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Abstract 

This study investigates the anticancer potential of Ficus hispida fruit extract, focusing on its phytochemical composition and 

molecular interactions with skin cancer targets. Fruits were collected from Jamia Salafiya Pharmacy College, and 500 g were 

subjected to Soxhlet extraction using methanol, yielding a concentrated ethyl acetate extract. LC-MS/MS analysis identified 

key bioactive compounds, including quercetin (m/z 302.33), kaempferol (m/z 284.26), gallic acid (m/z 169.14), lupeol (m/z 

434.48), and β-sitosterol (m/z 414.58), confirming the extract's chemical diversity. In-silico molecular docking showed that 

gallic acid exhibited notable binding affinities with skin cancer-related proteins: 1M17 (-6.3 kcal/mol), 4QTB (-5.4 kcal/mol), 

and 5MP8 (-5.6 kcal/mol). Hydrogen bonding, van der Waals interactions, and π-alkyl interactions were observed, particularly 

with residues Asp831, Arg-84, and Asn118, indicating the formation of stable ligand-protein complexes. Molecular dynamics 

(MD) simulations further validated stability, with low RMSD (2.0 Å) and compact radius of gyration (19.8 Å). MM-GBSA 

binding free energy analysis yielded a favorableΔG_bind of -58.61 kcal/mol for the gallic acid-1P7K complex. In vitro MTT 

assays revealed dose-dependent cytotoxicity of gallic acid against SKML skin cancer cells, with an IC50 value of 

13.601±0.488 µg/mL. AO/EB staining confirmed effective induction of apoptosis in treated cells. These results collectively 

highlight the effectiveness of gallic acid from Ficus hispida as a promising candidate for skin cancer therapy, warranting 

further preclinical and clinical investigations for therapeutic development. 
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1. Introduction  

Skin cancer is the most prevalent form of cancer 

globally, arising from the uncontrolled growth of 

abnormal skin cells [1]. It primarily develops in areas 

exposed to ultraviolet (UV) radiation, such as the face, 

neck, and arms, but can occur anywhere on the body [2]. 

The three main types of skin cancer are basal cell 

carcinoma (BCC), squamous cell carcinoma (SCC), and 

melanoma. BCC and SCC, collectively known as 

nonmelanoma skin cancers, are more common and 

generally less aggressive. Melanoma, though less 

frequent, is highly malignant and responsible for the 

majority of skin cancer-related deaths due to its 

propensity for rapid metastasis [3]. The incidence of skin 
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cancer has been rising steadily, attributed to factors such 

as increased UV exposure, fair skin phenotype, genetic 

predisposition, immunosuppression, and environmental 

influences [1, 3]. Early detection is crucial, as prognosis 

and survival rates are significantly higher when the 

disease is identified at an initial stage. However, many 

cases are diagnosed late, especially in populations with 

limited access to healthcare or awareness, leading to 

more advanced disease and poorer outcomes [4]. 

Treating skin cancer presents several challenges and 

complications, depending on the type, stage, and location 

of the tumor. Surgical excision remains the gold standard 

for localized nonmelanoma skin cancers, offering high 

cure rates. However, surgery can be complicated by 

tumor size, depth, and proximity to critical anatomical 

structures, sometimes resulting in disfigurement, 

functional impairment, or incomplete removal. In cases 

of advanced or metastatic disease, surgery may not be 

feasible, necessitating the use of radiotherapy, 

chemotherapy, or targeted therapies [4]. 

Phytomedicine, the use of plant-derived compounds for 

therapeutic purposes, has gained considerable attention in 

recent years as a promising alternative or complement to 

conventional cancer treatments [5]. The rich chemical 

diversity found in medicinal plants offers a vast reservoir of 

bioactive molecules with unique mechanisms of action, 

many of which remain untapped by modern medicine. In 

the context of skin cancer, phytomedicine holds particular 

importance due to its potential to provide safer, more 

affordable, and less toxic therapeutic options compared to 

traditional chemotherapeutic agents, which often cause 

significant side effects and face challenges such as drug 

resistance [6]. 

