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Abstract

Context: Cancer remains one of the leading causes of mortality worldwide, necessitating the development of safer and more effective therapeutic agents.
Mangifera laurina, a semi-wild endemic species of mango to the Malesian region, has been recognized for its antioxidant and medicinal properties.

Aims: To evaluate the bioactivity and pharmacokinetic profiles of M. laurina phytocompounds in silico against cancer-associated proteins.

Methods: Ten phytochemicals identified by LC-MS were subjected to ADMET and drug-likeness prediction, protein-protein interaction analysis, molecular
docking, and molecular dynamics simulations targeting MDM2, PD-L1, and HSP90.

Results: Several compounds fulfilled drug-likeness criteria and exhibited favorable pharmacokinetics. Khelloside (M03) and 1-(cyclohexylmethyl)-5'-O-
tritylinosine (M10) showed strong binding affinities towards MDM2 and HSP90, while 4,7,7- trimethyl-3-oxobicyclo(2.2.1)heptane-1-carboxylic acid (M08) and 4-
methoxy-2-(2-methyl-2-propanyl)phenol (M09) demonstrated potential as PD-L1 inhibitors. Molecular dynamics simulations confirmed the stability of the
complexes.

Conclusions: The findings suggest that M. laurina compounds could serve as promising natural inhibitors of cancer-related proteins. Further in vitro and in vivo
validation is warranted.

Keywords: ADMET; cancer therapeutics; drug-likeness; Mangifera laurina; molecular docking.

Resumen
Contexto: El cancer sigue siendo una de las principales causas de mortalidad a nivel mundial, lo que exige el desarrollo de agentes terapéuticos mas seguros y

eficaces. Mangifera laurina, una especie de mango semisilvestre endémica de la regidén de Malasia, ha sido reconocida por sus propiedades antioxidantes y
medicinales.

Objetivos: Evaluar, in silico, la bioactividad y los perfiles farmacocinéticos de fitocompuestos de M. laurina frente a proteinas asociadas al cancer.

Métodos: Diez fitoquimicos identificados por LC-MS se sometieron a ADMET, prediccidn de similitud farmacoldgica, analisis de interacciones proteina-proteina,
acoplamiento molecular y simulaciones de dindmica molecular dirigidas a MDM2, PD-L1y HSP90.

Resultados: Varios compuestos cumplieron los criterios de similitud farmacoldgica y mostraron una farmacocinética favorable. El khelloside (M03) y la 1-
(ciclohexilmetil)-5'-O-tritilinosina  (M10) mostraron una fuerte afinidad de unién a MDM2 y HSP90, mientras que el &cido 4,7,7-trimetil-3-
oxobiciclo(2.2.1)heptano-1-carboxilico (M08) y el 4-metoxi-2-(2-metil-2-propanil)fenol (M09) demostraron potencial como inhibidores de PD-L1. Las
simulaciones de dindmica molecular confirmaron la estabilidad de los complejos.

Conclusiones: Los hallazgos sugieren que los compuestos de M. laurina podrian constituir prometedores inhibidores naturales de proteinas relacionadas con
el cancer. Se justifica una mayor validacién in vitro e in vivo.

Palabras Clave: acoplamiento molecular; ADMET; Mangifera laurina; similitud con farmacos; terapias contra el cancer.
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Abbreviations: ADMET: Absorption, distribution, metabolism, excretion, and toxicity; BA: Binding affinity; HSP90: Heat shock protein 90;
ROS: Reactive oxygen species; LC-MS: Liquid chromatography-mass spectrometry; LDso: Lethal dosage values; MRTD: Maximum
recommended tolerated dose; MDM2: Murine double minute 2; MD: Molecular dynamic; MDS: Molecular dynamics simulation; Pa:
Probability active; PDL-1: Programmed cell death ligand-1; Pi: Probability inactive; RMSF: Root-mean-square fluctuation.

INTRODUCTION

Recently, cancer has stood out as one of the most
prevalent and deadliest diseases worldwide, responsi-
ble for approximately ten million deaths in 2020 in-
clude breast cancer, lung cancer, colon and rectal can-
cer, prostate cancer, non-melanoma skin cancer, and
stomach cancer (Ferlay et al., 2024). Cancer is a disease
characterized by abnormal cell growth, with each can-
cer type having its own unique molecular profile. Can-
cer cells sustain proliferative signals, inactivate growth
suppressors, resist apoptosis (programmed cell death),
promote angiogenesis (the formation of new blood
vessels), and induce invasion and metastasis (the
spread of cancer to other parts of the body) (Hanahan
& Weinberg, 2011; Okoro et al., 2012).

Numerous proteins have been identified as critical
contributors to cancer pathogenesis. Among these,
murine double minute 2 (MDM2), programmed cell
death ligand-1 (PDL-1), and heat shock protein 90
(HSP90) are recognized for their significant roles in the
initiation and progression of various cancers. The over-
expression of these proteins within cancerous tissues
has emerged as a focal point of scientific investigation,
illuminating their roles in cancer pathophysiology (Al-
saab et al., 2017; Birbo et al., 2021; Okoro et al., 2012).
Specifically, the overexpression of MDM2 has been
shown to inhibit the tumour suppressor protein p53,
thereby compromising its regulatory influence over
cell cycle progression and apoptosis. This dysregula-
tion facilitates unchecked cellular proliferation and
may contribute to tumourigenesis (Sun & Crago, 2023).
Conversely, PDL-1 plays a pivotal role in inactivating
antibodies (T cells) against cancer by regulating im-
mune-cancer cell interactions (Makuku et al., 2021).
Moreover, HSP90 is a crucial molecular chaperone for
client proteins and is essential for cell proliferation and
survival. However, its overexpression has been impli-
cated in promoting tumourigenesis and advancing
cancer development (Zhang et al., 2022a). Collectively,
the roles of MDM?2, PDL-1, and HSP90 underscore the
intricate molecular mechanisms that underpin cancer
biology and highlight potential therapeutic avenues.

The urgency to understand and control these mo-
lecular mechanisms is evident, as they hold the key to
effective cancer treatments. Currently, the most com-
mon treatments for cancer include surgery, chemother-
apy, and radiotherapy, which require patient compati-
bility and have side effects (Qi et al., 2010; Safarzadeh
et al., 2014; Wiranata et al., 2022). Therefore, there is an
urgent need to discover and develop novel

https://jppres.com

pharmacological agents that minimize adverse effects.
Plants have been recognized as therapeutic agents, in-
cluding those with anticancer properties (Anand et al.,
2019).

Mangifera laurina Blume (family Anacardiaceae) is a
wild endemic mango species native to the Malesian re-
gion (Bompard, 1991). In contrast to M. indica, M. lau-
rina, as a wild mango, still holds unrevealed potency
for medicinal purposes. Currently, M. laurina is used
primarily for food consumption, including fresh fruit
and other culinary applications such as juice, pickles,
and chutneys, reflecting its cultural and nutritional sig-
nificance within local communities in Indonesia
(Agestietal., 2023; Suwardi et al., 2020). Despite its cul-
inary application, M. laurina has therapeutic potential,
as evidenced by its diverse metabolites, including al-
kaloids, flavonoids, amino acids, and lipid groups
(Fitmawati et al., 2021).

