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Abstract

Context: Colorectal cancer (CRC) remains one of the leading causes of cancer-related mortality worldwide, highlighting the need for novel targeted therapies.
Clitoria ternatea (CT), a medicinal plant with diverse bioactive compounds, shows promising anticancer potential in preclinical studies, yet its molecular
mechanisms in CRC remain poorly understood.

Aims: To elucidate the anti-CRC mechanisms and potential therapeutic targets of CT compounds through integrated bioinformatics and network pharmacology
approaches.

Methods: Active CT compounds were obtained from the literature and screened for drug-likeness. CRC-associated targets from GeneCards were intersected
with CT-related targets to identify overlapping candidates. Overlapping targets were analyzed using network pharmacology, Gene Ontology (GO), and KEGG
pathway enrichment. Hub genes were validated through mRNA expression, pathological stage correlations, and molecular docking, followed by 100-ns
molecular dynamics simulations to assess binding stability.

Results: Thirty-two CT compounds and eleven potential CRC-related targets were identified, with CCND1 and HSP90AB1 emerging as central hub genes linked
to the PI3K/AKT and CRC signaling pathways. Ellagic acid exhibited the strongest binding affinity to CCND1 (-8.3 kcal/mol) and HSP90ABL1 (-9.5 kcal/mol), and
maintained conformational stability during simulations, outperforming control ligands. These findings highlight the multi-target therapeutic potential of CT in
CRC. Further in vitro studies are needed to investigate CCND1 and HSP90AB1 expression, cell proliferation, and apoptosis in CRC models.

Conclusions: CT exhibits multi-target anti-CRC potential by modulating CCND1 and HSP90AB1, suggesting a mechanistic link to the PI3K/AKT signaling pathway.
These results support further validation (in vitro and in vivo studies) of CT and ellagic acid as potential adjuvant CRC therapies.

Keywords: colorectal cancer; Clitoria ternatea; network pharmacology; molecular docking; molecular dynamics; bioinformatics; PI3K-Akt pathway.

Resumen

Contexto: El cancer colorrectal (CCR) sigue siendo una de las principales causas de mortalidad por cancer en todo el mundo, lo que pone de relieve la necesidad
de nuevas terapias dirigidas. Clitoria ternatea (CT), una planta medicinal con diversos compuestos bioactivos, muestra un prometedor potencial
anticancerigeno en estudios preclinicos; sin embargo, sus mecanismos moleculares en el CCR siguen siendo poco conocidos.

Objetivos: Dilucidar los mecanismos anti-CCR y las posibles dianas terapéuticas de los compuestos CT mediante enfoques integrados de bioinformatica y
farmacologia en red.

Métodos: Los compuestos CT activos se obtuvieron de la literatura y se analizaron para determinar su similitud con farmacos. Las dianas asociadas al CCR de
GeneCards se cruzaron con dianas relacionadas con CT para identificar candidatos solapantes. Las dianas solapantes se analizaron mediante farmacologia de
redes, Ontologia Génica (GO) y enriquecimiento de la via KEGG. Los genes hub se validaron mediante la expresién de ARNm, correlaciones de estadios
patoldgicos y acoplamiento molecular, seguido de simulaciones de dindmica molecular de 100 ns para evaluar la estabilidad de la unién.

Resultados: Se identificaron treintay dos compuestos CT y once posibles dianas relacionadas con el CCR. CCND1y HSP90AB1 se perfilaron como genes centrales
vinculados a las vias de sefializacién PI3K/AKT y CCR. El dcido eldgico mostrd la mayor afinidad de unién a CCND1 (-8,3 kcal/mol) y HSP90ABL (-9,5 kcal/mol),
y mantuvo la estabilidad conformacional durante las simulaciones, superando a los ligandos de control. Estos hallazgos resaltan el potencial terapéutico
multidiana de CT en el CCR. Se requieren mas estudios in vitro para investigar la expresién de CCND1 y HSP90ABL, la proliferacién celular y la apoptosis en
modelos de CCR.

Conclusiones: CT exhibe potencial anti-CCR multidiana al modular CCND1 y HSP90ABL, lo que sugiere una relaciéon mecanicista con la via de sefializacién
PI3K/AKT. Estos resultados respaldan una mayor validacién (estudios in vitro e in vivo) de la CT y el 4cido eldgico como posibles terapias adyuvantes para el
CCR.

Palabras Clave: acoplamiento molecular; cancer colorrectal; Clitoria ternatea; farmacologia en red; dindmica molecular; bioinformética; via PI3K-Akt.
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Abbreviations: BP: Biological process; CC: Cellular component; CC: Closeness centrality; CRC: Colorectal cancer; CT: Clitoria ternatea; DC:
Degree centrality; DCCM: Dynamic cross-correlation matrix; EA: Ellagic acid; GO: Gene ontology; KEGG: Kyoto encyclopedia of genes and
genomes; MF: Molecular function; NP: Network pharmacology; PCA: Principal component analysis; PPI: Protein-protein interaction.

INTRODUCTION

Colorectal Cancer (CRC) is the third most common
type of cancer, following lung and breast cancer, with
a diagnosis rate of up to 2 million cases annually and a
death rate of around 900,000 per year (Bray et al., 2018).
Modern lifestyles characterized by obesity, lack of
physical activity, and consumption of alcohol and red
meat have been identified as significant factors increas-
ing the risk of CRC (Arnold et al., 2017; Wong et al.,
2021). This disease is generally more common in devel-
oped countries that have adopted Western lifestyles. In
addition to biological factors, social aspects such as ed-
ucation level, income, and support for public health
policies also contribute to differences in the incidence
and life expectancy of CRC patients (Sawicki et al.,
2021). The incidence and mortality rates of CRC have
shown a rapid upward trend in developing countries,
with projections indicating a 60% increase by 2030, sur-
passing 2.2 million new cases and 1.1 million deaths
globally (Arnold et al., 2017). These phenomena have a
significant impact on public health systems world-
wide, underscoring the need for more effective treat-
ments to address the CRC burden. Previous studies
have reported that the use of traditional herbal medi-
cines as adjuvant therapy, combined with cancer
drugs, enhances the efficacy of cancer treatments, re-
duces side effects, and prolongs survival rates (Jin et
al., 2021; Tang et al., 2017a; Wang et al., 2018).

Clitoria ternatea L. (family Fabaceae), commonly
known as butterfly pea, is an endemic plant of Ternate
and is widely cultivated across tropical regions of Asia.
This plant is renowned for its rich phytochemical com-
position and diverse pharmacological benefits, partic-
ularly in the roots, seeds, and leaves (Mat Zian et al.,
2022; Mukherjee et al., 2008). Due to its high anthocya-
nin content, C. ternatea (CT) flower is widely used as a
natural food colorant (Nugraha et al.,, 2021; Vidana
Gamage et al., 2021). Phytochemical analyses have
identified several bioactive constituents in CT, includ-
ing anthocyanins, quercetin, flavonols, flavones, and
various vitamins, which contribute to a broad spec-
trum of biological activities such as antioxidant, anti-
cancer, anti-inflammatory, anti-stress, antidepressant,
and sedative effects (ALshamrani et al., 2022; Liang et
al., 2020; Wang et al., 2022). As an anti-inflammatory
agent, CT suppresses the production of pro-inflamma-
tory cytokines, reduces oxidative stress, and exerts
hepatoprotective effects by regulating lipid metabo-
lism, lowering cholesterol levels, and enhancing insu-
lin sensitivity (Hakam Maulidy et al., 2022; Wang et al.,
2022; Widowati et al., 2024). Furthermore, CT has been
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reported to modulate the gut microbiota (Permatasari
et al., 2022) as changes in gut microbiota composition
may improve hormonal balance (Liang et al., 2020),
thereby supporting its role in systemic homeostasis. In
addition, in vivo studies in mice have shown that CT
exhibits potential as an anti-neuroinflammatory agent
without inducing acute toxicity, while providing sig-
nificant hepatoprotective and neuroprotective effects
(Jeyaraj et al., 2021; Mat Zian et al., 2022; Nithianan-
tham et al., 2013).

