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There is a significant concentration of bioactive substances in the cashew plant, which is known scientifically as
Anacardium occidentale L. These compounds, which are primarily found in the spongy shells of cashew nuts, include
phenolic lipids. The liquid that is taken from the shell of the cashew nut contains a lot of cardanol, which is a
chemical that has many different applications, the most important of which is that it is a versatile building block that
can be used in a variety of different sectors. In addition to their application in industry, cashews and the bioactive
components that they contain are well-known for their important biological impacts. In this work, the anticancer
potential of cardanol, which is a primary component of cashew nut shell liquid, is evaluated through the use of in
silico analysis. This analysis is essential for determining the principal gene targets and cellular signaling pathways
that are affected by cardanol in the setting of oral cancer. During the research, 23 genes were discovered to be
involved in a wide range of biological processes. These processes include cell migration, proliferation, apoptosis
regulation, PI3K-AKT pathway regulation, and cell cycle control. The genes PIK3CA, CCND1, MMP1, and MTOR
were the ones that were implicated in the top 10 pathways the most frequently. These genes are all closely related to
the PI3K signaling pathway, which suggests that this system may be essential for Cardanol’s potential therapeutic
effects in treating oral cancer. Cardanol has been shown to have a substantial anti-proliferative effect on oral cancer,
which indicates that it has the potential to be used as a therapeutic agent, according to the findings of the in-silico
assessment. These findings may contribute to developing oral cancer treatments that are more effective and suited to
the patient’s specific needs, ultimately resulting in improved treatment outcomes.

INTRODUCTION

183 nations. Oral cancer is the predominant malignancy in India,

Cancer is a significant societal, public health, and
economic challenge in the twenty-first century, responsible
for approximately one in six deaths (16.8%) and one in four
fatalities from non-communicable diseases (NCDs) (22.8%)
worldwide. The disease constitutes 30.3% of global premature
fatalities from NCDs among individuals aged 30-69 years,
ranking as one of the three leading causes of death in 177 out of
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with a 10.4% rise in incidence and a 9.3% overall mortality rate
across both genders. It ranks as the sixth most prevalent kind
of cancer worldwide [1]. Surgical resection remains a crucial
element of cancer therapy; however, a significant challenge is
the elevated risk of cancer recurrence in numerous patients,
often occurring within a few timeframe [2].

Recent research has demonstrated that medicinal
plants may act on several targets within signal transduction
pathways, potentially modulating gene expression, cell cycle
progression, cellular proliferation, and/or apoptosis to delay the
onset of certain diseases [3,4] and cancer.

Anacardium occidentale (Anacardiaceae) can be
found throughout the world’s tropical climates. The true fruit
of A. occidentale grows on the edge of a pseudo-fruit known as
the “cashew,” and the chestnut generates cashew nut shell liquid
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(CNSL). CNSL is a natural source of meta-alkyl phenols. These
consist of combinations of saturated and unsaturated side chains
[5,6]. Cardanol, a principal constituent of CNSL, is recognized
for its diverse applications, including in polymer industries,
paints and varnishes, laminating resins, rubber compounding
resins, epoxy resins, and as a chemical intermediary [7-9].
Cardanol was initially studied in 1987 for its anticancer
efficacy against Sarcoma 180 ascites. It was extracted from
the sarcotesta of Ginkgo biloba L. and evaluated via the total
packed cell volume technique in mice, exhibiting significant
efficacy at a dosage of 40 mg/kg [10].

Moreover, the 1,4-disubstituted triazole moiety has
been associated with diverse biological activities, including
the inhibition of the Bel-7402 hepatoma carcinoma cell line
[11], efficacy against MCF-7, HeLa, and HEK293 cells [12],
inhibition of the HDAC6 pancreatic cancer cell line [13], and
cytotoxicity towards the A-549 human lung squamous carcinoma
cell line [14]. Cardanol, a phenolic compound derived from the
cashew tree (Anacardiaceae), has been associated with several
biological effects, including antiproliferative, antibacterial,
and antioxidant activities [15,16]. The specific molecular
mechanism of action remains unclear.

