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Abstract

Context: Thyroid cancer (TC) accounts for approximately 3% of all malignant cancers, with increasing morbidity and mortality rates globally. In 2023, the
United States reported 43,720 new TC cases and 2,120 TC-related deaths. Histologically, TC is classified into many types, with papillary thyroid cancer (PTC)
being the most common. Current treatments, such as surgical thyroidectomy with adjuvant chemotherapy and radiotherapy, often face challenges such as
tumor recurrence, metastasis, drug resistance, and toxicity. This necessitates exploring new therapeutic approaches, such as natural ingredients for
complementary therapy. Pogostemon cablin (PC) and Murraya koenigii (MK) have shown anticancer properties in various cancers.

Aims: To investigate the targets and pathways of PC and MK in treating PTC based on network pharmacology, molecular docking, and molecular dynamics.

Methods: This study involved identifying common targets using bioinformatics tools, including network pharmacology, molecular docking, and molecular
dynamics, to find primary targets and promote compounds in PC and MK combination.

Results: Findings identified 242 common targets, with AKT1 as a primary target, highlighting potential pathways and genes for new drug development and
PTC mechanism investigation. These results suggest the PC and MK combination is a promising therapy for PTC.

Conclusions: This study underscores the potential of PC and MK combination therapy for PTC. These findings suggest that PC and MK show promising effects
on the novel biomarker candidate AKT1 and its related pathways, including the cancer pathway, which is critical for metabolic pathways in PTC. In addition,
this study identified that PC-MK compounds such as clionasterol, noruns-12-ene, and koenimbine were effective for PTC therapy based on molecular docking
and molecular dynamics evaluation.

Keywords: AKT1; in silico; Murraya koenigii; network pharmacology; Pogostemon cablin; PTC therapy.

Resumen

Contexto: El cancer de tiroides (CT) representa aproximadamente el 3% de todos los canceres malignos, con tasas de morbilidad y mortalidad en aumento a
nivel mundial. En 2023, Estados Unidos reporté 43.720 nuevos casos de CT y 2.120 muertes relacionadas con el CT. Histolégicamente, el CT se clasifica en
varios tipos, siendo el cancer papilar de tiroides (CPT) el mas comun. Los tratamientos actuales, como la tiroidectomia quirirgica con quimioterapia y
radioterapia adyuvantes, a menudo enfrentan desafios como la recurrencia tumoral, la metastasis, la farmacorresistencia y la toxicidad. Esto requiere
explorar nuevos enfoques terapéuticos, como ingredientes naturales para la terapia complementaria. Pogostemon cablin (PC) y Murraya koenigii (MK) han
demostrado propiedades anticancerigenas en diversos tipos de cancer.

Objetivos: Investigar las dianas y vias de PC y MK en el tratamiento del CPT, basandose en la farmacologia de redes, el acoplamiento moleculary la dinamica
molecular.

Métodos: Este estudio implicé la identificacidon de dianas comunes mediante herramientas bioinformaticas, como la farmacologia de redes, el acoplamiento
moleculary la dindmica molecular, para encontrar dianas primarias y promover compuestos en la combinacién de PCy MK.

Resultados: Los hallazgos identificaron 242 dianas comunes, con AKT1 como diana primaria, lo que destaca posibles vias y genes para el desarrollo de nuevos
farmacos y la investigacion del mecanismo del CPT. Estos resultados sugieren que la combinacién de PC y MK es una terapia prometedora para el CPT.

Conclusiones: Este estudio subraya el potencial de la terapia combinada de PC y MK para el CPT. Estos hallazgos sugieren que PC y MK muestran efectos
prometedores sobre el nuevo biomarcador candidato AKT1 y sus vias relacionadas, incluyendo la via del cancer, que es crucial para las vias metabdlicas en el
CPT. Ademas, este estudio identific la eficacia de compuestos de PC-MK como clionasterol, noruns-12-eno y koenimbina en el tratamiento de PTC,
baséndose en la evaluacién del acoplamiento moleculary la dindmica molecular.

Palabras Clave: AKT1; farmacologia de redes; in silico; Murraya koenigii; Pogostemon cablin; tratamiento de CPT.
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Pogostemon cablin and Murraya koenigii as papillary thyroid cancer therapy

Abbreviations: 3D: Three-dimensional; AKT: AKT serine/threonine kinase 1; ATC: Anaplastic thyroid cancer; BP: Biological processes;
BW: Body weight; CC: Cellular components; c-Myc: c-Myc-binding protein; DNA: Deoxyribonucleic acid; EMT: Epithelial-to-mesenchymal
transition; FTC: Follicular thyroid cancer; GC-MS: Gas chromatography-mass spectrometry; GO: Gene ontology; GST: Glutathione-S-
transferase; KEGG: Kyoto encyclopedia of genes and genomes; LAC: Local average connectivity; LC-MS: Liquid chromatography-mass
spectrometry; LDH: Lactate dehydrogenase; MD: Molecular dynamics; MF: Molecular function; MK: Murraya koenigii; MMPBSA: Molecular
mechanical energy combined with Poisson-Boltzmann; MTC: Medullary thyroid cancer; NF-kB: Nuclear factor-kappa B; PBS: Poisson-
Boltzmann; PC: Pogostermon cablin; PDB: Protein data bank; PLIP: Protein-ligand interaction profiler; PPI: Protein-protein interaction; PTC:
Papillary thyroid cancer; QSAR: Quantitative structure-activity relationship; RCSB: Research collaboratory for structural bioinformatics;
RMSD: Root-mean-square deviation; RMSF: Root-mean-square fluctuation; SMILES: Simplified molecular input line entry system; TC:

Thyroid cancer.