Previous studies have demonstrated the potential
anticancer activities of CT compounds, including cyto-
toxic effects, inhibition of proliferation and invasion,
suppression of angiogenesis, and enhanced chemo-
therapy efficacy (ALshamrani et al., 2022; Purnama-
yanti et al., 2022). However, despite accumulating evi-
dence supporting CT's anticancer activities, the precise
molecular mechanisms underlying its effects against
CRC remain largely unclear. Therefore, this study aims
to elucidate the potential molecular targets and phar-
macological mechanisms of CT compounds in CRC
treatment using network pharmacology (NP), a bioin-
formatic approach that systematically identifies multi-
molecular, synergistic interactions between herbal in-
gredients and disease-related targets (Li & Zhang,
2013). Furthermore, molecular docking and molecular
dynamics simulations were performed to predict the
most promising CT compounds based on their binding
affinities, structural stability, and conformational dy-
namics with key proteins associated with CRC. This
study hypothesizes that the bioactive compounds of
CT modulate critical CRC-related proteins and signal-
ing pathways, which can be elucidated through in silico
approaches, thereby providing a theoretical founda-
tion for future experimental and clinical investigations
into CT-based therapeutic strategies for CRC. The
overall workflow of this research is illustrated in Fig.
1, which presents a graphical overview of the integra-
tive bioinformatics pipeline used to elucidate the ther-
apeutic targets and molecular mechanisms of CT in
CRC.

MATERIAL AND METHODS

Acquisition target of CT and CRC

The bioactive components of CT were obtained
from the KNApSAcK webserver and supplemented
with information from other relevant literature
(Afendi et al., 2012; Ma'ruf et al., 2021; Multisona et al.,
2023; Sumartini, 2020; Thuy et al., 2021).
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Figure 1. Graphical synopsis of elucidations of therapeutic targets and mechanisms of CT in CRC inhibition using bioinformatics analysis.

A drug-likeness and ADME evaluation (absorption,
distribution, metabolism, and excretion) was subse-
quently performed using the SwissADME platform
(Daina et al., 2017), considering parameters such as bi-
oavailability and compliance with Lipinski’s, Veber’s,
and Ghose’s rules (Ghose et al., 2006; Lipinski, 2004;
Veber et al., 2002). Compounds exhibiting two or more
rule violations or possessing predicted oral bioavaila-
bility below 50% were excluded from further analysis.
The remaining compounds were further analyzed to
identify potential molecular targets using multiple bi-
oinformatics tools, including STITCH, SwissTargetPre-
diction (restricted to Homo sapiens with a probability
threshold of 0.6), TargetNet, and the Comparative Tox-
icogenomics Database (CTD) with an inference score >
50.45 (Daina et al., 2019; Davis et al., 2023; Kuhn et al.,
2007; Siregar et al., 2024a; 2024b). Target protein names
and identifiers were standardized using the UniProt
database (Shan et al., 2022). Additionally, GeneCards
was utilized to identify CRC-associated targets (Safran
et al., 2021; Stelzer et al., 2016). The outputs from all
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databases were integrated, and duplicate entries were
removed. The intersection between CT-related and
CRC-related targets was visualized using a Venn dia-
gram. Detailed database versions, URLs, and parame-
ters are provided in Supplementary Table S1.

Identification of the main targets of CT for CRC

The earlier integration results for the Common Tar-
get of CT in CRC facilitated the implementation of a
protein-protein interaction (PPI) network analysis us-
ing the STRING database ver.12.0 (Ma et al., 2019). This
database predicts protein significance levels, with each
node representing a specific protein and edges denot-
ing interactions within the composite network. Interac-
tions with a combined score >0.700, indicating high
confidence, were selected and imported into Cyto-
scape (Ver 3.10.0) for PPI network visualization to an-
alyze regulatory processes (Kohl et al., 2011). To fur-
ther identify proteins crucial in CRC, based on prior
research references (Vaghasia et al.,, 2022), the Cy-
toNCA plug-in was employed to compute topological
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parameters such as degree centrality (DC), closeness
centrality (CC), and betweenness centrality (BC) (Hu et
al., 2023; Mao et al., 2017; Tang et al., 2015). Proteins
deemed pivotal were determined based on high
threshold values across these parameters, with the
"median" value calculated from the three parameters to
pinpoint key protein targets. This iterative process was
conducted in two stages to ascertain the desired pro-
teins (Niu et al., 2018; Yang et al., 2021). Detailed data-
base parameters and confidence settings are provided
in Supplementary Table S1.

Enrichment analysis

The R packages 'org.hs.eg.Db', 'ClusterProfiler' and
'ggplot2' were installed in R 4.3.1 software to perform
Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analysis (Kanehisa
etal.,, 2017; Yu et al., 2012). Enrichment analysis of GO
terms (biological processes, cellular components, and
molecular functions) was conducted using the "en-
richGO" function. KEGG enrichment analysis was per-
formed using the "enrichKEGG" function, with the
KEGG database (https:/ /www.kegg.jp/) as the refer-
ence. A p-value <0.05 and g-value <0.05 were used
simultaneously to determine statistically significant
GO and KEGG results, as described in previous re-
search (Kustiawan et al., 2024). The top 10 enrichment
results were visualized for KEGG analysis and in three
GO enrichment categories: biological process (BP), cel-
lular component (CC), and molecular function (MF).
Furthermore, the Bioinformatics web-based platform
was used to visualize GO enrichment results using bar
plots and Sankey diagrams. The corresponding URLs,
database versions, and analysis parameters are sum-
marized in Supplementary Table S1.

mRNA expression levels and pathological stage

The mRNA levels and pathological stages of se-
lected candidate genes were analyzed using the GEPIA
webserver and presented as bar graphs comparing tu-
mor and normal samples (Tang et al., 2017b). Briefly,
gene symbols were entered into GEPIA with the fol-
lowing parameters: | Log2FC| cutoff value 1, cutoff p-
value <0.01, log2(TPM + 1) for log scale, and matched
TCGA and GTEx normal data (Supplementary Table
S1) (Hermawan et al., 2024).