Ficus hispida, commonly known as the hairy fig, has 

emerged as a valuable medicinal plant with significant 

promise in cancer therapy, particularly for skin cancer 

[7]. Traditionally used in various Asian healing systems, 

its fruits are rich in a diverse array of bioactive 

phytochemicals, as revealed by advanced LC-MS/MS 

analysis. Key constituents such as gallic acid [8], 

quercetin [9], kaempferol [10], lupeol [11], and β-

sitosterol [12] have been identified in the methanolic 

extract, each known for potent antioxidant, anti-

inflammatory, and anticancer properties. The present 

study identifies the bioactive compounds in the 

methanolic extract of Ficus hispida and investigates their 

in-silico and in vitro skin cancer activity.  

2. Materials and Methods 

2.1. Ficus hispida fruit collection and identification 

A plant sample was gathered from Vaddeswaram, 

Andhra Pradesh, India (16.441554°N, 80.615216°E), 

with the exact location and collection time (May 22, 

2025, 1:26 PM IST) recorded using a GPS-enabled 

camera. Only healthy, mature leaves and stems were 

chosen to ensure the sample's quality for subsequent 

analysis. The collection process was overseen by Dr. K. 

Deepti from the Department of Chemistry at K L 

University, Guntur District. Dr. P. Satyanarayana Raju, 

a taxonomist from the Department of Botany and 

Microbiology at Acharya Nagarjuna University, 

identified the specimen. A detailed examination of 

morphological features, including leaf shape, 

arrangement, venation, and stem characteristics, was 

carried out. These observations were compared with 

established taxonomic references and herbarium 

specimens, confirming the plant as Ficus hispida L.f., a 

member of the Moraceae family. 

2.2. Extraction Hot Continuous Extraction-Soxhlet 

500 g of shade-dried Ficus hispida fruits were ground and 

placed in a filter paper thimble, which was loaded into 

chamber E of a Soxhlet apparatus. Methanol, chosen for 

its efficiency in dissolving a wide range of 

phytochemicals, was heated in flask A, vaporised, and 

condensed in condenser D before dripping onto the plant 

material. The extraction process relied on continuous 

solvent recycling, facilitated by a siphon mechanism that 

transferred liquid back to flask A once the chamber 

reached a specific level. This cyclic process thoroughly 

extracted bioactive compounds from the plant material. 

The procedure continued until a drop of solvent from the 

siphon tube evaporated without residue, indicating 

completion. The resulting crude ethyl acetate extract, 

saturated with bioactive compounds, was carefully 

preserved for subsequent phytochemical analysis [13, 14]. 

2.3. Phytochemical analysis by using LC-MS analysis 

The methanolic extract underwent molecular weight 

analysis using an LC-MS/MS system (Shimadzu 8045). 

The extract was diluted to 10 µL, vortexed immediately, 

and centrifuged at 10,000 rpm for 10 minutes. The 
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supernatant was filtered through Whatman Grade 41 

filter paper, and the filtrate was stored at 18°C for 

phytochemical studies. The mobile phases comprised 

0.5% acetic acid (v/v) and pure methanol. An isocratic 

elution protocol was employed, consisting of 55% acetic 

acid (0–10 min), 65% (11–20 min), and 35% (21–30 

min). The PDA detector (HPLC, 340 nm wavelength) 

operated with a column temperature of 30°C. The mass 

spectrometer used a positive ionization mode, scanning 

from 150 to 1000 m/z, with a capillary voltage of 3.50 

kV, a cone voltage of 30 V, an extractor voltage of 3 V, 

a gas flow of 30 L/h, and a collision gas flow of 0.18 

mL/min [15]. 

2.4. In-silico skin cancer activity of the phytochemicals  

To comprehensively explore the binding interactions 

between the major skin cancer target proteins 1M17, 

4QTB, and 5MP8 and the ligands like Quercetin, 

Kaempferol, Gallic acid, Lupeol, β-sitosterol, Psoralen, 

and Bergapten, molecular docking simulations were 

conducted using AutoDock 4.2.6 [16].  