INTRODUCTION

Thyroid cancer (TC) typically begins with the for-
mation of thyroid nodules and is a malignant tumor
affecting the endocrine system (Du et al., 2018; Prete
et al., 2020). Clinical statistical data indicate that TC
accounts for approximately 3% of all malignant can-
cers (Siegel et al., 2019; Trigo et al., 2014). Alarmingly,
over the past few decades, the morbidity and mortali-
ty rates of TC cases have increased significantly
worldwide. In 2023 alone, around 43,720 new TC
cases were diagnosed in the United States, with 2,120
deaths attributed to TC (Siegel et al., 2023; Zaballos
and Santisteban, 2017). From a histological perspec-
tive, TC can be classified into several subtypes: papil-
lary thyroid cancer (PTC), follicular thyroid cancer
(FTC), medullary thyroid cancer (MTC), and undif-
ferentiated anaplastic thyroid cancer (ATC). PTC is
the most prevalent type, accounting for approximate-
ly 80% of all TC cases. It is also one of the seven most
common malignancies among women and children
(Abdullah et al., 2019; Gonzalez-Gonzalez et al., 2011;
Hajeer et al., 2018; Ito and Miyauchi, 2020; Kim et al.,
2018; Lubitz and Sosa, 2016). Conversely, ATC,
though rare, is the most aggressive subtype, compris-
ing only 1%-2% of TC cases but contributing to over
50% of TC-related deaths (Are and Shaha, 2006; San-
dulache et al., 2012).

Current therapeutic strategies for TC include sur-
gical thyroidectomy combined with adjuvant chemo-
therapy and radiotherapy. However, these treatments
are often suboptimal due to high rates of tumor recur-
rence, distant metastases, drug resistance, and severe
side effects (Erol et al., 2014; Saini et al., 2018; Wagle
et al.,, 2014). In light of these limitations, the explora-
tion of novel therapeutic strategies is crucial. A prom-
ising approach lies in precision medicine, which lev-
erages multi-target pharmacological mechanisms to
achieve better outcomes (Casas et al., 2019). Among
such strategies, the use of natural products as com-
plementary therapies has garnered attention due to
their low toxicity, high efficacy, multi-target inhibi-
tion, and cost-effectiveness (Salehi et al., 2019; Sari et
al., 2020; 2022; Tuli et al., 2021). Pogostemon cablin
(Blanco) Benth. (PC), family Lamiaceae, and Murraya
koenigii (L.) Spreng. (MK), family Rutaceae, are tradi-
tional herbal medicines with a long history of use in

https://jppres.com

Southeast Asia. Both plants exhibit significant health-
promoting activities, including anticancer properties
against various types of cancer. PC has been shown to
inhibit HeLa cell proliferation, suppress differentia-
tion, and promote apoptosis in human colorectal can-
cer cells (HCT116 and SW480) (Jeong et al., 2013). It
also downregulates c-Myc, inhibits histone deacety-
lase enzyme activity, and activates the nuclear factor-
kappa B (NF-xB) pathway (Jeong et al., 2013).

Similarly, MK exhibits a wide range of anticancer
properties. Its extract has shown preventive and cura-
tive effects against tumor growth, effectively inducing
apoptosis in tumor cells (Aisyah et al., 2021). The hy-
dro-methanol extract of MK leaves, rich in polyphe-
nols, inhibits 26S proteasome activity and induces
apoptosis in breast cancer cells (MCF-7 and MDA-
MB-231) (Noolu et al, 2013). Additionally, MK
demonstrates anticancer activity against human colon
adenocarcinoma (Caco-2) and liver cancer cells
(HepG2) by increasing lactate dehydrogenase (LDH)
and glutathione-S-transferase (GST) activity, along
with DNA fragmentation (Patterson and Verghese,
2015). Girinimbine, a bioactive compound in MK,
induces apoptosis and arrests the cell cycle in hepato-
cellular carcinoma (HepG2) cells (Syam et al., 2011).
Despite these promising findings, the mechanisms
underlying the combined action of PC and MK, par-
ticularly their effects on papillary thyroid cancer
(PTC), remain unexplored. This study aims to investi-
gate the therapeutic potential of PC and MK in PTC
through a bioinformatics approach, focusing on their
targets on AKT1, a key regulator in cancer progres-
sion. By elucidating these mechanisms, the study
seeks to provide new insights into PTC tumorigenesis
and contribute to developing more effective integra-
tive therapies for TC patients.

On the other hand, MK is reported to have various
anticancer activities, where MK extract at a dose of
300 mg/kg BW has preventive and curative effects
and has the potential to be used as an antitumor,
which effectively induces tumor cell apoptosis
(Aisyah et al., 2021). In addition, hydro-methanol
extract of MK leaves, which is rich in polyphenols,
mediates inhibition of 26S proteasome proteolytic
activity and induces apoptosis of MCF-7 and MDA-
MB-231 breast cancer cells through decreasing cell
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viability, growth kinetics, and S phase cell cycle arrest
(Noolu et al., 2013). MK extract also showed anti-
cancer activity against human colon adenocarcinoma
Caco-2 and human liver cells HepG2 by increasing
the activity of lactate dehydrogenase (LDH) and glu-
tathione-S-transferase (GST) and DNA fragmentation.
Histone-related and thus may help prevent colon
cancer (Patterson and Verghese, 2015). Girinimbine
also inhibits growth and induces apoptosis (intrinsic)
in human hepatocellular carcinoma (HepG2) cells by
decreasing cell viability, increasing DNA fragmenta-
tion, and G0/G1 phase cell cycle arrest (Syam et al.,
2011). However, the detailed mechanisms involved in
combining PC-MK in PTC have not been discussed.

