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Abstract 

Context: Breast cancer therapy currently presents several uncomfortable side effects in patients, including effects on non-malignant tissues, recurrence, and 

resistance, which restrict their utilization. Consequently, researchers have directed their attention toward studying plant-derived anticancer compounds that 

exhibit high efficacy and safety profiles. Eugenol, a major component found in clove plants, demonstrates promising potential as a therapeutic agent for both 

estrogen receptor-positive and estrogen receptor-negative breast cancer. 

Aims: To predict the target of eugenol in estrogen receptor–positive breast cancer using network pharmacology and molecular docking analyses. 

Methods: Network pharmacology analysis was performed using the Chemical Toxigenomic Database, STITCH, GeneCards, Cytoscape, Enrichr, and Stringdb. 

Subsequently, molecular docking was performed using protein targets obtained from the RCSB-PDB and analyzed using AutoDock software. 

Results: Network pharmacology study and molecular docking revealed the anticancer effect of eugenol against breast cancer estrogen receptor–positive, 

especially in cancer and apoptotic pathways, by acting on caspase-3 (CASP3), epidermal growth factor receptor (EGFR), and poly [ADP-ribose] polymerase 1 
(PARP1) signaling pathways. The docking results between the protein targets and eugenol showed that eugenol has the strongest binding with CASP3 (ligand 

binding energy: -5.78 kcal/mol), followed by eugenol binding with EGFR (ligand binding energy: -5.58 kcal/mol), and eugenol binding with PARP1 (ligand 

binding energy: -5.58 kcal/mol).  

Conclusions: Eugenol is a potential candidate for breast cancer therapy, especially for apoptosis mediated by CASP3 in breast cancer luminal A.  

Keywords: breast cancer; eugenol; KEGG enrichment; molecular docking; network pharmacology. 

 

Resumen 

Contexto: La terapia del cáncer de mama presenta en la actualidad varios efectos secundarios incómodos en las pacientes, como efectos en tejidos no 

malignos, recurrencia y resistencia, que restringen su utilización. En consecuencia, investigadores han dirigido su atención al estudio de compuestos 

anticancerígenos de origen vegetal que presentan perfiles de alta eficacia y seguridad. El eugenol, un componente principal que se encuentra en las plantas 

de clavo, demuestra un potencial prometedor como agente terapéutico para el cáncer de mama con receptores de estrógeno positivos y negativos.  

Objetivos: Predecir la diana del eugenol en el cáncer de mama con receptores de estrógeno positivos mediante farmacología de redes y análisis de 

acoplamiento molecular. 

Métodos: El análisis farmacológico en red se realizó utilizando la base de datos Toxigenómica Química, STITCH, GeneCards, Cytoscape, Enrichr y Stringdb. A 

continuación, se realizó un acoplamiento molecular con las dianas proteicas obtenidas de la RCSB-PDB y se analizaron con el software AutoDock. 

Resultados: El estudio de farmacología en red y el acoplamiento molecular revelaron el efecto anticancerígeno del eugenol contra el cáncer de mama 

receptor de estrógenos positivo, especialmente en las vías del cáncer y la apoptosis, actuando sobre las vías de señalización de la caspasa-3 (CASP3), el 

receptor del factor de crecimiento epidérmico (EGFR) y la poli [ADP-ribosa] polimerasa 1 (PARP1). Los resultados del acoplamiento entre las proteínas diana y 

el eugenol mostraron que el eugenol tiene la unión más fuerte con CASP3 (energía de unión del ligando: -5,78 kcal/mol), seguido de la unión del eugenol con 

EGFR (energía de unión del ligando: -5,58 kcal/mol), y la unión del eugenol con PARP1 (energía de unión del ligando: -5,58 kcal/mol). 

Conclusiones: El eugenol es un candidato potencial para la terapia del cáncer de mama, especialmente para la apoptosis mediada por CASP3 en el cáncer de 

mama luminal A. 

Palabras Clave: cáncer de mama; eugenol; acoplamiento molecular; enriquecimiento KEGG; red de farmacología. 
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INTRODUCTION 

Cancer is the leading cause of death worldwide 
and based on data from the Global Burden of Cancer 
(GLOBOCAN) in 2020, it is estimated that there were 
approximately 19.3 million new cases of cancer and 
nearly 10 million cancer-related deaths in that year 
(Sung et al., 2021). Breast cancer in women is the most 
diagnosed cancer, accounting for approximately 2.3 
million new cases (11.7%), followed by lung cancer 
(11.4%) and colorectal cancer (10%) (Sung et al., 2021). 
Current management of breast cancer involves mul-
timodal therapy, including surgery, radiotherapy, 
and adjuvant/neoadjuvant therapy, such as cytotoxic 
chemotherapy, endocrine therapy, and targeted 
agents, along with supportive care for pain manage-
ment, toxicity, and side effects of cancer treatment. 
Systemic therapy commonly includes surgery and 
radiation, followed by systemic therapy such as 
chemotherapy (Mutebi et al., 2020). Commonly used 
chemotherapeutic agents for breast cancer include 
antimetabolites, DNA-interactive molecules, anti-
tubulin agents, hormonal agents, and molecular tar-
geting agents. The main drawbacks of systemic thera-
py are side effects on non-malignant tissues, recur-
rence, and resistance, which limit its use (Begum et 
al., 2022). Therefore, researchers have focused on 
studying anticancer components derived from plants 
that are highly efficacious and safe. 