M. laurina has potential health benefits primarily re-
lated to its antioxidant properties. M. laurina has been
found to contain high levels of antioxidants, including
flavonoids and phenolic compounds, especially quer-
cetin and gallic acid (Fitmawati et al., 2020a; 2021). An-
tioxidants can exhibit anticancer properties by reduc-
ing reactive oxygen species (ROS) levels in healthy
cells (Cheung & Vousden, 2022). Quercetin, recognized
for its antioxidant capacity, plays a crucial role in pro-
tecting the organism from oxidative stress, inflamma-
tion, and a range of diseases, including cancer. It has
been documented to exhibit therapeutic effects in treat-
ing blood, lung, and prostate cancers (Lakhanpal &
Rai, 2007; Lotfi et al., 2023). Moreover, M. laurina exhib-
its antibacterial properties, positioning it as a viable
candidate for treating infections (Roza et al., 2022).
Crucially, M. laurina has been shown to be non-toxic,
underscoring its safety for medicinal applications
(Fitmawati et al., 2020b). However, despite its known
bioactive potential, comprehensive studies exploring
its specific anticancer mechanisms, active compounds,
and molecular targets remain limited. This lack of in-
depth investigation underscores the need for further
research into natural compounds from M. laurina as a
promising candidate for uncovering its potential
health benefits and applications in medicine, particu-
larly as new and effective cancer treatments.

Further research on M. laurina compounds as effec-
tive drugs on several cancer-related proteins can be
carried out using an in silico approach. The research in-
vestigated novel bioactive compounds from M. laurina
as prospective anticancer agents, with an in silico study
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targeting the MDM2, PDL-1, and HSP90 proteins.
Computational tools and methods were used to pre-
dict the BA and specificity of M. laurina compounds to
these target proteins. This cutting-edge approach eval-
uates their potential for off-target effects and pharma-
cokinetic properties. The results of such studies could
provide valuable insights into the design and develop-
ment of novel cancer therapeutics, potentially leading
to more effective, targeted treatments for various types
of cancer.

MATERIAL AND METHODS

Ligands preparation

Ten compounds of M. laurina that resulted from LC-
MS (Liquid Chromatography-Mass Spectrometry) pro-
filing were selected as a ligand (Table 1). Ten com-
pounds were selected based on the availability of 3D
structure data in the PubChem and ChemSpider data-
bases. The three-dimensional structures of the

In silico anticancer activity of Mangifera laurina

compounds were downloaded from PubChem and
ChemSpider. The .sdf files of the compounds from
PubChem were converted to .pdb format using the
Open Babel 2.3.1 plug-in integrated into PyRx 0.9. The
compounds in ChemSpider were downloaded in .mol
format and converted to .pdb format using Biovia Dis-
covery Studio. Moreover, the ionisation energy for
each ligand is minimized using the same software.

Proteins preparation

MDM2, PD-L1, and HSP90 were chosen for molec-
ular docking with major phytocompounds from M.
laurina. The three-dimensional structures of these pro-
teins were downloaded from the Research Collabora-
tory for Structural Bioinformatics Protein Data Bank
(RCSB PDB) database. Protein contaminants, active
sites, and grid dimensions were removed and pre-
dicted using Biovia Discovery Studio 2019 software
(Widyananda et al., 2022).

Table 1. Annotated compounds of Mangifera laurina extract based on LC-MS.

Compound name Molecular structure Code
(2R,3R,4S,5R)-3,4,5,6-Tetrahydroxy-2-{[(2S,3R,4R,5R)-2,3,4,5,6-pentahydroxyhexyl]amino}hexanoic g MO1
acid N 5

(C12H25NO11) \
2,3-Dihydroxy-5-{[2-(2-methoxyethoxy)ethoxy]carbonyl}phenyl 3,4,5-trihydroxybenzoate \J’\g M02
(C19H20011) »TJ\Q;

Khelloside b ) M03
(C15H20010) O

1,1'-[2,2-Propanediylbis(4,1- phenyleneoxy)]bis(2,4-dinitrobenzene)
(C27Hzo N4010)

ﬁ M04
(J

Lys-ser-thr-phe
(C22H35N507)

o/{\\{i' M05

N,N'-[Methylenebis(6-hydroxy-3,1-phenylene)]bis(4-nitrobenzamide)
(C27H20N40s)

(@\‘ v MO06
y 2

(1R,2R)-2-[(4-Hydroxybenzoyl)amino]cyclopentyl 3,5-dihydroxy-4-[2-hydroxy-6-(1H-tetrazol-5- ‘{_; Mo7

yl)benzoyl]benzoate
(C27H23N50s)

4,7,7-Trimethyl-3-oxobicyclo(2.2.1)heptane-1-carboxylic acid
(C11H1603)

R M08

4-Methoxy-2-(2-methyl-2-propanyl)phenol
(C11H1602)

\g)t; M09

1-(Cyclohexylmethyl)-5'-O-tritylinosine
(Cs6H39N40s)

9%% M10
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Bioactivity prediction

The bioactivity of ten phytocompounds from M.
laurina was predicted using the PASS Online web
server, which categorized them based on the probabil-
ity active (Pa) > probability inactive (Pi) and Pa > 0.3
criteria (Tamam et al., 2022), indicating potential anti-
cancer-related bioactivity. Pa > 0.3 was used to show
the diversity of bioactivity among compounds. How-
ever, selected compounds for further analysis should
have at least one bioactivity with Pa > 0.5.

Protein interaction and pathway prediction

The interaction between proteins and compounds
was predicted using the STRING database in Cyto-
scape 3.7.2. The STRING database was evaluated using
a minimum required interaction score of 0.7 (high con-
fidence) with a maximum interaction of 20 (Tallei et al.,
2024). Pathway prediction was performed using the
Database for Annotation, Visualization, and Integrated
Discovery (DAVID) by entering the proteins identified
in the protein-protein interaction analysis. Information
on the KEGG pathway will be visualized as a bar graph
of cancer signalling pathways in the target proteins.

Pharmacokinetics and drug-likeness analysis

Pharmacokinetics, toxicity, and drug-likeness anal-
ysis were done using the pkCSM, Pro-Tox II, and Swis-
sADME webserver. The absorption, distribution, me-
tabolism, excretion, and toxicity (ADMET) analysis
was conducted by copying the ligand Canonical
SMILES into the pkCSM website to obtain information
on pharmacokinetic and toxicological aspects (Yeni &
Rachmania, 2022). Toxicity was also analyzed using
the Pro-Tox II webserver regarding carcinogenic ef-
fects and toxicity classes of potentially cytotoxic agents
(Banerjee et al., 2018). Drug-likeness is based on
Lipinski's rules of five and bioavailability using the
SwissADME. Lipinski's rule includes molecular
weight, the number of hydrogen donors, the number
of hydrogen acceptors, and the lipophilicity of the
compound. We also analyze bioavailability to ensure
the drug candidate circulates effectively in the body
and meets Lipinski's rules (Puttaswamy et al., 2020).