Molecular docking

The crystallographic structures of HSP90AB1 (PDB
ID: BNMQ) and CCND1 (PDB ID: 2W96) were down-
loaded from the PDB database (Burley et al., 2021; Day
et al., 2009; Yun et al., 2011). Protein preparation in-
volved removing water molecules and excess inactive
ligands, adding hydrogen atoms, and processing the
protein with AutoDockTools 1.5.6. The prepared
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structures were then exported in pdbqt format (Morris
etal., 2009). For HSP90AB1 (PDB ID: 3ANMQ), the bind-
ing cavity was determined using the receptor network
generation module around the co-crystallized pyrrolo-
pyrimidine methoxypyridine inhibitor (Yousif et al.,
2023). However, no co-crystallized inhibitor was avail-
able for CCND1 (PDB ID: 2W96). In this case, blind
docking was initially performed using the Achilles
Blind Docking Server to determine the binding site co-
ordinates (Sanchez-Linares et al.,, 2012). Based on a
study by Wu et al. (2023), the residue sites for CCND1
(PDB ID: 2W96) were identified as follows: LEU65,
CYS68, GLU69, CYS73, GLU74, GLU75, GLU76,
VAL77, PHE78, PRO79, LYS180, GLN183, THR184,
ALA187. The correct binding site coordinates were val-
idated using these literature sources.

Next, the sdf files of 32 CT compounds and positive
controls for HSP90AB1 and CCND1, namely Geldana-
mycin and Encorafenib, were downloaded from the
PubChem database and converted into pdbqt format.
Molecular docking was performed using AutoDock
Vina, integrated into PyRx 0.9.9. (Dallakyan & Olson,
2015; Trott & Olson, 2009). Finally, the compound with
the highest binding affinity, along with a positive con-
trol for each gene, was analyzed to identify the type of
interaction formed between the protein and ligand us-
ing the Protein-Ligand Interaction Profiler (PLIP) web-
server. The results were further visualized using the
PyMOL software application (Adasme et al., 2021; Sal-
entin et al., 2015). Detailed URLs, database versions
and parameters are provided in Supplementary Table
S1.

Molecular dynamics

Molecular dynamics simulations were conducted
using a combination of Charmm-GUI
(https:/ /www.charmm-gui.org/) and GROMACS
(Abraham et al., 2015) . Several steps, including topol-
ogy and ligand preparation, minimization, and equili-
bration, were performed within an integrated work-
flow in Charmm-GUI. The parameters used included a
temperature of 310 K, 0.15% NaCl ions, an amber force
field (protein: FF14SB and ligand: GAFF2), and a time
of 100 ns. The complex systems were constructed using
two strategies for ligand processing. The first strategy
used the solution builder to parameterize encofarenib
and ellagic acid (EA) with CGenFF parameters and di-
rectly generated the prepared result. Additionally, the
geldanamycin ligand was prepared by using the lig-
and reader and modeler (Kim et al., 2017). After pre-
paring the protein and ligand topologies, simulations
were run using GROMACS. Running stages include
minimization, equilibration, and final simulation for
100 ns (Lemkul, 2019). This method was used to ana-
lyze the stability of the protein and ligand complex.

J Pharm Pharmacogn Res (2026) 14(1): 4


https://jppres.com/
https://www.charmm-gui.org/

Siregar et al.

Furthermore, to estimate the binding affinity between
the ligands and their target proteins, MM-GBSA (Mo-
lecular Mechanics Generalized Born Surface Area) cal-
culations were performed on the equilibrated trajecto-
ries obtained from the molecular dynamics simula-
tions. The resulting binding free energy (AG_bind) val-
ues provided a quantitative measure of the interaction
stability, thereby supporting and complementing the
molecular dynamics simulation findings.

PCA and DCCM

To examine the conformational changes and stabil-
ity of ligand and protein complexes, principal compo-
nent analysis (PCA) and dynamic cross-correlation
matrix (DCCM) were performed. Methods are based
on the research (Grant et al., 2006; Mahendra et al.,
2025). The *.sim trajectory data was first converted to
*xtc format (GROMACS trajectory) using the md_con-
vert command.mcr macro in YASARA software. Next,
the *xtc files were converted to *.dcd format
(NAMD/CHARMM basic trajectory) using Visual Mo-
lecular Dynamics (VMD) software. PCA and DCCM
analyses were performed using the bio3d package in
RStudio 4.4.0 software, with *.dcd and *.pdb files as in-

Clitoria ternatea and colorectal cancer inhibition

analysis was conducted in R-studio using the “dccm”
function in the Bio3D package. DCCM plots were used
to determine the correlation of Ca atom positions with
other atoms in the structure, including the occurrence
of Ca atom displacement.

RESULTS

Targets prediction and compounds-target-pathways
network construction

The study investigated the pharmacokinetic charac-
teristics of CT, utilizing predictions from SwissADME.
It identified 32 compounds with favorable bioavaila-
bility scores and no violations of Lipinski, Ghose, and
Veber rules (Supplementary Table S2). These com-
pounds underwent further analysis involving the inte-
gration of Canonical SMILES with genes sourced from
databases (TargetNet, STITCH, SwissTargetPredic-
tion, and CTD), with duplicate data removed. Gene-
Cards also identified 1485 proteins associated with
CRC, among which 157 proteins were found to be
linked to CT and CRC (Fig. 2A). Then, in Fig. 2C, there
are 11 protein targets resulting from CytoNCA analy-
sis, which will be discussed in the next section.

put. Dynamic cross-correlation matrix (DCCM)
A) Clitoria Ternate CRC
B)

\1> %

proteinin PPI

Figure 2. Venn diagram of CT and CRC-related targets and visualization of PP based on STRING (A), Overall PPl of common targets based on
Degree (B). Top 11 targets according to CytoNCA plug-in results analysis (C). The darker red color indicates the level of importance of the
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Figure 3. The presence of filtered genes in the CytoNCA plug-in results analysis.

Three topological features (DC, CC, and BC) were selected as variables to identify major targets that play vital roles in CRC treatment. Each node represents one
protein, and an edge is a physical or functional interaction between two proteins.
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Identification of specific targets of CT

The PPI network, mediated by 157 CT-to-CRC com-
mon targets, was further analyzed using STRING. The
topological characteristics of the PPI network associ-
ated with CT against CRC, consisting of 152 proteins
(nodes) and 1223 network interactions (edges), were
calculated using CytoNCA. The search for target pro-
teins was optimized using the median values of Degree
Centrality (DC), Betweenness Centrality (BC), and
Closeness Centrality (CC), which were calculated
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twice. Through this process, 11 proteins were identi-
fied as key CRC targets (Fig. 3).

GO and KEGG enrichment analysis

A total of 157 main targets, derived from CT and
CC, were analyzed for GO and KEGG information. Ap-
plying filtering based on p<0.05 and q<0.05 showed
2073 biological processes (BP), 86 cellular components
(CQC), and 164 molecular functions (MF), as shown in
Fig. 4. Based on GO functional analysis, CT targets
were related to oxidative responses, kinase activity,
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and basolateral plasma membrane, among others. (Ta-
ble 1 and Supplementary Table S3). In addition, KEGG
was applied to examine the functions and signaling
pathways of common targets.

The enrichment analysis revealed the top 10 signif-
icantly enriched KEGG pathways, with the PI3K-Akt
signaling pathway showing the highest number of
genes involved, followed by lipid and atherosclerosis,
and proteoglycans in cancer (Fig. 5). These pathways
highlight the potential multi-target regulatory effects
of CT compounds. Moreover, the KEGG results sug-
gest that CT may exert therapeutic effects across vari-
ous pathological conditions, including multiple cancer

Table 1. The top ten results of GO enrichment analysis.

