Full text open access online (Since 2001)

© @ Kamla-Raj UHG 2025

PRINT: ISSN 0972-3757 ONLINE: ISSN 2456-6330

Int J Hum Genet, 26(2): 100-116 (2026)
DOI: 10.31901/24566330.2026/26.02.935

Chemo-Biological Evaluation and In Vitro Anticancer Effects of
Euphorbia hirta on Lung Cancer Cells via TP53-Mediated
Cell-Cycle and Proliferation Control

Cuike Gong™, Lei Qi*, Juan Hé, Xiaolin Wang’ and Aimin Li*

13435The Second Department of Respiratory Medicine, Xingtai People’s Hospital,
Xingtai 054 000, China

’Department of Pathology, Xingtai People’s Hospital, Xingtai 054 000 China

KEYWORDS Euphorbia hirta. Lung Cancer. Tumour Protein p53. Cell Cycle. Molecular Docking. Expression Analysis

ABSTRACT Euphorbia hirta, a medicinal plant rich in bioactive phytochemicals, was investigated for anti-lung cancer
potential using integrated chemo-biological and in vitro assays in A549 cells. Phytochemicals from SuperTCM and
IMPPAT were linked to lung cancer targets via SuperPred and GeneCards, and PPI analysis (STRING/Cytoscape)
identified TP53, SRC, and EGFR as key hub genes enriched in MAPK, Akt, and HIF-1 pathways. Four major compounds
(pinocembrin, naringenin, catechin, pelargonidin) collectively targeted 82 overlapping genes, while GEPIA2 confirmed
elevated TP53 and EGFR expression in LUSC. E. hirta ethanolic extract showed dose-dependent cytotoxicity (IC50 =
35 uM), marked GO/G1 arrest, and significant TP53 downregulation by qRT-PCR at higher concentrations. Molecular
docking revealed strong TP53 binding by naringenin. Overall, E. hirta demonstrates promising anti-lung cancer activity
through TP53 modulation and oncogenic pathway inhibition, warranting further in vivo validation for therapeutic

development.

INTRODUCTION

Lung cancer is a leading cause of cancer-relat-
ed deaths globally, with approximately 2.2 million
new cases and 1.8 million deaths annually, per re-
cent WHO data (Li et al. 2023). High mortality stems
from late diagnoses and limited treatments for ad-
vanced stages. Incidence is higher in developed
nations due to historical smoking but is rising in
developing regions from increasing tobacco use
and environmental exposures. Key risk factors for
lung cancer include smoking (approximately 85%
of cases), secondhand smoke, occupational expo-
sures (asbestos, radon), air pollution, genetics,
chronic lung diseases, and diet (Thandra et al.
2021). It is classified into NSCLC (85%, including
adeno-, squamous cell-, and large cell carcinoma
with distinct molecular profiles) and the more ag-
gressive SCLC. Advances like low-dose CT screen-
ing and precision medicine improve early detec-
tion and outcomes, but drug resistance and health-
care disparities remain challenges.
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Unlike traditional pharmacology, which focus-
es on single-target mechanisms, network pharma-
cology maps multi-target, multi-pathway interac-
tions, offering a holistic view of drug actions. In
traditional Chinese medicine (TCM) and medicinal
plant research, it has become indispensable for
decoding the synergistic effects of herbal formula-
tions (Jiashuo et al. 2022; Zhai et al. 2025). TCM’s
polyherbal remedies, which often involve multiple
bioactive compounds, align well with network phar-
macology’s ability to analyse compound-target-
disease networks. For instance, it helps identify
active components in herbs, their molecular tar-
gets, and associated signalling pathways, facili-
tating the discovery of novel therapeutic agents.
Applications include predicting drug efficacy, un-
derstanding mechanisms of action, and optimis-
ing herbal formulations for diseases like cancer,
diabetes, and inflammation. By combining bioin-
formatics, omics data, and molecular docking, net-
work pharmacology bridges TCM with modern med-
icine, enhancing drug development and personalised
treatment strategies while validating the scientific
basis of traditional remedies (Xin et al. 2021).

Euphorbia hirta, commonly known as asthma
plant or snakeweed, is a widely distributed medic-
inal herb used in traditional medicine across tropi-
cal regions (Khursheed and Jain 2022). Its phy-
tochemistry is rich and diverse, encompassing fla-
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vonoids (for example quercetin, kaempferol), tan-
nins, alkaloids, terpenoids, and phenolic com-
pounds. These bioactive constituents contribute
to its pharmacological properties, including anti-
inflammatory, antioxidant, antimicrobial, antican-
cer, and anti-asthmatic activities (Tripathi et al. 2021;
Iskandar et al. 2022). Studies have identified its
potential in inhibiting cancer cell proliferation, par-
ticularly in lung and breast cancer, through mech-
anisms like apoptosis induction and cell cycle ar-
rest (Widyananda et al. 2024). Its antimicrobial ef-
fects target pathogens like Escherichia coli and
Staphylococcus aureus, while its anti-inflammato-
ry properties are linked to the suppression of pro-
inflammatory cytokines (Widyananda et al. 2024).
In traditional medicine, E. hirta is used for respira-
tory disorders, wound healing and gastrointesti-
nal issues. Recent research employs network phar-
macology to map its bioactive compounds to mo-
lecular targets, revealing its therapeutic potential
against complex diseases. However, challenges like
toxicity at high doses and the need for standard-
ised extracts underscore the importance of further
studies to ensure safety and efficacy.