Network pharmacology, an innovative methodology
in drug discovery, offers a promising way of addressing the
complexities of cancer. Conventional methods often inadequately
address the intricate networks that drive cancer proliferation.
Network pharmacology, integrating computational biology and
network analysis, facilitates the precise targeting of dysregulated
signaling pathways in cancer. This method seeks to identify
optimal therapeutic targets and combinations for cancer growth
inhibition by simulating drug-target interactions inside cellular
networks. It has the capacity to surmount drug resistance and
mitigate harmful effects by targeting the disease at the systemic
level through synergistic interactions. Computational models
and algorithms are essential in optimizing potential drug
combinations, facilitating the advancement of effective multi-
target cancer therapy [17,18]. Consequently, this study employed
in silico network pharmacology to identify the principal gene
targets and cellular signaling pathways influenced by Cardanol
in Oral cancer, thereby establishing a foundation for future
therapeutic developments.

METHODOLOGY

Drug-likeness (DL) prediction of cardanol

The DL of Cardanol was assessed using Lipinski’s
Rule of Five (ROS5) to ascertain its suitability as an
oral medication for humans. A multitude of parameters
was examined. The SMILES format of cardanol,
C=CCC=CCC=CCcCccrcceel=ce=cee=Ccno, was
submitted to the SwissADME server (http://www.swissadme.
ch), an online resource for assessing parameters including
absorption,  distribution, metabolism, excretion, oral
bioavailability, and DL [19].

Target proteins of cardanol and potential targets in oral
cancer

The “Swiss Target Prediction database (http://www.
swisstargetprediction.ch/)” [20] was employed to ascertain

the probable targets of Cardanol by predicting the related
genes. The DisGeNet database was utilized to identify genes
linked to oral cancer, which were subsequently compared to
those associated with Cardanol. The overlapping genes were
identified and chosen for more examination.

Gene ontology (GO) and pathway enrichment

The Database for Annotation, Visualization, and
Integrated Discovery (DAVID, https://david.ncifcrf.gov/, ver.
6.8) and the ShinyGO database (http://bioinformatics.sdstate.
edu/) were utilized for GO and KEGG pathway enrichment
analyses, respectively. DAVID serves as a tool for annotating
and understanding gene lists, while ShinyGO is specifically
designed for GO and pathway enrichment analysis. KEGG is
an extensive database that provides graphical representations
of biological pathways [21-24]. The GO database offers
substantial functional genomics data, including definitions and
classifications of gene functions [25]. Clinical and pathological
data were utilized to meticulously identify pathways linked to
oral cancer. Bubble charts and histograms were generated for
data visualization and interpretation utilizing the Bioinformatics
Cloud Platform (http://www.bioinformatics.com.cn/), an online
resource focused on data processing and presentation [26].

Protein-protein interaction (PPI) analysis

PPI is essential to biological processes (BPs) for
understanding the complex systems functioning within living
cells [27]. A cluster of target genes was analyzed using the
Search Tool for the Retrieval of Interacting Genes (STRING)
database (http://string-db.org/; version 11.5) to delineate the
PPI network. The analysis was restricted to “Homo sapiens”
to guarantee high-quality data, with a confidence threshold
exceeding 0.9. The resultant PPI network was constructed using
Cytoscape (https://cytoscape.org/; version 3.10.1), a widely
utilized bioinformatics application for data visualization and
integration [28]. The MCODE plugin of Cytoscape was utilized
to identify clusters or strongly interconnected areas within the
PPI network. The cytoHubba plugin (https://apps.cytoscape.
org/apps/cytohubba; version 0.1) was employed to identify
central proteins, or Hub Genes, within the network.