Clitoria ternatea and colorectal cancer inhibition

types (prostate, colorectal, and bladder cancer), hepa-
titis B, resistance to EGFR tyrosine kinase inhibitors,
and human cytomegalovirus infection (Table 2; Sup-
plementary Table S4). As shown in Fig. 5, the Sankey
diagram illustrates the interactions between the key
target genes (such as CCND1, HSP90AB1, TP53, SRC,
and MYC) and their associated pathways, indicating
that several targets simultaneously participate in mul-
tiple cancer-related signaling cascades. This overlap-
ping pattern supports the hypothesis that CT com-
pounds may modulate network-level interactions ra-
ther than single molecular targets, emphasizing their
potential for multi-pathway therapeutic regulation.

Term ID Description p-value p-adjust g-value
BP G0:0009410 Response to xenobiotic stimulus 6.77E-29 2.83E-25 1.14E-25
BP G0:0006979 Response to oxidative stress 6.02E-28 1.26E-24 5.08E-25
BP G0:0034599 Cellular response to oxidative stress 1.09E-26 1.32E-23 5.33E-24
BP G0:0048732 Gland development 1.54E-26 1.32E-23 5.33E-24
BP G0:0062197 Cellular response to chemical stress 1.58E-26 1.32E-23 5.33E-24
BP G0:2001233 Regulation of apoptotic signaling pathway 1.96E-26 1.37E-23 5.51E-24
BP G0:0009411 Response to UV 3.16E-25 1.89E-22 7.61E-23
BP G0:0009314 Response to radiation 6.33E-24 3.31E-21 1.34E-21
BP G0:0048511 Rhythmic process 1.23E-23 5.70E-21 2.30E-21
BP G0:0018105 Peptidyl-serine phosphorylation 2.19E-23 9.14E-21 3.69E-21
MF G0:0004714 Transmembrane receptor protein tyrosine kinase activity 7.61E-17 3.97E-14 2.32E-14
MF G0:0004713 Protein tyrosine kinase activity 2.51E-15 5.66E-13 3.30E-13
MF G0:0019199 Transmembrane receptor protein kinase activity 3.26E-15 5.66E-13 3.30E-13
MF G0:0001221 Transcription coregulator binding 3.23E-14 4.21E-12 2.46E-12
MF G0:0042826 Histone deacetylase binding 3.73E-12 3.89E-10 2.27E-10
MF G0:0019902 Phosphatase binding 7.01E-11 6.09E-09 3.55E-09
MF G0:0001223 Transcription coactivator binding 8.50E-11 6.33E-09 3.69E-09
MF G0:0140297 DNA-binding transcription factor binding 1.28E-10 8.35E-09 4.87E-09
MF GO0:0004674 Protein serine/threonine kinase activity 5.51E-10 3.19E-08 1.86E-08
MF G0:0008395 Steroid hydroxylase activity 8.92E-10 4.65E-08 2.71E-08
CcC G0:0045121 Membrane raft 1.64E-14 2.58E-12 1.73E-12
cc G0:0098857 Membrane microdomain 1.75E-14 2.58E-12 1.73E-12
cC G0:0005901 Caveola 1.25E-09 1.23E-07 8.24E-08
cc G0:0017053 Transcription repressor complex 1.27E-08 9.38E-07 6.29E-07
cC G0:0044853 Plasma membrane raft 2.83E-08 1.67E-06 1.12E-06
cc G0:0009925 Basal plasma membrane 2.48E-07 1.22E-05 8.17E-06
cc G0:0016323 Basolateral plasma membrane 4.38E-07 1.85E-05 1.24E-05
CcC G0:0045178 Basal part of cell 5.44E-07 2.01E-05 1.35E-05
cc G0:0098687 Chromosomal region 6.26E-07 2.05E-05 1.38E-05
cc G0:0005925 Focal adhesion 1.67E-06 4.93E-05 3.31E-05
https://jppres.com J Pharm Pharmacogn Res (2026) 14(1): 7


https://jppres.com/

Siregar et al. Clitoria ternatea and colorectal cancer inhibition
Human cytomegalovirus infection .
-log o (Pvalue)
MYC EGFR tyrosine kinase inhibitor resistance [ ] 25
Proteoglycans in cancer .
CTNNB1 I » 20
Hepatitis BI [ ]
CCND1 Endocrine resistance [ ]
I Bladder cancer .
HSPY0AB1
PIBK-Akt signaling pathway .
SRC Count
Colorectal cancer o e 19
@ 24
Prostate cancerl [ ] : 30
TP53 36
Lipid and atherosclerosis .
0.15 0.20 0.25
Gene.Ratio
Figure 5. The Sankey diagram reveals the relationship between the target gene and the top 10 signaling pathways.

Table 2. The top ten results of KEGG enrichment analysis.

Term ID Description p-value p-adjust g-value
KEGG hsa05417 Lipid and atherosclerosis 2.11E-27 5.35E-25 1.88E-25
KEGG hsa05215 Prostate cancer 5.04E-26 6.39E-24 2.25E-24
KEGG hsa05210 Colorectal cancer 1.16E-24 9.79E-23 3.45E-23
KEGG hsa04151 PI3K-Akt signaling pathway 3.04E-24 1.93E-22 6.80E-23
KEGG hsa05219 Bladder cancer 1.54E-23 7.83E-22 2.76E-22
KEGG hsa01522 Endocrine resistance 9.91E-22 4.19E-20 1.48E-20
KEGG hsa05161 Hepatitis B 8.14E-21 2.96E-19 1.04E-19
KEGG hsa05205 Proteoglycans in cancer 3.13E-20 9.92E-19 3.50E-19
KEGG hsa01521 EGFR tyrosine kinase inhibitor resistance 6.29E-20 1.78E-18 6.26E-19
KEGG hsa05163 Human cytomegalovirus infection 6.83E-18 1.73E-16 6.11E-17

Furthermore, based on enrichment analysis, based
previous study CCND1 and HSP90AB1 play a signifi-
cant role in the PI3K-Akt signaling pathway, which
governs cell growth, apoptosis, and tumor survival
(Huang et al., 2015; Jin et al., 2024; Jun et al., 2023;
Kryeziu et al., 2019; Li et al., 2014). Therefore, these two
targets were further selected for mRNA expression
level analysis, pathological stage, and molecular dock-
ing (Abdel-Maksoud et al., 2024).

https://jppres.com

Differential mRNA expression and pathological
stage

The mRNA expression levels of CCND1 and
HSP90AB1 were examined using COAD samples from
The Cancer Genome Atlas (TCGA) dataset via the
GEPIA database. A significant upregulation of both
genes was observed in CRC tissues compared to nor-
mal controls (p<0.01) (Fig. 6A).
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Figure 6. Box plots showing the mRNA expression levels of CCND1 and HSP90ABL1 (A). Red represents the tumor group, gray
represents the normal group. The violin diagram indicated the stage plot of mRNA expression level and pathological stage (B).
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Furthermore, the association between hub gene ex-
pression and CRC pathological stages was analyzed,
revealing a gradual increase in CCND1 and HSP90AB1
expression as the disease progressed (Fig. 6B). These
findings suggest that both genes may serve as potential
prognostic biomarkers for CRC.

