@EDITIONS

Blacpma

BOLETIN LATINOAMERICANO Y DEL CARIBE DE PLANTAS MEDICINALES Y AROMATICAS
© / ISSN 0717 7917 / www.blacpma.ms-editions.cl

Articulo Original / Original Article

Identification of cancer inhibitors from Hystrix brachyura bezoar
extracts using LC-MS multivariate data analysis and in silico evaluation on
Bcl-2, cyclin B/CDK1, VEGF and NM23-H1

[Identificacién de inhibidores de cancer a partir de extractos de bezoar de Hystrix branchynra usando analisis
multivariado LC-MS y evaluacién in silico en Bcl-2, cyclin B/CDK1, VEGF, y NM23-H1]

AP aina Yuhainis Firus Khan?, Qamar Uddin Ahmed®, Alfi Khatib®, Zalikha Ibrahim®, Tanzina Sharmin Nipun®,
Hatim Abdullah Natto>’, Mohd Zuwairi Saiman®’, Zainul Amiruddin Zakaria® & Ridhwan Abdul Wahab’

lDepartment of Science Education, Faculty of Education, Universiti Teknologi MARA, Puncak Alam, Malaysia

2Department of Biomedical Sciences, Kulliyyah of Allied Health Sciences, International Islamic University Malaysia, Kuantan,

Malaysia

3Pharmacognosy Research Group, Department of Pharmaceutical Chemistry, Kulliyyah of Pharmacy, International Islamic

University Malaysia, Kuantan, Malaysia

4Department of Pharmacy, Faculty of Biological Sciences, University of Chittagong, Chittagong, Bangladesh

5Department of Epidemiology, College of Public Health and Health Informatics, Umm Al-Qura University, Makkah Al

Reviewed by:

Ali Parlar

Adiyaman University
Turkey

Pedro Orihuela
Universidad de Santiago de Chile
Chile

Correspondence:
Ridhwan Abdul WAHAB:
ridhwan@iium.edu.my

Zainul Amiruddin ZAKARIA
zaz@ums.edu.my

Section Biological activity

Received: 7 September 2021
Accepted: 31 December 2021
Accepted corrected: 24 March 2023
Published: 30 January 2024

Citation:

Khan AYF, Ahmed QU, Khatib A,

Ibrahim Z, Nipun TS, Natto HA,

Saiman MZ, Zakaria ZA, Wahab RA
Identification of cancer inhibitors from Hystrix
brachyura bezoar extracts using LC-MS
multivariate data analysis and in silico evaluation
on Bcl-2, cyclin B/CDK1, VEGF and NM23-H1
Bol Latinoam Caribe Plant Med Aromat

23 (1): 41 - 60 (2024).
https://doi.org/10.37360/blacpma.24.23.1.4

Mukaramah, Saudi Arabia

(Continue before References)

Abstract: Hystrix brachyura bezoar is calcified undigested material found in the gastrointestinal tract
known for various medicinal benefits including as an anticancer agent. However, the H. brachyura
population has been declining due to its demand and is under Malaysian law protection. Therefore,
present study aimed to identify bezoar anticancer active compounds through metabolomics and in-silico
approaches. Five replicates of bezoar powder were subjected to extraction using different solvent ratios of
methanol-water (100, 75, 50, 25, 0% v/v). Cytotoxicity and metabolite profiling using liquid
chromatography-mass spectrometry were conducted. Putative compounds identified were subjected to in-
silico analysis with targeted anticancer proteins namely, Bcl-2, Cyclin B/ICDK1 complex, VEGF and
NM23-H1. The correlation of LC-MS and cytotoxicity profile pinpointed two compounds, mangiferin
and propafenone. In-silico study showed both compounds exerted good binding scores to all proteins with
hydrophobic interaction dominating the ligand-protein complex binding, suggesting the ligands act as
hydrophobes in the interactions.