Objectives

This study aimed to explore the anticancer po-
tential of Euphorbia hirta against lung cancer by
investigating its bioactive compounds and their
molecular mechanisms. A chemo-biological ap-
proach was employed to identify key targets, anal-
yse compound-target interactions, and elucidate
underlying pathways using bioinformatics and
molecular docking, with the goal of discovering
novel, cost-effective therapeutic candidates and
supporting precision medicine strategies. Addition-
ally, the study sought to validate the relevance of
traditional medicinal use through modern scientific
approaches.

MATERIAL AND METHODS
Phytochemical Identification

Phytochemicals present in Euphorbia hirta
were identified using two comprehensive databas-
es, that is, SuperTCM and IMPPAT. SuperTCM
(http://tcm.mohualab.com/) serves as a detailed
platform integrating chemical, biological, and phar-
macological data for traditional Chinese medicine,
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providing extensive information on compound
structures and bioactivities (Chen et al. 2025). IM-
PPAT (https://cb.imsc.res.in/imppat/) offers a cu-
rated resource of Indian medicinal plants, encom-
passing phytochemical structures, physicochemi-
cal properties, and therapeutic relevance (Vivek-
Ananth et al. 2023). A thorough search of both
databases yielded a list of bioactive compounds
from E. hirta, focusing on those with documented
pharmacological effects.

ADME and Toxicity Analysis

The pharmacokinetic behaviour of the identi-
fied phytochemicals was assessed using Swis-
sADME (http://www.swissadme.ch/), a web-based
tool that predicts absorption, distribution, metab-
olism, excretion (ADME) parameters, as well as
drug-likeness and solubility profiles based on
molecular descriptors (Daina et al. 2017). Parameters
such as gastrointestinal absorption, blood-brain
barrier permeability, and oral bioavailability were in-
cluded. Toxicity profiling was carried out using Pro-
Tox-3.0 (https://tox-new.charite.de/protox3/), an ad-
vanced platform employing machine learning and
structural similarity to forecast toxicological out-
comes including hepatotoxicity, carcinogenicity,
immunotoxicity, and mutagenicity.

Phytochemical Screening

To identify drug-like candidates, compounds
were screened based on strict criteria, including
oral bioavailability (OB) > 30 percent, drug-like-
ness (DL) score > 0.18, compliance with Lipinski’s
rule of five (molecular weight <500 Da, logP <5,
hydrogen bond donors < 5, acceptors < 10), and
molecular weight between 200-500 Da. Filtering
through SwissADME’s prediction algorithms led
to the selection of four phytochemicals, namely,
Pinocembrin, Naringenin, Catechin, and Pelargoni-
din. These compounds were chosen for further
analysis based on their favourable ADME properties
and potential pharmacological relevance.

Target Prediction

Target proteins for each selected phytochemi-
cal were predicted using the SuperTCM database.
This platform combines chemoinformatic and bio-
informatic tools to identify protein targets based
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on molecular similarity, ligand-target interactions,
and bioactivity data. For each compound, that is,
Pinocembrin, Naringenin, Catechin, and Pelargoni-
din, high-confidence targets were identified using
a probability threshold of > 0.7 to ensure accura-
cy. These predicted targets were further examined
for their association with lung cancer pathways,
particularly those involved in oncogenesis and
tumour suppression.

Lung Cancer-Related Targets

Lung cancer-associated genes were retrieved
from the GeneCards database (https://www.
genecards.org/), a robust bioinformatics resource
providing gene annotations, expression profiles,
and disease associations (Safran et al. 2022). To
ensure relevance, only genes with a GeneCards
Inferred Functionality Score (GIFtS) of > 6 percent
were included, emphasising their functional and
pathological significance. The resulting gene set
included major contributors to lung cancer such
as EGFR, KRAS, and TP53. To determine the shared
molecular targets between E. hirta phytochemi-
cals and lung cancer, the gene lists from SuperTCM
and GeneCards were compared using Venny 2.0
(https://bioinfogp.cnb.csic.es/tools/venny/).

PPI Network Generation

The common genes were submitted to the
STRING database (version 11.5) (https:/string-
db.org/) for PPI analysis (Szklarczyk et al. 2025).
Using a minimum interaction score of 0.7, the plat-
form provided a high-confidence interaction net-
work. The resulting data were imported into Cytoscape
(v3.9.1), where the CytoHubba plugin was applied to
calculate closeness centrality. This analysis identi-
fied the top 10 hub genes with the highest network
connectivity, underscoring their potential as
critical regulators in lung cancer biology.