Molecular docking assessment between hub genes and
cardanol

Molecular docking was employed to examine the
mechanisms and interactions between the putative proteins
(hub genes) and Cardanol. This analysis aimed to ascertain
the interactions between the hub targets and Cardanol. CB-
Dock (http://cao.labshare.cn/cb-dock) was employed for
molecular docking, which autonomously identifies active
sites within a protein, computes their centers and dimensions,
and modifies the grid box size according to the query ligands
[29]. The target protein crystal structures were sourced from
the Protein Data Bank (http://www.rcsb.org), while Cardanol’s
three-dimensional structure was acquired from the PubChem
chemical database (https://pubchem.ncbi.nlm.nih.gov/). The
protein and ligand structures were subsequently imported into
CB-Dock for docking analysis, enabling researchers to examine
the binding activity of the proteins with Cardanol.
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Gene expression levels and overall survival analysis of hub
genes

This study utilized the University of Alabama at
Birmingham CANcer data analysis (UALCAN) database
(https://ualcan.path.uab.edu/analysis.html) to validate the
differential expression of hub genes in oral cancer and normal
oral tissues. UALCAN is an interactive online platform for
analyzing cancer OMICS data, developed with PERL-CGI,
JavaScript, and CSS to guarantee superior graphics quality. It
provides instruments for identifying biomarkers and validating
prospective genes. It facilitates the generation of graphs and plots
for expression profiles and patient survival data across diverse
gene types, in addition to evaluating epigenetic regulation
through promoter methylation and pan-cancer gene expression
research. Moreover, UALCAN facilitated the examination of
these genes according to pathological stages, offering essential
insights into their expression patterns across various disease
stages [30]. Patients with oral cancer were categorized into
two groups according to the expression levels of the hub genes:
low and high. A Kaplan—Meier survival plot was generated to
compare the survival rates of the two groups. Moreover, hazard
ratios accompanied by 95% confidence intervals and log-rank
p-values were computed for additional statistical significance
assessment.

RESULTS

Molecular properties of cardanol

Our research indicates that Cardanol adheres to
Lipinski’s ROS5. Lipinski’s RO5 characterizes a drug-like
compound as possessing a molecular weight under 500 g/mol,
a polar surface area of 140 A2 or less, and a calculated octanol/
water partition coefficient (XLogP3) below 5. These three
elements are essential for optimal drug-ligand interactions.
The molecular features of cardanol conform to the ROS5
requirements, indicating it possesses advantageous drug-like
qualities.

Target identification and analysis

We queried the DisGeNet database for targets
associated with oral cancer utilizing the keyword “Lip and
Oral Cavity Carcinoma.” This screening found 734 targets
linked to oral cancer. Additionally, the Swiss Target Prediction
database was utilized to identify Cardanol targets, resulting
in the discovery of 100 targets. A comparison of the Cardanol
targets and the targets linked to oral cancer identified a common
collection of 23 genes in both datasets (Table 1).

Development of PPI network and determination of key targets

The STRING Database was utilized to examine protein
interactions among the specified targets. The PPI network was
subsequently reanalyzed to identify modules utilizing MCODE
in Cytoscape 3.10.2. The network of 23 common genes
exhibited a p-value of less than 1.0e-16, signifying that these
proteins interact more frequently than would be anticipated
from a randomly chosen set of proteins from the genome with
comparable size and degree distributions. Figure 2 illustrates
that the proteins function as a biological unit. Utilizing

Cytoscape’s MCODE clustering plugin, we identified clusters
with a degree cut-off of 2, a node score cut-off of 0.2, a K-core
of 2, and a maximum depth of 100. These were identified as
linked to the negative regulation of the G1/S transition in the
mitotic cell cycle, the positive control of cellular proliferation,
the positive control of apoptosis, the positive regulation of cell
migration, and the positive regulation of the PI3K signaling
cascade (Fig. 1).