Keywords: Hystrix brachyura; Anticancer; LCMS; Metabolomics; Molecular docking

Resumen: El bezpar de Hystrix branchyura es material calcificado sin digerir encontrados en el tracto
gastrointestinal, conocido por sus variados beneficios médicos, incluyendo propiedades anticancerosas.
De todas formas, la poblacién de H. Branchyura ha ido declinando debido a su demanda y esta bajo la
proteccion de la ley de Malasia. Por esto, este estudio busca identificar los componentes activos
anticancerosos del bezoar mediante abordajes metabolomico e in silico. Cinco réplicas de polvo de bezoar
fueron sometidos a extraccion usando solventes con diferentes proporciones metanol-agua (100, 75, 50,
25,0% v/v). Se hicieron perfiles de citotoxicidad y de metabolitos usando cromatografia liquida-
espectrometria de masa (LC-MS). Se identificaron compuestos putativos yse sometieron a analisis in
silico, buscando las proteinas anticancerosas Bcl-2, complejo Cyclin B/CDK1, VEGF, y NM23-H1. La
correlacion LC-MS y el perfil de citotoxicidad identificaron dos compuestos: mangiferina y propafenona.
El estudio in silico mostré que ambos compuestos tenian buenos indices de enlace con todas las proteinas
con interaccion hidrofébica dominando el enlace complejo proteina-ligando, sugeriendo que los ligandos
acttan como hidrdfobos en las interacciones.
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INTRODUCTION
Hystrix brachyura (H. bracyura) is one of the
common porcupine species that reside in South East
Asia and it belongs to the Hystricidae family (Shan et
al., 2019). Presently, according to the International
Union for Conservation of Nature (IUCN) red list,
the H. brachyura population has been in decline due
to illegal hunting (Lunde et al., 2008). The main
reason for the population declining is due to the
medicinal properties of the porcupine meat and
bezoars (Ahmad et al., 2012; Shan et al., 2019). The
porcupine bezoar is a rare phytobezoar formed when
undigested plant materials consumed by porcupine
accumulates and calcifies inside its gastrointestinal
tract (Chung et al., 2016). In recent years, studies
have reported for H. brachyura bezoar to have
antioxidant, antiviral and anticancer activities (Peng
et al., 2018; Firus Khan et al., 2019a; Firus Khan et
al., 2019b). Our previous study reported H.
brachyura bezoar’s effect on melanoma cancer cells
(A375) in which it was found to exhibit anticancer
activities by inducing apoptosis and cell arrest in
G2/M phase (Firus Khan et al., 2019b). In another
study, H. brachyura bezoar had been shown to inhibit
angiogenesis and metastasis as well in A375 cells
(Firus Khan et al., 2019a). Studies reported in the
21st century, every country has cancer as the leading
cause of death and responsible for being the barrier to
increasing life expectancy (Bray et al., 2018).
Currently, the researchers aim to treat cancer and
prolong patients’ survival with advanced stage while
preserving their quality of life (Bray et al., 2018;
Prager et al., 2018) Therefore, research development
has been guided by cancer hallmarks which have
been suggested to target to induce cell death, disrupt
proliferative signals, induce growth suppressors,
inhibit invasion and metastasis, disable immortality
replicative and inhibit angiogenesis cancer (Hanahan
& Weinberg, 2000; Hanahan & Weinberg, 2011).
Following the cancer hallmarks, the present
study focused on four proteins which are involved in
anticancer activity, namely Bcl-2, cyclin B/CDK1
complex, VEGF and NM23-H1. The first protein,
namely Bcl-2 protein, is a part of the Bcl-2 family
which regulates cell death. Although Bcl-2 protein
function is to inhibit apoptosis cascade by
maintaining the mitochondrial membrane integrity,
downregulation of Bcl-2 level in cancer cells has
suggested that the cell’s signalling has progressed
into apoptosis (Hata et al., 2015). Therefore, by
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inducing apoptosis, it tackles one of the hallmarks of
cancer by inducing cell death. The second protein,
cyclin B/CDK1 complex is the key signalling when
the cells are allowed to proceed into the mitosis phase
from G2 phase in the cell cycle (Ha et al., 2017; Liu
et al., 2019). Inhibition of the complex formation
causes the cancer cells to get arrested in G2 phase
which results in cells to stop proliferating (Coxon et
al., 2017). Inhibition of the cyclin B/CDK 1 complex,
targets another two hallmarks of cancer by disrupting
cells proliferative signals and inducing growth
SUppPressors.