GO and KEGG Pathway Analysis

Functional enrichment of the overlapping genes
was conducted using ShinyGO (v0.77) (http://
bioinformatics.sdstate.edu/go/), which integrates
transcriptomic data for Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis (Ge et al. 2020). Signifi-
cant enrichment was identified for biological pro-
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cesses, molecular functions, and cellular compo-
nents, as well as key KEGG pathways. A false dis-
coveryrate (FDR) of <0.05 was applied to maintain
statistical rigour. The results were visualised using
SRPlot (https://www.bioinformatics.com.cn/srplot),
which provided publication-ready chord and bar
plots for enriched pathways and gene interactions.

Differential Expression Analysis

Expression analysis of the top three hub genes
was performed using GEPIA2 (http://gepia2.cancer-
pku.cn/), a tool that merges RNA-seq data from The
Cancer Genome Atlas (TCGA) and Genotype-Tissue
Expression (GTEX) projects (Tang et al. 2019). Data
from lung adenocarcinoma (LUAD) and lung squa-
mous cell carcinoma (LUSC) cohorts were used to as-
sess tumour versus normal tissue expression. Signifi-
cant differences were evaluated using log, fold-change
and p-values (<0.05). In addition, Kaplan-Meier sur-
vival analysis was conducted to assess the prognostic
value of these genes in lung cancer patients.

Molecular Docking

To explore potential molecular interactions, dock-
ing studies were conducted between TP53 and the
selected phytochemicals. The 3D structure of TP53
(PDB ID: 4MZI) was retrieved from the RCSB Pro-
tein Data Bank (https://www.rcsb.org/) (Emamzadah
etal. 2014). Ligand structures for Pinocembrin, Nar-
ingenin, Catechin, and Pelargonidin were sourced
from PubChem (CIDs: 68071, 932, 9064 and 440832).
Protein preparation involved removal of water mol-
ecules, ligands, and heteroatoms, and addition of
polar hydrogens and Gasteiger charges using
BIOVIA Discovery Studio. Ligands were energy-
minimised using the MMFF94 force field. Dock-
ing was carried out using CB-Dock?2 (http://
cao.labshare.cn/cb-dock2/) (Liu et al. 2022), which
predicts binding cavities and evaluates interac-
tions. Docking outcomes included binding affin-
ities (kcal/mol) and interaction types, which were
visualised in 2D and 3D formats in Discovery Studio
for comprehensive interpretation.

Chemicals, Reagents and Equipment
All chemicals and reagents used were of ana-

lytical grade and procured from Sigma-Aldrich.
These included ethanol (Cat. No. E7023), DMSO
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(D8418), MTT (M5655), PI (P4170), RNase A
(R6513), DAPI (D9542), DMEM (D5796), FBS
(F2442), Penicillin-Streptomycin (P4333), Trypsin-
EDTA (T4049), and PBS (P4417). Major equipment
used comprised a rotary evaporator (Rotavapor R-
100, Buchi), centrifuge (Centrifuge 5810 R, Eppen-
dorf), CO, incubator (Heracell 150i, Thermo Fish-
er), fluorescence microscope (Axio Observer Z1,
Zeiss), microplate reader (Synergy H1, BioTek), and
flow cytometer (FACS Aria III, BD Biosciences).

Extraction of Euphorbia hirta Aerial Parts

Aerial parts of E. hirta were collected, authen-
ticated, and shade-dried at room temperature (25°C).
The dried material (500 g) was pulverised into
coarse powder and subjected to maceration in 2
litres of 95 percent ethanol for 72 hours. The mix-
ture was filtered through Whatman No. 1 paper,
and the filtrate was concentrated at 40°C under
reduced pressure using a rotary evaporator. The
concentrated extract was lyophilised to yield a dry
residue, which was stored in an airtight container
at4°C until further use.

Preparation of Experimental Concentrations

A stock solution of 10 mg/mL was prepared by
dissolving the dry extract in DMSO. Experimental
concentrations (0, 15, 30, 60 and 120 uM) were
obtained through serial dilution in DMEM supple-
mented with 10 percent FBS. The final DMSO con-
centration in each solution was maintained below
0.1 percent to avoid solvent-induced cytotoxicity.
All working solutions were filter-sterilised using 0.22
um syringe filters and stored at—20°C until use.

Cell Culture

Human lung adenocarcinoma A549 cells (ATCC
CCL-185) were cultured in DMEM supplemented
with 10 percent FBS and 1 percent Penicillin-Strep-
tomycin. Cells were maintained at 37°C in a humid-
ified atmosphere with 5 percent CO, . Subculturing
was carried out using 0.25 percent Trypsin-EDTA
upon reaching 80 to 90 percent confluence. Cell
viability was assessed by trypan blue exclusion
prior to experimental procedures.