Molecular docking

Molecular docking was performed to determine the
binding affinity between the CT compound and the

https://jppres.com

positive control for the CCND1 and HSP90AB1 genes
(Supplementary Tables S5 and S6). Uniquely, EA was
reported to have the highest binding affinity for the
CCND1 and HSP90AB1 genes, namely -8.3 kcal/mol
and -9.5 kcal/ mol, whereas the control positives for the
CCND1 and HSP90AB1 genes were reported to have
binding affinities of -7.3 kcal/mol and -4 kcal/mol, re-
spectively (Fig. 7). These results show that the EA has
a stronger binding affinity than the control drug, thus
showing potential as a potential compound in treating
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CRC. Next, to determine the type of interaction and the
active-site residues bound to it, the compound with the
highest binding affinity (ellagic acid) and the positive
control were further analyzed using the PLIP web
server (Table 3).

Finally, the interaction analysis results were deter-
mined, and previous research was conducted to sup-
port our findings. The HSP90AB1 gene, supported by
previous studies, reports a prominent active binding
site, and our docking analysis identified similar resi-
dues, including ASN51, TYR139, ASP54, ALAS5S,
LEU107, and PHE138, which form various types of
bonds (Niveshika et al.,, 2020). Additionally, blind
docking was performed on the web server to obtain the
binding site coordinates of G1/S-specific cyclin-D1
(Chain A) using encorafenib as the test ligand. The re-
sults show that, based on the highest binding energy,
the blind docking produces a value of -7.8 kcal/mol
with binding site coordinates (x = 11.91, y = -1.06, and
z = 34.03). Furthermore, molecular docking was per-
formed using the binding site coordinates. Where EA,
based on interaction analysis, has the same residue
bonds as the study conducted by Wu et al. (2023), in-
cluding residues CYS68, PHE69, CYS73, GLU74,
VAL77, PHE78, and THR184. Moreover, the control
drug (encorafenib) was reported to bind to the same
residues as previous research, including GLU®69,
CYS73, PHE?S8, and GLN183. Thus, previous studies
verify and support the binding site coordinates used.
Finally, what is unique in Table 1 is that the EA com-
pound is reported to form more hydrogen bonds than

Clitoria ternatea and colorectal cancer inhibition

the drug control itself, and the more hydrogen bonds
formed, the stronger the protein's stability (Fu et al.,
2018). Docking visualization is attached in
Supplementary data Fig. S1.

Molecular dynamics

The molecular dynamics simulation was performed
using GROMACS for 100 ns. This simulation is carried
out to see RMSD, RMSF, hydrogen bond (Hb), and ra-
dius of gyration (Rg). This stage also serves as the basis
for further analysis of PCA and DCCM. The results are
shown in graphs that directly depict the CCND1 and
3NMQ protein complexes for each potential drug com-
pound. CCND1 (PDB ID: 2W96) complexes with en-
corafenib control and EA potential compounds. The
second protein is HSP90AB1 (PDB ID: 3NMQ), with a
geldanamycin control and the potential compound EA.
On the other hand, from the CCND1 graph results, it
can be seen that the RMSD, RMSF, and Rg values are
similar to the control (Fig. 8). This is used to assess the
stability of protein-ligand complexes. In EA, it can be
seen that the average RMSD formed tends to be above
3 A (3.11 A) (Fig. 8A). This may indicate potential in-
stability in the CCND1 complex system in the presence
of EA. However, compared to the control, the average
RMSD formed is not much different, indicating that
there is a gap that is not very significant (2.87 A) (Fig.
8A). Then, for the results of hydrogen bonds in the con-
trol, encorafenib is more than the observation com-
pound EA (Fig. 8C).

Table 3. The result of molecular docking interaction of CCND1 and HSP90AB1 with Ellagic acid and drug controls.

Position of chemical bonds

Binding
Genes Ligands affinity Hydrogen Distance Hydrophobic Distance Others Distance
(Kcal/Mol) bond H-A (A) interaction (A) interaction  (A)
CCND1 Ellagic acid -8.3 Cys68 2.20 Glu69 3.85 His158 (Salt 5.40
CysT3 2.76 Phe78 3.88 bridge)
Glu74 2.10
Val77 3.37
Phe78 2.42
Thr184 2.37
Encorafenib -7.3 Cys73 1.87 Glu69 3.76
(Drug control) Gln183 2.68 Phe78 3.68
HSP90AB1 Ellagic acid -9.5 Asn51 2.33 Leul107 3.48 Phe138 (mt- 3.66
Gly135 2.36 Phe138 3.84 stacking)
Tyr139 3.65
Geldanamycin -4 Asp54 2.42 Asn51 3.78
(Drug control) Ala55 2.07
Leul07 2.43
Phel38 3.14

*Bold: The similarity of the residue formed, or the catalytic residue formed, is the same based on previous studies.
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Figure 8. Molecular dynamics simulations for CCND1, RMSD results (A), RMSF of residues (B), hydrogen bonds (C), and Rg results (D).
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Then from the HSP90ABI results it can be seen that
the comparison of the control with EA also does not
show a large gap, by forming an average RMSD value
that is almost not much different and relatively below
2 A (Fig. 9A), and in other parameters including RMSF,
and Rg have results that are relatively similar to the
control, namely geldanamycin (Fig. 9B-D). However,
the HSP90ABI data show a slight difference: the hy-
drogen bond value. The geldanamycin control showed
a smaller hydrogen bond value than EA over time.
Over 100 ns, the control shows no hydrogen bonds,
whereas EA shows relatively many at each time point.
This is a good sign because the higher the hydrogen
bond, the more stable the protein-ligand complex will
be (Bulusu & Desiraju, 2020).

Binding free energy analysis (MM/GBSA)

Further analysis of the HSP90AB1 and CCND1 pro-
tein complexes with potential candidate compounds
was performed using MM/GBSA calculations. This
analysis evaluated the stability of the protein-ligand
complex by monitoring the binding free energy
(AG_bind) throughout the simulation. The more nega-
tive the energy value, the stronger and more stable the

https://jppres.com

binding affinity is during the simulation. Based on Fig.
10A, the MM/ GBSA results for the HSP90AB1 protein
with geldanamycin and EA compounds are shown.
The graph shows a gap between the two compounds,
suggesting that EA has a lower binding free energy.
HSP90AB1-geldanamycin shows fluctuations in the
AG_bind value in the range of -10 to -15 kcal/mol.

Meanwhile, HSP90AB1- EA has a value of -20 to -30
kcal/mol, indicating a stronger, more stable bond than
that of geldanamycin. On the other hand, in the
CCNDI1 complex, the encofarenib complex has a much
lower AG_bind value than EA. The AG_bind for enco-
farenib is -50 kcal/mol at the end of the simulation,
while that for EA is -30 to -45 kcal/mol. Fig. 10B shows
that there is a significant difference between the two
ligands. Overall, the MM/GBSA results revalidate that
there are differences in binding affinity between lig-
ands. The encofarenib compound shows stronger in-
teractions than the other two. These results are con-
sistent with docking and dynamics data, indicating
good stability against the protein.

Furthermore, the EA compound shows strong po-
tential for targeting HSP90AB1 and CCND1, with a
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AG_bind range of -10 to -30 kcal/mol. However, EA is
more stable on HSP90AB1 than on CCNDI1. The last
compound, geldanamycin, ranks last among the other
two. Further analysis is needed for geldanamycin, as
indications from several parameters suggest its insta-
bility in the molecular dynamics system.