The third protein involved directly with the
angiogenesis process is vascular endothelial growth
factor (VEGF) protein. VEGF promotes formation of
new blood vessels to supply oxygenated blood in
compromised blood circulation parts in the body
(Lutfiya et al., 2019). However, in the case of cancer,
VEGF aids in supplying oxygenated blood to local
tumours, initiating angiogenesis cascade and cancer
cells migrate to other parts of the body (Loizzi et al.,
2017; Pandey et al., 2018). Therefore, inhibiting
VEGF protein results in inhibiting angiogenesis and
metastasis of cancer which is one of the cancer
hallmarks. Furthermore, the fourth target protein,
NM-23H1 also known as nucleoside diphosphate
kinase is one of the metastasis suppressors in MAPK
pathway signalling (Khan & Steeg, 2018). NM-23H1
had been reported have nucleoside diphosphate
kinase (NDPK) activity, histidine protein kinase
activity (HPK) and a 5'-3'exonuclease activity which
resulted in metastasis inhibition (Prabhu et al., 2012;
Yokdang et al., 2015). Hence, activating NM-23H1
target has been considered one of the cancer
hallmarks by inhibiting cancer invasion and
metastasis.

Our previous study had shown H. brachyura
extracts exhibited anticancer effects on melanoma
cells, A375 by inducing apoptosis, arrest cells in G2
phase, inhibit angiogenesis and metastasis (Firus
Khan et al., 2019a). However, in our toxicity study,
H. brachyura extracts exerted significant toxicity
effects towards Danio rerio embryo (Firus Khan et
al., 2020). Furthermore, H. brachyura bezoar is
rarely found and poaching the H. brachyura in
Malaysia is considered illegal as the porcupine comes
under the protection of Malaysian law (Shan et al.,
2019). Therefore, the aim of the present study was to
characterize H. brachyura bezoar through LC-MS
based metabolomics correlated with I1Cso from
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anticancer assay and evaluate identified active
compounds with four target cancer proteins, namely
Bcl-2, cyclin B/CDK1 complex, NM-23H1 and
VEGF interaction using molecular docking approach.
In this study, liquid chromatography (LC) coupled
with quadrupole time-of-flight (Q-TOF) mass
spectrometry (MS) based metabolomics was used to
identify possible active compounds that correlate to
anticancer activity of the H. brachyura extracts. The
LC-MS is a highly sensitive analytical technique to
detect with a wide range of polar and non-polar
molecules that can be analysed without an
involvement of the derivatization step and a small
amount of sample is needed for the analysis
(Nalbantoglu, 2016). Using the molecular docking
approach, putative ligand-protein interaction can be
predicted and further analysed with 2D and 3D
diagrams to elucidate the interaction at the binding
site.

MATERIALS AND METHOD

Chemicals and Materials

Hystrix brachyura bezoar (H. brachyura) is one of
the protected materials according to Malaysian law.
Permission from the Malaysian government
authority, Department of Wildlife and National Parks,
Malaysia was obtained (JPHL & TN (IP): 100-
34/1.24 JId 8) before conducting the study. The
human melanoma cell (A375) line was acquired from
the American Type Culture Collection (ATCC),
USA. The A375 cells were grown in a complete
growth medium (CGM) complemented with
Dulbecco’s modified Eagle medium, fetal bovine
serum, and penicillin-streptomycin from Nacalai
Tesque, Japan. Standard anticancer drug, fluorouracil
(5-FU) was purchased from Sigma, the USA and
used as the positive control. CellTiter 96® AQueous
One Solution Cell Proliferation Assay kit was
purchased from Promega, the USA and used for
cytotoxicity assay. Analytical grade methanol used
for the extraction process was procured from Merck,
Germany.

Porcupine bezoar extract preparation for
metabolomics

The H. brachyura bezoars were crushed into a fine
powder using a mortar pestle. Subsequently, powder
(300 mg) was extracted with ultrasonication method
with different solvents, namely 100% water (A), 75%
water: methanol (B), 50% water: methanol (C), 25%
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water: methanol (D) and 100% methanol (E). Five
replicates of H. brachyura for each solvent were
sonicated for 30 minutes, filtrates were filtered and
oven-dried (40°C) and kept at -80 °C before further
investigation.

Cytotoxicity of porcupine bezoar extracts on A375
cells

The cytotoxicity of H. brachyura extracts was
performed on A375 cells by determining the 50%
inhibitory concentration (ICso) using MTS kit
following the manufacturer’s instruction. A375 cells
were exposed to H. brachyura extracts for 72 h
before being measured by MTS kit for the analysis of
ICso using GraphPad Prism software version 7.