The proteins 1M17, 4QTB, and 5MP8 were carefully 

selected for molecular docking studies due to their key 

roles in cancer-related signaling pathways. 1M17 

corresponds to the kinase domain of the human 

Epidermal Growth Factor Receptor (EGFR). This 

receptor tyrosine kinase is often overexpressed in 

numerous cancers and is an established target for 

anticancer therapeutics. 4QTB represents human 

Mitogen-Activated Protein Kinase 3 (MAPK3/ERK1), a 

central component of the MAPK/ERK pathway, which 

transduces mitogenic and stress signals crucial for cell 

proliferation and survival, and is frequently dysregulated 

in oncogenesis. 5MP8, though less characterized 

structurally, refers to a protein involved in translational 

regulation and cancer, with emerging evidence 

indicating its role in modulating non-canonical 

translation initiation, thereby impacting oncogenic 

protein synthesis. Docking these proteins with lead 

phytochemicals enables detailed analyses of binding 

interactions, supporting the rationale for targeted 

anticancer strategies.  

Prior to docking, the three-dimensional structures of 

both the receptor proteins and the ligand were 

meticulously prepared by converting them into the pdbqt 

format, ensuring the proper addition of non-polar 

hydrogens to optimize molecular flexibility and accuracy 

in interaction predictions [17]. The docking simulations 

were configured with precise parameters to achieve 

reliable and reproducible results. A grid box was defined 

around the active binding site of each protein, carefully 

calibrated with specific dimensions to encompass the 

ligand's potential binding regions while maintaining a 

grid spacing of 0.3 Å to balance computational efficiency 

and resolution [18]. The docking process was executed 

using the Lamarckian Genetic Algorithm (LGA), a 

widely adopted optimization method that enhances 

conformational sampling by incorporating evolutionary 

principles and local search refinement [19]. Each 

molecular docking experiment consisted of three 

independent runs to ensure statistical robustness and 

minimize variability in binding predictions. For each run, 

50 docking solutions were generated, with a population 

size of 500 individuals, 2,500,000 energy evaluations, 

and a maximum of 27 generations. Default settings were 

maintained for all other parameters to preserve the 

integrity of the docking protocol. The docking 

simulations aimed to identify the most favourable 

binding conformations of phytochemicals within the 

active sites of the target proteins, providing insights into 

potential molecular interactions and binding affinities 

that could inform further experimental validation and 

drug design studies. 

2.5. Molecular Dynamics Simulation 

Molecular dynamics (MD) simulations were carried out 

using Desmond 2020.1 on the top-ranked protein-ligand 

complex with gallic acid. The system was prepared with 

the OPLS-2005 force field and solvated using an explicit 

SPC water model within a cubic periodic boundary box 

measuring 1.0 Å on each side [20, 21]. To ensure charge 

neutrality, sodium ions (Na⁺ ) were added, and a 0.15 M 

NaCl solution was included to mimic physiological 

conditions [22]. The simulation protocol began with a 

10-nanosecond equilibration under an NVT ensemble, 

followed by a 12-nanosecond NPT equilibration and 

minimization phase using the Nose-Hoover chain 

coupling method, maintaining a relaxation time of 1.0 

picoseconds and a pressure of 1 bar. The main production 

run was conducted for 100 nanoseconds with a 2-
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femtosecond time step, utilizing the RESPA integrator 

for bonded interactions. Long-range electrostatic 

interactions were handled using the particle mesh Ewald 

method with a 9 Å cutoff, and pressure was regulated 

with the Martyna-Tuckerman-Klein barostat set to a 2-

picosecond relaxation period. Throughout the 

simulations, temperature was controlled with a constant 

relaxation time of 1.0 picoseconds. To evaluate the 

stability of the MD simulations, key parameters, 

including root mean square deviation (RMSD), radius of 

gyration (Rg), root mean square fluctuation (RMSF), and 

the number of hydrogen bonds, were analyzed [23]. 