Top hub genes analysis

The study determined the top 10 hub genes by applying
a variety of algorithms and in that degree, the algorithm was
considered. These genes are as follows: BRAF, CDKNIB,
STAT3, MMP9, PTGS2, PARP1, MTOR, MMP2, MAPK 14,
and PTK2. STAT3 was the most notably activated gene among
these hub genes (Table 2, Fig. 2).

Table 1. Number of 23 common genes present between oral cancer
and cardanol with their details.

Common
genes between Uniprot
S.No. oral cancer & Name ID
cardanol
1 CXCR3 C-X-C chemokine receptor type 3 P49682
2 PTGS2 Cyclooxygenase-2 P35354
3 PTK2 Focal adhesion kinase 1 Q05397
4 ALOX5 Arachidonate 5-lipoxygenase P09917
5 HPGDS Hematopoietic prostaglandin D 060760
synthase
6 BRAF Serine/threonine-protein kinase B-raf ~ P15056
7 MMP3 Matrix metalloproteinase 3 P08254
8 MMP2 Matrix metalloproteinase 2 P08253
9 CCND1 CDK4 Cyclin-dependent kinase 4/cyclin D1 P24385
P11802
10 AKRI1BI1 Aldose reductase (by homology) P15121
11 MAPK 14 MAP kinase p38 alpha Q16539
12 DAGLA Snl-specific diacylglycerol lipase Q9Y4D2
alpha
13 STAT3 Signal .trapsducer and activator of P40763
transcription 3
14 CTSB Cathepsin (B and K) P07858
15 PARP1 Poly [ADP-ribose] polymerase-1 P09874
16 KDMI1A Lysine-specific histone demethylase 1 060341
17 GRMS5 Metabotropic glutamate receptor 5 P41594
(by homology)
18 TSPO Translocator protein (by homology) P30536
19 MTOR Serine/threonine-protein kinase P42345
mTOR
20 PIK3CA PI3-kinase p110-alpha subunit P42336
21 MMP9 Matrix metalloproteinase 9 P14780
22 MMP1 Matrix metalloproteinase 1 P03956
23 WEE1 Serine/threonine-protein kinase P30291

WEE1
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Figure 1. PPI network of 23 common genes: (A) cluster of 23 common genes, (B) cluster 2 consisting of 21 genes, (C) cluster 2
consisting of 2 genes. MCODE clustering plugin from Cytoscape was used to identify the clusters where the max depth = 100,
the degree cutoff = 2, the node score cutoff = 02, and the K-core = 2 were used as statistical parameters present in the Cytoscape.
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Figure 2. Figure showing the top 10 hub genes from common 23 genes
calculated by Cytohubba plugin in Cytoscape.

GO enrichment analysis

The GO enrichment analysis of the 23 hub genes
identified around 98 GO terms. The research identified that these
targets are associated with angiogenesis, collagen degradation,
protein phosphorylation, negative control of apoptosis, and
phosphorylation within BPs. The cytosol, nucleus, extracellular

Table 2. Various algorithms are used to determine the top 10 hub
genes based on CytoHubba plugin in Cytoscape 3.10.2 software.

Algorithms MCC MNC Degree
GENES STAT3 STAT3 STAT3
PARP1 MMP9 MMP9
MTOR PARP1 PTGS2
BRAF PTGS2 PARP1
MMP9 MTOR MTOR
MAPK 14 MMP2 MMP2
PTGS2 MAPK 14 MAPK 14
CDKNIB BRAF BRAF
MMP2 CDKNIB CDKNIB
PIK3CA PTK2 PTK2

space, and mitochondria were incorporated into the cellular
component (CC) analysis. The targets predominantly engage in
serine/threonine protein kinase activity, ATP-binding, tyrosine-
protein kinase activity, and enzyme binding (Fig. 3).