Principal component analysis (PCA) and dynamic
cross-correlation matrix (DCCM)

PCA analysis is a method used to validate the sta-
bility of molecular dynamics trajectories, including
RMSD, RMSF, and Rg (Gholam et al., 2024). The PCs'
values in the PCA plot illustrate fluctuations in the mo-
lecular dynamics simulation complex from the begin-
ning to the end of the simulation (Fig. 11A-D). Based
on the PCA plots, we found that EA stabilised the
2W96 receptor trajectory as indicated by the relatively
lower first cumulative PC values (PC1 and PC2)
(68.32%) when compared to the comparator ligand en-
corafenib (82.27%). This indicates that the 2W96-EA

Clitoria ternatea and colorectal cancer inhibition

complex exhibits less significant fluctuations than the
2W96-Encorafenib complex. Then, in accordance with
the molecular dynamics stability parameters of the
control ligand geldanamycin complex with 3NMQ,
stabilize the 3ANMQ complex more than the 3ANMQ-EA
complex. This is indicated by the first cumulative PC
value (PC1 and PC2) in 3NMQ-Geldanamycin, which
is lower (23.80%) than in 3NMQ-EA (45.20%). This
study also used the DCCM matrix to determine corre-
lations between C-alpha residues, whether they are
close neighbors or distant (Gholam et al., 2024; Mahen-
dra et al., 2025). DCCM assesses dynamic stability
based on changes in the motion of protein residues that
contribute to complex stabilisation (parallel motion) or
complex destabilisation (antiparallel motion). Based
on DCCM analysis, the 2W96-EA complex has a rela-
tively lower antiparallel region than the comparator
ligand, encorafenib. In addition, the 3NMOQ-
geldanamycin complex also shows a reduction in the
antiparallel region on the DCCM plot when compared
to the test ligand EA (Fig. 11E-H).
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Figure 9. Molecular dynamics simulations for HSP90AB1, RMSD results (A), RMSF of residues (B), hydrogen bonds (C), and Rg results (D).
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Figure 11. Principal Component Analysis (PCA) and Dynamics Cross-Correlation Matrix results of four molecular dynamics complexes.
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(A-D) PCA plots of 2W96-encorafenib, 2W96-ellagic acid, 3SNMQ-geldanamycin, and 3NMQ-ellagic acid (respectively). (E-H) DCCM plots of
2W96-encorafenib, 2W96-ellagic acid, 3NMQ-geldanamycin, and 3NMQ-ellagic acid (respectively). The colors in the PCA scatter plot indicate
the simulation time where blue indicates the complex initiation time, white is the intermediates, and red is the simulation end time. The

indicates parallel interaction and blue is anti-parallel interaction.

color plot in DCCM indicates the interaction between residues that are close together (around the diagonal) and far apart, where red

DISCUSSION

Several independent studies across various cancer
models have supported CT's anti-cancer activity. Pre-
vious studies suggest that CT in various cancer cells in-
volves various mechanisms. In addition, CT was also
reported to induce apoptosis by arresting the cell cycle
in pre-G0, G1, and S phases (ALshamrani et al., 2022).
However, it is important to identify and explore poten-
tial pathways and strategic targets to develop new
therapies that support precision medicine. This study
used a network pharmacology and molecular docking-
based approach to identify bioactive compounds and
molecular mechanisms for the diagnosis, prognosis,

https://jppres.com

and therapy of CRC. In this study, we selected CCND1
and HSP90AB1 as potential genes for prognostic mark-
ers in CRC based on observations of mRNA expres-
sion, pathological stage, strategic pathways, and previ-
ous literature supporting these genes' role in CRC (Jun
et al.,, 2023; Li & Zhang, 2013; Satagacka-Kubiak et al.,
2023). Based on the findings of this study, CCND1 and
HSP90AB1 were found to be associated with the PI3K-
Akt signaling pathway, suggesting this pathway as a
potential therapeutic target for CT in CRC treatment
(Feng et al., 2019; Huang et al., 2015). The PI3K-AKT
pathway is an intracellular signal transduction path-
way that promotes metabolism, proliferation, cell sur-
vival, growth, and angiogenesis in response to
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extracellular signals (Glaviano et al., 2023; He et al,,
2021). Upon activation of the PI3K-AKT signal, it is
transmitted to downstream pathways, activating a se-
ries of pathways, including protein translation, cell cy-
cle, apoptosis, and P53 pathway (Fig. 12). The activa-
tion of the PI3K/ Akt signaling pathway is one of the
classical signaling pathways that regulate tumor cell
proliferation and apoptosis, and it is closely related to
the development of CRC (Yang et al., 2018). A study
conducted by Duan et al. (2018) found that activation
of the PI3K-AKT-mTOR signaling pathway can pro-
mote invasion, migration, and epithelial-mesenchymal
transformation of CRC cells. Therefore, targeting this
signaling pathway may also prevent cancer from me-
tastasizing into distant organs. In Fig. 12, p53 ex-
pressed in normal cells on the downstream pathway,
plays a role in various biological functions, such as
stopping the cell cycle, promoting cell apoptosis and
DNA repair, regulating cell differentiation, aging, and
maintaining stability genome (Sari et al., 2020; 2021;

Clitoria ternatea and colorectal cancer inhibition

Sundar et al.,, 2019). Previous studies reported that
treating colon cancer cells with 5-fluorouracil in vitro
can gradually increase P53 expression and activate the
X-linked protein BCL2 (Bax), leading to cell apoptosis
(Lu et al., 2000). Therefore, the inhibition of PI3K/ Akt
signaling pathway may be a future direction for CRC
treatment.

As shown in Fig. 12, G1/S-specific cyclin D1
(CCND1) plays a pivotal role in regulating cell cycle
transitions, contributing to genomic instability and car-
cinogenesis. CCND1 promotes CRC cell proliferation
and tumorigenesis primarily by activating the
PI3K/AKT signaling pathway.

Functionally, CCND1 acts as a regulatory compo-
nent of the cyclin D1-CDK4 complex (DC), which
phosphorylates and inhibits members of the reti-
noblastoma (RB) protein family, including RB1,
thereby driving cell cycle progression during the G1/S
transition (Wu et al., 2023).
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Figure 12. PI3K-Akt signaling pathway.
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A recent study has reported that CCND1 expres-
sion is decreased after equol intervention, resulting in
reduced cyclin D-CDK4/6 complex formation and,
consequently, lower E2F release. This suppression di-
minishes the synthesis of proteins required for S-phase
entry, resulting in inhibited cancer cell proliferation
and reduced cisplatin resistance (Mao et al., 2024). No-
tably, in vivo experiments demonstrated that CCND1
inhibition exerted minimal effects on normal mouse
growth and development (Landis et al., 2006), suggest-
ing that CCNDI1 is a safe and selective therapeutic tar-
get for anticancer agents. Collectively, these findings
suggest that modulation of CCND1 activity could rep-
resent an effective, low-toxicity strategy for CRC ther-
apy. Additionally, the RAP1A-
PTEN/FOXO3/CCND1 signaling axis has been impli-
cated in CRC progression (Liu et al., 2018). Thus,
CCND1 may serve as a critical diagnostic and prognos-
tic biomarker in colorectal cancer.