2.6. Binding free energy analysis 

The binding free energies of ligand-protein complexes 

were estimated using the Molecular 

Mechanics/Generalized Born Surface Area (MM-

GBSA) method. This analysis was performed using the 

thermal_mmgbsa.py Python script, which applied the 

OPLS5 force field and the VSGB solvation model to the 

last 50 frames of the simulation trajectory, sampled at 

every frame. The MM-GBSA approach calculates 

binding energy by summing various energy components, 

including electrostatic (Coulombic), covalent, hydrogen 

bonding, van der Waals, self-contact, lipophilic, and 

solvation energies for both the ligand and the protein. 

These individual contributions are combined according 

to the principle of additivity to yield the total binding free 

energy [24]. The equation used to calculate ΔGbind is the 

following: 

∆𝐺𝑏𝑖𝑛𝑑 = 𝛥𝐺𝑀𝑀 + 𝛥𝐺𝑆𝑜𝑙𝑣 − 𝛥𝐺𝑆𝐴 

Where 

 ΔGbind represents the free energy change associated 

with ligand binding, 

 ΔGMM refers to the variation in molecular 

mechanics energies between the ligand-protein complex 

and the individual, unbound forms of the ligand and 

protein. 

 ΔGSolv denotes the change in solvation free energy, 

calculated as the difference between the solvation energy 

of the ligand-receptor complex and the combined 

solvation energies of the free ligand and receptor. 

 ΔGSA accounts for the change in surface area-

related energy between the bound and unbound states of 

the protein and ligand. 

2.7. In-vitro skin cancer activity of the gallic acid 

SKML cell viability was assessed using an MTT assay. 

Viable cells were first counted with a hemocytometer, then 

diluted in DMEM to a concentration of 1 × 10⁴  cells/ml 

and seeded into 96-well plates, allowing them to adhere for 

24 hours. After attachment, cells were exposed to varying 

concentrations of the test samples (10–50 μg/mL) and 

incubated for an additional 24 hours at 37°C in an 

atmosphere containing 5% CO₂  and 95% air. Following 

treatment, the wells were washed with fresh medium, and 

MTT solution (5 mg/ml in PBS) was added. The plates 

were then incubated for an additional 4 hours at 37°C to 

allow for the formation of formazan. The resulting purple 

formazan crystals were dissolved in 100 μl of DMSO per 

well, and absorbance was measured at 540 nm using a 

microplate reader. Cell viability was calculated as a 

percentage relative to untreated control cells, and IC₅ ₀  

values were determined from the data [25, 26]. 
 

Inhibitory of cell proliferation (%)

=
Mean absorbence of the control − Mean absorbence of the sample 

Mean absorbence of the control
 X 100 

 

2.8. Measurement of apoptotic induction using the 

acridine orange/ethidium bromide (AO/EB) dual 

staining method 

SKML cells were plated at a density of 5 × 10^4 cells per 

well in 6-well plates and incubated for 24 hours. 

Following exposure to Sample 147 at a concentration of 

40 µg/mL for an additional 24 hours, the cells were 

detached and rinsed with cold phosphate-buffered saline 

(PBS). The cells were then stained at room temperature 

for 5 minutes using a 1:1 mixture of acridine orange (AO) 

and ethidium bromide (EB), each at a concentration of 100 

µg/ml. After staining, the cells were immediately 

examined under a fluorescence microscope at 20x 

magnification to assess morphological changes [27, 28]. 

3. Results and Discussion 

3.1. Phytochemical analysis by using LC-MS analysis 

LC-MS analysis of the Ficus hispida ethyl acetate extract 

identified key phytochemicals across multiple classes, 

with flavonoids such as quercetin (m/z 302.33 ES+) and 

kaempferol (m/z 284.26 ES+) detected in positive 

ionization mode, aligning with their known antioxidant 
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and anti-inflammatory roles. Phenolic acids included 

gallic acid (m/z 169.14 ES-), linked to antioxidant activity, 

and caffeic acid (m/z 180.18 ES+), associated with 

anticancer effects. Terpenoids like lupeol (m/z 434.48 

ES+) and β-sitosterol (m/z 414.58 ES+) were identified, 

suggesting anti-inflammatory and cholesterol-lowering 

properties, respectively. Coumarins psoralen (m/z 137.10 

ES-) and bergapten (m/z 215.04 ES-), known for 

photosensitizing and anticancer potential, were also 

observed. These findings highlight the extract's diverse 

bioactive potential, which is consistent with the traditional 

uses of Ficus species. 