Looking at the potential of PC-MK in the treat-
ment of various cancers and to better understand the
mechanism of action and potential synergistic thera-
peutic targets of the combination of PC and MK, this
study aims to reveal the potential molecular mecha-
nisms and pathways of the combination of PC-MK in
PTC. This study identified 242 common targets of the

Pogostemon cablin and Murraya koenigii as papillary thyroid cancer therapy

AKT1 gene, which is the meeting point between PC,
with AKT1 being the primary target. In addition, this
study also highlights the available pathways, and the
genes involved in them, which can provide a theoreti-
cal basis for developing new drugs and investigating
PTC mechanisms. These findings show its potential as
a promising PTC therapy.

MATERIAL AND METHODS

Workflow of the study

This study was designed to identify the potential
molecular mechanisms and pathways of the PC-MK
compound combination in PTC through a bioinfor-
matics approach. This analysis includes the evalua-
tion of signaling pathways, biological processes, and
key target genes suspected of playing a role in the
mechanism of action of PC-MK on PTC. This ap-
proach is expected to obtain a deeper understanding
of the effect of PC-MK compounds on PTC. The re-
search workflow is shown in Fig. 1.
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Figure 1. Flowchart of the study to explore the potential mechanism of Pogostemon
cablin and Murraya koenigii in the treatment of papillary thyroid carcinoma.
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Screening compounds of Pogostemon cablin and
Murraya koenigii

The list of identified compounds in Pogosternon ca-
blin and Murraya koenigii was obtained from Ginting
et al. (2023) and Husna et al. (2022), which used gas
chromatography-mass spectrometry (GC-MS) and
liquid chromatography-mass spectrometry (LC-MS)
analysis for compound identification. Furthermore,
the three-dimensional (3D) structures of the identified
compounds were retrieved from the PubChem data-
base (https://pubchem.ncbi.nlm.nih.gov/) (Kim et
al., 2023). Lipinski Rule of Five analysis was per-
formed to screen the compounds based on suitable
and safe physicochemicals and oral bioavailability
using OSIRIS DataWarrior
(https:/ /openmolecules.org/datawarrior/) and Tox-
tree  (https://toxtree.sourceforge.net/) (Lipinski,
2004; Patlewicz et al., 2008; Sander et al., 2015), where
the analysis considered five criteria: 1) preliminary
screening (mutagenic, tumorigenic, irritant, reproduc-
tive effects), 2) structural alert for genotoxic carcino-
genicity, 3) structural alert for non-genotoxic carcino-
genicity, 4) mutagen potential of S. typhimurium
TA100 based on QSAR (quantitative structure-activity
relationship) and 5) carcinogen potential based on
QSAR. Furthermore, structures showing mutagenic
potential, tumorigenic, reproductive-toxic, or irritant
properties were carefully excluded.

Potential target genes and identification of PTC-
related targets finding

Furthermore, the pre-filtered PC and MK com-
pounds were further analyzed to identify potential
targets based on the Canonical SMILES of each com-

pound wusing various webservers SuperPred
(https:/ /prediction.charite.de/), BindingDB
(https:/ /www.bindingdb.org/), SwissTargetPredic-

tion (http://www.swisstargetprediction.ch/) (Daina
et al., 2019; Liu et al., 2007; Nickel et al., 2014). In ad-
dition, OMIM (https:/ /www.omim.org/), GeneCards
(https:/ /www.genecards.org/), and DisGeNet
(https:/ /www.disgenet.org/) web servers were used
to find genes associated with PTC (Pifiero et al., 2019;
Stelzer et al., 2016). Finally, Venn diagrams were used
to identify PTC common targets.

Identification of main targets of PC-MK for PTC

Based on Common Target PC-MK integration re-
sults on PTC from the previous stage, the STRING
webserver (https://string-db.org/) was used to gen-
erate a protein-protein interaction (PPI) network
(Szklarczyk et al., 2023). Where an interaction score
>0.700 (high confidence) filters the network formed
within it. Furthermore, the PPI network that had been

https://jppres.com
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formed was further analyzed and visualized using
Cytoscape software version 3.10 (Shannon et al.,
2003). This study used the CytoNCA plug-in to identi-
fy essential gene targets in the network (Tang et al,,
2015). Using this plug-in, we calculate various net-
work centrality measures, including Betweenness,
Closeness, Degree, Eigenvector, LAC, and use the
median value of each score to filter the target three
times (Hu et al., 2023).

Functional annotation

In exploring gene ontology (GO), including mo-
lecular function (MF), cellular components (CC), bio-
logical processes (BP), and Kyoto encyclopedia of
genes and genomes (KEGG) enrichment analysis, the
latest study from Mariana Kustiawan et al. (2024) was
applied, wusing the DAVID web  server
(http:/ /david.ncifcrf.gov) and the SRplot webserver
(https:/ /www.bioinformatics.com.cn/en) were used
to help visualize the results of GO and KEGG bar
plots (Dennis et al., 2003).