Overexpression of HSP90AB1 has been reported in
various cancer types, including colorectal cancer
(CRCQ) (Sari et al., 2021; Sun et al., 2022). Recent find-
ings demonstrate that HSP90AB1 promotes CRC pro-
gression by upregulating indoleamine 2,3-dioxygenase
1 (IDO1) (Jin et al., 2024). HSP90AB1 expression was
significantly elevated in CRC cell lines and tumor tis-
sues (p<0.05). Conversely, HSP90AB1 knockdown
markedly inhibited cell proliferation and invasion
(p<0.01), while promoting apoptosis and inducing cell
cycle arrest (p<0.05). Further analyses revealed that
IDO1 acts as a key mediator of the tumor-promoting
effects driven by HSP90AB1. In vivo experiments using
a xenograft mouse model demonstrated that
HSP90ABI1 silencing significantly reduced tumor vol-
ume (p<0.01). Notably, this tumor-suppressive effect
was reversed upon IDO1 overexpression, highlighting
IDO1 as a downstream effector of HSP90AB1 in CRC
development (Jin et al., 2024). Another study reported
that HSP90AB1 overexpression induces chemo-
resistance in ovarian cancer cells by stabilizing key
proteins, such as IGFIR and BCL2, while simultane-
ously downregulating pro-apoptotic markers, includ-
ing p-p53, BAX, and p-H2AX. It also elevates intracel-
lular glutathione (GSH) levels, mitigating oxidative
stress-induced cytotoxicity. Similar mechanisms are
observed in CRC, where IGFIR and BCL2 signaling
contribute to tumor survival and chemotherapeutic re-
sistance. Overall, HSP90AB1 drives CRC progression
through two main mechanisms: enhancing tumor sur-
vival and chemoresistance via the IGF1IR/BCL2/p53
apoptotic axis, and promoting immune tolerance by
upregulating IDO1 (Wang et al, 2023). Hence,
HSP90AB1 serves as a dual-function therapeutic target
with potential to improve both cytotoxic and immuno-
modulatory outcomes in CRC therapy.
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In addition, molecular docking analysis revealed
that EA exhibited strong binding affinity, suggesting
its potential as a promising candidate for an anti-CRC
agent. Previous in vivo studies have widely recognized
EA for its anti-colon cancer activity. EA has been
shown to inhibit colon cancer progression and pro-
mote apoptosis by inducing protective autophagy
through the AMPK/mTOR signaling pathway (Ni et
al., 2023). Moreover, EA suppresses colorectal tumor-
igenesis by inhibiting Akt phosphorylation in the
PI3K/Akt signaling pathway (Chauhan et al., 2024;
Cizmarikova et al., 2023; Mirsane & Mirsane, 2017). In-
terestingly, other studies reported that EA can also in-
duce apoptosis by activating the PI3K/Akt pathway,
thereby modulating Bcl-2 family proteins (Umesalma
et al., 2015). EA further arrests the cell cycle of Caco-2
cells at the S and G2/M phases (Larrosa et al., 2006)
and demonstrates anti-proliferative effects in colon ad-
enocarcinoma cells (HCT-116) at ICso concentrations
(Kang et al., 2011; Seeram et al., 2005). While molecular
docking results were further supported by MD, PCA,
and DCCM simulations, additional in vitro and in vivo
validation remains necessary. The reliability of this
study's results also depends on the quality of the data
obtained from the existing literature and databases.
Therefore, further characterization of the active com-
pounds of CT using analytical methods such as
LC/MS, alongside animal studies and clinical trials, is
essential to verify these predictive results.

CONCLUSION

This study represents the first comprehensive ex-
ploration of the pharmacological and molecular mech-
anisms of CT in CRC using an integrated bioinformat-
ics approach that combines network pharmacology,
molecular docking, molecular dynamics simulation,
principal component analysis, and dynamic cross-cor-
relation mapping. The analysis identified CCND1 and
HSP90AB1 as key prognostic targets that are poten-
tially regulated by CT bioactive compounds, particu-
larly EA, which demonstrated superior binding affin-
ity and structural stability within the active sites of
these targets. Furthermore, the results highlight the
PI3K/AKT signaling pathway as a central axis mediat-
ing CT’s anti-CRC effects, suggesting a synergistic in-
teraction between multiple molecular targets and path-
ways. These findings provide a robust theoretical foun-
dation for the development of CT-based therapeutic
strategies against CRC. However, it is important to
acknowledge that the conclusions are derived from
computational analyses; therefore, in vitro and in vivo
validation are essential to confirm the biological rele-
vance and clinical potential of these predictions.
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Supplementary data

Table S1. Databases used in this study with parameters.

Category Database /[ Tool URL Version [ Parameters/Purpose
Phytochemi- KNApSACK web- http://www.knapsackfamily.com/knapsack core/top.php Retrieval of CT bioactive compounds
cal sources server
Molecular Weight <500
iLogP <5.00
. . . Lipinski <1
Drug-Likeness | SwissADME http://www.swissadme.ch/
Ghose <1
Veber <1

Bioavailability >0.50

Target predic-
tion

STITCH webserver

http://www.stitch.embl.de/

Homo sapiens

SwissTargetPredic-
tion

http://www.swisstargetprediction.ch/

Probability = 0.6; Homo sapiens

TargetNet http://www.targetnet.scbdd.com/ Probability = 0.6; Homo sapiens
CTD http://ctdbase.or: Inference score = 50.45
Di - . .
g;iase tar GeneCards https://www.genecards.org/ Retrieved CRC-related proteins

Protein stand-

UniProt database

http://www.uniprot.org/id-mapping

Standardized protein nomenclature

ardization
Venny https://www.bioinfogp.cnb.csic.es/tools/venny/ Venn diagram generation
Visualization Sankev plot https://www.bioinformatics.com.cn/plot_basic_go_path- Sankev plot generation
yp way sankey dot plot 121 en yplots
PPl analysis STRING database https://string-db.org Ver.12.9, combined score >0.700, Ho-
mosapiens
mRNA expres- . . Log2FC cutoff 1, cutoff p-value <0.01,
sion GEPIA http://gepia2.cancer-pku.cn/ log2(TPM+1); matched TCGA and GTEx
PDB database https://www.rcsb.org/ PDB Ds: HSP90ABL (3NMQ), CCND1
(2w96)
Achllles Blind Dock- https://bio-hpc.ucam.edu/achilles/ For CCND1 (2W96) binding site coordi-
ing Server nates
Molecular
docking sdf files for 32 CT compounds & posi-

PubChem database

https://pubchem.ncbi.nlm.nih.gov/

tive control (Geldanamycin, Encoraf-
enib)

Protein-Ligand In-
teraction Profiler

http://plip-tool.biotec.tu-dresden.de/plip-web/plip/index

Ligand interaction visualization

https://jppres.com
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Table S2. Pharmacologically relevant characters of the 32 screened compounds in Clitoria ternatea L.