Metabolites profiling using Q-TOF Liquid
Chromatography-Mass Spectrometry (Q-TOF LC-
MS)

The Q-TOF LC-MS analysis was performed to detect
metabolites which were soluble in liquid, non-volatile
and thermally fragile molecules present in H.
brachyura extracts as described previously (Nipun et
al., 2020). A Q-TOF LC-MS system of Agilent 1290
Infinity and 6550 iFunnel Q-TOF LC-MS equipped
with an electrospray interface (ESI) with both
positive and negative ions mode was used to analyse
samples. Two mg of each sample was vortexed with
200 pL of 1:1, methanol: water to ensure full
dissolution before being filtered and transferred into
the glass vials. The samples were then injected to a
Phenomenex Kinetex Cig core-shell technology 100
A (250 x 4.6 mm, 5u) column, equilibrated with
methanol. Samples were eluted with a gradient
system from 5% methanol in water with 0.1% formic
acid to absolute methanol in 20 min, then with
absolute methanol for 10 min and then decrease to
5% methanol for another 15 min at a flow rate of 0.7
mL/min with a total acquisition time of 45 min. All
metabolites detected by Q-TOF MS operated in
electrospray ionization (ESI) at positive mode. The
MS/MS data were collected in the range of m/z 100
to 1700 with the scan rate of a spectrum/ scan. The
MS/MS spectra were obtained by a collision energy
ramp of 30 to 35 eV. The Q-TOF LC-MS data
acquired were subjected to analysis with ACD/Spec
Manager v.12 by converting the raw files into
netCDF (*.cdf) formats. The Q-TOF LC-MS data
was then pre-processed using XCMS software
packaged with R wversion 2.15.1 language for
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filtering, identifying, matching, filling the peaks,
retention time correction and saving in csv format.
The results were analysed with the SIMCA-P* 14.0
program for multivariate data analysis.

Molecular docking analysis

The molecular docking analysis was performed to
predict the interaction between active compounds
detected from Q-TOF LC-MS metabolomics
multivariate analysis with proteins responsible for
anticancer activity. The 3D structure of ligands was
obtained from PubChem (National Centre for
Biotechnology Information (NCBI), USA in SDF
format and converted into PDB format using
Avogadro software. The ligands were prepared into
PDBQT format after Gasteiger charges were added,
the rotatable bonds in the ligand were assigned with
AutoDock Vina 1.1.2 software and all torsions were
allowed to rotate. Our previous study reported H.
bracyura extracts exert anticancer effects by inducing
apoptosis, arresting cells in G2 phase, inhibiting

angiogenesis and metastasis. Therefore,
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crystallographic structure of proteins related to
anticancer activity viz. anti-apoptosis Bcl-2 (PDB ID:
2W3L), G2 phase arrest cyclin B/CDK1 complex
(PDB ID: 6GU2), vascular endothelial growth factor
responsible for angiogenesis (PDB ID: 1FLT) and
metastasis suppressor protein, NM-23 (PDB ID:
1NUE) were obtained from Protein Data Bank (PDB)
of Homo sapiens species as receptors. The receptors
were prepared into PDBQT using AutoDock Vina
1.1.2 by removing water, molecules, added hydrogen
to the polar end, merged with non-polar and
conditioned with a pH of 7.4 using PDB2PQR
Server, version 2.0.0 to mimic the actual condition of
the assay media. The docking grid box was set to
center the receptor and covered the whole receptor.
The docking analysis was conducted using AutoDock
Vina 1.1.2 software. The best conformations with the
highest binding affinity (the more negative value)
were selected as the best-docked model. The 3D
superimposed diagram of the complex was developed
using PyMOL ™ 1.7.4 and 2D interaction was
analysed using Ligplot* software produced.