3.2. In-silico skin cancer activity -Docking studies 

Gallic acid exhibits superior docking activity compared 

to other phytochemicals, so gallic acid was used for 

docking studies. The docking analysis of the 1M17 

protein complexed with gallic acid, showing a binding 

energy of -6.3 kcal/mol, reveals a network of interactions 

between the ligand and key amino acid residues in the 

active site. The 3D visualization (Figure 1A) highlights 

the protein's secondary structure, with the ligand nestled 

within a binding pocket, forming significant interactions. 

The 2D interaction diagram provides detailed insights 

into the nature of these molecular contacts. Specifically, 

gallic acid establishes conventional hydrogen bonds with 

Asp831, a critical residue stabilizing the ligand through 

electrostatic interactions. 

Additionally, van der Waals interactions are observed 

with residues such as Leu764, Ile720, Thr766, Glu738, 

Met742, and Thr830, which contribute to ligand 

stabilization by enhancing hydrophobic interactions. 

Furthermore, π-alkyl interactions with Val702, Lys721, 

and Ala719 suggest an additional stabilizing factor 

through non-covalent interactions with the ligand's 

aromatic ring system. The diverse set of interactions, 

including hydrogen bonding, van der Waals forces, and 

hydrophobic contacts, indicates that gallic acid has a 

moderate binding affinity within the protein's active site. 

The overall binding energy of -6.3 kcal/mol suggests a 

favourable, yet not extremely strong, interaction, making 

gallic acid a potential candidate for further optimization 

in drug design or biochemical studies. 

The docking result of the 4QTB protein complexed with 

the ligand Gallic acid, which has a binding energy of -5.4 

kcal/mol, indicates a moderate binding affinity. The 

molecular docking analysis shows that Gallic acid interacts 

with key residues in the binding pocket through various 

non-covalent interactions. The 3D structure (Figure 1B) 

representation highlights the secondary structural elements 

of the protein, with a surface representation to depict the 

binding pocket. The 2D interaction map reveals that gallic 

acid forms conventional hydrogen bonds with residues such 

as Arg-84 and Ala-52, as indicated by the green dashed 

lines, which significantly contribute to the stability of the 

complex. Additionally, the ligand is involved in van der 

Waals interactions with Asp-184, Gly-186, Glu-88, and Ile-

73, which further enhance its binding affinity within the 

pocket. Pi-alkyl interactions, marked in purple, occur 

between the benzene ring of Gallic acid and Tyr-53, 

stabilizing the ligand through hydrophobic interactions. 

The presence of multiple van der Waals interactions 

suggests a well-accommodated ligand within the pocket, 

increasing stability through complementary surface 

interactions. The hydrogen bonding network between 

Gallic acid and the protein residues plays a crucial role in 

the specificity of binding, as hydrogen bonds typically 

enhance molecular recognition and contribute to binding 

affinity. Overall, these interactions demonstrate that Gallic 

acid is well-accommodated in the active site of 4QTB, with 

a binding energy of -5.4 kcal/mol, indicating moderate 

stability, suggesting that the ligand-protein interaction is 

driven by a combination of hydrogen bonding, van der 

Waals forces, and hydrophobic interactions, which 

collectively contribute to the ligand's potential as a 

moderate binder to the protein. 

The docking analysis of the 5MP8 protein complexed 

with gallic acid, which exhibits a binding energy of -5.6 

kcal/mol, reveals a range of molecular interactions 

stabilizing the ligand within the binding pocket. The 3D 

visualization (Figure 1C) on the left side of the image 

illustrates the protein's secondary structure, highlighting 

the binding site in a surface representation. The 2D 

interaction diagram on the right provides a detailed map 

of the ligand's contacts with surrounding residues. Key 

interactions include van der Waals forces (green), which 

contribute to the overall stabilization, and conventional 

hydrogen bonds (light green) involving residues such as 

Asn118 and Thr119, which help anchor the ligand through 

electrostatic interactions. Pi-alkyl interactions (pink) are 

observed with hydrophobic residues like Leu124, Val162, 

and Ile164, indicating non-covalent stabilizing effects 

between the aromatic ring of gallic acid and the protein. 
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Figure 1A. Molecular docking analysis of the 1M17 protein complexed with gallic acid. The left panel represents the 3D 