KEGG enrichment analysis

The KEGG pathway analysis revealed 84 pathways.
The top 27 paths from this group were selected for further
investigation. The top 10 hub genes were demonstrated to be
closely connected with a number of pathways, including the
pathways in cancer, TNF and FoxO, proteoglycans in cancer, and
the PI3K-Akt signaling pathway (Fig. 4). The KEGG pathway
analysis identified 84 pathways. The foremost 27 pathways
from this cohort were chosen for additional examination. The
10 principal hub genes were shown to be intricately associated
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Figure 3. GO enrichment analysis was obtained by taking 10 BPs, 10 molecular functions (MFs), and 10 CCs from DAVID database. The data are presented using
SRplot tool considering a maximum number of genes involved in each process as a primary parameter.
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Figure 4. An enrichment graph showing the top 27 signaling pathways linked to oral cancer. Gene count is represented by the X-axis, while various pathways that are
classified into distinct BPs are represented by the Y-axis.
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Table 3. Top 10 pathways chosen based on the highest number of genes involved, including all significant details.
Term Count % p value Genes Fold enrichment FDR
CCND1, PIK3CA, MMP1, CDK4,
hsa05200: Pathways in cancer 11 45.83333 3.27E-07  MMP2, STAT3, BRAF, PTGS2, MMP9, 7.601626016 8.92E-06
PTK2, MTOR
. CCND1, PIK3CA, MMP2, STAT3,
hsa05205: Proteoglycans in cancer 9 37.5 2.55E-08 BRAF, MAPK 14, MMP9, PTK2, MTOR 16.25 1.39E-06
hsa05163: Human cytomegalovirus CCND1, PIK3CA, CDK4, STAT3,
infection 8 33.33333 1.13E-06 MAPK 14, PTGS2, PTK2, MTOR 13.03834808 2.38E-05
hsa04657:1L-17 signaling pathway 5 20.83333 9.48E-05 MMP1, MMP?\;HI:}?;)KM’ PTGS2, 19.38596491 6.89E-04
hsa04668: TNF signaling pathway 5 20.83333 2.27E-04 PIR3CA, MMPI;’I\I/}/II;;PKM’ PTGS2, 15.47619048 0.00137344
hsa04068: FoxO signaling pathway 5 20.83333 3.37E-04 CCNDI, PIR3CA, STAT3, BRAF, 13.9520202 0.00175156
MAPK14
hsa04218: Cellular senescence 5 20.83333 6.52E-04 CCND, PIK}?V/;ES:{)KA" MAPK14, 11.73036093 0.00284092
hsa05169: Epstein-Barr virus infection 5 20.83333 0.001697 CCNDL, Pniii?l’(?}‘n@" STATS, 9.072249589 0.00474267
hsa04151: PI3K-Akt signaling pathway 5 20.83333 0.013207 CCNDI, PIK3CA, CDK4, PTK2, MTOR 5.08747698 0.02937781
hsa04370: VEGF signaling pathway 4 16.66667 4.78E-04 PIK3CA, MAPK 14, PTGS2, PTK2 24.55555556 0.00226523

with several pathways, including pathways in cancer, TNF and
FoxO, proteoglycans in cancer, and the PI3K-Akt signaling
pathway (Fig. 4). The genes MTOR, PIK3CA, CCDNIB,
MMP9Y, STAT3, and PTGS2 were consistently implicated in the
top 10 pathways. The genes exhibited a robust correlation with
the PI3K-Akt signaling pathway, which governs various cellular
processes associated with cancer formation, including protein
synthesis, metabolic pathways, cell survival, proliferation, and
gene expression [21,22,31]. The findings shown in Table 3
indicate that Cardanol may be effective in treating oral cancer,
with the PI3K-Akt signaling pathway identified as a principal
target.