Molecular docking and molecular dynamics

Specific molecular docking targeted the MDM2,
PD-L1, and HSP90 proteins, which are responsible for
pathways with potential therapeutic targets in cancer
treatment (Birbo et al., 2021; Wang et al., 2016; Yao et
al., 2024). Computational molecular docking was con-
ducted via "AutoDock Vina v1.2.2 integrated into PyRx
0.9.9" docking software to assess the best compounds
from our library. Molecular docking was performed
using a specific grid box shaped according to the bind-
ing site. The binding site and grid box were
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determined from the analysis of the native ligand of
each protein. Ligand-protein interaction also included
positive controls. The positive controls were nutlin-3
(MDM2 protein), BMS-202 (PD-L1 protein), and gel-
danamycin (HSP90 protein), which inhibit each pro-
tein. Nutlin-3 demonstrated inhibition of MDM2 and
p53 activation (Clavero et al., 2023). In contrast, BMS-
202 altered the PD-L1-AKT-BCAT1 complex in mTOR
signaling (Yang et al., 2024), whereas geldanamycin's
interaction with HSP90 exerted inhibitory activity by
inactivating the protein (Abdullah & Omran, 2024).
The macromolecules and ligands were converted to
'pdb format' during the docking process. Afterwards,
the docking was completed, and the BA and root-
mean-square fluctuation (RMSF) values were stored in
a'CSV file'. Software Biovia Discovery Studio 2019 was
used to visualize interactions within the "protein-lig-
and complex," primarily hydrogen and hydrophobic
interactions.

The molecular dynamics simulation (MDS) study
was conducted to analyze the structural stability of the
docked complex. Molecular dynamics (MD) analysis
was performed using the CABS-flex 2.0 web server.
MD was performed with default protein restraint set-
tings (mode: SS2; gap: 3; minimum: 3.8; maximum:
8.0), and the restraint weight for both C-alpha and side
chains was set to 1.0. To increase the accuracy, the mo-
lecular dynamics length was set to 50 cycles, with a 50-
cycle interval. The complex's RMSF was also analyzed
to assess the flexibility of the complexes across the sim-
ulation's trajectories.

RESULTS AND DISCUSSION

Bioactivity of Mangifera laurina compounds

Research into new drugs derived from natural
products requires multiple assessments to evaluate
each compound's potential. A biological activity pre-
diction tool was used to assess the anticancer activity
of ten phytocompounds from M. laurina, based on LC-
MS data (Table 1). The biological activity of the com-
pounds is indicated by the Pa and Pi values. Sub-
stances with higher Pa values than Pi and Pa > 0.3 pro-
vide stronger computational evidence in silico research
(Tamam et al., 2022). This finding suggests that all
these compounds may exhibit anticancer activity. All
compounds have anticancer potential at various levels,
including anticarcinogenic, anti-inflammatory, apop-
tosis agonist, antimetastatic, antineoplastic, and inhib-
itor of HIF1A, JAK2, MMP9, and CDK®9 expression, as
well as enhancer of TP53 expression, among others, as
shown in Table 2. Compound M02 had a p-value rang-
ing from 0.302 to 0.630, with 12 bioactivities related to
cancer.
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Compounds derived from M. laurina have been pre-
dicted to exhibit significant anticancer activity, partic-
ularly by inhibiting hypoxia-inducible factor-1 (HIF-1).
The overexpression of HIF-1 in cancer cells has been
associated with cancer progression through a network
of interconnected molecular pathways (Jun et al.,
2017). Notably, compounds M02, M03, M08, M09, and
M10 are predicted to potentially act as HIF1A inhibi-
tors. Furthermore, six compounds of M. laurina (M02,
MO03, M04, M06, M08, M10) are predicted to enhance
the expression of TP53 gene. TP53 encodes the tumour
suppressor protein p53. TP53 plays crucial roles in es-
sential cellular processes, including cell division, main-
taining genomic stability, apoptosis, autophagy, im-
munological responses, and tumour modulation
(Hafner et al., 2019). Mutations in this gene can lead to
cancer progression and metastasis because cells are un-
able to undergo apoptosis, which drives invasion, pro-
liferation, and cell survival (Muller and Vousden,
2013). The potential of M. laurina compounds as TP53
enhancers suggests they could be promising therapeu-
tic agents in cancer treatment. Furthermore, these com-
pounds were predicted to exhibit a range of bioactivi-
ties, including anticarcinogenic, anti-inflammatory,
apoptosis-inducing, antimetastatic, and antineoplastic

In silico anticancer activity of Mangifera laurina

properties, suggesting potential as natural anticancer
drugs.

Protein interaction and pathway prediction

The bioactivity of M. laurina compounds was
closely related to proteins involved in cancer. Based on
the results of the protein interaction analysis, MDM2,
PD-L1, and HSP90 interact with and influence other
proteins, including STUB1, STIP1, CD274, CDC37,
ERBB2, CD80, PDCD1, NOS3, TOMM70, AHSA1,
EFGR, HSPA4, EP300, and PPID. TP53, DNAJBI,
FKBP4, NR3C1, RB1, MDM4, and USP7 (Fig. 1). These
proteins are essential in cancer signalling pathways
such as PI3K-Akt, estrogen, FoXO, and HIF-1. Interac-
tions between these proteins also contribute to cancer
through tumourigenesis, progression, metastasis, and
drug resistance. Besides cancer, these proteins are also
involved in inflammation, autoimmunity, antiviral im-
munity, and tumour immunity. A mutation in one es-
sential protein can affect other proteins, triggering the
growth and development of cancer cells such as pros-
tate cancer, bladder cancer, pancreatic cancer, viral car-
cinogenesis, breast cancer, etc. (Fig. 1).

Table 2. Biological activity prediction of Mangifera laurina phytocompounds.

