1: 1,2,4-Benzenetricarboxylic acid,1,2-dimethyl ester; L2: Phthalic acid, di(2-propylpentyl) ester; L3: Linoleyl 
acetate; L4: 3-Octadecyne; L5: Oxalic acid, allyl pentadecyl ester; L6: 1-Hexyl-2-nitrocyclohexane; L7: 1,6-Octadien-3-ol, 3,7-dimethyl-, propanoate; L8: 
7,11,15-trimethyl-3-methylidenehexadec-1-ene; L9: Phytol; L10: 1-Octadecyne; L11: tetradec-13-en-11-yn-1-ol; L12: (R)-(Z)-14-Methyl-8-hexadecen-1-
ol; L13: E-11,13-Tetradecadien-1-ol; L14: n-Hexadecanoic acid; L15: 1-Nonanol; L16: 1-Hexadecyne; L17: 1-Cycloheptene, 1,4-dimethyl-3-(2-methyl-1- 
propene-1-yl)-4-vinyl-; L18: 1,1’-Bicyclopropyl, 2,2,2’,2’-tetramethyl-; L19: 1-Undecene, 9-methyl-; L20: 4-Hydroxy-6-methyl-3-(4-methylpentanoyl)-2H-
pyran-2-one; L21: (1aR,4R,4aR,7S,7aS,7bS)-1,1,4,7-tetramethyldecahydro-1H-cyclopropa[e]azulen-4-ol; L22: Acetic acid, trifluoro-, 3,7-dimethyloctyl 
ester; L23: (3E,6E)-3,7,11-trimethyldodeca-1,3,6,10-tetraene; L24: 2,4-di-tert-butylphenyl 5-hydroxypentanoate; L25: Phytol; L26: Hexadecanoic acid, 
methyl ester (methyl palmitate); L27: 9,12-Octadecadienoic acid (Z,Z)-, methyl ester (methyl linoleate).

Table 6. Continued

(19). Although the EEMP showed the lowest cytotoxicity, 
it may still have potential applications that require lower 
levels of cytotoxic activity (20).

The efficacy of doxorubicin was much stronger than 
that of all the extracts, which is in accordance with its 
role as a proven anticancer agent (21). These compounds 
are known to induce apoptosis (such as S and G2/M) 
by regulating the expression of apoptosis-related 
proteins, such as BAX, BCL-2, caspase, and p53, inhibit 
proliferation, and modulate key molecular pathways, as 
supported by studies on other ethyl acetate plant extracts 
(22). Normalized absorbance (%) enables consistent 
comparison of cytotoxicity results across different 

concentrations and conditions (23).
Marchantia paleacea is a traditional medicinal plant 

rich in macrocyclic bisbibenzyls, such as marchantin A 
and C, which are unique to liverworts. These compounds 
exhibit diverse pharmacological activities, including 
antimicrobial, anti-inflammatory, antioxidant, and 
potential anticancer effects (24). Marchantin A exhibits 
strong anticancer activity by inducing apoptosis and 
regulating genes involved in the cell cycle and apoptosis 
pathways in cancer cells (25). In addition, Marchantin C 
and E have been shown to exert cytotoxic effects on several 
cancer cell types (26-28). Ethyl acetate extracts from 
various plants, such as Cordyceps sinensis, Peltophorum 
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Table 7. Docking results of various ligands to the 6VJ3 target using the Lamarckian genetic algorithm method

No Ligand 
code

Compound interactions (Amino acid compound residues/Active site) of target 6VJ3 Docking result

Hydrogen bonds Hydrophobic interactions Binding energy 
(kcal/mol)

Inhibition constant 
(µm)

1 COZ H94, H119, H96, T199, T200 I91, Q92, V121, L198 7.35 4.12

2 DOX N62, Q92, N67, T200, T199, H96, 
H119, V121 V135, P202, F131, L204, L198, W209, V143 –6.99 7.53

3 VIO I91, L198, P202, P201, Q92, W5, N62, 
H64, N67, T200 H94, A65 –5.11 181.07

4 VIB V135, P202, P201, L198, N62, H94, 
N67 F131 –6.72 11.88

5 VIC F131, P201, N67, Q92, N62, H64, W5 V135, L198, P202 –6.12 32.67
6 MCA V143, L198, V121, N67, H94, H119 F131, T200 –8.14 1.07
7 MCB N62, N67, F131, H119, T199, T200 L198 –7.96 1.46
8 MCC P202, N62, N67, T199 V135, L198, A65, H94 –8.62 0.48225