0:100 (A)
75:25 (B)
50:50 (C)
25:75 (D)
100:0 (E)
5-FU

<N
o

go
S «
2

Ratio of methanol: water solvent

Figure No. 1
Effect of median solvent concentration of cytotoxic assay on A375 cells of H. brachyura extracts. Data
expressed as mean + SD (n=5). Note: 100% water (A) extract, 75% water: methanol (B) extract, 50% water:
methanol (C) extract, 25% water: methanol (D) extract, 100% methanol (E) extract and fluorouracil (5-FU)

RESULTS

H. brachyura cytotoxicity analysis

Figure No. 1 presents the ICso of A375 cells treated
with various concentrations of methanol: water H.
brachyura extracts. The finding demonstrated that the

polarity of the solvents played a role in exerting
cytotoxicity activity with non-polar solvents, E (19.5
pug/mL) had the highest cytotoxicity activity,
followed by D (37.7 pg/mL), C (50.2 pg/mL), B
(71.7 pg/mL) and A (94.8 pg/mL). Two extracts,
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namely D and E had higher cytotoxicity activity
compared to other extracts as their 1Cso value < 50
pg/mkL.

Multivariate Data Analysis

The multivariate data analysis was used to correlate
cytotoxic activity (ICso) with Q-TOF LC-MS data to
evaluate the potential active compounds of H.
brachyura extracts (A, B, C, D and E) on A375 cells.
The OPLS model was used to discriminate the H.
brachyura extracts metabolites. Mass to charge ratio
(m/z) and ICs of the cytotoxic assay was used as
OPLS component 1 and OPLS component 2 and as x
and y variables respectively.

Figure No. 2 presents the score scatter plot
and summary of the fit of the extracts generated from
the Q-TOF LC-MS positive ionization data. Figure
No. 2A displays the distribution of the metabolites

Anticancer compound of Hystrix brachyuran bezoar

based on the OPLS components 1 and 2 in which the
active and less active extracts can be seen as
separated. The score scatter plot demonstrated the
active extract, E and D distributed on the positive
quadrant, whereas C, B and A on the negative
quadrant. Figure No. 2B shows a summary of the fit
for Q-TOF LC-MS metabolites OPLS model. The
OPLS component 1 explained 78.3% of variation
while OPLS component 2 explained 7.4% variation.
The OPLS model was verified for its goodness of fit
and predictive ability using the permutation test. The
intercept of R?Y and Q?Y for the Q-TOF LC-MS
with positive ionization in this study was found to be
acceptable when the cumulative values of both R,Y
and Q.Y were greater than 0.5 as R? was around 0.4
while Q2 was -0.289 (Eriksson et al., 2013). The
finding suggested the OPLS model for Q-TOF LC-
MS metabolites was valid.
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Figure No. 2
(A) The score plot of different extracts of H. brachyura extracts (A, B, C, D and E) based on the OPLS
model. (B) The summary of fit of the OPLS model of the H. brachyura extracts

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas / 45



Khan et al.

Figure No. 3 demonstrates the loading scatter
plot of the H. brachyura methanol extract and
metabolites identified as potential active compounds
for H. brachyura anticancer activity. Figure No. 3A
displays the correlation of m/z, the x variable to 1Csp,
the y variable where the m/z values closer to ICso

Anticancer compound of Hystrix brachyuran bezoar

designates positive correlation to cytotoxicity on
A375 cells. The present study was able to identify
two metabolites, namely propafenone and mangiferin
by comparing the metabolites fragments ions with
available databases. Figure No. 3B shows the
chemical structure of propafenone and mangiferin.
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Figure No. 3
(A) The loading scatter plot of OPLS model of the H. brachyura methanol extract analysed using Q-TOF LC-
MS with positive ionization. (B) Metabolites identified as potential active anticancer agents from H.
brachyura methanol extract
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Structure elucidation of identified metabolites

Elucidating the chemical structure of parent ions was
performed using MSMS fragmentations technique.
The MSMS fragmentations for both metabolites are
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reported in Table No. 1. The metabolites were
confirmed by comparing with the reported literature,
databases and analysis of the ion fragmentation.

Table No. 1
Tentative anticancer metabolites identified in the H. brachyura methanol extract through Q-TOF LC-
MS/MS fragmentation using positive ionisation mode

Tentative

No M+H  MS? fragments ions . Reference
metabolites
1 423.1  [M-HO]*"at m/z 405, [M- C4Hg O3]*at m/z 317, Mangiferin Gold-Smith et al., 2016
[M- C3Hy Os]*at m/z 297, [M- Cs H11 Os]* at m/z Khurana et al., 2016
271, [M- CsHis Os]+ at m/z 269, [M- CsHis Oe]Jr at
m/z 241 and [M- C12H13 O7]* at m/z 153
2 342.2  [M-HsO]*at m/z 319, [M- Cs Hs]*at m/z 300, Propafenone Schwarz et al., 2016