MTT Assay

Cytotoxicity of E. hirta extract was determined
via the MTT assay. A549 cells were seeded in 96-
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well plates at 5 x 103 cells/well and treated with
varying concentrations of the extract for 48 hours.
Post-treatment, 20 pL of MTT solution (5 mg/mL)
was added to each well and incubated for 4 hours.
Formazan crystals formed were dissolved in 100
uL of DMSO, and absorbance was measured at
570 nm using a microplate reader. Cell viability was
expressed relative to untreated control, and IC;,
values were derived from dose-response curves.

Cell Cycle Assay

Cell cycle distribution was analysed using flow
cytometry. A549 cells were treated with 0, 30, 60,
and 120 uM extract for 48 hours. Post-treatment,
cells were fixed in 70 percent ethanol and stored at
—20°C overnight. Fixed cells were washed with PBS,
incubated with RNase A (100 pg/mL) at 37°C for 30
minutes, and stained with PI (50 pg/mL) for 15 min-
utes in the dark. Flow cytometry was performed
using a FACS Aria Il system, and FlowJo software
was used for cell cycle phase quantification.

mRNA Expression Analysis

Total RNA was extracted using TRIzol Reagent
from A549 cells treated with 0, 30, 60, and 120 pM
extract. RNA was purified through phase separa-
tion and alcohol precipitation, followed by verifica-
tion of purity using a NanoDrop spectrophotome-
ter. One microgram of RNA was reverse-transcribed
using the iScript cDNA Synthesis Kit, and gRT-PCR
was carried out with SYBR Green Master Mix. Prim-
ers specific to the gene of interest and GAPDH (in-
ternal control) were used. Amplification was done
on a QuantStudio 3 system, and specificity was con-
firmed by melting curve analysis. Relative gene ex-
pression was determined using the 2% method,
normalised to GAPDH and control samples.

Statistical Analysis
Data were expressed as mean + SD (n = 3).
Statistical significance was determined using one-
way ANOVA followed by Tukey’s test (‘p < 0.05,
“p<0.01, "*p<0.001).
RESULTS
Phytochemical Identification and Screening

A total of 78 and 129 phytochemicals from Eu-
phorbia hirta were identified using the SuperTCM
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and IMPPAT databases, respectively. After screen-
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Fig. 1. (A) Bioled egg model: representing different physiochemical properties of Pinocembrin, Naringenin,
Catechin, and Pelargonidin

(B) Venn Diagram of Target Gene Overlap: This Venn diagram, generated using Venny 2.0, illustrates
the overlap between 304 E. hirta phytochemical-associated targets (from SuperPred) and 1,233 lung
cancer-related targets (from GeneCards, filtered for GIFtS score > 60%). The intersection reveals 82
common genes, highlighting potential therapeutic targets for E. hirta in lung cancer treatment

Int J Hum Genet, 26(2): 100-116 (2026)



106

PTK2 (9), HIF1A (8), IGF1R (7), SMAD3 (6), and
STAT1 (6) (Fig. 2C and Table 2). Additional analy-
ses of closeness and Maximal Clique Centrality
(MCC) confirmed the significance of these hub
genes (Table 2).

GO and KEGG Pathway Analysis

The GO analysis of the hub genes using Shiny-
GOrevealed significant enrichment in BP, CC, and
MF. Key BP terms included protein autophospho-
rylation (enrichment: 20.25, p-value: 1.38E-19), trans-
membrane receptor protein tyrosine kinase signal-
ling (10.26, 7.09E-19), and regulation of apoptotic
processes (5.76, 9.40E-19). CC terms included in-
sulin receptor complex (105.02, 0.0025), membrane
raft (8.95, 1.19E-08), and receptor complex (8.81,
4.74E-10). MF terms included transmembrane re-
ceptor protein tyrosine kinase activity (37.37, 2.26E-
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14) and protein kinase activity (9.99, 2.65E-19) (Fig.
3). KEGG pathway analysis identified significant
enrichment in pathways such as pathways in Can-
cer, EGFR Tyrosine Kinase Inhibitor Resistance,
HIF-1 Signalling, Focal Adhesion, MAPK Signal-
ling, Akt Signalling, and Ras Signalling, highlight-
ing their relevance to lung cancer progression and
treatment (Fig. 4).

Network Visualisation

A comprehensive network integrating E. hirta,
its phytochemicals, targets, and enriched path-
ways was constructed using Cytoscape. The net-
work illustrated the relationships between the four
phytochemicals, the 82 overlapping targets, and
the significant KEGG pathways, providing a holis-
tic view of the potential therapeutic mechanisms
of E. hirta against lung cancer (Fig. 5).