structure of the protein, with a surface representation (white) and a ribbon model colored in a rainbow gradient from the N-

terminus (blue) to the C-terminus (red). The ligand, gallic acid, is shown in red within the binding pocket. The right panel depicts 

a 2D interaction diagram illustrating key molecular interactions between gallic acid and surrounding amino acid residues. 
 

 
Figure 1B. The docking analysis of the 4QTB protein complexed with Gallic acid, showing key interactions within the binding pocket. 

The left panel presents the 3D structure of the protein in a ribbon representation with a surface overlay, highlighting the ligand-binding 

region. The ligand, Gallic acid, is shown in stick representation, interacting with surrounding amino acid residues. The right panel 

displays the 2D interaction map, which depicts key non-covalent interactions between gallic acid and the protein residues. 
 

 
Figure 1C. Molecular docking analysis of 5mp8 protein complexed with gallic acid. The left panel illustrates the 3D structure 

of the 5MP8 protein, with its secondary structural elements color-coded from blue (N-terminal) to red (C-terminal). The ligand, 

gallic acid, is shown in stick representation within the binding pocket, surrounded by key interacting residues. The surface 

representation provides an overview of the protein's binding cavity. The right panel presents a 2D interaction map, depicting 

specific molecular interactions between gallic acid and the binding site residues. 
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Additionally, pi-sigma and pi-sulfur interactions 

(purple and yellow) with residues like Phe121 and 

Met225 suggest stacking interactions and sulfur-

mediated stabilization. The presence of unfavorable 

donor-donor interactions (red) signifies steric hindrance 

in specific orientations. This combination of interactions 

ensures a moderately stable binding of gallic acid to the 

5MP8 protein, which could be relevant in functional or 

inhibitory mechanisms associated with this protein. 

3.3. Molecular Dynamics Simulation 

Molecular dynamics (MD) simulations were conducted 

to evaluate the stability and convergence of the 1P7K 

protein in complex with gallic acid. Over the course of a 

200-nanosecond simulation, the complex maintained a 

stable conformation, as indicated by the root mean 

square deviation (RMSD) analysis. The Cα-backbone 

RMSD for 1P7K in the presence of gallic acid remained 

around 2.0 Å, while the ligand itself showed slightly 

greater fluctuations (Figure 2A). The consistent RMSD 

values for the protein suggest that the complex reached 

equilibrium and maintained structural stability 

throughout the simulation, implying a strong binding 

affinity between 1P7K and gallic acid. Analysis of root 

mean square fluctuations (RMSF) revealed only minor 

fluctuations across most residues, except a noticeable 

peak at residue 45, where the RMSF exceeded 3 Å; the 

remainder of the residues exhibited fluctuations below 

this threshold, indicating a generally rigid protein 

structure during the simulation (Figure 2B). The radius 

of gyration (Rg), which reflects the compactness of the 

protein, showed a slight decrease from 20.0 to 19.8 Å 

(Figure 2C), suggesting that the protein adopted a more 

compact conformation upon ligand binding. 

Additionally, the number of hydrogen bonds formed 

between 1P7K and gallic acid remained consistently at 

two throughout the 200-nanosecond simulation (Figure 

2D), further supporting the stability and strong 

interaction within the complex.  
 

 
 

(A) (B) 

 
 

(C) (D) 

Figure 2. presents the molecular dynamics trajectory analysis over 200 nanoseconds for the 1P7K–gallic acid complex: (A) The 

RMSD plot displays the stability of the system, with the black line representing the protein and the red line indicating the ligand; 

(B) The RMSF profile shows fluctuations in the Cα backbone of the protein when bound to gallic acid; (C) The radius of gyration 

(Rg) plot illustrates changes in the compactness of the protein-ligand complex; and (D) The graph depicts the number of hydrogen 

bonds formed between the protein and the ligand throughout the simulation. 
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3.4. Molecular Mechanics Generalized Born Surface 

Area (MM-GBSA) calculations. 