Bioactivity MO1 M02 M03 Mo04 MO05 MO06 Mo07 M08 M09 M10
Cancer-associated disorder treatment 0.319 0302 - - 0.476 - - - - -
Anticarcinogenic - 0.452  0.797 - - - - - 0.366  0.317
Anti-inflammatory - 0.622 0.608 - - - - 0.713 -
Antineoplastic - 0377 0775 - - - - - 0.364
Apoptosis agonist - 0.544 0560 0340 - - - 0.345 - -
Caspase 3 stimulant - 0.625 0.503 0.520 - - - 0.361  0.482 -
Caspase 8 stimulant - 0.490 0.610 0.562 - - - 0.523 0.511 -
HIF1A expression inhibitor - 0.454 0.686 - - - 0.443 0.610 0.642
JAK2 expression inhibitor - 0.630 - - - - 0.550 - -
MMP9 expression inhibitor - 0.404 - 0.344 - - - 0.523 - -
TP53 expression enhancer - 0.602  0.741  0.338 0.399 - 0.387 - 0.487
Proliferative diseases treatment - 0323 0871 - - - - - 0.338
Antimetastatic - 0.479 - - - 0379 - 0.430
CDK9/cyclin T1inhibitor - - - - 0.320  0.402 0.309 - - 0.458
BRAF expression inhibitor - - - - - - - 0.469 - -

MO01-M010 are compound codes based on Table 1.
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Figure 1. (A) Protein-protein interaction; the three proteins in the center represent the protein target, and the surrounding proteins
represent the proteins that interact with the protein target. (B) Some metabolic pathways affected by the protein-protein

PD-L1 was predicted to interact with several pro-
teins regulated by pathways, including the PI3K/AKT,
JAK/STAT3, WNT, NF-xB, Hh, and MAPK pathways.
IFN-y proteins can enhance PD-L1 expression through
the JAK/STAT and PI3K/AKT pathways (Han et al.,
2020). PD-L1 is considered a factor that decreases anti-
tumour immune responses and can combine with PD-
1 to reduce T cell proliferation, inhibit cytokine secre-
tion, and induce apoptosis. The pro-tumourigenic ac-
tivity of PD-L1 proteins on cancer cells by binding to
receptors that activate proliferation and survival sig-
nalling pathways (Salmaninejad et al., 2019).

MDM2 is an E3 ubiquitin ligase critical in regulat-
ing p53 activity and maintaining cellular homeostasis.
MDM?2 also inhibits p53 transcriptional activity, which
prevents p53 from activating the transcription of genes
involved in cell cycle arrest and apoptosis in response
to DNA damage. p53 plays a central role in cell repli-
cation and in the response to DNA damage. The
amount of p53 protein in the cell is small and unstable
because it is continuously degraded by MDM2, which
also interacts with DNAJB1. DNAJB1 can be a metas-
tasis promoter or suppressor, depending on the cancer
cell type. DNAJB1 suppressed the MDM2-induced,
which promotes p53-mediated apoptosis in cancer
cells (Kim & Hong et al., 2022). Another protein that
interacts with MDM2 is MDM4. This protein can di-
rectly interact with the p53 transactivation domain and
inhibit its transcriptional activity. MDM2 and MDM4
are often overexpressed in various types of human can-
cer (Azer, 2018).

Besides PD-L1 and MDM2, HSP90 plays a vital role
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in cellular processes. HSP90 is widely found to overex-
press several types of cancer, such as melanoma, lung
cancer, and breast cancer (Johnson, 2021). HSP90 inter-
act with FKBP4, STIP1, ERBB2, NOS3. FK506-binding
protein 4 (FKBP4) plays a role in various cancers by tar-
geting distinct cellular pathways. FKBP4 increases the
transcriptional activity of androgen receptor signalling
in prostate cancer. STIP1 and HSP90 are associated
with the metastatic process of human cancer cells, in-
fluencing apoptosis and other oncogenic functions
(Xiong et al., 2020).

Other proteins that interact with protein targets in-
clude HER2s, which play critical roles in cell growth,
proliferation, differentiation, and survival. Mutations
in HER? at exons 19, 20, and 21, which encode the in-
tracellular tyrosine kinase domain, are found in pa-
tients with breast carcinoma. Overexpression of HER2
leads to many aggressive cancers, including breast can-
cer, ovarian cancer, and gastric cancer (Wen et al,,
2015). NOS3 produces nitric oxide (NO), which can in-
hibit apoptosis and promote angiogenesis, prolifera-
tion, and invasion. These activities can lead to the de-
velopment of malignant tumours. NOS3 activation can
promote cell growth in pancreatic cancer and metasta-
sis in breast cancer (Zou et al., 2021). In addition, breast
cancer is affected by CD80 protein expression, which
correlates with the immune response and inflamma-
tion (Zhang et al.,, 2022b). Proteins interact through
specific pathways; under normal circumstances, regu-
latory proteins play an essential role in biological pro-
cesses, but under abnormal circumstances, they be-
come pro-cancer. These proteins are widely researched
as targets for immunotherapy and cancer therapy.
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Pharmacokinetics and drug-likeness of Mangifera
laurina compounds

M. laurina compounds were evaluated for their
pharmacokinetics using SwissADME, which includes
absorption, distribution, metabolism, excretion, and
toxicity. Pharmacokinetics tests are crucial for finding
new, safe, and effective drugs. Pharmacokinetics are
parameters used to predict the effects and outcomes of
drugs within the body, including their oral and gastro-
intestinal absorption rates, which are crucial for drug
discovery. Likewise, inadequate absorption can hinder
distribution and metabolism, potentially resulting in
neurotoxicity and nephrotoxicity (Flores-Holguin et
al., 2021). The pharmacokinetic results are shown in
Table 3. Of the five ADMET parameters, it was found
that all compounds fulfil only some of them. M08 and
MO9 fulfil all parameters for absorption as drug candi-
dates. The results from the absorption test showed that
the compounds of M. laurina have water solubility
ranging from -2.006 (M08) to -3.134 (M06). Water sol-
ubility is essential; the higher the solubility, the easier
it will dissolve and be absorbed. Compounds with
high Caco-2 permeability yield predicted values > 0.90,
with M08 and M09 values of 1.234 and 1.694, respec-
tively. This value indicated that M08 and M09 were
highly transported as a drug across the intestinal ab-
sorptive barrier. Another important parameter in drug
absorption is human intestinal absorption (HIA),
which estimates the percentage of a drug absorbed
through the human intestine. Two ligands, M01 and
MO05, showed poor absorption, with percentages below
30%. P-glycoprotein is one of the drug transporters
that determines the uptake and efflux of a range of
drugs. Intestinal expression of P-gp can affect and re-
duce the oral bioavailability of drugs that are sub-
strates of this transporter (Finch & Pillans et al., 2014;
Igel et al., 2007; Konig and Miiller et al., 2013). The
analysis showed that M08 and M09 were not P-gp sub-
strates, whereas the others were positive. Substrates of
P-gp can potentially act as inhibitors, and the predic-
tion result showed that six ligands (M01, M02, M03,
MO05, M08, M09) were not P-gp inhibitors.