9 L1 W209, H94, H96, H119, Y7, T200, N62, 
N67, T199 - –5.87 49.58

10 L2 H96, P201, H119, T199, N62, Q92, 
H94, N67

T200, A65, P202, W209, V207, L198, V143, 
V121 –6.33 22.88

11 L3 T200, P202, F131, Q92, T199 H119, W209, V143, L198, A65, V121, H94 –5.62 75.46

12 L4 T199, T200 H94, H64, A65, H96, H119, V143, V121, 
V207, L198, P202 –4.72 349.62

13 L5 V207, W209, H118, H96, T199, H94, 
P202 V143, L141, V121, L198, H64, W5, A65 –5.40 109.17

14 L6 H1H94, H96, T199, H64, W5, L141 V121, L198, V143, A65 –6.35 22.17

15 L7 H119, H94, H96, V143, T199 A65, H64, L198 –5.91 46.78

16 L8 L198, T199 W209, V143, H119, A65, W5, H64, H96, H94 –5.64 73.09

17 L9 H64, W5, H94, H119, H96, V143, W209 A65, L198, V121 –6.00 39.98

18 L10 - A65, H96, H94, V143, V121, F131, L198, 
H119, P202, V135 –4.67 378.34

19 L11 H119, H94, H96 V207, V143, W209, L198, V121, A65 –4.92 245.45

20 L12 H94, H96 A65, V121, L198, W209, H119, V143 –5.28 135.28

21 L13 H94, H119 A65, H96, V121, V143, L198, W209 –4.95 235.89

22 L14 H95, H96, W209, H119, T199 A65, V143, L198, V121 –4.98 223.09

23 L15 H94, H119, H96, T199 V121, L198, V143 –4.25 763.78

24 L16 - V143, V121, W209, H96, H119, A65, H94, 
L198 –4.61 415.65

25 L17 H96, H94, H119 F131, V121, L198, V143, V207, W209 –6.23 27.30

26 L18 V207, V121, V143, W209, L198 - –5.08 187.72

27 L19 - A65, H94, H96, V207, H119, V143, W209, 
L198 –4.54 467.73

28 L20 H94, H119, Q92 V207, 209, V143, V121, L198, H96, A165 –6.51 16.84
29 L21 Q92, H96, H94, H119, W209 F131, V121, L198 –7.01 7.33

30 L22 T199, V121, H96, H94, H119, T200, 
F131 A65, L198 –5.47 98.40

31 L23 A65, T200, H96, T199 H64, W5, H94, W209, H119, V143, L198, 
V207 –5.73 63.35

32 L24 H64, W5, Q92, V207, N62, N67 H94, V143, L198, H119, W209 –7.09 6.37

33 L25 Q92, N62, N67, H119, W209 V121, F131, V143, V297, L198, H94 –7.00 7.34

34 L26 - V121, L198, V143, H94 –6.47 18.00
35 L27 - V121, H94, L198, V143 –6.97 7.80

COZ: Co-crystalized Ligand; DOX: Doxorubicine (i.v.); VIO: Vinorelbine (i.v.); VIB: Vinblastine (i.v.); VIC: Vincristine (i.v.); MCA: Marchantin A; MCB: 
Marchantin B; MCC: Marchantin C; L1: 1,2,4-Benzenetricarboxylic acid,1,2-dimethyl ester; L2: Phthalic acid, di(2-propylpentyl) ester; L3: Linoleyl 
acetate; L4: 3-Octadecyne; L5: Oxalic acid, allyl pentadecyl ester; L6: 1-Hexyl-2-nitrocyclohexane; L7: 1,6-Octadien-3-ol, 3,7-dimethyl-, propanoate; L8: 
7,11,15-trimethyl-3-methylidenehexadec-1-ene; L9: Phytol; L10: 1-Octadecyne; L11: tetradec-13-en-11-yn-1-ol; L12: (R)-(Z)-14-Methyl-8-hexadecen-1-
ol; L13: E-11,13-Tetradecadien-1-ol; L14: n-Hexadecanoic acid; L15: 1-Nonanol; L16: 1-Hexadecyne; L17: 1-Cycloheptene, 1,4-dimethyl-3-(2-methyl-1- 
propene-1-yl)-4-vinyl-; L18: 1,1’-Bicyclopropyl, 2,2,2’,2’-tetramethyl-; L19: 1-Undecene, 9-methyl-; L20: 4-Hydroxy-6-methyl-3-(4-methylpentanoyl)-2H-
pyran-2-one; L21: (1aR,4R,4aR,7S,7aS,7bS)-1,1,4,7-tetramethyldecahydro-1H-cyclopropa[e]azulen-4-ol; L22: Acetic acid, trifluoro-, 3,7-dimethyloctyl 
ester; L23: (3E,6E)-3,7,11-trimethyldodeca-1,3,6,10-tetraene; L24: 2,4-di-tert-butylphenyl 5-hydroxypentanoate; L25: Phytol; L26: Hexadecanoic acid, 
methyl ester (methyl palmitate); L27: 9,12-Octadecadienoic acid (Z,Z)-, methyl ester (methyl linoleate).
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africanum, and Clitoria ternatea, significantly inhibited 
the proliferation of MCF-7 cancer cells, with low IC50 
values, indicating their potential as strong anticancer 
agents (29).