Clove plants (Syzygium aromaticum L.) belong to 
the Myrtaceae family and are widely found in Indone-
sia, India, and Madagascar (Prianto et al., 2013; Zari et 
al., 2021). Clove oil contains three commonly found 
phytochemicals: eugenol (70-85%), eugenyl acetate or 
eugenol acetate (15%), and β-caryophyllene (5-12%). 
Among these phytochemicals, eugenol (4-allyl-2-
methoxyphenol: C10H12O2) has several biological ef-
fects, including antioxidant, anticarcinogenic, antibac-
terial, and antifungal properties (Prianto et al., 2013). 
In addition to clove oil, eugenol can be extracted from 
cinnamon, coffee, bananas, soybeans, and other aro-
matic spices. The amount of eugenol varies depend-
ing on the plant species, with cloves being the richest 
source, containing concentrations ranging from ap-
proximately 9.37 to 14.65 g/100 g of fresh plant mate-
rial (Bezerra et al., 2017; Dzoyem et al., 2017; Zari et 
al., 2021).  

Eugenol exhibits a range of significant biological 
effects, including antioxidant, anti-inflammatory, 
anticarcinogenic, antibacterial, and antifungal proper-
ties (Zari et al., 2021). Eugenol shows promising po-
tential as a therapeutic agent for both estrogen recep-
tor-positive and estrogen receptor-negative breast 
cancer, as evidenced by its administration in diverse 

cell lines, including MDA-MB-231, MCF-7, T46-D, and 
MCF-10A. Its mechanism of action involves pro-
apoptotic and anti-proliferative effects, characterized 
by upregulated levels of key biomarkers such as BAX, 
Apaf1, caspase 3, p53, and p21. This, in turn, leads to 
the downregulation of E2F1, a pivotal transcription 
factor involved in cell cycle regulation. Consequently, 
eugenol hampers the transition from G1 to S phase 
and G2 to M phase in the cell cycle, resulting in inhib-
ited cell proliferation. Moreover, eugenol exerts inhib-
itory effects on several oncogenic proteins, including 

NF-B, β-catenin, c-Myc, cyclin D1, Bcl-2, and sur-
vivin. Suppression of these oncogenic proteins con-
tributes to the inhibition of growth and anti-
inflammatory effects in breast cancer (Begum et al., 
2022; Islam et al., 2018). These findings underscore the 
therapeutic potential of eugenol as an adjunctive 
treatment option for breast cancer. 

Network pharmacology integrates system biology 
and bioinformatics to understand drug action and 
interaction in multiple targets (Chandran et al., 2017). 
Computational protein interaction analysis also aids 
in understanding cellular processes, disease mecha-
nisms, and drug design. In the context of cancer, dis-
ruptions in protein-protein interactions (PPIs) can be 
caused by various factors, such as genetic mutations. 
Pane et al. (2020) highlighted several key biological 
processes in hormone-sensitive cancers (such as 
breast, ovarian, and endometrial cancers), including 
cell cycle control, chromosome replication, estrogen-
mediated signaling pathways, and specific genes en-
coding proteins (CCNA2, CCNE1, CCNE2, CDC25A, 
CDK1) and the E2F family of transcription factors. 
Protein interactions in breast cancer provide insights 
into genomic data and facilitate the identification of 
therapeutic targets. 

In this study, we employed network pharmacolo-
gy and molecular analysis to identify the potential 
target of eugenol in estrogen receptor-positive breast 
cancer, particularly the luminal A subtype, by con-
ducting an extensive examination of its molecular 
mechanisms. The computational approach using net-
work pharmacology and molecular docking provides 
insights into the mechanism and interactions between 
eugenol and protein targets in breast cancer.  

MATERIAL AND METHODS 

Physiochemical properties, pharmacokinetic, and 
drug-likeliness 

Analyzing the absorption, distribution, metabo-
lism, excretion, and toxicity (ADMET) characteristics 
is pivotal in assessing the effect of the active com-
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pound. We utilized the SwissAME software devel-
oped by the Swiss Institute of Bioinformatics 
(http://www.swissadme.ch/). SwissADME plays a 
vital role in predicting pharmacokinetic properties of 
small molecules. These predictions are key to under-
standing how a drug is absorbed and distributed 
throughout the body. Pharmacokinetic properties 
include gastrointestinal absorption, blood brain barri-
er permeation, P-glycoprotein substrate, inhibition of 
cytochrome-P enzymes, and skin permeation. The 
Lipinski rule of five, Ghose, Veber, Egan, and 
Muegge, were used to analyze drug-likeliness (Daina 
et al., 2017). 