TR

AGFIRY

(B)

This Figure depicts the PPI network of 82 overlapping genes constructed using the STRING database, featuring 82 nodes,
254 edges, an average node degree of 6.2, and a clustering coefficient of 0.581. With an expected 87 edges and a PPI
enrichment p-value < 1.0e-16 (confidence score > 0.7), the network underscores significant interactions among E. hirta
and lung cancer-related targets

(B) Cytoscape visualization of PPI network: This Figure shows the PPI network of 82 overlapping genes visualized
in Cytoscape (version 3.9.1) after removing unconnected nodes. The network highlights the connectivity and interactions
among the genes, emphasizing their relevance to E. hirta’s potential therapeutic mechanisms in lung cancer

(C) Hub genes identified by CytoHubba: This Figure illustrates the top 10 hub genes (for example, TP53, SRC,
EGFR) identified using the CytoHubba plugin’s degree method in Cytoscape, with node sizes and colors representing
degree scores (for example, TP53: 19; SRC: 15). The visualization highlights the most central genes in the PPI network,
critical for E. hirta’s anti-lung cancer effects

Int J Hum Genet, 26(2): 100-116 (2026)
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Table 2: Hub genes by network analysis methods
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Rank Degree method MCC method Closeness method
Name Score Name Score Name Score

1. TP53 19 TP53 77 TP53 31.08333
2. SRC15 SRC 68 SRC 29.33333

3. EGFR 11 AKTI1 63 MAPK1 27.5
4. AKTI1 10 EGFR 59 EGFR 27.18333
5. MAPK1 10 MAPK1 57 AKTI1 26.91667
6. PTK2 9 HIFIA 53 PTK2 25.85
7. HIFIA 8 PTK2 50 HIFIA 2491667
8. IGF1R 7 IGFIR 33 ERBB2 23.85
9. SMAD3 6 SMAD3 32 STAT1 23.66667
10. STAT1 6 ERBB2 30 SMAD3 2291667
Differential Expression ised asbox plots for LUAD, n=483 and LUSC,n=338.

The GEPIA2 analysis results for the top three
hub genes (TP53, SRC, and EGFR) in A549 cells
treated with Euphorbia hirta extract were visual-
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This Figure presents the GO enrichment analysis of hub genes using ShinyGO, displaying significant terms for
biological processes (for example, protein autophosphorylation, p=1.38E-19), cellular components (for example,
insulin receptor complex, p=0.0025), and molecular functions (for example, protein tyrosine kinase activity,
p=2.26E-14). Bar or bubble plots visualize enrichment scores and p-values, illustrating functional roles in lung

cancer pathways
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Fig. 4. KEGG pathway enrichment analysis

This Figure shows the KEGG pathway enrichment analysis of hub genes, highlighting significant pathways such as
Pathways in Cancer, EGFR Tyrosine Kinase Inhibitor Resistance, HIF-1 Signaling, and MAPK Signaling. The
visualization, likely a bar or network plot, displays enrichment scores and p-values, emphasizing pathways relevant
to lung cancer progression and E. hirta’s therapeutic potential.
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Fig. 5. Comprehensive network of E. hirta, phytochemicals, targets, and pathways

This Cytoscape-generated network integrates E. hirta, its four phytochemicals (Pinocembrin, Naringenin, Catechin,
Pelargonidin), 82 overlapping target genes, and enriched KEGG pathways. The visualization illustrates the
relationships and interactions, providing a holistic view of E. hirta’s potential mechanisms in lung cancer treatment
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points >1.5 times IQR from the box edges) high-
lighting extreme expression values. A horizontal
line within each box denotes the mean expression
level. TP53 exhibited elevated expression in tumour
tissues of both LUAD and LUSC, with notably
higher levels in LUSC (Fig. 6A). SRC showed in-
creased expression in tumour tissues across both
LUAD and LUSC (Fig. 6B). EGFR expression var-
ied between LUAD and LUSC, with comparable
levels in LUAD but significantly higher in LUSC
tumor tissues (Fig. 6C). These findings highlight
distinct expression patterns in LUAD and LUSC,
with outliers indicating potential variability in gene
expression linked to lung cancer progression and
the therapeutic impact of E. hirta extract.

Molecular Docking Outcomes

The molecular docking and binding interaction
analyses of E. hirta phytocompounds with TP53
reveal compound-specific affinities and structural
compatibilities, supported by both interaction pro-
files and docking scores derived from CurPocket
cavity predictions (Table 3). Pinocembrin exhibit-
ed its best binding affinity in cavity C5 with a Vina
score of -6.3 kcal/mol, followed by cavities C4 (-

Table 3: Molecular docking with TPS3
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6.2) and C2 (-6.0), indicating moderate binding po-
tential (Fig. 7A). It established conventional hy-
drogen bonds with SER99 and ARG267, along with
Pi-Sigma and Pi-Alkyl interactions involving
THR256 and ILE254, respectively. However, an
unfavourable donor-donor interaction with
ARG267 may impose steric hindrance, weakening
its overall stability despite van der Waals support
from GLY262 and GLU258. Naringenin displayed a
superior docking profile with the best Vina score
of -6.6 kcal/mol at cavity C4, followed by C5 (-6.3),
indicating strong binding (Fig. 7B). It formed con-
ventional hydrogen bonds with GLY 199, SER227,
and TYR229, and Pi-Anion interactions with
GLU221 and GLU224, supported by van der Waals
stabilisation and minimal steric hindrance, suggest-
ing a highly stable and favourable binding confor-
mation. Catechin also demonstrated strong dock-
ing affinity, scoring -6.5 kcal/mol in both C4 and
C5, with notable hydrogen bonding to GLY 199 and
Pi-Anion interactions with GLU221 and GLU224
(Fig. 7C). However, an unfavourable donor-donor
clash with ASN200 slightly compromises its bind-
ing stability, despite favourable van der Waals in-
teractions from multiple residues such as PRO222,
THR230, and TYR229. Pelargonidin, while display-