Compound M09 was the only compound that ful-
filled all drug distribution requirements in the human
body. This parameter is essential to understand, as it is
generally a prerequisite compound to pass from the
blood into other fluids and tissues. The volume of dis-
tribution at steady state (Vdss) describes the apparent
volume in which a drug is distributed, based on the
amount of drug administered and the subsequently
measured plasma or blood concentration (Smith et al.,
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2015). A higher Vdss (when log VDss>—0.15) suggests
that the drug is more extensively distributed in the
body, conversely a lower Vdss indicates more confined
distribution and may necessitate lower doses. M02,
MO07, and M09 showed the highest VDss values, while
the others showed lower values. The fraction unbound
in plasma (fu) value of M. laurina compounds ranged
from 0.150 to 0.717. These values showed the distribu-
tion of drug efficacy; only the unbound drug can bind
to the protein and diffuse between plasma and tissues
(Bohnert & Gan, 2013). Compounds with potential as
drugs must also be able to cross the blood-brain barrier
(BBB), a natural protective membrane that prevents the
entry of side effects, pathogens, toxins, and other po-
tentially harmful substances (Wu et al., 2023). Only
two compounds have good penetration ability into the
BBB (LogBB > - 0.3), including M08 and M09. Besides
that, the central nervous system's (CNS) permeability
is increasingly essential for drug measurement because
it is crucial to understand how drugs and other sub-
stances interact with the brain and spinal cord. M06,
M08, and M09 can penetrate the CNS because the as-
sessment results indicated LogPS > -3.

Drug metabolism involves the chemical modifica-
tion and breakdown of drug molecules in the body us-
ing specific enzyme systems (De Groot, 2006; Patel et
al., 2020). The primary enzyme system responsible for
phase I drug metabolism is the cytochrome P450 (CYP)
family, which also plays a vital role in drug detoxifica-
tion, cellular metabolism, and homeostasis (Almazroo
et al., 2017; Danielson, 2002). It is essential to ensure
that a medication does not act as an inhibitor or sub-
strate of CYP enzymes, as this can significantly affect
how other medications are processed in the body.
Drugs that act as inhibitors can suppress the activity of
CYP enzymes, potentially leading to decreased metab-
olism of other drugs and causing toxicity or side ef-
fects. On the other hand, drugs that act as substrates
may compete for metabolism, affecting their efficacy or
toxicity. Not all predicted ligands were inhibitors of
CYP enzymes; some acted as substrates (e.g., M04,
MO06, M09, and M10). Total clearance refers to an or-
ganism's complete ability to eliminate a drug. It is cal-
culated as the sum of hepatic and renal clearances (the
primary sites of drug elimination from the body) and
all other tissue clearances (Horde & Gupta, 2023).
Drugs that act as OCT2 substrates may compete for
OCT2 binding and transport, potentially affecting the
effectiveness or toxicity of one or both drugs. Predic-
tions for this parameter indicate that none of the com-
pounds will act as OCT2 substrates.
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Table 3. ADMET properties of the Mangifera laurina phytocompounds.

In silico anticancer activity of Mangifera laurina

Property Mo1 Mo02 Mo3 Mo04 MO05 Mo6 Mo7 Mo08 M09 M10 Nutlin-3 BMS202 fi:ldanamy-
Absorption

Water solubility (Log mol/L) -2.867 -3.044 -2.612 -2.987 -2.823 -3.134 -2.893 -2.006 -2.287 -2.949 -5.238 -4,116 -4.844
Caco-2 permeability -0.796 0.035 0.533 0.254 -0.413 -0.238 0.236 1.234 1.694 0.773 0.865 0.923 0.265
Intestinal absorption (%) 0 45.885 58.27 100 0 85.274 73.886 96.013 92.604 85.763 90.418 95.329 61.566
P-glycoprotein substrate Yes Yes Yes Yes Yes Yes Yes No No Yes Yes Yes Yes
P-glycoprotein I inhibitor No No No Yes No Yes Yes No No Yes Yes Yes Yes
P-glycoprotein Il inhibitor No No No Yes No Yes Yes No No Yes Yes Yes Yes
Distribution

VDss (Log L/kg) -1.379 1.453 -0.326 -1.61 -1.35 -2.1 0.43 -0.706 0.319 -0.459 -0.145 0.852 -0.692
Fraction unbound 0.717 0.206 0.263 0.417 0.78 0.15 0.158 0.576 0.299 0.208 0 0,108 0.322
BBB permeability (Log BB) -2.398 -2.154 -1.44 -1.772 1.11 -1.101 -2.193 0.258 0.353 -1.493 -1.048 -0,785 -1.383
CNS permeability (Log PS) -5.453 -4.179 -3.633 -3.029 -4.589 -2.265 -4.528 -2.877 -1.559 -2.963 -1.815 -2,683 -3.139
Metabolism

CYP2D6 substrate No No No No No No No No No No No No No
CYP3A4 substrate No No No Yes No Yes No No No Yes Yes Yes Yes
CYP1A2 inhibitor No No No No No No No No Yes No No No No
CYP2C19 inhibitor No No No No No Yes No No No Yes Yes No No
CYP2C9 inhibitor No No No Yes No Yes No No No Yes Yes No No
CYP2D6 inhibitor No No No No No No No No No No No Yes No
CYP3A4 inhibitor No No No No No No No No No Yes Yes Yes No
Excretion

Total clearance (Log 0.644 0.803 0.67 -0.213 0.632 -0.064 -0.543 0.133 0.231 0.484 0.231 0,971 0.949
mL/min/kg)

Renal OCT2 substrate No No No No No No No No No No No No No
Toxicity

AMES Toxicity No No No No No Yes No No No Yes No No No
MRTD (mg/kg/day) 0.761 0.42 0.404 0.426 0.637 0.32 0.448 0.956 0.68 0.362 0.273 0.596 0.117
ORAT (mol/kg) 2.343 2.415 2.487 2.66 2.388 2.465 2.554 1.804 2.409 2.487 2.872 2.738 3.175
Hepatotoxicity No No Yes No Yes Yes No No Yes No Yes Yes Yes
Carcinogenetic 0.71()  0.69()  0.81() 0.52()  0.73()  0.65(I) 0.62 (1) 0.65 (1) 0.76 (A) 0.66 (1) 0.62 (1) 0.65 (1) 0.54 (1)
LDso (mg/kg) 1370 3700 1469 8140 500 1600 1000 6900 880 1000 6200 500 1000
LDso class 4 5 4 5 4 4 4 5 4 4 6 4 4

(1): Inactive; (A): Active.

The toxicity properties include Ames mutagenicity,
maximum recommended tolerated dose (MRTD),
hepatotoxicity, lethal dose 50 (LDso), and carcinogenic-
ity (Table 3). M06 and M10 are mutagens, while the
other compounds were predicted not to be mutagens
and would not cause cancer. The compounds have an
MRTD of 0.32-0.956 mg/kg/day. LDs is a joint assess-
ment of acute toxicity, indicating the quantity of a sub-
stance that kills 50% of test animals. A compound with
a low LDs is more lethal than one with a higher LDs.
Compound M04 exhibited the highest LDso values of
2.66 mol/kg (based on pkCSM) and 8,140 mg/kg
(based on Pro-Tox II), which were categorized as class
5 (practically non-toxic). Other compounds were also
still safe as drugs based on LDsp because categories to
medium toxic (M01, M03, M05, M06, M07, M09, and
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M10) and slightly toxic (M02, M04, and M8). However,
MO03, M06, and M09 were observed to have hepatotox-
icity, which means that these compounds, if consumed
as drugs, will potentially disrupt the normal function
of the liver. M09 also showed carcinogenic effects after
observation based on Pro-Tox II. Moreover, a previous
in vivo study showed M. indica extract is not toxic for
oral consumption (Reddeman et al., 2019; Setiani et al.,
2025).