Molecular docking

AutoDock Vina (version 1.2.5) was used to per-
form molecular docking and calculate the binding
affinity score, where we carried out the simulation
three times to get a convincing average binding affini-
ty result (Trott and Olson, 2009). The AKT1 protein
structure (PDB ID: 3096) was sourced from the RCSB
PDB (https:/ /www.rcsb.org/) (Burley et al., 2021; Wu
et al.,, 2010). The 44 compounds of PC-MK, along with
the native ligand of the protein, AKT Inhibitor VIII 1-
(1-(4-(7-phenyl-1H-imidazo[4,5-g]quinoxalin-6-
yl)benzyl)piperidin-4-yl)-1H-benzo[d]imidazol-2(3H)-
one, also known as IQO. Their structures were refined
using Discovery Studio (BIOVIA, San Diego, USA)
(BIOVIA, 2019), which facilitated the removal of wa-
ter molecules and ligands and the addition of polar
hydrogens to prepare the target protein for docking.
Finally, the three compounds with the highest bind-
ing affinity results, as well as the native ligand result-
ing from molecular docking on AKT1, will be ana-
lyzed using the protein-ligand interaction profiler
(PLIP) web server (https://plip-tool.biotec.tu-
dresden.de/plip-web/plip/index) to see the interac-
tions formed during the molecular docking simula-
tion (Adasme et al., 2021; Salentin et al., 2015; Siregar
etal., 2024).

Molecular dynamics

Molecular dynamics simulations were conducted
for 50 ns using the AMBER14 forcefield (Krieger and
Vriend, 2015; Maier et al., 2015) under physiological
conditions as follows: pH 7.4, 0.9 NaCl concentration,
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0.997 g/mL of water density, 1 bar pressure, and
310°K temperature with a cubic cell shape. All simula-
tions were executed in YASARA version 21 (Krieger
and Vriend, 2015), with 2000-time steps and a speci-
fied simulation box size. The simulation trajectories
were subsequently analyzed using YASARA macros,
specifically md_analyze.mcr and md_analyzeres.mcr.
Structural dynamics were characterized by the root-
mean-square deviation (RMSD) of atomic positions
and the root-mean-square fluctuation (RMSF) of each
residue position, measured in angstroms (A). The
calculation of the stability value of bond energy or
molecular mechanical energy combined with Pois-
son-Boltzmann (MMPBSA) was carried out using the
Poisson-Boltzmann (PBS) method in the macro
md_analyzebindingenergy.mcr  from = YASARA
(Meylani et al., 2023; Miller et al., 2012).

RESULTS

Screening compounds and identification of PTC-
related targets

A total of 242 common targets for PC-MK in PTC
were obtained from the intersection of protein search-
es using SMILES of 24 PC and 16 MK compounds that
had been filtered through ADMET screening and
gene target searches using SwissTargetPrediction,
BindingDB, and SuperPred webservers. In addition,
PTC-related protein searches were also conducted
using the keyword "Papillary Thyroid Carcinoma" on
various web servers (Fig. 2).

Pogostemon cablin and Murraya koenigii as papillary thyroid cancer therapy

Identifying core targets of PC-MK for PTC

A total of 242 common targets of PC-MK in PTC
were analyzed using protein-protein interaction (PPI)
network modules via STRING, with a combined score
threshold set at >0.700 (high confidence), resulting in
1225 edges and 189 nodes (Fig. 2). Four core proteins
were obtained based on filtering results three times
using CytoNCA, and six algorithms were used
(AKT1, IL6, SRC, and STAT3) (Fig. 3). Finally, these
four proteins were analyzed further to see their level
of importance in the available enrichment analysis
data.

Functional enrichment analysis

To elucidate the biological mechanism of PC-MK
against PTC, we conducted GO enrichment analysis
on 242 common targets of PC-MK for PTC. We illus-
trated the top 10 signaling pathways in a bar plot in
Fig. 4A, sorted by p-values from smallest to largest
(supplementary Table S1). The GO analysis was cate-
gorized into three main groups: Biological Process
(BP), Cellular Component (CC), and Molecular Func-
tion (MF). The top 10 GO terms for each category are
visualized in a bar plot (Fig. 4B and supplementary
Table S2). The length and color of the bars represent
the enrichment gene count and p-values, respectively,
with darker colors indicating smaller p-values and
longer bars representing a higher number of enriched
therapeutic genes.
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Figure 2. Common target Pogostemon cablin and Murayya koenigii and PTC-related target.
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Furthermore, potential therapeutic targets were
identified through KEGG pathway enrichment analy-
sis. Among the four key genes identified via the pro-
tein-protein interaction (PPI) network, AKT1 emerged
as a critical hub gene, appearing across all KEGG
pathways analyzed (Fig. 4C), particularly within the
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cancer-related pathways. As a result, the AKT1 gene
was selected for further investigation through molec-
ular docking. These findings can potentially guide
future investigations and identify promising treat-
ment targets.
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Molecular docking

In this study, although AKT Inhibitor VIII showed
strong binding affinity to AKT1 by showing a docking
score (-14.2 Kcal/Mol), we still chose three com-
pounds that showed strong binding affinity to AKT1
even though they were not stronger than AKT Inhibi-
tor VIII. Where the compounds clionasterol, noruns-
12-ene, and koenimbine have docking scores of -10.9,
-10.8, and 10.5 Kcal/Mol, respectively. Even though it
is not stronger compared to AKT Inhibitor VIII, based
on the docking results show that this compound also
has potential as a therapeutic candidate that is close to
an AKT1 inhibitor, and those three compounds could
bind in the same location as AKT Inhibitor VIII,
which potentially has a similar function as its inhibi-
tor (Fig. 5). Further analysis, analysis of significant
interactions with active residues forming hydrogen
and hydrophobic bonds of the three compounds and
AKT Inhibitor VIII is presented in Table 1 and Fig. 6.
Finally, the four ligands will be analyzed further to
see their stability in molecular dynamics.