Identifying the potential targets related to eugenol 

Potential targets related to eugenol were obtained 
from Chemical Toxicogenomic Database 
(http://ctdbase.org/) and STITCH database (Davis et 
al., 2023; Szklarczyk et al., 2016). The analysis was 
performed using Cystoscape software version 3.10.0 
to obtain protein targets from the STITCH database 
(Doncheva et al., 2019; Szklarczyk et al., 2016). The 
confidence score cutoff and number of maximum 
additional interactors were assigned as 0.7 and 100, 
respectively. In Chemical Toxicogenomic Database 
(CTD), we entered the keyword “eugenol” and fil-
tered the disease category, association type, chemical, 
disease, and species to cancer, curated, eugenol, 
breast neoplasm, and Homo sapiens. All gene targets 
obtained from the CTD database and STITCH data-
base were selected as potential targets related to eu-
genol.  

Identifying the potential targets related to breast 
cancer luminal A 

Disease-related proteins were retrieved from 
GeneCard database (https://genecards.org/). Gene-
Card is an integrated and continuously updated da-
tabase of human genes. The database integrates gene-
related data from genomic, transcriptomic, and prote-
omic sources until functional information is obtained 
from selected web sources (Stelzer et al., 2016). We 
entered the keywords “breast cancer” and “luminal 
A” into the GeneCard database and obtained a set of 
disease-related genes. Lastly, we used a Venn dia-
gram tool (https://www.biotools.fr/misc/venny) to 
identify the genes that overlapped between eugenol 
and breast cancer. The overlapping genes were con-
sidered key gene targets. 

Gene ontology and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment analysis 

The overlapping genes were submitted into the 
STRING database version 12.0 (https://string-
db.org/), an online analytical tool used to predict 

protein-protein interactions (PPIs) among key gene 
targets. The STRING database was utilized to conduct 
the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) database to analyze functional enrichment 
analysis. Analysis was conducted with the highest 
confidence setting (0.900). Gene Ontology (GO) en-
richment analysis was performed using Enrichr 
(https://maayanlab.cloud/Enrichr/) for GO analysis 
(Chen et al., 2013; Kuleshov et al., 2016; Xie et al., 
2021). The GO analysis has three categories: molecular 
function (MF), biological process (BP), and cellular 
component (CC). The GO and KEGG pathway analy-
sis were considered statistically significant at p<0.05. 
Subsequently, the key gene targets were constructed 
using Cytoscape software to visualize the PPIs net-
work (Shannon et al., 2003).  

Identification and analysis of the hub genes 

After functional enrichment analysis, the overlap-
ping genes were analyzed using the Cytoscape 
plugin, CytoHubba (Chin et al., 2014). Five algo-
rithms, namely Maximum Neighborhood Component 
(MNC), Maximal Clique Centrality (MCC), Edge Per-
colated Component (EPC), Degree, and Closeness, 
were used to identify the hub genes. The gene targets 
obtained from five algorithms were then visualized 
using Venn diagram tools 
(https://www.biotools.fr/misc/venny) to identify 
the overlapping hub genes. The CytoHubba plugin in 
Cytoscape was utilized to identify proteins that exhib-
ited a high degree of interrelation (Basavarajappa et 
al., 2023). 

Molecular docking 

The potential inhibitory effect of eugenol was ana-
lyzed by in silico molecular docking using AutoDock-
Tool 1.5.7 software (Forli et al., 2016; Morris et al., 
2009). Molecular docking is a computational tech-
nique for predicting the orientation or binding mode 
of a small molecule ligand as it interacts with the tar-
get protein to form a stable complex (Basavarajappa et 
al., 2023; Ferreira et al., 2015). The binding affinities 
between drug and target protein were then predicted 
by docking the eugenol to the proteins of shared 
genes. The Protein Data Bank (PDB) 
(https://www.rcsb.org/) provided the target protein 
structure. The PDB is a single global repository for the 
three-dimensional representation of proteins and 
nucleic acids. It includes protein data collected by X-
ray crystallography and nuclear magnetic resonance 
spectrometry (NMR) submitted by international re-
searchers (Berman, 2000; Burley et al., 2023). The pro-
teins identified as overlapping hub genes through 
Cytohubba analysis will serve as targets and can be 
obtained in PDB format from the Protein Data Bank 
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website. In this molecular docking analysis, eugenol 
was assessed in comparison to tamoxifen, a conven-
tional drug utilized for hormonal therapy in breast 
cancer patients. The 3D structures of eugenol and 
tamoxifen were downloaded from the PubChem da-
tabase 
(https://pubchem.ncbi.nlm.nih.gov/compound/Eug
enol) in SDF file format. The SDF format structure 
was converted to PDB format using MarvinSketch 
software version 23.8 
(https://chemaxon.com/marvin). The shared target 
protein genes were retrieved from PDB in PDB format 
and converted into PDBQT files using AutoDockTool 
software. For visualization and interpretation, we 
used the BIOVIA Discovery Studio Visualizer 
v21.1.0.020298 software. 