Drug-likeness properties complied with Lipinski’s
rules and bioavailability, suggesting the compounds
are drug-like molecules and can potentially be a drug.
According to Lipinski's rule, most drug-like molecules
possess a molecular weight less than or equal to 500
Da, no more than 5 H-bonds and 10 H-bond acceptors,
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and a logP value less than or equal to 5. Molecules that
violate more than one of these criteria may face chal-
lenges with bioavailability (Lipinski et al., 1997). The
results of Lipinski's rules and the bioavailability of
compounds are given in Table 4. The phytocompounds
of M. laurina have molecular weights ranging from
180.24 to 909.11 Da. Compounds with a molecular
weight of more than 500 Da will be difficult to
transport, diffuse, and absorb. Three predicted com-
pounds showed a molecular weight less than 500 Da,
logP less than 5, with fewer than 5 H-bond donors and
10 H-bond acceptors or fewer, and high bioavailability
(MO03, M08, M09). Compounds M02 and M10 had more
than 10 H-bond donors and acceptors, and M10 had a
molecular weight of more than 500 Da, yet both
showed high bioavailability. Five compounds that ful-
fil the drug-likeness and bioavailability parameters
were M02, M03, M08, M09, and M10.

Molecular docking

Based on the protein interaction analysis results,
molecular docking was used to explore interactions be-
tween target proteins, including MDM2, PD-L1, and
HSP90, and potential ligands. The molecular docking
results showed how ligands can bind to the active sites
of these protein targets, which play important roles in
cancer signalling pathways. The results of this molec-
ular docking can be used to predict the potential inhi-
bition of these proteins by ligands, which can be fur-
ther developed as cancer therapies. The active site res-
idues of MDM2, PD-L1, and HSP90 are presented in
Table 5. Active site residues of MDM2 protein were
Leub4, Tyr67, His73, Val93, His96, 11e99, Tyr100 and

Table 4. Drug-likeness prediction and bioavailability.

In silico anticancer activity of Mangifera laurina

inhibitor was compound 56 (MK-4688). The active site
residue of PD-L1 protein were Phel8, Thrl9, Ile53,
Tyr54, GIn65, Met114, Ilel115, Ser116, Ala120, Asp121,
Tyr122 and inhibitor was WEW ((3~{R})-1-[[4-[2-
chloranyl-3-(2,3-dihydro-1,4-benzodioxin-6-yl)phe-
nyl]-2-methoxy-phenyl]methyl]-~{N}-(2-hydroxy-
ethyl) pyrrolidine-3-carboxamide). The active site resi-
due of HSP90 were Leu48, Asn51, Asp54, Ala55, Lys58,
Tyr61, Asp93, 11e96, Met98, Asn106, Phel38, Thr184,
Vall86 with KW-2478 (ET3) was compound of inhibi-
tor.

Molecular docking estimates the binding affinity
(BA) between compounds and protein targets. The top
five compounds of M. laurina, based on drug-likeness
(M02, M03, M08, M09, M10), were used for docking to
explore interactions between protein targets. The BA
value is presented in Table 6. The compounds M10 and
MO03 demonstrated stable binding to MDM2 and
HSP90.

The molecular docking analysis revealed that the
selected compounds exhibited varying binding affini-
ties toward the target proteins MDM?2, PD-L1, and
HSP90, suggesting potential multitarget interactions.
Among the tested compounds, M10 demonstrated the
highest binding affinity to MDM2 (-8.4 kcal/mol),
comparable to that of the control ligand nutlin-3 (8.6
kcal/mol). This strong interaction indicates that M10
may effectively inhibit the MDM2-p53 interaction, a
crucial pathway in the regulation of cancer cell apop-
tosis. In comparison, a study by Gohil & Noovil (2021)
showed that 1,2,4-triazole had a BA of -8.9 kcal/mol
with MDM2.

Lipinski’s rule

Bioavailability

Compound
Mw HBA HBD MLOGP Value Status

MO1 359.33 12 11 -7.09 0.17 Low
M02* 424.36 11 11 -0.30 0.55 High
MO03* 408.36 10 4 -2.25 0.55 High
M04 909.11 10 2 4.28 0.17 Low
MO05 481.54 9 8 -1.77 0.17 Low
Mo7 545.50 11 6 1.22 0.11 Low
M08* 196.24 3 1 1.49 0.85 High
M09* 180.24 2 1 2.39 0.55 High
M10* 606.71 7 2 2.81 0.55 High

Results with a (*) symbol indicate that the compounds meet all drug similarity parameters. MW: molecular weight (<500 g/mol), HBA (N or O): hy-
drogen bond acceptor (<10), HBD (NH or OH): hydrogen bond donor (<5), MLOGP: lipophilicity.
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Table 5. Active side residue of protein and grid setting of specific docking.

Grid
Protein Protein ID Structure Inhibitor Binding site
Center Dimension
MDM2 TNA3 Compound 56 Leu54, Tyr67,His73, X:-8.198 X:22.717
(MK-4688) Val93,His96, 11e99,  y. 13 972 Y:12.847
Tyr100
Z:-2.269 Z:16.037
PD-L1 8R6Q WEW ((3~{R})-1-[[4- Phel8, Thr19, Ile53, X:17.328 X:21.620
[2-chloranyl-3-(2,3- Tyr54, GIn6s, Met114, . 17 ggo Y:19.954
dihvdro-1.4- lle115, Ser116, Ala120,
Y ; 7:12.933 Z:13.514
benzodioxin-6- Aspl21, Tyrl22
yl)phenyl]-2-methoxy-
phenyl]methyl]-~{N}- (2-
hydroxyethyl)pyrrolidi
ne-3-carboxamide)
HSP90 6LT8 KW-2478 (ET3) Leu48, Asn51, Asp54, X:-0.619 X:20.070
Alas5, LysS8, Tyr6l,  y. 37 739 Y:27.942
Asp93, 1le96, Met98, ) )
Asn106, Phe138, Z:24.754 Z:21.936
Thr184, Val186
Table 6. Binding affinity for the selected compounds.
Compound MDM2 PD-L1 HSP90
MO02 -5.7 -2.2 -7.2
M03 -6.2 -4.2 -8.0
M08 -5.5 -4.2 -4.9
M09 -5.4 -4.2 -5.9
M10 -8.4 -1.3 -8.3
Nutlin 3 (ligand control MDM2) -8.6 - -
BMS202 (ligand control PD-L1) -5.5 -
Geldanamycin (ligand control HSP90) - -8.6