Molecular dynamics

MD simulations were performed for the four com-
plexes, clionasterol-AKT1, koenimbine-AKT1, 27-
norurs-12-ene-AKT1, and AKT1 inhibitor VIII-AKT1,
to provide additional validation of the specific bind-
ing and stability of their interactions. The RMSD val-
ue in the backbone structure shows that the entire
complex tends to fluctuate and is not constant for 50
ns, producing an average RMSD below <4 A (Fig.
7A). On the other hand, in Fig. 7B, RMSD Movements
in each complex produce varying average RMSD,
where the compounds Clionasterol and AKT1 Inhibi-
tor VIII produce average RMSD below <2 Aof 1.77 A
and 1.34 A), and in compound 27-norurs-12-ene

Pogostemon cablin and Murraya koenigii as papillary thyroid cancer therapy

yielded an average RMSD of 2.29 A. In contrast, in
koenimbine, there was a constant fluctuation in lig-
and movement during the simulation, resulting in an
average RMSD of 5.34 A. On the other hand, the aver-
age RMSD value of ligand during the simulation pro-
duces an average RMSD below <2 A, whereas the
compounds koenimbine and 27-norurs-12-ene pro-
duce an average RMSD of 0.98 A and 0.76 A, respec-
tively. The results are close to the average RMSD of
AKT1 Inhibitor VIII, which is 0.66 A, where in Fig. 7C,
it can be seen that during the simulation, there were
no significant fluctuations except for the clionasterol
compound. It maintained its stability until the end of
the simulation with an average RMSD of 1.77 A.

The RMSF results only showed small differences
between clionasterol, koenimbine, 27-norurs-12-ene,
and AKT1 Inhibitor VIII (Fig. 7D). The RMSF value
shows that the binding of clionasterol, 27-noruns-12-
ene, and koenimbine to AKT1 does not affect the sta-
bility of each residue, especially the active site resi-
dues of AKT1 that are formed (Table 1). Furthermore,
koenimbine and clionasterol formed more hydrogen
bonds than noruns-12-ene (Fig. 7E). Therefore, all
ligands can bind with great affinity to AKT1 to act as
its inhibitor. Finally, MM-PBSA analysis was carried
out to see the binding energy produced, where the
compounds clionasterol and noruns-12-ene had a
stronger binding energy compared to AKT1 Inhibitor
VIII (-26.79 £ 46.32 kJ/mol), forming each at -35.11 +
35.65 kJ/mol and -39.57 £ 38.61 kJ/mol. On the other
hand, the koenimbine compound has the lowest ener-
gy compared to other compounds, namely -8.18 +
32.13 kJ/mol. So, our investigation of these three
compounds shows that clionasterol and noruns-12-
ene have potential inhibitory activity against AKT1
(Fig. 7F).

-15
AKT1 inhibitor VIII (Native Ligand)
-14
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-13
Noruns-12-ene - -108
-12
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|
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Figure 5. heatmap of three compounds with the
highest binding affinity and AKT Inhibitor VIll as
a native ligand.
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Figure 6. Ligand interactions of (A) AKT inhibitor VIII (red), (B) Clionasterol (yellow), (C) Noruns-12-ene (green), and (D)
Koenimbine (blue).

Table 1. The result of molecular docking AKT1 with three best compounds and AKT1 inhibitor as native ligand.

Binding affinity Position of chemical bonds

Ligand
(Kcal/Mol) Hydrogen bond Distance (A) Hydrofobic interction Distance (A)
AKT1 Inhibitor VIII -14.2 Ser205 3.02 le84 3.97
(native ligand) Lys268 2.95 Leu210 3.50
Tyr326 3.69 Leu264 3.47
Lys268 3.65
Tyr272 3.39
Asp292 3.58
Clionasterol -10.9 Thr211 2.42 Asn54 3.65
Trp80 3.68
1le84 3.72
Leu210 3.89
Leu264 3.78
Val270 3.89
Tyr272 3.57
Asp292 3.89
Noruns-12-ene -10.8 - - GIn79 3.70
Trp80 3.29
Thr82 3.43
I1le84 3.36
Leu264 3.68
Arg273 3.87
Koenimbine -10.5 Ser205 2.99 Trp80 3.55
Thr211 3.56 Leu210 3.19
Leu264 3.90
Lys268 3.51
Val270 3.89

Bold letter means catalytic residues of AKT1. *Native ligand.
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DISCUSSION