Confirmation of hub target by molecular docking

Ten hub genes underwent molecular docking studies
to assess the validity of drug-target interactions. The docking
capability of cardanol with STAT3, MMP9, CCDN1B, PIK3CA,
PTGS2, MMP2, MAPK14, BRAF, PTK2, and MTOR was
evaluated via CB-DOCK. A reduced energy value signifies an
increased likelihood of interaction, as the ligand adopts a more
stable shape following receptor contact. This study’s findings
indicate that Cardanol exhibits significant binding affinity to
the core targets, with binding energies between Cardanol and
all core target proteins falling below —5.0. Table 4 presents
the binding energies, whereas Figure 5 illustrates docking
schematic representations that demonstrate the interaction
between the target proteins and Cardanol.

mRNA expression levels of hub genes

We examined the relationship between the pathological
stages of oral cancer and the mRNA expression levels of the
hub genes. The data indicated that PTGS2 and MMP9 were
overexpressed in stages two and three. MAPK 14 is present in

Table 4. Molecular docking scores of cardanol and 10 hub target
proteins determined by CBDock database are presented with details.

Receptor PDB ID Binding energy kcal/Mol
STAT3 4Z1A =55
MMP9 1L6J 7.1
PTGS2 SF19 -7.6
PARP1 1UK1 7.6
MTOR 3JBZ -7.3
MMP2 1CK7 —8.2

MAPK 14 1R39 —6.2
BRAF 4MNF -8.4

CDKNIB 50Q3 —5.6

PTK2 6182 =74

stages | and 2, PARPI in stages 2 and 4, MTOR in stages 1 and
3, and mp?2 in stage 1. PTK2 expression was increased at every
stage of the ovarian cancer process (Fig. 6). The results indicate
that the expression levels of these genes may contribute to the
progression of oral cancer.

Survival analysis of the hub genes

The ten hub genes—STAT3, MMP9, CCDNIB,
PIK3CA, PTGS2, MMP2, MAPKI14, BRAF, PTK2, and
MTOR—underwent survival analysis. Approximately 495
patients with oral carcinoma were examined utilizing data from
the TCGA database. All hub genes demonstrated a significant
association (p < 0.05, Fig. 7) with poor prognosis, as indicated
by the data.
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Figure 5. Sketch and matching diagrams of molecular docking of cardanol and top 10 hub genes [target proteins]. (A) 3D presentation of interaction between
cardanol and hub genes MMP9, MMP2, MAPK 14, BRAF, PARP1, MTOR, STAT3, PTGS2, CDKNI1B, and PTK2, (B) 2D presentation of interaction showing
presence of various components like various amino acids and intermolecular bonds between cardanol and hub genes MMP9, MMP2, MAPK 14, BRAF, PARPI1,
MTOR, STAT3, PTGS2, CDKNI1B, and PTK2.
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DISCUSSION

Despite ongoing research and advancements in therapy,
clinical outcomes and overall survival rates for HNSCC have
not improved in recent decades, with a bleak 5-year survival
rate of under 50% documented [32,33]. Due to the suboptimal
clinical outcomes and elevated toxicity associated with existing
head and neck cancer treatments, researchers are investigating
innovative pharmaceuticals with reduced toxicity profiles. The
objective is to enhance therapy results while reducing adverse
drug effects. Recent years have witnessed a heightened interest
in the exploration of complementary and alternative medicine
as a legitimate option for cancer treatment.

This work employed an in-silico methodology to
evaluate the anticancer properties of Cardanol. This investigation
identified a set of 23 genes common to myricetin and oral
cancer. These genes govern numerous BPs, encompassing
the chemical carcinogenesis-ROS pathway, the PI3K-Akt
signaling cascade, the Ras signaling pathway, cancer-related
pathways, and microRNAs associated with cancer. AKTI,
EGFR, and MET were recognized as pivotal genes within the
top 10 hub genes. EGFR, MET, MMP2, AKT1, and MMP9
were consistently associated with all ten identified pathways.
The EGFR signaling pathway, including AKT1, seems to be
a pivotal mechanism for myricetin’s potential efficacy in oral
cancer treatment. The mRNA expression levels of AKTI,
MMP2, PARP1, MET, and CA9 were elevated in oral cancer
tissues. Immunohistochemistry revealed a modest elevation
in the protein expression of PARP1, CDK1, and MET in oral
cancer tissues relative to normal oral tissues. The binding
energies and schematic representations of AKT1 [—6.6] and
MET [-7.6], derived from molecular docking data, indicated
a substantial correlation and the activity of myricetin. This
indicates that myricetin may engage in the PI3K-Akt pathway
by influencing the AKT1 gene.

