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Abstract  

Introduction: Globally, the incidence of cancer is rising at an alarming rate. Among 

various types, breast cancer was reported as the most prevalent cancer in females in 

2022, while melanoma represents an aggressive form of skin cancer characterized by 

the malignant transformation of melanocytes. To address the urgent need for new 

anticancer drugs, traditional medicinal plants offer significant potential. Tetracera 

macrophylla is widely used by the inhabitants across Asia and Africa to treat diverse 

ailments, making it a promising candidate for investigation. The objective of the 

current study was to prepare a polar compound-based methanol extract of T. 

macrophylla leaves and identify bioactive compounds with potential anticancer 

activity. Methods: A sequential extraction technique was employed to obtain the 

methanol extract enriched in polar compounds, which was subsequently analysed 

using Q-ToF LCMS for compound identification. The identified compounds were 

then screened in silico against two cancer-related proteins (PDB IDs: 3OG7 and 3ERT) 

to evaluate their potential against melanoma and breast cancer. Lead compound 

selection was further refined through physicochemical and pharmacokinetic 

parameter assessments. Results: The methanol extract (yield: 9.29%) revealed ten 

compounds, predominantly flavonoids. Molecular docking analysis demonstrated 

favourable binding energies and interactions of these compounds with the target 

proteins. Notably, eight compounds namely isovitexin, epigallocatechin 3-O-

caffeate, 5,7,4'-trihydroxyflavanone 7-sulfate, 7,8,4'-trihydroxyflavanone, 4,2',3',4'-

tetrahydroxychalcone, urolithin A-3-O-glucuronide, epifisetinidol-4alpha-ol, and 

epicatechin monogallate exhibited drug-likeness properties. Conclusions: 

Collectively, this study provides a strong foundation for further research into the 

development of novel anticancer drugs derived from T. macrophylla leaves, targeting 

breast cancer and melanoma. 
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Introduction 

Cancer is a broad term encompassing a large 

group of diseases that can affect virtually any part 

of the body. It is also referred to as a malignant 

tumour or neoplasm. A defining characteristic of 

cancer is the rapid formation of abnormal cells that 

proliferate beyond their normal boundaries, 

invading adjacent tissues and spreading to distant 

organs- a process known as metastasis. Widespread 

metastases are the leading cause of cancer-related 

mortality (World Health Organization, 2023). 

According to Globocan 2022, there were 19,976,499 

new cancer cases and 9,743,832 cancer-related 

deaths worldwide in 2022. Among women, breast 

cancer accounted for the highest incidence, 

representing 23.8% of new cases (Bray et al., 2022). 

Estrogen receptors exist in two main forms, ERα and 

ERβ. Estrogens play a pivotal role in breast cancer 

progression, with ERα status serving as a key 

predictor of prognosis. In Asian countries, more 

than 60% of breast cancer cases are diagnosed as 

ERα-positive (Sahayarayan et al., 2021). Melanoma, 

an aggressive form of skin cancer, arises from the 

malignant transformation of melanocytes. One of 

the most frequently mutated oncogenes in 

melanoma is BRAF, which has become an important 

target for molecular therapy. The use of BRAF 

kinase inhibitors has demonstrated promising 

therapeutic outcomes (Castellani et al., 2023). 

In addition to synthetic drugs, plant-based 

approaches hold significant promise for the 

development of new anticancer agents, particularly 

in addressing the rising incidence of cancer and the 

challenges of drug tolerance and adverse side 

effects. Tetracera macrophylla Hook.f. & Thomson is a 

woody climbing plant widely distributed across 

Asia and Africa (Fig. 1) and is traditionally used to 

relieve throat ailments and symptoms of 

tuberculosis (Mazlun et al., 2020). Previous scientific 

investigations have primarily focused on the 

antimicrobial properties of its leaves (Ladeska et al., 

2023). However, to date, no studies have explored 

the anticancer potential of T. macrophylla extracts or 

their chemical constituents. Therefore, the objective 

of this study was to identify bioactive compounds 

present in the leaf extract of T. macrophylla that may 

serve as lead molecules for the development of 

novel anticancer drugs targeting melanoma and 

breast cancer.  

Fig. 1: T. macrophylla leaves. 

 

Materials and methods 

Collection and preparation of plant sample 

The collection and preparation of the final methanol 

extract from T. macrophylla leaves are presented in 

Fig. 2 (Ananda et al., 2025). This sequential 

extraction process enabled the isolation of a 

methanol extract enriched with polar compounds. 
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Fig. 2: Extraction procedure of methanol extract of T. macrophylla leaf. 
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Q-ToF LCMS analysis of phytochemicals in T. 
macrophylla leaf extract  

The leaf extract of T. macrophylla was analyzed using 

an LC/MS-Q-ToF system comprising an Agilent 

1200 liquid chromatography unit equipped with a 

binary pump, vacuum degasser, autosampler, and 

an Agilent 6520 quadrupole time-of-flight mass 

spectrometer with an electrospray ionization (ESI) 

source. Chromatographic separation was 

performed on an Agilent ZORBAX Eclipse Plus C18 

Rapid Resolution HT column (2.1 × 100 mm, 1.8 µm) 

maintained at 40 °C. For sample preparation, 1000 

µg of dried plant extract was dissolved in 250 µL of 

methanol, vortexed thoroughly, and sonicated for 

15 minutes. The solution was then diluted with 250 

µL of distilled water, centrifuged for 15 minutes, 

and the resulting clear supernatant was filtered 

before being transferred into a glass vial for analysis. 