In this study, we employed a network pharmacol-
ogy and bioinformatics analysis approach to investi-
gate the effects of PC-MK on PTC. A total of 242
common targets for PC-MK targets in PTC were ob-
tained from the intersection results based on protein
search outcomes using SMILES from 44 PC-MK com-
pounds. The search utilized the SuperPred, Bind-
ingDB, and SwissTargetPrediction web servers and
OMIM, GeneCards, and DisGeNet webservers to find
genes associated with PTC. Furthermore, the results
of our PPI analysis found four genes (AKT1, IL6, SRC,
and STATS3) to be associated with PTC, and we specif-
ically focused on AKT1 as a key biomarker candidate
for a more comprehensive investigation based on PPI
analysis and support for its role in various pathways.
The research of Yang et al. (2013) supports this by
revealing that decreased AKT1 expression can signifi-
cantly inhibit cell proliferation, induce apoptosis, and
inhibit thyroid cancer cell migration (Yang et al,
2013). Moreover, AKT1 activation triggers thyroid
cancer progression, specifically through PI3K signal-
ing, which plays a central role in cancer cell prolifera-
tion, antiapoptosis, and motility. Increased AKT activ-
ity is associated with advanced tumor stage and the
development of several different malignancies (Kim,
2005). In thyroid cancer, an association between in-
creased AKT activity and tumor size and invasion has
been demonstrated in FTC and PTC, except in tumors
with BRAF-activating mutations (Shin et al., 2004;
Vasko et al., 2004). PI3K signaling has been shown to
play a role in cell proliferation, survival, invasion, and
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motility in PTC, FTC, and anaplastic thyroid cancer
cell lines in vitro. Activation of AKT and other PI3K-
regulated proteins, including p70S6 kinase and
mammalian target of rapamycin, play important roles
in thyroid cell proliferation and cancer progression
(Miyakawa et al., 2003; Motti et al., 2005; Suh et al.,
2003). As patients with more aggressive cancers ac-
count for most deaths from thyroid cancer, there is
interest in capitalizing on this role to develop new
therapies (Kim, 2005). Some recent mechanistic obser-
vations from other malignancies strongly suggest that
a more detailed understanding of the AKT mecha-
nism in thyroid cancer progression is needed before
taking this step.

While it is unlikely that there is only one single
pathway responsible for tumor progression, PI3K
effectors, including AKT, appear to play a critical role
in this process in thyroid cancer. Pharmacological and
molecular inhibition of PI3K and AKT isoforms have
been shown to reduce proliferation and motility in
several human thyroid cancer cell lines in vitro. PI3K
and, more specifically, AKT inhibitors reduce thyroid
cancer cell cycle progression at the G2/M phase tran-
sition. They can induce apoptosis despite the overall
resistance of poorly differentiated thyroid cells to
apoptosis in general (Braga-Basaria et al., 2004). In
addition, RET/PTC-induced cell motility and expres-
sion of osteopontin, a key regulator of epithelial-to-
mesenchymal transition (EMT), are mediated by PI3K
and AKT (Guarino et al., 2005). Recently, peroxisomal
proliferator-activated receptor-y agonists' ability to
reverse EMT partially depends on the upregulation of
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PTEN expression followed by the inhibition of AKT
activity (Aiello et al., 2006). In vivo studies in
TRBpv/pv mice that develop metastatic FTC-like
thyroid cancer have shown increased AKT activation
in both primary and metastatic tumor tissues (Kim et
al., 2005). In addition, primary cultures of TRBpv/pv
primary thyroid cancer displayed AKT-dependent
cell motility in Boyden chambers, consistent with a
role for AKT in metastasis in this model (Shinohara et
al., 2007).

Molecular docking and molecular dynamics verifi-
cation to assess the potential of the PC-MK combina-
tion for PTC therapy using the identified biomarker
candidates were performed. The three best com-
pounds from the molecular docking results with the
highest binding affinity were selected: Clionasterol,
noruns-12-ene, and koenimbine. These compounds
exhibited strong binding affinity to the AKT1 gene,
though not as high as AKT1 inhibitor VIII, indicating
close integration with the gene through bond for-
mation (Fig. 6 and Table 1). In addition, to explain the
stability of protein-ligand interactions and the bind-
ing stability of the compounds clionasterol, noruns-
12-ene, and koenimbine with the AKT1 structure, we
carried out MD simulations and binding energy sta-
bility analysis in 50 ns using YASARA software. As a
result, the compounds clionasterol and noruns-12-ene
are promising compounds for PTC therapy based on
RMSD, RMSF, and energy stability analysis, which
shows that these compounds have strong bond ener-
gy stability compared to AKT Inhibitor VIII itself (Fig.
7).

Until we know, this is the first study to explore the
potential PTC therapeutic activity of a combination of
PC-MK compounds with the underlying critical
pathways and targets associated with PTC. The re-
sults show that the combination of PC-MK com-
pounds can potentially treat PTC. However, this re-
search has limitations because the bioinformatics ap-
proach depends on the accuracy and completeness of
the database used to obtain target genes. Despite
these limitations, this study offers valuable insights
into PC-MK compounds' potential targets and mech-
anisms. This suggests its influence on PTC through
multiple pathways, especially those involved in can-
cer regulation, including proliferation, differentiation,
apoptosis, and metabolic pathways.

Pogostemon cablin and Murraya koenigii as papillary thyroid cancer therapy

PTC. Additionally, the study identified that PC-MK
compounds such as clionasterol, noruns-12-ene, and
koenimbine are effective for PTC therapy based on
molecular docking and molecular dynamics evalua-
tions. However, they are not superior to the native
ligand as a natural inhibitor of AKT but have the po-
tential to bind in a similar location as its inhibitor.
This suggests that the PC-MK compound combination
could be used as a complementary treatment for PTC
and has a potential activity similar to an AKT inhibi-
tor. Nonetheless, further research is necessary to vali-
date these findings and investigate the underlying
mechanisms. Overall, these results have significant
implications for developing new therapeutic strate-
gies for PTC.
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Supplementary data

Table S1. The top ten results of GO enrichment analysis.