For PD-L1, all compounds showed moderate bind-
ing affinities ranging from —1.3 to —4.2 kcal/mol, with
MO03, M08, and M09 showing similar interaction
strengths. Although these values were lower than
those of the control BMS202 (5.5 kcal/mol), the re-
sults still suggest that these molecules could possess
partial PD-L1 inhibitory potential, possibly through al-
ternative binding modes or allosteric interactions. In
contrast, the previous study showed that luteolin has a
lower BA (-8.9 kcal/mol) (Nafisah et al., 2022). A
higher BA value indicates a higher energy of the ligand
to bind to the protein (Kastritis & Bonvin, 2013). Alt-
hough the BA was relatively high, each compound was
docked in the active site, as evidenced by ligand-amino
acid interactions.
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In the case of HSP90, M03, M02, and M10 displayed
notable binding affinities (-8.0, -7.2, and -8.3
kcal/mol, respectively), approaching the control gel-
danamycin (8.6 kcal /mol). Given HSP90'’s critical role
in stabilizing oncogenic client proteins, these findings
imply that these compounds might interfere with
HSP90 chaperone activity, thereby disrupting multiple
oncogenic signaling pathways. Conversely, another bi-
oactive guacain from a previous study showed a bind-
ing energy of -7.4 kcal/mol with the HSP90 protein
(Arrafi et al., 2023). Overall, M10 emerged as the most
promising multitarget compound, exhibiting strong af-
finity toward both MDM2 and HSP90. These dual-tar-
geting properties are particularly valuable in anti-
cancer therapy, as simultaneous inhibition of MDM2
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and HSP90 can enhance p53-mediated apoptosis and
destabilize oncogenic proteins, respectively.

Species of Mangifera have shown potential as anti-
cancer agents, including M. laurina. Based on the cur-
rent study, M. laurina is predicted to harbour potential
anticancer compounds, as evidenced by its interactions
with three proteins (MDM2, PD-L1, and HSP90). The
compounds and protein interaction showed broader
potency of Mangifera as anticancer agent, while previ-
ous study docked four compounds of M. indica to HER
2 protein (four compounds; BA= -8.6 until -11.38
kcal/mol) (Balogun et al., 2021), BCL-2 protein (16
compounds; BA=-4.4 until -6.8 kcal/mol) (Kolhe et al.,
2024), and EFGR kinase modulators related protein (15
compounds) (Al Mahsud et al., 2025). Moreover, in
vitro and in vivo studies showed anticancer properties
of M. indica (related species to M. laurina) to colon can-
cer (Lauricella et al., 2019), breast cancer (Shaban et al.,
2023), cervical cancer (Timsina & Nadumine, 2015), co-
lon cancer (Wu et al.,, 2015), and chronic lymphocytic
leukemia (Ayatollahi et al., 2019). In addition, a previ-
ous in vitro study showed that M. laurina has anticancer
properties against breast cancer (Fitmawati et al,
2024). However, this study revealed a molecular mech-
anism for the anticancer activity of M. laurina com-
pounds.

The inhibitor compounds are expected to form con-
ventional hydrogen bonds with residues. Conven-
tional hydrogen bonds are stable and robust when
formed with residues. Hydrogen bonds play an im-
portant role in the stability and turnover of cellular
protein activity. The docking results between MDM?2
and the test compound showed that chemical interac-
tions occurred at the active or functional site. The bind-
ing position, similar to that of the inhibitor, indicates
that the test compound has activity at the active site,
demonstrating inhibition of MDM2 protein activity.
The interaction of MDM2 with M03 forms conven-
tional hydrogen bonds at residue GIn24 and carbon-
hydrogen bonds at residue Gly58. In addition to these
bonds, the compound also forms hydrophobic bonds
at the residues Val93, Val93 (pi- sigma); Tyr67 (pi-pi T-
shaped); Ile61, Met62, Val93 (pi-alkyl) (Fig. 2A). The in-
teraction of MDM2 with M10 forms conventional hy-
drogen bonds at residues GIn24 and Phe55 and carbon-
hydrogen bonds at residue Gly58. The interaction of
MDM2 with M10 also results in hydrophobic interac-
tions at residue Tyr67 (pi-pi T-shaped); Leu54, 11e99
(alkyl); Leub4, Ile61, Met62, Val93, His96, Tyr100 (pi-
alkyl) (Fig. 2B). The interaction of MDM2 with the con-
trol ligand MK-4688 forms conventional hydrogen
bonds at residue His96 and carbon-hydrogen bonds at
residue Tyr100. The interaction of MDM?2 with the con-
trol ligand MK-4688 also forms hydrophobic interac-
tions at residue Tyr67 (pi-sigma); His96 (pi-pi stacked);
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Leub7, I1e99 (alkyl); Leu54, Phe86, Phe91, Val93, Lys94,
His96, Tyr100 (pi-alkyl) and forms another interaction
at residue His96 (pi-cation) (Fig. 2C). The docking re-
sults between MDM2 and the test compounds showed
that the interaction of MDM2 with the original ligand
MK-4688 had more varied chemical interactions than
the M03 and M10. The molecular dynamics simula-
tions indicated stable complex formation between
these compounds and MDM2, suggesting that they
could be promising candidates for cancer treatment.

Based on the visualization results of chemical inter-
actions from molecular docking, the interaction of PD-
L1 with M03 forms conventional hydrogen bonds at
residue Argl24 and hydrophobic interactions at resi-
due Alal7 (pi-alkyl). (Fig. 3A). The interaction of PD-
L1 with M08 does not form hydrogen bonds at the res-
idues but has hydrophobic interactions with residues
[le53, Met114 (alkyl); Tyr55 (pi-alkyl) (Fig. 3B). The in-
teraction of PD-L1 with M09 forms conventional hy-
drogen bonds at residue Ser116, with hydrophobic in-
teractions at residues Tyr54 (pi-sigma), Met114, Ala120
(alkyl), and Met114 (pi-alkyl) (Fig. 3C). The interaction
of PD-L1 with the control ligand WEW forms hydro-
gen bonds at residues Tyr54, GIn65, and Ala120, with
hydrophobic interactions at residues Alal20 (pi-
sigma); Tyr55 (pi-pi stacked); 1le53 (alkyl); and Ile53,
Met114 (pi-alkyl) (Fig. 3D). The molecular docking re-
sults showed that the interaction between PD-L1 and
the test compounds formed more stable chemical inter-
actions than the inhibitor, supported by more varied
hydrophobic interactions with assumed closer dis-
tances than the inhibitor (Detmar et al., 2018; Meyer et
al., 2017).