The mobile phases consisted of (A) 0.1% formic acid 

in distilled water and (B) 0.1% formic acid in 

acetonitrile, optimized for positive ionization mode. 

The mobile phases consisted of (A) 0.1% ammonium 

formate in distilled water and (B) acetonitrile, 

optimized for negative ionization mode. The 

gradient elution program was as follows: 0.00–18.00 

min, 5–95% B; 18.00–23.00 min, 95% B; and 23.01 

min, 5% B. The total run time was 30 minutes, with 

a 2-minute re-equilibration before each injection. 

The injection volume was 2 µL, and the mobile 

phase flow rate was set at 0.25 mL/min. The mass 

spectrometer was operated under the following 

conditions: gas temperature 325 °C, gas flow 11 

L/min, and nebulizer pressure 35 psi. Data 

acquisition and analysis were performed using 

Agilent MassHunter Qualitative Analysis software 

(version B.05.00; Agilent Technologies, Santa Clara, 

CA, USA) (Begum et al., 2025a). 

Molecular docking analysis 

The compounds identified through Q-ToF-LCMS 

analysis of the T. macrophylla leaf’s methanol extract 

were further investigated using an in silico 

molecular docking approach against two target 

proteins. The chemical structures of both the 

standard drugs (Dabrafenib, Ormeloxifene) and the 

compounds were retrieved from the PubChem 

database (https://pubchem.ncbi.nlm.nih.gov/).  For 

the docking study, the human estrogen receptor 

alpha ligand-binding domain (PDB ID: 3ERT) 

(Shiau et al., 1998) and the BRaf Kinase mutant (PDB 

ID: 3OG7) (Bollag et al., 2020) (Fig. 3) were selected 

as target proteins and obtained from the Protein 

Data Bank (http://www.rcsb.org). Protein structures 

were prepared by removing water molecules and 

native ligands, followed by the addition of polar 

hydrogens. For 3ERT, redocking of the native ligand 

(OHT600) was performed using grid points (X, Y, Z) 

set to 28, 28, and 28, respectively, with coordinate 

grid points (X, Y, Z) at 30.01, -1.913, and 24.206, 

ensuring a root-mean-square deviation (RMSD) less 

than 2. For 3OG7, redocking of the native ligand 

(vemurafenib) was performed by setting grid points 

(X, Y, Z) to 46, 16, and 36, respectively, and 

coordinate grid points (X, Y, Z) at 2.643, -2.28, and -

19.403, ensuring that the RMSD was less than 2. 

Molecular docking analyses were conducted using 

Discovery Studio, Autodock Tools 1.5.7, and 

AutoDock Vina (Trott & Olson, 2010). The docking 

results were subsequently examined through both 

2D and 3D visualizations to provide detailed 

insights into the binding interactions (Begum et al., 

2025b; Ahmed et al., 2026). 

 

(A) 

 

(B) 

Fig. 3: 3D structures of two selected proteins: PDB ID 

3ERT (A) and PDB ID 3OG7 (B) along with their 

respective native ligands. 
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Physicochemical and pharmacokinetics properties 

The study of physicochemical and pharmacokinetic 

properties is considered extremely important for 

forecasting a drug’s behaviour within the human 

body, augmenting its therapeutic efficacy and 

ensuring its safety. Accordingly, the bioactive 

constituents of the methanol extract, identified via 

LC/MS-QTOF analysis, were assessed for their 

potential impact on drug absorption and 

distribution. Particular emphasis was placed on 

solubility, lipophilicity, and molecular size, as these 

parameters are key determinants of 

pharmacokinetic performance. In addition, these 

properties govern how a drug is metabolized by the 

liver and other organs, as well as the rate at which it 

is eliminated from the body 

(http://www.swissadme.ch/index.php, 

https://biosig.lab.uq.edu.au/pkcsm/prediction) 

(Begum et al. 2025c).  

Results and discussion 

% yield and Q-ToF LCMS analysis 

The methanol extract (yield: 9.29%) revealed a 

number of compounds identified through Q-ToF 

LCMS analysis. The chromatograms obtained from 

the Q-ToF LCMS analysis are presented in Fig. 4, 

while the chemical structures of selected 

compounds are illustrated in Fig. 5. The identified 

compounds were analysed through LC-MS/MS in 

positive and negative ionization modes to further 

confirm their tentative structures, as shown in Fig. 

A1. Table 1 contains the tentatively identified 

compounds from T. macrophylla leaf methanol 

extract by LCMS Q-ToF investigation along with the 

mass error and annotation level.  