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 GO0:0140297 DNA-binding transcription factor binding 1.28E-10 8.35E-09 4.87E-09
MF G0:0004674 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
cc G0:0045121 Membrane raft 1.64E-14 2.58E-12 1.73E-12
ccC 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 GO0:0045178 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
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Table S2. The top ten results of KEGG enrichment analysis.

Pogostemon cablin and Murraya koenigii as papillary thyroid cancer therapy

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
Table S3. Result docking AKT-1.
Rank Ligand Docking 1 Docking 2 Docking 3 Average
Native 1-(1-(4-(7-Phenyl-1H-imidazo[4,5-g]quinoxalin-6- -14,21 -14,24 -14,21 -14,22
yl)benzyl)piperidin-4-yl)-1H-benzo[d]imidazol-
2(3H)-one
1 Clionasterol -10,97 -10,955 -10,982 -10,969
2 27-Norurs-12-ene -10,87 -10,867 -10,842 -10,85966667
3 Pyrayaquinone A -10,787 -10,797 -10,775 -10,78633333
4 Murrayaquinone B -10,633 -10,637 -10,649 -10,63966667
5 Koenimbine -10,603 -10,556 -10,488 -10,549
6 Murrayamine | -10,516 -10,496 -10,473 -10,495
7 Pyrayaquinone A -9,777 -9,764 -9,762 -9,767666667
8 Siamenol -9,648 -9,649 -9,66 -9,652333333
9 14-Diepoxy-15,17-bisnorlabdane -9,472 -9,418 -9,431 -9,440333333
10 Alpha-Tocopherol acetate (vitamin E) -9,524 -9,114 -9,214 -9,284
11 Aciphyllene -8,964 -8,967 -8,965 -8,965333333
12 gamma-Gurjunene -8,923 -8,92 -8,931 -8,924666667
13 alpha-delta-Guaiene -8,822 -8,833 -8,822 -8,825666667
14 Ledene -8,755 -8,814 -8,824 -8,797666667
15 alpha-Guaiene -8,796 -8,739 -8,796 -8,777
16 Matrine -8,759 -8,774 -8,773 -8,768666667
17 alpha-Guajene -8,803 -8,76 -8,731 -8,764666667
18 5-p-Methoxyanilido-7-amino-8-5H-quinolone -8,749 -8,716 -8,718 -8,727666667
19 delta-Guaiene -8,687 -8,675 -8,699 -8,687
20 21HNaphthalenone -8,652 -8,659 -8,657 -8,656
21 4,7-Methanoazulene -8,497 -8,488 -8,47 -8,485
22 Globulol -8,438 -8,446 -8,442 -8,442
23 beta-Patchoulene -8,406 -8,415 -8,4 -8,407
24 Beta Patchoulene -8,397 -8,375 -8,404 -8,392
25 Murralongin -8,362 -8,365 -8,382 -8,369666667
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26 beta-Selinene -8,361 -8,365 -8,37 -8,365333333
27 Nootkatene -8,349 -8,326 -8,341 -8,338666667
28 alpha-Selinene -8,319 -8,327 -8,321 -8,322333333
29 13-Diepoxy-14,15-bisnorlabdane -8,28 -8,278 -8,269 -8,275666667
30 Spathulenol -8,196 -8,196 -8,197 -8,196333333
31 (+-)gamma-Gurjunene -8,142 -8,137 -8,119 -8,132666667
32 Murrayone -8,135 -8,222 -7,946 -8,101

33 Murraxonin -8,052 -8,091 -8,1 -8,081

34 beta-Acorenol -7,991 -7,989 -7,981 -7,987

35 alpha-Maaliene -7,901 -7,908 -7,912 -7,907

36 cis-Z-alpha-Bisabolene epoxide -7,758 -7,826 -7,83 -7,804666667
37 Caryophyllene oxide -7,652 -7,594 -7,613 -7,619666667
38 Elemene -7,597 -7,6 -7,608 -7,601666667
39 8S,13-Cedranediol 7,437 -7,463 -7,455 -7,451666667
40 alpha-Patchoulenel -7,43 -7,408 -7,431 -7,423

41 alpha-Patchoulene -7,416 -7,298 -7,436 -7,383333333
42 delta-Elemene -7,338 -7,348 -7,362 -7,349333333
43 Cycloseychellene -7,315 -7,307 -7,329 -7,317

44 Caryophyllene epoxide -7,307 -7,298 -7,315 -7,306666667
45 Patchouli alcohol -7,299 -7,289 -7,297 -7,295

46 beta-Caryophyllene -7,284 -7,29 -7,291 -7,288333333
47 Caryophyllene -7,283 -7,283 1,27 -7,278666667
48 Humulene -7,208 -7,225 -7,201 -7,211333333
49 Isoaromadendrene epoxide -7,14 -7,14 -7,133 -7,137666667
50 Pseudoselagin -7,115 -7,11 -7,106 -7,110333333
51 Naphtalenol -7,063 -7,07 -7,068 -7,067