The MM-GBSA binding free energy analysis for the 

1P7K–gallic acid complex reveals a favorable 

interaction, with a total binding free energy (ΔGbind) of –

58.61 kcal/mol. This negative value indicates strong 

binding affinity between gallic acid and the 1P7K 

protein, consistent with the general reliability of MM-

GBSA for estimating protein–ligand binding 

strengths. Among the energy components, van der Waals 

interactions (ΔGbind vdW = –23.21 kcal/mol) and 

lipophilic contributions (ΔGbindLipo = –15.23 kcal/mol) 

are significant driving forces for complex formation, 

while hydrogen bonding (ΔGbindHbond= –2.99 kcal/mol) 

and packing interactions (ΔGbindPacking= –7.28 

kcal/mol) also contribute favorably. In contrast, the 

positive values for Coulombic (ΔGbindCoulomb = 26.54 

kcal/mol) and solvation (ΔGbindSolvGB = 38.12 

kcal/mol) energies reflect the energetic penalties 

associated with desolvation and electrostatic repulsion, 

which are common in such calculations. The covalent 

term (ΔGbindCovalent = 2.22 kcal/mol) makes a minor 

contribution. Overall, the substantial negative binding 

energy, primarily driven by van der Waals and 

hydrophobic effects, suggests that gallic acid binds 

stably to 1P7K, supporting its potential as a potent ligand 

for this protein target (Table 1). 
 

Table 1. Binding free energy components for the 1P7K bound 

to GALLIC ACID calculated by MM-GBSA. 

Energies 

(kcal/mol) 
1P7K bound to GALLIC ACID 

ΔGbind -58.61 

ΔGbindLipo -15.23 

ΔGbindvdW -23.21 

ΔGbindCoulomb 26.54 

ΔGbindHbond -2.99 

ΔGbindSolvGB 38.12 

ΔGbindCovalent 2.22 

ΔGbindPacking -7.28 
 

3.5. In-vitro skin cancer activity of the gallic acid 

The methanolic extract exhibited significant cytotoxicity 

against skin cancer cell lines in a clear dose-dependent 

manner. At the lowest tested concentration (5 µg/ml), 

cell mortality ranged from 18.46% to 24.16%, while at 

10 µg/ml, cytotoxicity increased to 33.63%–39.12%. 

Further increases in concentration resulted in higher 

cytotoxic effects, ranging from 50.42% to 55.31% at 15 

µg/ml, 69.77% to 76.79% at 20 µg/ml, and a maximum 

of 80.96% to 88.19% at 25 µg/ml (Figure 3). The IC50 

value, determined from the dose-response curve, was 

13.601 ± 0.488 µg/mL, indicating the concentration 

required to inhibit 50% of the cell population (Figure 4). 
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Figure 3. IC50 of gallic acid. 
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Figure 4. Cell viability assay. 
 

3.6. Apoptotic staining – control &gallic acid. 

SK-ML-3 cancer cells were exposed to gallic acid at 

concentrations of 10 and 20 µg/ml for 24 hours, followed 

by staining with a combination of acridine orange and 

ethidium bromide (AO/EB). The cells were then 

examined using a Zoe Fluorescent Cell Imager (Bio-

Rad). Under fluorescence microscopy, viable cells 

appeared green with normal nuclear morphology. Cells 

in the early stages of apoptosis displayed yellow 

fluorescence and showed evidence of chromatin 
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condensation and nuclear fragmentation. In contrast, late 

apoptotic cells exhibited orange to red fluorescence, 

accompanied by pronounced chromatin condensation or 

fragmentation, resulting in uniformly stained nuclei that 

were either orange or red (Figure 5). 

The present study demonstrates that the methanolic 

extract, particularly gallic acid, exhibits strong cytotoxic 

effects against skin cancer cell lines in a dose-dependent 

manner, with an IC50 of 13.601 ± 0.488 µg/ml and a 

maximal cell mortality of 80.96%–88.19% at 25 µg/ml. 