RESULTS  

Physiochemical properties, pharmacokinetic, and 
drug-likeliness 

The physicochemical properties, pharmacokinetic, 
and drug-likeliness of eugenol were calculated using 
SwissADME. The consensus log P refers to a calculat-
ed or predicted partition coefficient (log P) derived 
from the consensus of multiple computational mod-
els. The log P values of eugenol were in the range of 
2.01 to 2.48, and the consensus log P was 2.25 (log P 
≤5), the number of hydrogen bond acceptor (HBA) 
and donors (HBD) were in the acceptable range (HBA 
≤ 10 and HBD ≤ 5), and the molecular weight of euge-
nol was 164.2 g/mol (≤500 dalton). These results indi-
cate that eugenol met all criteria of Lipinski’s rule 
(Lipinski, 2004). Topological polar surface areas 
(TPSA) was 29.46 Å (polar surface area <140 Å2) and 
possessed three rotatable bonds (rotatable bond <10), 
which is in accordance with Veber’s rule. The Veber 
rule is used in drug discovery to assess the oral bioa-
vailability of potential drug candidates (Veber et al., 
2002). The pharmacokinetic analysis showed that 
eugenol has high gastrointestinal absorption (GI), 
blood brain barrier (BBB) penetration, not transported 
by P-glycoprotein (P-gp substrate), CYP1A2 inhibitor, 
not inhibited CYP2C19, CYP2C9, CYP2D6, and 
CYP3A4. For drug-likeliness, eugenol did not violate 
the Lipinski and Veger rules, and its bioavailability 
score was 0.55 (Table 1). 

Identifying the potential targets related to eugenol 
and breast cancer luminal A 

Target gene identification of eugenol was obtained 
from the CTD and STITCH databases. A total of 32 
protein targets from the CTD database and 18 

protein targets from the STITCH database were ob-
tained for eugenol. All gene targets obtained from 
CTD and STITCH databases were selected as poten-
tial targets related to eugenol. Target identification for 
breast cancer luminal A was obtained from the Gene-
Card database. We obtained a total of 3928 targets 
from the GeneCard database. Protein targets from 
eugenol and breast cancer luminal A were intersec-
tion-aligned using Venn diagram and obtained 43 
overlapping protein targets (Fig. 1C-D). 

Gene ontology and KEGG pathway enrichment 
analysis 

The overlapping target genes of eugenol and 
breast cancer luminal A were analyzed for the PPIs 
network using the STRING database. The network 
statistics obtained were 43 for the number of nodes, 
88 for the number of edges, and PPI enrichment, 
p<1.06e-16 was obtained. Of the 43 nodes, only 35 had 
interactions, and there were eight nodes (TRPV1, 
TRPA1, SOD2, CAT, FLT1, ABCC1, FASN, and 
NOS2) that did not have good interactions; therefore, 
they were not included in the analysis. Furthermore, 
these 35 gene targets were analyzed for KEGG path-
way using STRING database to determine the high-
level functions of the target genes in the biological 
system (Kanehisa and Goto, 2000). The top 10 KEGG 
pathway results are listed in Table 2. The pathways of 
cancer in the top 10 were prostate cancer, small cell 
lung cancer, breast cancer, and colorectal cancer. 
These pathways highlight the significant role of pro-
tein-protein interactions in cancer mechanisms. The 
table also shows the specific proteins implicated in 
each pathway. 

Gene ontology (GO) analysis was performed on 35 
gene targets using the Enrichr database. The analysis 
was conducted to examine the molecular function 
(MF), biological process (BP), and cellular component 
(CC) of the genes. BPs were mainly enriched in cellu-
lar response to organic cyclic compound, positive 
regulation of programmed cell death, regulation of 
apoptotic process, negative regulation of macromole-
cule metabolic process, positive regulation of miRNA 
metabolic process, response to UV, intrinsic apoptotic 
signaling pathway, response to organic cyclic com-
pound, and regulation of miRNA transcription. The 
cellular response to organic cyclic compound was the 
highest pathway in BP (p=7.370e-13), with target 
genes that involved were CASP7, CASP3, CYP1A1, 
CYP1B1, CTNNB1, AHR, TRPV1, TNF, ESR1, and 
EGFR. The complete data from the GO analysis are 
shown in Fig. 2A.  
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Table 1. Physiochemical properties, pharmacokinetic, and drug-likeliness. 