52 Linolenic acid -6,706 7,1 -7,03 -6,945333333
53 Azulene -6,932 -6,943 -6,93 -6,935

54 Norpatchoulenol -6,839 -6,841 -6,833 -6,837666667
55 Seychellene -6,821 -6,841 -6,849 -6,837

56 1R-3beta-Ethenyl-3-methyl-2alpha-1- -6,573 -6,564 -6,569 -6,568666667

methylethenyl-6beta-1-methylethyl-1beta-
cyclohexanol

57 Octadecanoic acid -6,36 -6,424 -6,308 -6,364

58 Palmitic acid -6,172 -6,232 -6,346 -6,25

59 Benzyl methyl ether -5,326 -5,315 -5,316 -5,319

60 E-4,4-Dimethyl-2-pentene -4,336 -4,325 -4,328 -4,329666667
61 Pyrrolone -3,576 -3,519 -3,566 -3,553666667
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Table S4. Toxicity analysis of Pogostemon cablin and Murraya koenigii.

Pogostemon cablin and Murraya koenigii as papillary thyroid cancer therapy

No. Plant Compound name Pubchem ID Is:irtei::ning ‘1\:” lz\redrt illr:rt 4th Alert
1 Pogostemon | alpha-Guaiene 5317844 NONE NO NO NO NO
2 cablin Azulene 9231 NONE NO NO NO NO
3 Patchouli alcohol 10955174 NONE NO NO NO NO
4 Globulol 12304985
5 Naphtalenol 7005
6 Spathulenol 92231
7 delta-Guaiene 94275 NONE NO NO NO NO
8 gamma-Gurjunene 90805 NONE NO NO NO NO
9 Ledene 10910653
10 alpha-Selinene 10856614 NONE NO NO NO NO
11 Beta Selinene 28237 NONE NO NO NO NO
12 beta-Patchoulene 101731 NONE NO NO NO NO
13 Elemene 10583 NONE NO NO NO NO
14 delta-Elemene 89316 NONE NO NO NO NO
15 alpha-Guajene 107152 NONE NO NO NO NO
16 Seychellene 519743 NONE NO NO NO NO
17 alpha-Patchoulene 521710 NONE NO NO NO NO
18 Aciphyllene 565709
19 2(1H)Naphthalenone 612605 NONE NO NO NO NO
20 Caryophyllene oxide 1742210
21 alpha-(delta)-Guaiene 3085917 NONE NO NO NO NO
22 BETA-CARYOPHYLLENE 5281515 NONE NO NO NO NO
23 (E)-4,4-Dimethyl-2- 5326158 NONE NO NO NO NO
pentene
24 beta-Acorenol 6430766 NONE NO NO NO NO
25 Norpatchoulenol 14682250 NONE NO NO NO NO
26 (+)-gamma-Gurjunene 15560285 NONE NO NO NO NO
27 Nootkatene 74427712 NONE NO NO NO NO
28 cis-(2)-alpha-Bisabolene 91753574 NONE YES NO NO NO
epoxide
29 (1R)-3beta-Ethenyl-3- 101280480 NONE NO NO NO NO
methyl-2alpha-(1-
methylethenyl)-6beta-(1-
methylethyl)-1beta-
cyclohexanol
30 alpha-Maaliene 102361380
31 Cedran-diol 536384 NONE NO NO NO NO
32 Isoaromadendrene 534398
epoxide
1 Murraya Mukoeinin A 5209 NONE YES NO NO NO
2 koenigii Murrayamin | 101693310 NONE YES NO NO NO

https://jppres.com

J Pharm Pharmacogn Res (2025) 13(s1): S116



https://jppres.com/

Rahman et al. Pogostemon cablin and Murraya koenigii as papillary thyroid cancer therapy

3 Murraxonin 5319960
4 Murrayaquinone B 375141
5 Murralongin 179620
6 Murrayone 5319964
7 Koenimbine 97487 NONE YES NO NO NO
8 Siamenol 477436 NONE YES NO NO NO
9 Pyrayaquinone A 13966506
10 5-p-Methoxyanilido-7- 624340
amino-8-5H-quinolone
11 pyrrolone 14246795 NONE YES NO NO NO
12 13-Diepoxy-14,15- 612676 NONE NO NO NO NO
bisnorlabdane
13 14-Diepoxy-15,17- 624203 NONE NO NO NO NO
bisnorlabdane
14 Humulene 5281520 NONE NO NO NO NO
15 Benzyl methyl ether 10869 NONE NO NO NO NO
16 Caryophyllene epoxide 14350
17 Caryophyllene 5281515 NONE NO NO NO NO
18 Clionasterol 457801 NONE NO NO NO NO
19 Palmitic acid 985
20 Pseudoselagin 621853 NONE NO NO NO NO
21 linolenic acid 5280934 NONE NO NO NO NO
22 Matrine 91466 NONE NO NO NO NO
23 Vitamin E 14985 NONE NO NO NO NO
24 Octadecanoic acid 5281
25 27-Norurs-12-ene 101183147 NONE NO NO NO NO

Yellow Highlight: Molecules used for molecular docking; Initial Screening: mutagenic, tumorigenic, irritant, reproductive effective using Osiris
DataWarrior; 1st Alert: Structural Alert for genotoxic carcinogenicity; 2nd Alert: Structural Alert for nongenotoxic carcinogenicity; 3rd Alert: Potential S.
typhimurium TA100 mutagen based on QSAR; 4th Alert: Potential carcinogen based on QSAR.
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