Docking of HSP90 reveals chemical interactions oc-
curring at the active site with inhibitors and test com-
pounds. The interaction of HSP90 with M03 forms con-
ventional hydrogen bonds with residues Gly97,
Asp102, and hydrogen bonds with residues Leu48 and
His154. Hydrophobic interactions of HSP90 with M03
with residues Phel38, Vall86 (pi-sigma); Leul07 (al-
kyl); Leu48, Alab55, Ala55, Met98 (pi-alkyl) (Fig. 4A).
The interaction of HSPP90 with M10 forms conventional
hydrogen bonds with residue Asn106, hydrophobic in-
teractions with residues Ala55, Met98, Phel38 (pi-al-
kyl), and additional interactions with residues Lys112
(pi-cation), Asp54 (pi-anion), and Met98 (pi-sulfur)
(Fig. 4B). Interaction of HSP90 with the control ligand
ET3 involves conventional hydrogen bonds with resi-
dues Asp93, and Thr184, and hydrogen bonding with
residues Asn51, and Asnl06. Hydrophobic interac-
tions of HSP90 with the control ligand ET3 occur with
residues Ala55, Phe138, Thr184 (pi-sigma), Asp54 (am-
ide-pi stacked), and Ala55 (pi-alkyl) (Fig. 4C). Com-
pound M10 interacts with the active site through elec-
trostatic bonds with Asp54 and Met98.
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Figure 2. Interactions of the docked ligands and references with MDM2.

(A) The interaction of MDM2 with the ligand khelloside (M03), (B) The interaction of MDM2 with the ligand 1-(cyclohexylmethyl)-5'-O-tritylinosine
(M10), (C) The interaction of MDM2 with the control ligand nutlin-3.
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Figure 3. Interactions of the docked ligands and the reference with PD-L1.

(A) The interaction of PD-L1 with the ligand khelloside (M03). (B) The interaction of PD-L1 with the ligand 4,7,7-trimethyl-3-oxobicyclo(2.2.1)heptane-1-
carboxylic acid (M08). (C) The interaction of PD-L1 with the ligand 4-methoxy-2-(2-methyl-2-propanyl)phenol (M09). (D) The interaction of PD-L1 with

the control ligand BMS202.
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Figure 4. Interactions of the docked ligands and the reference with HSP90.
(A) The interaction of HSP90 with khelloside (M03). (B) The interaction of HSP90 with the ligand 1-(cyclohexylmethyl)-5'- O-tritylinosine (M10). (C) Interaction
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The role of electrostatic bonds is crucial in altering
protein conformation, structure, and stability, and
thereby, their interactions yield a BA of -8.3 kcal/mol,
which is more stable than those shown by M03 and the
inhibitor (Roach et al., 2005). The distance between
amino acid residues and the ligand also determines the
outcome of molecular docking results (Aini et al,
2022). The MO03 exhibits lower chemical-bond varia-
tions, similar to ET3, limited to hydrogen bonding and
hydrophobic interactions.

The differences in the types of interactions formed
by each compound are due to several factors, including
the compound's compatibility and positioning within
the protein's active site cavity, as well as the functional
group properties of the bound compound. Ligands
that fit well into the protein cavity are expected to in-
teract with the protein's primary catalytic residues.
Conversely, if a compound is positioned improperly, it
may result in unexpected interactions (Kubinyi et al.,
2002). Based on interaction analysis, it can be observed
that almost all compounds form interactions with resi-
dues.

Molecular dynamics

MDS is a crucial and unique approach to determine
the structural configuration of ligand and macromolec-
ular complexes. It is a multidisciplinary approach that
also ascertains the stability of the protein-ligand com-
plex. In exploring biological systems, MD simulations
facilitate the examination of the physical movements of
atoms and molecules, which are otherwise challenging
to observe. The knowledge gained from these
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simulations provides a comprehensive perspective on
the dynamic progression of biological systems, encom-
passing alterations in conformation and molecular in-
teractions (Hospital et al., 2015). The RMSF method
was used to assess protein residue variations and de-
termine the effect of inhibitor binding on the relevant
targets throughout the simulations. The average RMSF
value across all system frames was 3 A. This indicates
that the protein remains stable during ligand binding,
although some RMSF peaks at specific points suggest
flexibility in the ligand-protein interaction. A higher
RMSF value indicates a lower level of stability of the
protein-ligand complex. Higher RMSF values can re-
sult from tightly coiled structures such as alpha-helix
and beta-strands, whereas lower RMSF values are due
to lost structures such as coils and loops. The com-
puted average RMSF values across all frames of the
systems were lower than 3 A. The RMSF data revealed
that the compound M03 shows potential as an inhibitor
of the three target proteins (Fig. 5).

Fluctuation analysis from the RMSF result of the
MDM?2 complexes shows that the MK-4688 ligand
(blue) induces the lowest and most stable RMSF values
compared to khelloside (red) and 1-(cyclohexylme-
thyl)-5-O-tritylinosine (green) (Fig. 5A). Low RMSF
values indicate a more stable ligand-protein complex
(Wu et al., 2022). Fig. 5B shows that most PD-L1 com-
plexes exhibit stable RMSF values. The khelloside com-
plex (red) consistently shows lower RMSF values, sug-
gesting a more stable interaction than with other lig-
ands.
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Figure 5. Molecular dynamics analysis in the form of root-mean-
square fluctuation (RMSF).
(A) MDM2-ligand, (B) PD-L1-ligand, (C) HSP90-ligand. Different color

codes represent each compound in the molecular dynamics of each
protein.

Ligands such as 4,7,7-trimethyl-3-oxobicyclo[2.2.1]
heptane-1-carboxylic acid (green) and 4-methoxy-2-(2-
methyl-2-propanyl)phenol (purple) show greater fluc-
tuations, but overall ligand binding does not signifi-
cantly alter the protein's global flexibility. The HSP90
complexes show more diverse RMSF patterns. Khello-
side (red) and 1-(cyclohexylmethyl)-5-O-tritylinosine
(green) both lead to lower and more consistent fluctu-
ations, indicating better structural stability (Fig. 5C).
The khelloside ligand consistently exhibits a stable
RMSF pattern across all target proteins (MDM2, PD-
L1, and HSP90), indicating that it forms consistent and
stable interactions without significantly increasing
protein flexibility.

original ligand in binding to MDM2 and HSP90. 4,7,7-
trimethyl-3-oxobicyclo(2.2.1)heptane-1-carboxylic acid
(M08) and 4-methoxy-2-(2-methyl-2-propanyl)phenol
(MO09) were predicted to potentially act as PD-L1 inhib-
itor. The urgency and importance of further in vitro and
in vivo studies to validate the predicted results of this
study.
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Based on in silico analysis, several Mangifera laurina
compounds are predicted to exhibit inhibitor activity
against target proteins, supporting M. laurina as a
source of lead compounds for anticancer drug devel-
opment. These compounds, identified through bioac-
tivity screening, ADMET, drug similarity testing, mo-
lecular docking, and molecular dynamics, demonstrate
promising pharmacokinetic results, indicating good
absorption, distribution, metabolism, and excretion.
Several compounds exhibit biological activity related
to cancer and meet the criteria for drug-likeness. How-
ever, it's crucial to note that some other compounds are
predicted to be toxic to the human body. The com-
pound khelloside (M03) has shown potential as an in-
hibitor for the three protein targets. The compound 1-
(cyclohexylmethyl)-5'-O-tritylinosine (M10) has been
predicted to be a promising inhibitor, surpassing the
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