Physicochemical properties Details 

Formula  C10H12O2 

Molecular weight 164.2 g/mol 

Fraction Csp3 0.2 

Number of rotatable bonds 3 

Number of H-bond acceptors 2 

Number of H-bond donors 1 

Molar refractivity 49.06 

TPSA 29.46 Å² 

Pharmacokinetics 
 

GI absorption High 

BBB permeant Yes 

P-gp substrate No 

CYP1A2 inhibitor Yes 

CYP2C19 inhibitor No 

CYP2C9 inhibitor No 

CYP2D6 inhibitor No 

CYP3A4 inhibitor No 

Log Kp (skin permeation) -5,69 

Drug-likeliness 
 

Lipinski Yes; 0 violation 

Ghose Yes 

Veber Yes 

Egan Yes 

Muegge No; 1 violation: MW<200 

Bioavailability score 0.55 

 
CC were mainly enriched in the endoplasmic re-

ticulum membrane, intracellular membrane-bounded 
organelle, nucleus, glutamatergic synapse, vesicle, 
euchromatin, mitochondrial outer membrane, micro-
body lumen, peroxisomal matrix, and organelle outer 
membrane. Endoplasmic reticulum membrane is the 
highest pathway in CC (p=5.788e-6) with target genes 
that play a role are UGT1A10, NOTCH1, UGT2B15, 
BCL2, CYP1A1, CYP1B1, UGT2B17, BAX, UGT1A9, 
and HRAS (Fig. 2B).  

The results of MF analysis revealed 10 top path-
ways consisting of DNA-binding transcription factor 
binding, kinase binding, retinoid binding, ubiquitin 
protein ligase binding, ubiquitin-like protein ligase 
binding, retinoic acid binding, protein kinase binding, 
monocarboxylic acid binding, monocarboxylic acid 
binding, glucuronosyltransferase activity, and RNA 
polymerase II specific DNA-binding transcription 

factor binding. DNA-binding transcription factor 
binding was the highest pathway in CC (p=3.369e-10), 
with target genes that involved were RB1, GSK3B, 
PARP1, E2F1, BCL2, CTNNB1, AHR, HIF1A, TP53, 
and RELA (Fig. 2C). 

Identification and analysis of the hub genes 

Based on the analysis of hub genes using Cyto-
Hubba with five selected algorithms, nine overlap-
ping target genes were identified; TP53, EGFR, BCL2, 
CCND1, CTNNB1, HIF1A, CASP3, PARP1, and ESR1. 
These hub genes have the highest degree of connec-
tivity in the PPI network, and they are presented in 
Table 3. These nine gene targets were used as protein 
targets for molecular docking simulation analysis 
with ligands using eugenol and tamoxifen as refer-
ence compounds. 
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Figure 1. The representative pictures of Venn diagram and protein-protein network (PPI).  

(A) Eugenol chemical structure; (B) Tamoxifen chemical structure; (C) 43 Overlapping genes; (D) 35 intersection PPI genes. 

 

Table 2. KEGG pathway enrichment analysis. 

Pathway  Strength False discovery rate Matching protein 

Pathways in cancer 1.33 2.95e-24 CCND1,CDKN1B,RB1,TP53,EGFR,BAX,CXCL8,C
ASP3,NQO1,GSK3B,NOS2,CASP9,ESR2,E2F1,C

ASP7,AR,BCL2,GSTP1,RELA,ESR1,HRAS,HIF1A,

CTNNB1,NOTCH1 

Prostate cancer 1.82 1.55e-19 CCND1,CDKN1B,RB1,TP53,EGFR,GSK3B,CASP

9,E2F1,AR,BCL2,GSTP1,RELA,HRAS,CTNNB1 

Endocrine resistance 1.80 5.87e-18 CCND1,CDKN1B,RB1,TP53,EGFR,BAX,ESR2,E2

F1,BCL2,ESR1,HRAS,CYP2D6,NOTCH1 

Hepatitis C 1.58 2.21e-15 CCND1,RB1,TP53,EGFR,BAX,CASP3,GSK3B,CA

SP9,E2F1,RELA,TNF,HRAS,CTNNB1 

Human cytomegalovirus infection 1.47 2.37e-15 CCND1,RB1,TP53,EGFR,BAX,CXCL8,CASP3,GS

K3B,CASP9,E2F1,RELA,TNF,HRAS,CTNNB1 

Kaposi sarcoma-associated herpesvirus 

infection 
1.50 1.25e-14 CCND1,RB1,TP53,BAX,CXCL8,CASP3,GSK3B,CA

SP9,E2F1,RELA,HRAS,HIF1A,CTNNB1 

Small cell lung cancer 1.74 1.25e-14 CCND1,CDKN1B,RB1,TP53,BAX,CASP3,NOS2,C

ASP9,E2F1,BCL2,RELA 

Breast cancer 1.58 2.35e-14 CCND1,RB1,TP53,EGFR,BAX,GSK3B,ESR2,E2F1

,ESR1,HRAS,CTNNB1,NOTCH1 

Colorectal cancer 1.75 1.84e-13 CCND1,TP53,EGFR,BAX,CASP3,GSK3B,CASP9,

BCL2,HRAS,CTNNB1 
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Figure 2. Gene ontology (GO) enrichment analysis.  