Teerasripreecha et al. [15], reported that cardanol
and cardol present in propolis had significant in vitro
antiproliferative and cytotoxic effects against the human colon
cancer cell line SW620, resulting in necrosis. Additionally,
Cardanol and Cardol have no detrimental effects in vitro on the
normal Hs27 cell line. This is important since numerous current
cancer therapies have harmful side effects when applied to
healthy cells. N-ethyl-N-(2-methoxybenzyl)amine derivatives
inhibit acetylcholinesterase (AChE) and demonstrate minimal
cytotoxicity at concentrations up to 100 uM in HT-29 human
colon cell lines [34].

Notwithstanding their various potential therapeutic
uses, medicinal herbs may possess mutagenic, co-
carcinogenic, and/or carcinogenic characteristics [35].
Foods abundant in antioxidants may aid in the prevention
or treatment of diseases such as diabetes, arteriosclerosis,
and cancer [36]. The issues primarily arise from errors or
mutations in the metabolic process and are categorized as
mutagenic compounds due to their capacity to compromise
DNA integrity and elevate cancer risk. Consequently, damage
to genetic material can be detected utilizing genotoxicity
biomarkers, such as the micronucleus test and the comet
assay [37].

Cardanol suppressed the proliferation of BT-474
cells in a time- and dose-dependent fashion, corroborating
previous findings. The CEE of propolis from various regions
in Korea reduced angiogenesis, including tube formation
of human umbilical vein endothelial cells (HUVECS), in
a dose-dependent manner (6.25-25 pg/ml). Moreover,
in a dose-dependent manner (3.13-25.5 pg/ml), the CEE
of propolis from the Uijeongbu and Pyoseon regions
significantly inhibited HUVEC proliferation [38]. Given that
Cardanol induces apoptosis. Cardanol is recognized in prior
investigations as a significant antioxidant and antimutagenic
compound [16, 39-41]. Cardanol and cardol elicited
cytotoxicity and apoptosis in cancer cells without causing
DNA damage, suggesting their potential as antiproliferative
agents [15]. Neto et al. [42] conducted relevant research on
the cytotoxicity of CNSL components and their derivatives
in relation to oral squamous cell cancer. Cells were subjected
to 25 ng/pl doses of both parental and derived compounds
for durations of 24, 48, and 72 hours. Compound diluents
ethanol and staurosporine (300 nM) served as positive
and negative controls, respectively. The study’s findings
unequivocally confirmed the cytotoxicity of CNSL and its
potential application as a chemotherapeutic agent. The study
focuses on a certain crucial gene, deliberately excluding a
thorough investigation of the complete dataset for the time
being. The authors intentionally concentrated on specific
genes to simplify the analysis and maintain a reasonable
scope. Although in silico methods offer robust tools for
biological study, their limits highlight the need to integrate
them with experimental techniques and to perpetually refine
models to improve accuracy and relevance.

CONCLUSION

The research indicates that cardanol may be effective
in preventing oral cancer by targeting several critical genes
and pathways. Molecular docking techniques can validate
positive interactions between hub genes and important targets.
This methodology elucidates that in-silico analysis facilitates
a comprehensive assessment across various aspects, hence
enhancing our understanding of Cardanol’s mechanisms.
It is essential to recognize that in-silico results are merely
initial predictions that require further experimental validation
to be deemed accurate and pertinent. A more prudent and
equitable evaluation of the study’s results would highlight their
exploratory character.
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