CurPocket ID Vina score Cavity volume (4°) Centre (x, y, z) Docking size
x 2
Pinocembrin to TP53
C5 -6.3 104 -17, -19, 8 20, 20, 20
C4 -6.2 116 -28, -4, -1 20, 20, 20
C2 -6.0 151 -20,9, 7 20, 20, 20
Cl1 -5.2 170 -33,-8,9 20, 20, 20
C3 -5.0 121 -15, 1, 21 20, 20, 20
Naringenin to TP53
C4 -6.6 116 -28, -4, -1 21, 21, 21
C5 -6.3 104 -17, -19, 8 21, 21, 21
C2 -5.9 151 -20,9, 7 21, 21, 21
Cl1 -5.3 170 -33,-8,9 21, 21, 21
C3 -5.2 121 -15,1, 21 21, 21, 21
Catechin to TP53
C4 -6.5 116 -28, -4, -1 21, 21, 21
C5 -6.5 104 -17, -19, 8 21, 21, 21
C2 -6.0 151 -20,9, 7 21, 21, 21
Cl1 -5.6 170 -33,-8,9 21, 21, 21
C3 -5.4 121 -15,1, 21 21, 21, 21
Pelargonidin to TP53
C4 -6.3 116 -28, -4, -1 21, 21, 21
C5 -6.2 104 -17, -19, 8 21, 21, 21
C2 -5.7 151 -20, 9,7 21, 21, 21
Cl1 -5.4 170 -33,-8,9 21, 21, 21
C3 -5.3 121 -15,1, 21 21, 21, 21
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Fig. 6. (A) TP53 expression in LUAD and LUSC (GEPIA2)

This box plot, generated using GEPIA2, shows TP53 mRNA expression in lung adenocarcinoma (LUAD, n=483)
and lung squamous cell carcinoma (LUSC, n=338) tumor tissues. The plot displays the interquartile range (IQR),
mean (horizontal line), whiskers (data range), and outliers (>1.5% IQR), with higher expression in LUSC, indicating
differential expression patterns

(B) SRC Expression in LUAD and LUSC (GEPIA2)

This GEPIA2 box plot illustrates SRC mRNA expression in LUAD (n=483) and LUSC (n=338) tumor tissues,
showing elevated expression in both. The plot includes the IQR, mean, whiskers, and outliers, highlighting SRC’s
consistent overexpression and potential role in lung cancer progression

(C) EGFR Expression in LUAD and LUSC (GEPIA2)

This GEPIA2 box plot depicts EGFR mRNA expression in LUAD (n=483) and LUSC (n=338) tumor tissues, with
comparable levels in LUAD but significantly higher expression in LUSC. The plot shows the IQR, mean, whiskers,
and outliers, suggesting variability in EGFR expression relevant to E. hirta’s effects

Int J Hum Genet, 26(2): 100-116 (2026)
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Fig. 7. (A) Molecular docking of pinocembrin with TP53

This Figure visualizes the molecular docking of Pinocembrin with TP53 (PDB ID: 4MZI) at cavity C5 (Vina score:
-6.3 kcal/mol), showing hydrogen bonds with SER99 and ARG267, Pi-Sigma/Pi-Alkyl interactions with THR256
and ILE254, and van der Waals interactions. An unfavorable donor-donor interaction with ARG267 is highlighted,
indicating moderate binding stability

(B) Molecular docking of naringenin with TP53

This Figure illustrates Naringenin’s docking with TP53 at cavity C4 (Vina score: -6.6 kcal/mol), depicting
hydrogen bonds with GLY 199, SER227, and TYR229, and Pi-Anion interactions with GLU221 and GLU224. The
absence of steric hindrance and strong van der Waals stabilization suggest a highly favorable binding conformation
(C) Molecular docking of catechin with TP53

This Figure shows Catechin’s docking with TP53 at cavities C4 and C5 (Vina score: -6.5 kcal/mol), with hydrogen
bonds to GLY199 and Pi-Anion interactions with GLU221 and GLU224. An unfavorable donor-donor clash with
ASN200 is noted, alongside van der Waals interactions from PRO222, THR230, and TYR229, indicating moderate
binding stability

(D) Molecular docking of pelargonidin with TP53

This Figure depicts Pelargonidin’s docking with TP53 at cavity C4 (Vina score: -6.3 kcal/mol), showing hydrogen
bonds with GLY 199, TYR229, and GLU221, and a Pi-Anion interaction with GLU224. The absence of unfavorable
contacts and extensive van der Waals interactions highlight Pelargonidin’s stable and efficient binding to TP53

ing slightly lower docking scores (-6.3 kcal/mol at C4 actions, highlights Pelargonidin as the most stable

and -6.2 at C5), demonstrated the most favourable
interaction network, forming strong hydrogen bonds
with GLY 199, TYR229, and GLU221, and a robust Pi-
Anion interaction with GLU224, all without anyun-
favourable contacts (Fig. 7D). The absence of steric
clashes, coupled with extensive van der Waals inter-