(A) Biological process (BP); (B) Cellular components (CC); (C) Molecular function (MF). 

 
Molecular docking 

The protein targets were prepared using Auto-
Dock, which involve protein sterilization from water, 
addition of hydrogen, and ligand preparation to en-
hance the maximum binding energy value (Baran et 
al., 2017). This simulation will play a role in analyzing 
the atomic interactions between the small molecule 
ligand and the protein, as well as characterizing the 
orientation and conformation of the small molecule 
towards the binding site on the protein (Silakari and 
Singht, 2021). In simple terms, the simulation consists 
of two initial steps. The first step is pose prediction, 
which predicts the conformation of the ligand and its 

orientation at the binding site of the macromolecule 
or protein. The second step is the docking score, 
which calculates the affinity energy of the bond be-
tween the ligand and the protein. The binding affinity 
energy (kcal/mol) indicates the amount of energy 
required to form a bond between the ligand and the 
receptor. The lower the value, the more stable the 
bond between the ligand and receptor, and it is pre-
dicted to have a greater activity (Kesuma et al., 2018). 

Top target proteins from hub genes analysis were 
selected for further validation by molecular docking 
using AutoDock Vina 1.5.7 software. The 3D struc-
tures were downloaded from the PDB with the fol-
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lowing PDB IDs; 8SWJ (TP53), 8A2A (EGFR), 4MAN 
(BCL2), 2W96 (CCND1), 7AFW (CTNNB1), 4H6J 
(HIF1A), 1NMS (CASP3), 7KK3 (PARP1), and 7UJF 
(ESR1). Eugenol and tamoxifen were used as the test 
and reference component, respectively. The molecular 
docking observed the binding energy expressed in 
kcal/mol, which was used to evaluate the binding 
affinity between the ligand and the target protein 
(receptor). The presence of a binding energy below 0 
kcal/mol signifies a spontaneous interaction between 
the ligand and receptor. Furthermore, a binding ener-
gy lower than -5 kcal/mol suggested that the ligand 
and receptor may assemble with each other (Deng et 
al., 2022). The docking scores of the co-crystallized 
ligand, eugenol, and tamoxifen with the target pro-
teins are shown in Table 4. 

The three protein targets that showed the lowest 
binding affinity energy to eugenol were caspase-3 
(CASP3), epidermal growth factor receptor (EGFR), 
and poly [ADP-ribose] polymerase 1 (PARP1). CASP3 
was the target protein with the lowest binding affinity 
energy to eugenol, which is -5.73 kcal/mol. Schematic 
diagram of the protein-ligand interaction of CASP3 
showing the co-crystallized ligand forming hydrogen 
bonds at the protein pocket through amino acid resi-
dues ARG207, ARG64, GLY122, CYS163, ASN208, 
TRP214, PHE250, SER205, HIS121, and SER249 (Fig. 
3). Eugenol can bind to CASP3 by hydrogen bonding 
of amino acid residue ARG64 and hydrophobic inter-
action with ARG207, CYS163, ARG207, HIS121, 
TYR204, CYS163, and ARG207, where these amino 
acid residues are comparable to native ligand bonds. 
The hydrophobic interaction type in eugenol consists 
of alkyl and pi-alkyl. The binding affinity energy of 
eugenol to CASP3 was lower than that of tamoxifen, 
which served as the reference compound. Tamoxifen's 
binding affinity energy was -5.45 kcal/mo. 

EGFR was the second target protein of eugenol, 
which had the lowest binding affinity energy with a 
value of -5.58 kcal/mol. Protein-ligand interaction 
between the co-crystallized ligand and EGFR showed 
hydrogen bonding through amino acid residues 
LYS745, ASP855, LEU788, LEU862, and CYS775. Eu-
genol has also shown the same amino acid residues as 
the co-crystallized ligand on EGFR, namely by hy-
drogen bonding through amino acid residues LYS745, 
and ASP855. Eugenol also showed hydrophobic in-
teraction through amino acid residues ALA763, 
MET766, LEU861, and PHE856. The hydrophobic 
interaction type of eugenol consists of alkyl and pi-
alkyl. Compared to eugenol, the binding affinity en-
ergy of tamoxifen was lowest at -9.08 kcal/mol. Eu-
genol has the same binding pattern on EGFR as ta-
moxifen through hydrogen bonding with amino acid 
residue LYS745 and hydrophobic interaction through 
amino acid residues ILE759, LEU861, and LEU858 
(Fig. 4). 