Error mass calculation is a cornerstone of 

analytical accuracy in liquid chromatography mass 

spectrometry (LC-MS/MS). It quantifies the 

deviation between the measured and theoretical 

mass-to-charge ratio (m/z) of an analyte, serving as 

a critical metric for both qualitative identification 

and quantitative analysis. Accurate error mass 

determination is essential for confident compound 

assignment, regulatory compliance, and reliable 

clinical or environmental measurements. It 

normalizes the mass difference to the theoretical 

mass, allowing comparison across analytes of 

different sizes. High-resolution mass spectrometers 

(QTOF) routinely achieve error mass values <5 ppm, 

enabling confident assignment of chemical formulae 

and structural elucidation (Kellmann et al., 2019; 

Smith et al., 2018). The error mass is calculated by 

the formula: Error (ppm) = [(Measured m/z - 

Theoretical m/z) / Theoretical m/z] × 10⁶ 

In addition, compound annotation in LC-MS/MS is 

a critical step in metabolomics and exposomics 

studies, enabling the identification and 

characterization of chemical entities. The annotation 

process is often categorized into Level 1 and Level 2 

based on the confidence in compound identification. 

Level 2 annotation involves probable identification 

based on spectral similarity, database matching, or 

predictive models, without direct confirmation by 

standards. It relies on computational tools, spectral 

libraries, and cheminformatics approaches 

(Ljoncheva et al., 2020; Shen et al., 2022; Zheng et al., 

2022). 

Among the identified compounds, the majority 

belong to the flavonoid class, several of which have 

already been reported in the literature for their 

anticancer potential. Apigenin, for instance, has 

been shown to exert anticancer effects by 

modulating a wide range of cell signalling 

pathways, including tumor suppressor genes, 

angiogenesis, apoptosis, cell cycle regulation, 

inflammation, PI3K/AKT, NF-κB, MAPK/ERK and 

STAT3 pathways. Consequently, apigenin has 

demonstrated efficacy against multiple cancer 

types, particularly breast and skin cancers (Rahmani 

et al., 2022). Based on these findings, the identified 

compound apigenin 7-(2''-E-p-coumaroylglucoside 

may also possess significant anticancer properties. 

Similarly, 3,3′,4′,7‐tetrahydroxyflavone, commonly 

known as fisetin, has been reported to inhibit cancer 

cell proliferation and invasion stages, suppress cell 

growth, and induce programmed cell death (Imran 

et al., 2020). Therefore, other identified flavonoids 

such as epifisetinidol-4alpha-ol, 5,7,4'-

trihydroxyflavanone 7-sulfate, and 7,8,4'-

trihydroxyflavanone may likewise exhibit potent 

anticancer activities.  
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Table 1: Tentatively identified phytoconstituents from T. macrophylla leaf methanol extract by LCMS Q-ToF investigation. 

SI 

NO 

Putative Compound 

(Molecular formula)/ 

Ionization mode 

Obtained 

RT (min) 

Score 

(%) 

Obtained 

m/z 

(M+H+/M-

H+) 

Exact 

mass 

(Da) 

Mass 

Error 

(ppm) 

Annotation 

Level 

Predicted LCMS/MS 

Fragmentation 

References 

1. Apigenin 7-(2''-E-p-

coumaroylglucoside 

(C30H26O12)/ negative 

ionization 

2.484 

 

73.33 577.1344 

 

578.1424 

 

-1.2 Level 2 [M-H]⁻ at m/z 577.1344 [M-

H-CO₂]⁻ at m/z 530.3031                       

[M-p-coumaroyl]⁻ at m/z 

451.1018           [Apigenin-

glucoside-H]⁻ at m/z 

407.0747  [Apigenin-H]⁻ at 

m/z 381.1033                    

Retro-Diels-Alder (RDA) 

cleavage of apigenin at m/z 

289.0694                   p-

Coumaric acid fragment 

(C₉H₇O₃⁻) at m/z 161.0167     

Fragment of p-coumaric 

acid (C₇H₅O₂⁻) at m/z 

125.0250 

Hagazy & 

Mulata, 

2016 

2. Epifisetinidol-4alpha-

ol (C15H14O6)/ 

negative ionization 

3.683 85.67 289.0718 290.0790 

1.0073 

0.3 Level 2 [M-H]⁻ at m/z 289.057 [M-

H-H₂O]⁻at m/z 273.0791                       

[M-H-CO-H₂O]⁻ at m/z 

256.0234                      Ring 

cleavage fragment at m/z 

245.0792                 RDA 

cleavage at m/z 227.0804                         

A-ring fragment (C₉H₇O₄⁻) 

at m/z 179.0269              B-

ring fragment (C₈H₅O₄⁻) at 

m/z 165.0135 

Jiang & 

Gates, 2024 

3. Urolithin A-3-O-

glucuronide (C19 H16 

O10)/ negative 

ionization 

5.411 88.39 403.0654 404.0744 

 

-4.2 Level 2 [M-H]- at m/z 403.0654   

[M-H-C₆H₈O₆]⁻at m/z 

273.0791                       [M-

H-C₆H₈O₆-H₂O]⁻at m/z 

256.0234                    

[Urolithin A-H]⁻ at m/z 

227.0804                         A-

ring fragment (C₉H₇O₄⁻) at 

m/z 179.0269              B-ring 

fragment (C₈H₅O₄⁻) at m/z 

165.013 

Kang et al., 

2023 
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  4. Isovitexin (C21 H20 