Spectral data confirmed the presence of functional 
groups, such as phenols and carbonyls, which may underlie 
the biological activity of the extract (30). The presence 
of hydroxyl (O-H), carbonyl (C=O), and aromatic C=C 
groups indicates the presence of phenolic or flavonoid 
compounds, which are known to exhibit antioxidant and 
cytotoxic activities (31). Compounds such as phenols and 
carbonyls are prime candidates for supporting cytotoxic 
activity against cancer cells (e.g., such as MCF-7 and 
T47D cells) (32).

Macrocyclic bis(bibenzyl)s are unique phytochemicals 
found only in liverworts (33). Semi-polar solvents, 
such as ethyl acetate, effectively extract macrocyclic 
bis(bibenzyl)s from M. paleacea, which exhibit notable 
cytotoxic and antimicrobial activities (34). Marchantin 
A, B, and C have high biological potency but exceed 
Lipinski’s log P threshold, indicating poor oral absorption 
and greater suitability for non-oral use. Standard drugs, 
such as doxorubicin and vinblastine analogs, violate 
Lipinski’s criteria because of their high molecular weights 
(35). Standard compounds, such as doxorubicin and 
vinblastine, are effective in intravenous formulations 
but have limitations in oral applications (36). According 
to Lipinski’s rule, compounds with a molecular weight 
>500 Da or log P > 5 may have poor absorption and 
bioavailability (37,38).

Optimization was performed using the Gaussian 
quantum method, with the Density Functional Theory 
Basis Set 6-31G and the B3LYP function (39). An 
optimization method was employed to determine the 
coordinates that minimized the energy in the system, 
thereby obtaining the geometric structure of the molecule 
(40). After the limits were adjusted, the docking parameter 
addition process was performed using the Lamarckian 
genetic algorithm method with 100 GA Runs (41). The 
docking method was validated by accurately separating 
and redocking the co-crystallized ligands into the active 
site using unchanged grid parameters and protocols 
(42). Only ligands with RMSD ≤2 Å and negative 
binding energies were considered for further biological 
interpretation, aligning the docking results with the 
observed cytotoxicity (43).

The structures of key bioactive compounds, such as 
Marchantin C and stigmasterol, influenced their strong 
docking affinities and cytotoxic effects, highlighting the 
importance of molecular structure in predicting anticancer 
activity (44). The literature consistently demonstrates that 
bisbibenzyls from Marchantia species, such as Marchantin 
A, exhibit notable anticancer activity against breast 
cancer cell lines (5). Recent studies have confirmed that 
Marchantin A and C induce apoptosis and cell cycle arrest 

in breast cancer cells, supporting our findings that link 
their structures to strong anticancer activities (45).

While molecular docking provides preliminary 
insights into ligand–protein interactions, future studies 
using molecular dynamics simulations and MM-PBSA 
analyses are needed for a deeper validation of binding 
stability and affinity (46). The key residues identified in 
the 1T46 target active site (D810, E640, V643, and F811) 
were consistent with those of prior docking studies, 
supporting the reliability of our predictions (44).

This study had several limitations that should be 
acknowledged. The cytotoxic evaluation was limited to 
in vitro assays using two breast cancer cell lines (MCF-
7 and T47D); therefore, it may not fully represent the 
complex interactions occurring in vivo. Additionally, the 
in silico analysis was based on predicted binding affinities 
and molecular docking simulations, which require 
further biochemical and pharmacokinetic validation. 
Future studies should include in vivo investigations 
to confirm the anticancer efficacy and safety of M. 
paleacea extracts, as well as advanced molecular assays 
to elucidate the underlying mechanisms of apoptosis and 
cell cycle regulation. Moreover, isolation and structural 
characterization of the active constituents, followed by 
target-specific binding assays, would provide deeper 
insights into their therapeutic potential as natural 
anticancer agents.

Conclusion 
This study demonstrated that the EAEMP exhibits 
significant cytotoxic activity against breast cancer cell 
lines MCF-7 and T47D, with IC50 values of 8.681 µg/mL 
and 12.78 µg/mL, respectively. GC-MS profiling identified 
bioactive constituents, notably Marchantin C, which 
exhibited a strong binding affinity with key anticancer 
targets in docking simulations (−8.62 kcal/mol with the 
protein kinase domain). This compound also established 
stable hydrogen bonding with the active site residues 
D810 and E640. These findings highlight the therapeutic 
potential of M. paleacea as a source of natural cytotoxic 
agents, specifically through its phenolic and bisbibenzyl 
components.
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