These findings are consistent with previous 

investigations into the anticancer activity of gallic acid. 

For example, studies on human melanoma (A375.S2) 

cells highlighted that gallic acid induces significant cell 

death and apoptosis through multiple mechanisms, 

including the activation of pro-apoptotic proteins (Bax), 

upregulation of caspase activity, and downregulation of 

anti-apoptotic proteins (Bcl-2), resulting in both early 

and late apoptotic features observed under fluorescence 

staining closely paralleling the AO/EB staining results 

[29]. Additional research has reported similar cytotoxic 

and pro-apoptotic effects of gallic acid in different skin 

and melanoma cell models, with dose-dependent 

decreases in cell viability and comparable IC50 ranges, 

further confirming its selective efficacy against cancer 

cells with limited toxicity toward normal cells 

[30]. Mechanistically, these studies attribute gallic acid's 

effect to the increased generation of reactive oxygen 

species (ROS), disruption of the mitochondrial 

membrane potential, and both caspase-dependent and -

independent apoptotic pathways, all of which are evident 

in the present cell imaging and apoptotic assessment 

findings. Collectively, the observed apoptotic patterns, 

dose-response behavior, and IC50 values corroborate 

existing literature, reinforcing the premise that gallic 

acid is a potent natural agent for inducing cytotoxicity 

and apoptosis in skin cancer cells and supporting its 

potential inclusion in anticancer therapeutic strategies. 

4. Conclusion 

This study effectively demonstrates the significant 

anticancer potential of Ficus hispida ethyl acetate 

extract, with a strong emphasis on gallic acid as a 

principal bioactive compound. LC-MS analysis 

identified several key phytochemicals, including 

quercetin (m/z 302.33), kaempferol (m/z 284.26), and 

gallic acid (m/z 169.14), all of which are known for their 

antioxidant and anti-inflammatory properties. In-silico 

docking studies revealed that gallic acid interacts 

favorably with multiple skin cancer-related proteins, 

achieving binding energies of -6.3, -5.6, and -5.4 

kcal/mol for 1M17, 5MP8, and 4QTB, respectively. 

Molecular dynamics simulations confirmed the stability 

of the gallic acid-protein complexes, with the 1P7K-

gallic acid complex showing a low RMSD (2.0 Å), 

reduced radius of gyration (from 20.0 to 19.8 Å), and 

stable hydrogen bonding. At the same time, MM-GBSA 

calculations yielded a strong binding free energy of -

58.61 kcal/mol. In vitro assays further validated these 

findings, as gallic acid exhibited dose-dependent 

cytotoxicity against skin cancer cells, with an IC50 of 

13.601 ± 0.488 µg/mL and an effective induction of 

apoptosis. These values highlight gallic acid's promise as 

an effective, plant-derived candidate for future skin 

cancer therapeutics. 

 

 
Figure 5. Apoptotic Staining of SK-ME-L-3 Cancer Cells Treated with Control and Gallic Acid (24 h). 
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Abbreviations 

AO/EB: Acridine Orange/Ethidium Bromide 

DMEM: Dulbecco's Modified Eagle Medium 

DMSO: Dimethyl Sulfoxide 

HPLC: High-Performance Liquid Chromatography 

IC50: Half-maximal Inhibitory Concentration 

LC-MS/MS: Liquid Chromatography-Mass 

Spectrometry/Mass Spectrometry 

LGA: Lamarckian Genetic Algorithm 

MD: Molecular Dynamics 

MM-GBSA: Molecular Mechanics-Generalized Born 

Surface Area 

MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide 

NPT: Isothermal–Isobaric Ensemble (constant Number 

of particles, Pressure, and Temperature) 

NVT: Canonical Ensemble (constant Number of 

particles, Volume, and Temperature) 

PBS: Phosphate Buffered Saline 

PDA: Photodiode Array (Detector) 

RMSD: Root Mean Square Deviation 

RMSF: Root Mean Square Fluctuation 

Rg: Radius of Gyration 

SPC: Simple Point Charge (water model) 

VSGB: Variable-dielectric Surface Generalized Born 

(solvation model) 
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