O10)/ negative 

ionization 

6.861 98.38 431.0989 432.1057 1.2 Level 2 [M-H]⁻ at m/z 431.0989 [M-

H-CO₂]⁻ at m/z 397.202                              

[M-H-CO₂-H₂O]⁻ at m/z 

373.8612                            

[M-H-C₆H₁₀O₅]⁻ at m/z 

289.0658 

Yan et al., 

2013 

5. Epicatechin 

monogallate (C22 H18 

O10)/negative 

ionization 

7.05 80.58 441.0824 442.0900 0.5 Level 2 [M-H]- at m/z 441.0824 

[M-H-Galloyl]- at m/z 

289.0638 (Epicatechin)  

Gallic acid derived 

fragment at m/z 169.0135  

RDA fragment of 

epicatechin at m/z 271.0591                       

[M-H-B ring (C6H5O2)]- at 

m/z 332.0047 (C16H11O8)- 

Ousji & 

Sleno, 2022 

 

 

 

6. 6-Hydroxyluteolin 5-

rhamnoside (C21 H20 

O11)/ negative 

ionization 

7.638 94.32 447.0934 448.1006 0.2 Level 2 [M-H]⁻at m/z  447.0934 

[M-H-H₂O]⁻ at m/z 

425.1015 

[M-H-CO₂]⁻ at m/z 

393.0806                        [M-

H-CO₂-H₂O]⁻ at m/z 

369.1049            Aglycone-

side fragment at m/z 

289.0725 

Hagazy & 

Mulata, 

2016; Es-

Safi et al., 

2005 

7. 5,7,4'-

Trihydroxyflavanone 

7-sulfate (C15 H12 O8 

S)/ negative ionization 

8.198 98.75 351.0181 352.0253 0.3 

 

Level 2 [M-H]⁻ at m/z 351.0181 [M-

H−36]⁻ (e.g., -H₂O-O) at 

m/z 315.0468            [M-H-

51]⁻ (e.g.,-CO-H₂O) at m/z 

300.0242   Aglycone [A-H]⁻ 

via -SO₃ at m/z 271.0599 

Hagazy & 

Mulata, 

2016 

8. 7,8,4'-

Trihydroxyflavanone 

(C15 H12 O5)/positive 

ionization 

10.831 85.18 273.0758 272.0687 -0.7 Level 2 [M+H]⁺ at m/z 273.0758 

[M+H-H₂O]⁺ at m/z 

255.0687                   A-ring 

cation (resorcinol-type) at 

m/z 153.0183 B-ring cation 

(catechol/guaiacol-type) at 

m/z 147.0430  

Hagazy & 

Mulata, 

2016 

9. 4,2',3',4'-

Tetrahydroxychalcone 

(C15 H12 O5)/ negative 

ionization 

11.007 98.13 271.0617 272.0685 

 

 

1.8 Level 2 [M-H]⁻ at m/z 271.0617  

[M-H-CO]⁻ at m/z 258.9215                         

[M-H-CO-H]⁻ at m/z 

245.0583                     RDA 

cleavage product (A/B-

ring derived) at m/z 

223.1367          

Catechol-type B-ring 

fragment -CO/-CO₂ at m/z 

198.9710                   A-ring 

Hagazy & 

Mulata, 

2016 
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Fig. 4: Total Ion Chromatograms from Q-ToF LCMS analysis of Tetracera macrophylla leaf methanol extract, obtained in both 

positive (A) and negative (B) ionization modes. 

 

  
  

   
 

 
  

phenoxide 

(resorcinol/phloroglucinol) 

at m/z 192.9952 

10. Epigallocatechin 3-O-

caffeate (C24 H20 

O10)/positive 

ionization 

11.916 78.26 469.1124 468.1057 

1.0073 

-1.3 Level 2 [M+H]⁺ at m/z 469.1124 

[M+H-caffeic acid]⁺ at m/z 

345.1001        

Caffeic-derived aryl cation 

(-H₂O/-CO variants) at m/z 

234.0974                       

Caffeic acid-related 

tropylium/aryl cation at 

m/z 162.0756 

Ousji & 

Sleno, 2022 
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Fig. 5: Chemical structures of some compounds obtained through Q-ToF LCMS analysis of T. macrophylla leaf methanol 

extract. 
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The anticancer properties of luteolin have been 

extensively investigated across multiple cancer 

types and are associated with its ability to inhibit 

tumour growth by targeting key cellular processes, 

including apoptosis, angiogenesis, migration, and 

cell cycle progression (Çetinkaya & Baran, 2023). 