PARP1 was the third target protein of eugenol that 
showed the lowest binding affinity energy with a 
value of -5.58 kcal/mol. The interaction of the co-
crystallized ligand-protein of PARP1 exhibited hy-
drogen bonding with amino acid residues of GLY863. 
Hydrophobic interactions were also observed through 
amino acid residues HIS862, TYR907, TYR889, 
TYR896, and ALA898. Compared to eugenol, tamoxi-
fen displayed a lower binding affinity energy of ap-
proximately -8.21 kcal/mol with protein-ligand inter-
actions through hydrogen bonds and hydrophobic 
interactions. Eugenol had the same protein-ligand 
interaction as tamoxifen through hydrophobic inter-
actions with amino acid residues HIS862, TYR896, 
TYR907, and ALA898. No hydrogen binding similari-
ty was found between eugenol and tamoxifen on the 
protein target PARP1 (Fig. 5). 

 
 

Table 3. Maximum neighborhood component (MNC), maximal clique centrality (MCC), edge percolated component (EPC), degree, 

and closeness of top hub genes. 

Gene name MNC MCC EPC Degree Closeness 

TP53 23.0 74586.0 25.15 23.0 29.83 

EGFR 18.0 74191.0 24.98 19.0 27.83 

BCL2 17.0 71784.0 24.75 17.0 26.66 

CCND1 17.0 57744.0 24.86 17.0 26.49 

CTNNB1 16.0 58854.0 24.64 16.0 26.16 

HIF1A 16.0 67932.0 24.62 16.0 26.33 

CASP3 15.0 21294.0 24.09 15.0 24.66 

PARP1 13.0 70681.0 24.02 14.0 25.33 

ESR1 12.0 46931.0 23.95 16.0 27.16 
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Table 4. Results of docking screening simulation. 

Protein PDB ID 
Auto grid dimension 

(Å) 

Binding energy (kcal/mol) 

Co-crystallized ligand Eugenol Tamoxifen 

CASP3 1NMS X: 21.742 

Y: 4.399 

Z: -2.536 

-12.31 -5.73 -5.45 

EGFR 8A2A X: -0,585 

Y: -2.536 

Z: -3.212 

-12,73 -5,58 9,08 

PARP1 7KK3 X: -122.962 

Y: 20.462 

Z: -21.404 

-9,54 -5,58 -8,21 

ESR1 7UJF X: -0,846 

Y: -15.023 

Z: -64.002 

-14,48 -5,27 -10,64 

TP53 8SWJ X: 23.249 

Y: 0.999 

Z: 31.352 

-8.90 -5.04 -6.32 

BCL2 4MAN X: -11.384 

Y: 9.906 

Z: 8.949 

-12,19 -4,39 -7,66 

CCND1 2W96 X: 11.986 

Y: 1.238 

Z: 37.387 

-5,7 -4,19 -5,3 

CTNNB1 7AFW X: 59.556 

Y: -40.342 

Z: 17.8 

-6.01 -3.60 -4.77 

HIF1A 4H6J X: -1.482 

Y: -20.944 

Z: 0.581 

-3,28 -3,28 -4,44 

 

DISCUSSION 

Breast cancer is a type of cancer that occurs mostly 
in women, and currently, breast cancer therapy is 
based on the tumor subtype. The main subtypes of 
breast cancer are Luminal A (Estrogen Receptor +, 
Progesterone Receptor +, and Human Epidermal 
Growth Factor 2 -), Luminal B (Estrogen Receptor +, 
Progesterone Receptor +, and Human Epidermal 
Growth Factor 2 +), HER2 enrich (Estrogen Receptor -
, Progesterone Receptor -, and Human Epidermal 
Growth Factor 2 +), and triple-negative or basal-like 
types. Treatment of estrogen receptor-positive (ER+) 
patients involves endocrine therapy and chemothera-
py (Kinnel et al., 2023). Breast cancer is a complex 
disease characterized by genetic heterogeneity, with 

alterations in driver genes affecting response to ther-
apy. It is essential to understand the mechanism of 
breast cancer in order to refine treatment strategies (Li 
et al., 2021). In this study, we investigated the effect of 
eugenol on estrogen-positive breast cancer types and 
analyzed its mechanism of action using a network 
pharmacology approach and molecular docking sim-
ulation. We obtained nine potential targets based on 
five algorithms that described the highest degree of 
connectivity of the nine protein targets. These poten-
tial targets consist of TP53, EGFR, BCL2, CCND1, 
CTNNB1, HIF1A, CASP3, PARP1, and ESR1. Based 
on our KEGG pathway analysis, these nine potential 
targets were included as genes that play a role in can-
cer and breast cancer.  
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Figure 3. The represented results for the action mode of active compounds with CASP3 targets protein using molecular docking.  

(A) Action mode of native ligand; (B) Action mode of eugenol; (C) Action mode of tamoxifen. 

 
CASP3 is a member of the caspase protease family, 

which maintains homeostasis by regulating cell death 
and inflammation. Many previous studies have 
demonstrated an association between CASP3 and 
breast cancer. CASP3 plays a role in apoptosis, pyrop-
tosis, and anti-inflammatory effects. Apoptosis is the 
primary mechanism to kill tumor cells, and pyropto-
sis is immune cell death that can produce immune 
factors such as interleukin-1β (IL-1β) and IL-18 that 
can kill tumors (Dou et al., 2023). Molecular docking 
simulations conducted in this study showed that 
CASP3 is the target protein with the lowest binding 
affinity energy compared to other target proteins. The 
protein-ligand interaction between CASP3 and euge-
nol showed the lowest binding affinity energy com-

pared to the reference compound (tamoxifen). Our 
results suggest that eugenol has good binding activity 
with CASP3, and eugenol could potentially exert anti-
cancer effects by binding to the target.  