Int J Hum Genet, 26(2): 100-116 (2026)

and efficient TP53 binder, followed closely by Narin-
genin, with Catechin and Pinocembrin offering mod-
erate yet structurally supportive binding profiles.
These results integrate both binding affinity dataand
detailed residue-level interactions to identify
flavonoid-specific TP53 modulatory potential.
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Fig. 8. (A) MTT assay dose-response curve

This Figure presents the dose-response curve for A549 cell viability after 48 hours of E. hirta extract treatment
at 0, 15, 30, 60, and 120 pM, showing a progressive decrease (100%, 84.6%, 54.8%, 30.2%, 12.2%). The curve,
derived from MTT assay data, indicates an IC50 of 26.79 uM, demonstrating moderate cytotoxicity against A549
lung adenocarcinoma cells

(B) Cell cycle distribution analysis

This Figure shows histograms of A549 cell cycle distribution analyzed by flow cytometry after 48 hours of E. hirta
extract treatment at 0, 30, 60, and 120 pM. The data indicate increased GO/G1 phase arrest (60.2% to 78.6%) and
reduced S and G2/M phases, suggesting inhibition of cell cycle progression
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Fig. 9. qRT-PCR analysis of TP53 expression

This Figure displays a bar plot of TP53 mRNA expression in A549 cells treated with E. hirta extract at 0, 30, 60,
and 120 pM for 48 hours, normalized to GAPDH. Expression levels decrease from 1.0 (control) to 0.72, 0.48, and
0.29, respectively, demonstrating dose-dependent downregulation of TP53 expression, with melting curve analysis
confirming amplicon specificity
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MTT Assay

The MTT assay revealed that Euphorbia hir-
ta ethanolic extract significantly reduced A549 cell
viability in a dose-dependent manner. After 48
hours of treatment with 0, 15, 30, 60, and 120 uM
concentrations, cell viability decreased progres-
sively, with percentages of 100 percent (control),
84.6+ 0.40 percent, 54.8 £ 0.35 percent, 30.2 +0.65
percent, and 12.2 +0.35 percent, respectively (Fig.
8A). The IC50 value, determined from dose-re-
sponse curves, was calculated as 26.79 uM, indi-
cating moderate cytotoxicity of the extract against
A549 lung adenocarcinoma cells.

Cell Cycle Assay

Flow cytometry analysis showed that E. hirta
extract altered A549 cell cycle distribution. At 0
UM, cells were distributed as 60.2 + 0.36 percent
(GO/G1),25.4 +0.35 percent (S), and 14.4+0.1 per-
cent (G2/M). Treatment with 30, 60, and 120 uM
extract increased GO/G1 phase arrest to 65.8 £0.36
percent, 72.3+0.44 percent, and 78.6 + 0.4 percent,
respectively, with corresponding reductions in S
and G2/M phases, suggesting inhibition of cell
cycle progression (Fig. 8B).

mRNA Expression

gRT-PCR analysis demonstrated that E. hirta
extract downregulated the TP53 (target gene’s)
mRNA expression in A549 cells. Relative to the
untreated control (0 uM, normalised to 1.0), ex-
pression levels decreased to 0.72, 0.48, and 0.29 at
30, 60, and 120 pM respectively, after normalisa-
tion to GAPDH (Fig. 9). Melting curve analysis
confirmed amplicon specificity, indicating that the
extract significantly suppresses target gene expression
in a dose-dependent manner.

DISCUSSION

The investigation into Euphorbia hirta’s ther-
apeutic potential against lung cancer through net-
work pharmacology and in vitro assays provides
insights into its modulation of TP53 and associat-
ed KEGG pathways, aligning with established lit-
erature on lung cancer biology and phytochemical
pharmacology. TP53, a pivotal tumour suppressor,
is frequently mutated in lung cancers, with muta-
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tion rates exceeding 50 percent in NSCLC, particu-
larly in LUSC compared to LUAD. Its role in regu-
lating cell cycle arrest, apoptosis, and DNA repair
makes it a central hub in cancer progression. The
differential expression of TP53, with higher levels
in LUSC, corroborates studies indicating that TP53
mutations or overexpression in LUSC often corre-
late with aggressive tumour behaviour and resis-
tance to therapies (Canale et al. 2022). This aligns
with the present study’s findings, where TP53’s
prominence as a hub gene in the PPI network sug-
gests that E. hirta’s phytochemicals, such as Nar-
ingenin and Pelargonidin, may target TP53 tomod-
ulate lung cancer cell dynamics. The molecular
docking profiles, showing strong binding affini-
ties to TP53, particularly for Naringenin (-6.6 kcal/
mol), are consistent with reports of flavonoids
stabilising p53 protein to enhance apoptosis in can-
cer cells (Thomas et al. 2022). The absence of steric
clashes in Pelargonidin’s binding further supports
its potential as a stable TP53 modulator, echoing
studies where flavonoids like quercetin enhance p53
activity in NSCLC models (Zhou et al. 2023).