This highlights the potential anticancer activity of 

the identified compound 6-hydroxyluteolin 5-

rhamnoside. Similarly, (−)-epicatechin exhibits 

strong antioxidant by interacting with and 

neutralizing reactive oxygen species within cells. In 

addition, it modulates cell signalling pathways, 

such as the MAP kinase pathway, which plays a 

critical role in cell proliferation. The use of (-)-

epicatechin has shown promise both as a preventive 

agent and as an adjunct to chemotherapy and 

radiation therapy, enhancing treatment outcomes 

(Shay et al., 2015). Furthermore, (-)-epicatechin has 

been demonstrated to induce apoptosis in breast 

cancer cells, regardless of receptor status (Pereyra-

Vergara et al., 2020). Based on these findings, the 

identified compounds epicatechin monogallate, and 

epigallocatechin 3-O-caffeate from the methanol 

extract of T. macrophylla leaves may possess potent 

anticancer properties.  

Molecular docking against anticancer proteins 

Molecular docking of the compounds identified 

through Q-ToF LCMS analysis of the methanol 

extract of T. macrophylla leaves was performed 

against two cancer-related target proteins: the 

human estrogen receptor alpha (breast cancer, PDB 

ID: 3ERT) and BRaf kinase mutant (melanoma, PDB 

ID: 3OG7). For 3ERT, the native ligand and the 

standard drug (ormeloxifene) exhibited binding 

energies of -9.9 and -8.6 kcal/mol, respectively. In 

comparison, several of the ten tested compounds 

demonstrated strong binding affinities, including 

apigenin 7-(2''-E-p-coumaroylglucoside (-8.8 

kcal/mol), epicatechin monogallate (-8.7 kcal/mol), 

7,8,4'-trihydroxyflavanone (-8.5 kcal/mol), 

epigallocatechin 3-O-caffeate (-8.3 kcal/mol), 5,7,4'-

trihydroxyflavanone 7-sulfate (-8.2 kcal/mol), and 

Urolithin A-3-O-glucuronide (-8.2 kcal/mol) (Table 

2, Fig. 6). The binding interactions of the remaining 

six compounds with 3ERT are provided in the 

appendix (Fig. A2).  

The native ligand (OHT600) formed a hydrogen 

bond with the GLU 353 of the protein 3ERT, while 

additional interactions were observed with LEU 

346, MET 421, LEU 525, ALA 350, and LEU 387. For 

apigenin 7-(2''-E-p-coumaroylglucoside), residues 

LEU 536, TRP 383, LEU 346, ALA 350, and LEU 525 

contributed to various interactions. In case of 

epicatechin monogallate, hydrogen bonding was 

established with CYS 530 and ALA 350. 

Additionally, GLU 353 and TRP 383 were involved 

in hydrogen bond formation with 7,8,4'-

trihydroxyflavanone. Furthermore, GLU 353, ARG 

394 and LEU 387 were involved to establish 

hydrogen bond in Urolithin A-3-O-glucuronide. 

The standard drug showed diverse interactions with 

amino acids, including CYS 530, LEU 384, LEU 525, 

TRP 383, MET 522, LEU 536, and VAL 533. Overall, 

the tested compounds demonstrated comparable 

amino acid involvement to that observed with both 

the native ligand and the standard drug. 

For the protein 3OG7, the native ligand and the 

standard drug exhibited binding energies of -11.1 

and -9.0 kcal/mol, respectively. Among the ten 

tested compounds, apigenin 7-(2''-E-p-

coumaroylglucoside (-10.3 kcal/mol), 6-

hydroxyluteolin 5-rhamnoside (-9.9 kcal/mol), 

epigallocatechin 3-O-caffeate (-9.9 kcal/mol), 

isovitexin (-9.3 kcal/mol), epicatechin monogallate (-

9.2 kcal/mol), 5,7,4'-trihydroxyflavanone 7-sulfate (-

9.1 kcal/mol), and 7,8,4'-trihydroxyflavanone (-9.1 

kcal/mol) demonstrated the strongest binding 

affinities (Table 3, Fig. 7). The binding interactions 

of the remaining six compounds with 3OG7 are 

provided in the appendix (Fig. A3). 

The native ligand (vemurafenib) formed hydrogen 

bond with the GLN 530, GLY 596, and PHE 595 of 

the protein 3ERT. Additional interactions were 

observed with ILE 463, TRP 531, CYS 532, LEU 505, 

LYS 483, PHE 583, LEU 514, ALA 481, and PHE 595. 

In the case of apigenin 7-(2''-E-p-

coumaroylglucoside, GLY 534, and CYS 532 were 

involved in distinct interactions. 6-hydroxyluteolin 

5-rhamnoside exhibited hydrogen bonding with 

SER 465, ILE 463, ASN 580, ASN 581, and GLN 530. 

For epigallocatechin 3-O-caffeate, ILE 527 was 

responsible for hydrogen bond formation. The 

standard drug showed hydrogen bonds with amino 

acids namely ASP 594, and ASN 590, while 

additional interactions were observed with the PHE 

468, LYS 578, SER 465, ASN 580, ASP 594, ASN 581, 

VAL 471, TRP 531, and PHE 583. Overall, the tested 

compounds demonstrated comparable amino acid 

involvement to that of both the native ligand and the 

standard drug.

https://pubmed.ncbi.nlm.nih.gov/?term=%22%C3%87etinkaya%20M%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Baran%20Y%22%5BAuthor%5D
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Table 2: The profiling of compounds of methanol extract of T. macrophylla leaves interaction with the 3ERT protein. 