In vitro studies investigating the effects of eugenol 
on estrogen-positive breast cancer have been con-
ducted by previous studies. Eugenol has been shown 
to increase the pro-apoptotic protein Bax, enhance the 
levels of cleaved caspase 3 and 9, and suppress the 
anti-apoptotic protein BCL-2 (Islam et al., 2018). Ad-
ditionally, eugenol can reduce the expression of sev-
eral oncoproteins that are highly expressed in breast 
tissue  and survivin (Al-Sharif et al., 2013). The ad-
ministration of eugenol can also disrupt the integrity 
of mitochondria and plasma membrane, leading to 
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Figure 4. The represented results for the action mode of active compounds with EGFR targets protein using molecular docking. 

(A) Action mode of native ligand; (B) Action mode of eugenol; (C) Action mode of tamoxifen. 

 
the release of cytochrome-c and lactate dehydrogen-
ase (LDH) into the culture medium (Al Wafai et al., 
2017). 

Our study also showed the potency of eugenol 
against EGFR and PARP1 protein targets. EGFR ex-
pression occurs in approximately 14-91% of breast 
cancers, and this expression change is associated with 
breast cancer aggressiveness, as well as poor progno-

sis. Generally, EGFR occurs in estrogen receptor-
negative (ER-) subtype of breast cancer with only 
about 11% occurrence in estrogen receptor-positive 
(ER+) breast cancer. Breast cancers that express high 
levels of EGFR may be associated with loss of ER-α 
and development of endocrine resistance (Jeong et al., 
2019). PARP1 is the main source of nuclear poly 
(ADP-ribose) (PAR) derived from NAD+, which is 
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Figure 5. Results for the action mode of active compounds with PARP1 targets protein using molecular docking.  

(A) Action mode of native ligand; (B) Action mode of eugenol; (C) Action mode of tamoxifen. 

 
produced in response to genotoxic stress (Krishnan et 
al., 2023). PARP-1 is upregulated in a wide range of 
cancer cell lines and malignant tissues. Additionally, 
in breast cancer cell lines, the basal activity of PARP-1 
is highly variable and does not appear to be affected 
by DNA damage (Gadad et al., 2021). Krishnakumar's 
study showed PARP1 is located in the promoter re-
gion of MCF-7 breast cancer cell line in more than 
90% of gene expression (Krishnakumar et al., 2008). 
Gadad's study showed that PARP1 belongs to cancer-

related pathways, including ER+ breast cancer (Gad-
ad et al., 2021). The results of network pharmacology 
and molecular docking in this study support previous 
experimental studies, particularly in the apoptosis 
pathway. 

This study used a computational technique ap-
proach and validation with molecular docking simu-
lation. Due to the complex mechanisms and processes 
of disease signaling networks, network-based multi-

https://jppres.com/


Sihombing and Arsianti Eugenol against estrogen receptor-positive breast cancer 

 

https://jppres.com  J Pharm Pharmacogn Res (2024) 12(5): 849 

 

target and combination therapy provides a novel ap-
proach to drug discovery (Löscher and Klein, 2022). 
The network pharmacology paradigm presents a bio-
informatics network that showcases the interconnec-
tions between multiple disease genes and drug target 
genes, thereby elucidating drug-disease interactions 
and facilitating the development and application of 
innovative drugs (Li et al., 2023). 

The drawbacks of this study were that molecular 
docking was only performed on three protein targets, 
whereas network pharmacology revealed the in-
volvement of several interacting proteins in estrogen-
positive breast cancer mechanisms. Therefore, future 
research should involve a more extensive analysis of 
eugenol binding to other protein targets. Another 
limitation is that the ligand binding energy values are 
relatively high, indicating the need for optimization 
in selecting protein targets from the PDB database to 
obtain more effective results. The findings of this 
study are also limited to estrogen receptor-positive 
breast cancer and thus do not fully depict the overall 
mechanism of breast cancer. 

CONCLUSION 

A network pharmacology study and molecular 
docking revealed the anticancer effect of eugenol 
against estrogen receptor–positive breast cancer, es-
pecially in cancer and apoptotic pathways by acting 
on CASP3, EGFR, and PARP1 signaling pathways. 
This study identified 35 protein targets that contribute 
to the mechanism of estrogen receptor–positive breast 
cancer. The molecular docking analysis also indicated 
the potential of eugenol to target the CASP3 protein 
in breast cancer. In the future, further analysis with a 
larger number of protein targets and validation 
through experimental studies will be needed to con-
firm these findings. 
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