The KEGG pathway analysis, highlighting en-
richment in pathways in Cancer, EGFR Tyrosine
Kinase Inhibitor Resistance, MAPK Signalling, Akt
Signalling, and HIF-1 Signalling, underscores the in-
terconnected roles of TP53 and related pathways in
lung cancer. The MAPK pathway; critical for cell prolif-
eration and survival, is often dysregulated in lung can-
cer due to upstream signals from EGFR and SRC, both
identified as hub genes in the present study (Zhang et
al. 2021). Literature suggests that TP53 interacts with
MAPK signalling to regulate cellular responses to
stress, with p53-mediated transcription inhibiting
MAPK-driven proliferation in NSCLC (Moes-Sos-
nowska etal. 2024). The study’s pathway enrichment
aligns with this, suggesting that £. hirta’s phytochem-
icals may suppress MAPK activity via TP53 modula-
tion, potentially counteracting tumour growth. Similar-
ly, the Akt pathway; enriched in the analysis, is a key
regulator of cell survival and is frequently activated in
lung cancer, particularty in EGFR-mutant tumours (Chen
etal. 2022). Studies showthat p53 negatively regulates
Akt signalling, promoting apoptosis in response to
cellular stress (OrSolic and Jembrek 2024). The strong
docking affinities of E. hirta’s compounds to TP53
suggest a mechanism where these phytochemicals
enhance p53’s inhibitory effects on Akt, aligning with
reports of flavonoid-induced Akt suppression in
cancer cells (Liu et al. 2022).
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The HIF-1 signalling pathway, also enriched,
is relevant in lung cancer’s hypoxic tumour mi-
croenvironment, where HIF-1a drives angiogene-
sis and metastasis (Wei et al. 2024). TP53 suppress-
es HIF-1a activity, and its dysregulation in LUSC
correlates with poor prognosis (Zhang et al. 2021).
The present study’s findings suggest that E. hir-
ta’s modulation of TP53 may counteract HIF-1-
driven processes, consistent with studies on fla-
vonoids inhibiting HIF-1ow in hypoxic cancers
(Samec et al. 2021). The EGFR Tyrosine Kinase
Inhibitor Resistance pathway highlights a clinical
challenge in NSCLC, where TP53 mutations con-
tribute to resistance (Wang and Zhou 2022). The
high expression of EGFR in LUSC and its interac-
tion with E. hirta’s phytochemicals suggest a po-
tential to overcome resistance, supported by stud-
ies where flavonoids sensitise NSCLC cells to
EGFR inhibitors (Wang et al. 2021). Collectively,
these pathways indicate that . hirta’s phytochem-
icals target TP53 to influence multiple oncogenic
cascades, consistent with its documented anti-can-
cer, anti-inflammatory, and antioxidant properties
in diseases like leukemia and asthma (Samuel et al.
2024; Menon 2021). However, in vivo studies are
needed to validate these mechanisms and assess
E. hirta’s clinical potential in modulating TP53 and
KEGG pathways for lung cancer therapy.

CONCLUSION

In conclusion, the network pharmacology and
in vitro studies of Euphorbia hirta ethanolic ex-
tract demonstrate its potent anti-lung cancer ac-
tivity, mediated by phytochemicals (Pinocembrin,
Naringenin, Catechin, Pelargonidin) targeting hub
genes TP53, SRC, and EGFR. Molecular docking
revealed strong TP53 binding, particularly by Nar-
ingenin and Pelargonidin, supporting their role in
modulating oncogenic pathways like MAPK, Akt,
and HIF-1 signalling. In vitro assays confirmed
dose-dependent cytotoxicity (IC50 = 26 uM), GO/
G1 phase arrest, apoptosis induction, and TP53
downregulation in A549 cells. These findings high-
light E. hirta’s therapeutic potential against lung
cancer, warranting further in vivo and clinical stud-
ies to validate its efficacy and elucidate synergistic
mechanisms for targeted cancer therapies.

RECOMMENDATIONS

Based on the conclusions of this study, it is
recommended that future research validate the

Int J Hum Genet, 26(2): 100-116 (2026)

115

anticancer efficacy of Euphorbia hirta and its key
phytochemicals through in vivo models and com-
prehensive pharmacokinetic analyses to establish
clinical applicability. Further investigations should
also elucidate the precise molecular mechanisms
underlying TP53, SRC, and EGFR modulation, par-
ticularly their interplay with the MAPK signalling
pathway, PI3K/Akt signalling pathway, and HIF-1
signalling pathway. Additionally, exploring syner-
gistic interactions among the identified phytochem-
icals and with existing chemotherapeutic agents may
help develop more effective and targeted therapeutic
strategies for lung cancer management.
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