Compounds  Ligand binding 

energy (kcal/mol) 

Binding Interactions 

Different bond interactions other than 

H bond with bond distance (Å) 

H bond interactions 

with bond distance (Å) 

4,2',3',4'-Tetrahydroxychalcone  -7.8 LEU 346: 4.00; LEU 525: 5.28; TRP 383: 

4.44; ALA 350: 5.05 & 5.24 

THR 347: 2.70 

5,7,4'-Trihydroxyflavanone 7-sulfate  -8.2 LEU 525: 4.59; MET 343: 5.89; ALA 350: 

4.46 & 5.09; LEU 346: 4.85 

ASP 351: 2.81 

6-Hydroxyluteolin 5-rhamnoside  -8.0 LEU 525: 5.36; LEU 354: 5.13; TRP 383: 

4.36: ALA 350: 5.25; LEU 536: 5.20 & 4.75 

MET 522: 2.84 

7,8,4'-Trihydroxyflavanone  -8.5 LEU 391: 4.92; LEU 387: 5.23 & 4.39; LEU 

384: 5.10; ALA 350: 4.10 & 4.89; LEU 346: 

4.55; LEU 525: 4.87; MET 343: 4.87 

GLU353: 2.04 

Apigenin 7-(2''-E-p-

coumaroylglucoside  

-8.8 LEU 536: 4.37; TRP 383: 5.35; LEU 346: 

4.49; ALA 350: 3.87; LEU 525: 4.70; 4.73 & 

5.04 

- 

Epicatechin monogallate  -8.7 ALA 350: 5.02; TRP 383: 4.73; LEU 536: 

4.01; LYS 529: 3.58 

CYS 530: 2.88; ALA 350: 

3.38 

Epifisetinidol-4alpha-ol  -7.8 LEU 346: 5.30; ALA 350” 4.62; LEU 387: 

4.59; LEU 525: 4.88; MET 421: 5.33 

GLU 535: 2.66 

Epigallocatechin 3-O-caffeate  -8.3 LEU 354: 5.22; ALA 350: 5.36; TRP 383: 

4.40; LEU 536: 5.13; LEU 525: 5.08; TYR 

526: 5.03 

MET 522: 2.22; LEU 

536: 2.67; ASP 351: 2.08 

Isovitexin  -8.1 LEU 536: 5.39; 5.24 & 5.39; TRP 383: 4.39; 

LEU 354: 5.25; ALA 350: 5.09 

CYS 530: 2.11 

Urolithin A-3-O-glucuronide  -8.2 MET 343: 5.17; THR 347: 3.68; ALA 350: 

4.02 & 3.90; LEU 525: 5.10; 4.78 & 4.29 

LEU 387: 3.09; GLU 

353: 2.30; ARG 394: 2.82 

Native Ligand: OHT600  -9.9 LEU 346: 4.98 & 4.94; MET 421: 4.77 & 

5.24; LEU 525: 4.88 & 4.78; ALA 350: 4.12; 

LEU 387: 5.01 

GLU 353: 2.50 

Standard drug: Ormeloxifene  -8.6 CYS 530: 5.50; LEU 384: 5.26; LEU 525: 

4.30; 4.22 & 5.41; TRP 383: 5.69 & 5.45; 

MET 522; 4.61; LEU 536: 5.22; VAL 533: 

5.42 

- 
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Fig. 6: Binding interactions of apigenin 7-(2''-E-p-coumaroylglucoside, epicatechin monogallate, 7,8,4'-trihydroxyflavanone, 

Urolithin A-3-O-glucuronide, epigallocatechin 3-O-caffeate, and 5,7,4'-trihydroxyflavanone 7-sulfate along with the native 

ligand and standard with the 3ERT protein. 
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Table 3: The profiling of compounds of methanol extract of T. macrophylla leaves interaction with the 3OG7 protein. 

Compounds Ligand binding 

energy 

(kcal/mol) 

Binding Interactions 

Different bond interactions other 

than H bond with bond distance (Å) 

H bond interactions with 

bond distance (Å) 

4,2',3',4'-Tetrahydroxychalcone -8.3 CYS 532: 5.77; TRP 531: 4.92 & 3.77; 

PHE 583: 4.68; LYS 483: 3.97; VAL 

471: 5.35 

ASP 594: 1.93; CYS 532: 3.02 

5,7,4'-Trihydroxyflavanone 7-

sulfate 

-9.1 LEU 514; 5.45; LYS 483: 4.14; CYS 532: 

5.68; PHE 583: 3.96; VAL 471: 5.36 

ASP 594: 2.03; PHE 595: 2.40; 

GLY 596; 2.09 

6-Hydroxyluteolin 5-

rhamnoside 

-9.9 CYS 532: 4.91; ALA 481: 4.30; PHE 

583: 5.13 & 4.38; VAL 471: 4.65, 3.67 & 

5.49 

SER 465; 2.94; ILE 463: 3.06; 