Clitoria ternatea and colorectal cancer inhibition

Molecular weight | iLogP Lipinski Ghose Veber | Bioavailability
No. Compound Molecular formula
<500 <5.00 <1 <1 <1 >0.50

3,5,5-

1 Trimethylhexylamin | CsHaN 143.27 2.47 0 1 0 0.55
e

2 Pterin-6-carboxylic | - 1 \-0, 207.15 0.7 0 1 0 0.56
acid

3 d-Glycero-c-ido- CrHu0r 210.18 095 |1 1 0 0.5
heptose

4 d-Glycero-d- CrHwO- 210.18 012 |1 1 0 0.55
galacto-heptose

5 Longipinocarvone CisH220 218.33 2.78 0 0 0 0.55

6 Caryophyllene oxide | CisH240 220.35 3.15 0 0 0 0.55
Acetic

7 acid,2,2'[oxybis(2,1e | C8H140~ 222.19 1.16 0 1 0 0.56
thanediyloxy)]bis

8 |-Gala-l-ido-octose C8H160s 240.21 -1.05 1 1 1 0.55

9 Ambrosin Ci5H1803 246.3 2.06 0 0 0 0.55
1-Nitro-2acetamido-

10 1,2-dideoxy-d- CsHi1sN207 252.22 -2.73 0 1 1 0.55
mannitol

1 | dGalattidooctonic | o, 255.22 009 |1 1 1 0.55
amide

12 Genistein C15H100s 270.24 1.91 0 0 0 0.55

13 Hexadecanoicadd, | . .\ o, 270.45 441 |1 1 1 0.55
methyl ester
Pentadecanoic acid,

14 14-methyl-, methyl Ci17H3402 270.45 4.59 1 0 1 0.55
ester
Acetic acid, 3-
hydroxy-6-
isopropenyl-4,8a-

15 dimethyl- Ci7H2603 278.39 3.04 0 0 0 0.55
1,2,3,5,6,7,8,8a-
octahydronaphthal
en-2-yl ester

16 Desulphosinigrin C10H17NO6S 279.31 0.85 0 1 1 0.55
Heptadecanoic

17 acid, 16-methyl-, Ci8H3602 284.488 421 1 1 1 0.85
methyl ester
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Table S2. Pharmacologically relevant characters of the 32 screened compounds in Clitoria ternatea L. (continued...)

Molecular weight | iLogP | Lipinski Ghose Veber | Bioavailability

No. Compound Molecular formula
<500 <5.00 <1 <1 <1 >0.50
18 Kaempferol C15H1006 286.24 1.7 0 0 0 0.55
19 Methyl stearidonate | CisH300> 290.44 4.52 1 0 1 0.55
12,15-
20 Octadecadiynoic C19H340> 294.47 4.76 1 1 1 0.55
acid, methyl ester
21 Caffeoylmalic acid Ci13H1208 296.23 0.84 0 0 1 0.56

2 10-Octadecenoic C1sH3602 296.49 4.69 0 0 0 0.55
acid, methyl ester

23 11-Octadecenoic CioH3605 296.49 479 |1 1 1 0.55
acid, methyl ester

24 Ellagic acid C14HeOs 302.19 0.79 0 0 1 0.55

25 Robinetin CisH1007 302.24 1 0 0 0 0.55

Cyclopropanedodec
26 anoi c acid, 2-octyl-, | CzoHzs02 310.51 4.16 1 1 1 0.55
methyl ester

[1,1'-Bicyclopropyl]-
27 2-octanoic acid, 2'- C21H3802 322.53 4.47 1 1 1 0.55
hexyl-, methyl ester

28 Malvidin Ci7H1507 331.3 -1.96 0 0 0 0.55
29 Delphinidin chloride | CisHuOr 338.7 -5.53 1 0 0 0.55
30 Limocitrin Ci17H1408 346.29 2.5 0 0 0 0.55
31 Isosorbide Dinitrat C14H16N6Os 396.31 1.65 1 0 0 0.55
32 Ethylisoallocholate | CzsH44Os 436.62 3.99 0 1 0 0.55

Table S3. The all results of GO enrichment analysis (see in this URL)

Table S4. The all results of KEGG enrichment analysis (see in this URL)
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Table S5. Docking results of all compounds and drug controls in CCND1.

Ligand Binding affinity rmsd/ub rmsd/lb
Ellagic acid -8.3 0 0
Ambrosin -1.3 0 0
Pterin-6-carboxylic acid -1.3 0 0
Encorafenib (Drug controls) -7.3 0 0
Genistein -7.2 0 0
Kaempferol 7.2 0 0
Robinetin -7.1 0 0
Delphinidin chloride -6.9 0 0
Limocitrin -6.9 0 0
Malvidin -6.9 0 0
Caffeoylmalic acid -6.4 0 0
Caryophyllene oxide -6.4 0 0
Longipinocarvone -6.4 0 0
Ethylisoallocholate -6.3 0 0
Desulphosinigrin -6.2 0 0
Acetic acid, 3-hydroxy-6-isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-

octahydronaphthalen-2-yl ester 6.2 0 0
Isosorbide dinitrat -6.1 0 0
Mannitol -5.7 0 0
d-Glycero-d-ido-heptose -5.6 0 0
|-Gala-l-ido-octose -5.5 0 0
d-Glycero-d-galacto-heptose -5.3 0 0
[1,1'-Bicyclopropyl]-2-octanoic acid, 2'-hexyl-, methyl ester -5.2 0 0
Cyclopropaneoctanoic acid -5.2 0 0
Methyl stearidonate -5.2 0 0
d-Gala-l-ido octonic amide -5.2 0 0
12,15-octadecadiynoic acid -5.1 0 0
11-octadecenoic acid -5 0 0
Pentadecanoic acid -5 0 0
10-octadecenoic acid -4.9 0 0
Heptadecanoic acid -4.9 0 0
3,5,5-trimethylhexylamine -4.7 0 0
Acetic acid,2,2'[oxybis(2,1ethanediyloxy)]bis -4.6 0 0
Hexadecanoic acid -4.6 0 0
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Table S6. Docking results of all compounds and drug controls in HSP90AB1.

Clitoria ternatea and colorectal cancer inhibition

Ligand Binding affinity rmsd/ub rmsd/lb
Ellagic acid -9.5 0 0
Delphinidin chloride -9.2 0 0
Robinetin -9.2 0 0
Limocitrin -9.1 0 0
Kaempferol -9 0 0
Genistein -8.9 0 0
Malvidin -8.9 0 0
Ethylisoallocholate -8.1 0 0
Acetic acid, 3-hydroxy-6-isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-

octahydronaphthalen-2-yl ester 6 0 0
Caffeoylmalic acid -1.5 0 0
Methyl stearidonate 7.5 0 0
10-octadecenoic acid -7.3 0 0
Ambrosin -7.3 0 0
12,15-octadecadiynoic acid -7.2 0 0
Cyclopropaneoctanoic acid -7.2 0 0
11-octadecenoic acid -7.1 0 0
[1,1'-Bicyclopropyl]-2-octanoic acid, 2'-hexyl-, methyl ester 7.1 0 0
Heptadecanoic acid -6.9 0 0
Pentadecanoic acid -6.7 0 0
Desulphosinigrin -6.6 0 0
Pterin-6-carboxylic acid -6.6 0 0
Hexadecanoic acid -6.5 0 0
Caryophyllene oxide -6.4 0 0
Longipinocarvone -6.4 0 0
Isosorbide dinitrat -6.2 0 0
Mannitol -5.6 0 0
3,5,5-trimethylhexylamine -5.1 0 0
|-Gala-l-ido-octose -5 0 0
d-Glycero-d-galacto-heptose -4.9 0 0
d-Gala-l-ido octonic amide -4.9 0 0
d-Glycero-d-ido-heptose -4.8 0 0
Acetic acid,2,2'[oxybis(2,1ethanediyloxy)]bis -4.2 0 0
Geldanamycin (Drug controls) -4 0 0
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Figure S1. Molecular interaction of (A) ellagic acid and (B) geldanamycin to HSP90AB1 binding site, (C) ellagic acid and (D) encorafenib to CCND1
binding site.
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