ASN 580: 1.70 & 2.53; ASN 

581: 2.27 & 2.10; GLN 530: 1.92 

7,8,4'-Trihydroxyflavanone -9.1 CYS 532: 5.26; PHE 583: 4.03; ALA 

481: 4.94 & 4.33; LEU 514: 5.42; LYS 

483: 5.14 & 3.99; VAL 471: 5.47 & 4.69 

ASP 594: 2.36 

Apigenin 7-(2''-E-p-

coumaroylglucoside 

-10.3 LEU 514: 5.03; LYS 483: 5.22; ALA 

481: 4.46; ILE 463: 5.33; VAL 471: 5.47 

& 5.24; TRP 531: 5.85 & 5.26 

GLY 534: 2.59; CYS 532: 1.93 

Epicatechin monogallate -9.2 LEU 514: 5.44; ALA 481: 4.47; PHE 

583: 4.47; VAL 471: 4.74 & 5.17 

SER 536: 2.23; CYS 532: 2.56; 

THR 529: 2.75 

Epifisetinidol-4alpha-ol -8.5 LYS 483: 3.85; PHE 583: 3.91; CYS 532: 

5.49; VAL 471: 5.49 

ILE 527: 2.55; THR 529: 2.04 

Epigallocatechin 3-O-caffeate -9.9 LYS 483: 3.70; VAL 471: 5.06; PHE 

583: 4.65 & 5.45; CYS 532: 5.50 

ILE 527: 2.93 

Isovitexin -9.3 TRP 531: 5.41; VAL 471: 3.90 & 5.13; 

ALA 481; 5.49; ILE 463: 5.27 

ASP 594; 1.80 

Urolithin A-3-O-glucuronide -9.1 GLY 466: 3.76; ALA 481: 445; CYS 532: 

5.25; TRP 531: 5.42; VAL 471: 4.36, 

4.13 & 5.13 

GLN 530: 2.64; SER 465: 2.10; 

ASP 594: 2.23; LYS 578: 3.08 

Native Ligand: Vemurafenib -11.1 ILE 463: 4.66; TRP 531: 5.93; CYS 532: 

5.00; LEU 505: 4.06; LYS 483: 4.10; 

PHE 583: 4.75; LEU 514: 4.83; ALA 

481: 3.79; PHE 595: 4.59 

GLN 530: 2.24; GLY 596: 2.21; 

PHE 595: 2.68 

Standard drug: Dabrafenib -9.0 PHE 468: 5.09; LYS 578: 4.27; SER 465: 

3.27; ASN 580: 3.29; ASP 594: 3.13; 

ASN 581: 3.57; VAL 471: 4.70 & 5.07; 

TRP 531: 5.02; PHE 583: 4.50 & 3.53 

ASP 594: 2.60; ASN 590: 1.83 

Physicochemical and Pharmacokinetic parameters  

The drug likeness properties of the ten identified 

compounds were performed by assessing their 

physicochemical and ADMET properties, which are 

include in Table 4.  A total eight compounds, such 

as, isovitexin, epigallocatechin 3-O-caffeate, 5,7,4'-

trihydroxyflavanone 7-sulfate, 7,8,4'-

trihydroxyflavanone, 4,2',3',4'-

tetrahydroxychalcone, urolithin A-3-O-

glucuronide, epifisetinidol-4alpha-ol, and 

epicatechin monogallate exhibited drug likeness by 

obeying Lipinski’s Rule of Five (Ananda et al., 2025). 

However, urolithin A-3-O-glucuronide, and 

epifisetinidol-4alpha-ol showed either 

hepatotoxicity or AMES toxicity, whereas the 

remaining drug like six compounds were free from 

any detectable toxicities. Intestinal absorption, a 

critical pharmacokinetic parameter, was moderate 

for most of these compounds, ranging from 47.642% 

(apigenin 7-(2''-E-p-coumaroylglucoside) to 68.365% 

(4,2',3',4'-tetrahydroxychalcone). The only exception 

was 7,8,4'-trihydroxyflavanone, which showed a 

higher intestinal absorption rate of 94.25%. Taken 

together, and considering literature evidence, 

molecular docking results, as well as 

physicochemical and pharmacokinetic parameters 

assessments, six of the ten compounds identified 

exhibited strong potential as lead candidates for the 

development of novel anticancer drugs targeting 

breast cancer and melanoma. 
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Fig. 7: Binding interactions of apigenin 7-(2''-E-p-coumaroylglucoside, 6-hydroxyluteolin 5-rhamnoside, epigallocatechin 3-

O-caffeate, epicatechin monogallate, isovitexin and 7,8,4'-trihydroxyflavanone along with the native ligand and standard 

drug with the 3OG7 protein.
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Table 4: Physicochemical and ADMET profiles of tentative compounds identified in T. macrophylla methanol leaf extract. 

Compound (MW) Characteristics 

Physicochemical Pharmacokinetic 

H-Ac H-Do Log P DL NVL CL IA AT ROAT HT 

Isovitexin (432.38) 10 7 -2.02 Yes 1 0.557 64.729 No 2.558 No 

Epigallocatechin 3-O-caffeate 

(468.41) 

10 7 0.40 Yes 1 -0.096 51.082 No 2.558 No 

Urolithin A-3-O-glucuronide 

(404.32) 

10 5 -0.47 Yes 0 0.695 31.563 No 0.644 Yes 

6-Hydroxyluteolin 5-

rhamnoside (448.38) 

11 7 -1.84 No 2 0.57 53.78 No 2.556 No 

Apigenin 7-(2''-E-p-

coumaroylglucoside (578.52) 

12 6 -0.56 No 3 0.193 47.642 No 2.615 No 

Epifisetinidol-4alpha-ol (290.27) 6 5 -0.02 Yes 0 0.003 65.555 Yes 2.45 No 

5,7,4'-Trihydroxyflavanone 7-

sulfate (352.32) 

8 3 0.19 Yes 0 0.094 55.498 No 2.446 No 

7,8,4'-Trihydroxyflavanone 

(270.24) 

5 3 0.52 Yes 0 -0.073 94.25 No 2.45 No 

4,2',3',4'-Tetrahydroxychalcone 

(272.25) 

5 4 1.02 Yes 0 -0.063 68.365 No 1.948 No 

Epicatechin monogallate 

(442.37) 

10 7 0.05 Yes 1 -0.073 56.152 No 2.693 No 

Note: H-Ac - Number of Hydrogen Acceptors; H-Do - Number of Hydrogen Donors; Log P - Predicted Octanol/Water 

Partition Coefficient; DL - Drug-Likeness; NVL - Number of Lipinski’s Rule Violations; CL - Clearance (log mL/kg/day); IA - 

Intestinal Absorption; AT - Ames Toxicity; ROAT - Oral Rat Acute Toxicity (mol/kg); HT - Hepatotoxicity; MW - Molecular 

Weight.

Conclusion  

The concept of extracts and individual compounds 

differs in several important aspects. Extracts 

represent a complex mixture of diverse classes of 

compounds, and their biological activity often 

reflects the combined effects of these 

phytoconstituents, including possible agonistic or 

antagonistic interactions. Therefore, when an extract 

exhibits potent activity in biological assays, the 

observed effect may be the net result of multiple 

compound interactions rather than the action of a 

single molecule. To determine the precise 

bioactivity, isolation and characterization of the 

active compounds from the extract is essential. The 

present study is the first to investigate the anticancer 

potential of compounds derived from T. macrophylla 

extract. By identifying six lead compounds, it 

provides a strong foundation for future research 

aimed at developing novel anticancer drugs 

targeting melanoma and breast cancer. 
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Appendix (Supplementary Material) 

Putative Compound Molecular 

formula 

Observed 

RT (min) 

Observed 

m/z 

Score Ionization 

mode 

Apigenin 7-(2''-E-p-coumaroylglucoside C30 H26 O12 2.484 577.1344 73.33 -ve 

 

   

O

O

O

OH

OH

O

OH

OH

O

OH

OH

O

H
H

 
Epifisetinidol-4alpha-ol C15 H14 O6 3.683 289.0718 85.67 -ve 

 

OOH

OH

OH

OH

OH

 
Urolithin A-3-O-glucuronide C19 H16 O10 5.411 403.0654 88.39 -ve 
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Isovitexin C21 H20 O10 6.861 431.0989 98.38 -ve 

 

O

OOH

OH O

OH

OH

OH

OH

OH

H

 
Epicatechin monogallate C22 H18 O10 7.05 441.0824 80.58 -ve 

 

O

OH

OH

OH

OH

OH

OH

OH

O

O

 

 

6-Hydroxyluteolin 5-rhamnoside C21 H20 O11 7.638 447.0934 94.32 -ve 

 

 



Page 278      

 

Begum et al. (2026) Journal of Pharmacy, 6(2), 259-281 

 

 

  
5,7,4'-Trihydroxyflavanone 7-sulfate C15 H12 O8 S 8.198 351.0181 98.75 -ve 

 

 

O

OH O

OH

O
S

O

O
O

H

 
4,2',3',4'-Tetrahydroxychalcone C15 H12 O5 

 

11.007 271.0617 98.13 

 

-ve 

 

 

 

7,8,4'-Trihydroxyflavanone C15 H12 O5 10.831 273.0758 85.18 +ve 
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Fig. A1: QTOF LC–MS chromatograms of the methanolic leaf extract of T. macrophylla, displaying MS/MS spectra 

for each detected m/z value under both positive and negative ionization modes.

OOH

OH
OH

O  
Epigallocatechin 3-O-caffeate C24 H20 O10 11.916 469.1124 78.26 +ve 
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OH

OH
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O
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H
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Fig. A2: Binding interactions of 4,2',3',4'-tetrahydroxychalcone, 6-hydroxyluteolin 5-rhamnoside, epifisetinidol-4alpha-ol, 

and isovitexin with the 3ERT protein. 
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Fig. A3: Binding interactions of 4,2',3',4'-tetrahydroxychalcone, 5,7,4'-trihydroxyflavanone 7-sulfate, urolithin A-3-O-

glucuronide, and epifisetinidol-4alpha-ol with the 3OG7 protein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