[M- C3H/]"at m/z 298, [M- C3Hg]*at m/z 297,

Balik et al., 2017

[M- CsHg N]+ at m/z 282, [M- CsHg Oz]+ atm/z
267, [M- C4 Hi O]* at m/z 265, [M- Cs H1 NOJ* at
m/z 239, [M- CsHgs NOz]+ at m/z 222, [M- CeHae
NO_]*at m/z 207 and [M- CioH14 O]*at m/z 191

Mangiferin consists of a pyran, two benzene
rings attached to a glucosyl unit with eight hydroxyl
(OH) and a ketone (C=0) functional groups which
indicate the xanthone is the parent chain. In the
positive ionisation mode (ESI), mangiferin was
protonated at the hydroxyl functional group to form
the parent ion (M+H) * of m/z: 423. The compound
underwent  rearrangement and  subsequently
eliminated OH, C4HyO3, C3HyOs, CsH130s, CeH130s,
CsH1105 and C12H1307 respective fragments from the
parent ion and consequently produced ions of m/z
405, 317, 297, 271, 269, 241, and 153, respectively.
The pyran rearrangement and loss of water from the
ion of m/z 423 led to the formation of the ion of m/z
405 followed by loss of C4HsO, from the parent ion
produced m/z 317. Protonated parent ion underwent a
loss of water producing m/z 405 ions. The parent ion
of m/z 405 then fragmented to produce an ion of m/z
387 by removing another water molecule before
undergoing another rearrangement to further
fragmentation to produce an ion of m/z 357 which
was produced from the loss of CH,O from the parent
ion. The ion m/z 357 subsequently fragmented to an
ion of m/z 297 due to the loss of C;H4O,. Protonated
parent ion m/z 423 underwent pyran rearrangement
into a chain of carbon with 5 hydroxyl groups before

undergoing fragmentation into an ion of m/z 271 due
to the loss of CisH;O6. The parent ion m/z 423
produced another ion m/z 405 due to the loss of water
at C6 and C7. The ion is further fragmented into m/z
241 by removing CgHi20s from the parent ion.
Protonated ion fragmented producing m/z 153 due to
the loss of Ci9H19011 from the parent ion.
Propafenone is an aromatic ketone that
consists of 3-(propylamino) propane-1,2-diol and 2-
(3-phenylpropanoyl) phenyl as a substituent. In the
positive ionisation mode (ESI), propafenone was
protonated at amine to form the parent ion (M+H)* of
m/z 342. Propafenone underwent rearrangement and
subsequently removed HgO, CsHs, CsH7, CsHs,
C3H6N, C3H120, C5H12No, C5H13N02, C5H16N02, and
C10H14O from the parent ion that produced as a
consequence the ions of m/z 319, 300, 298, 297, 282,
267, 265, 239, 222, 207 and 191, respectively. The
protonation of propafenone at the N-H attached to its
amine group formed the parent ion (M+H) * of m/z
342. The loss of water from the parent ion formed an
ion of m/z 324 which was further deprotonated thrice
to produce an ion of m/z 321 and deprotonated twice
further forming an ion of m/z 319. From the
protonated parent ion of m/z 342, propene was
fragmented at the 3-propylamino forming an m/z 300
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parent ion. The ion of m/z 297 was formed as the
parent ion of m/z 300 fragmented to an ion of m/z
297 by undergoing deprotonation thrice at the amine
group. While ion m/z 282 was resulted from the
parent ion of m/z 342 due to the loss of propylamino
before undergoing rearrangement and deprotonation
to form an ion of m/z 282. Additionally, ion of m/z
267 was fragmented from the parent ion of m/z 342
as the parent ion underwent a series of McLafferty
rearrangement before being fragmented to C3H-0, to
produce an ion of m/z 267. Protonated parent ion
underwent rearrangement to its 3-propylamino before
being fragmented into an ion of m/z 326 due to the
loss of CHy4, into an ion of m/z 308 due to the loss of
water and into an ion of m/z 265 due to the loss of
CsH7. The loss of CsHisNO from the parent ion
produced an ion of m/z 239 before being further
fragmented due to the loss of hydroxyl group
producing an ion of m/z 222. Protonated parent ion is
further fragmented into an ion of m/z 225 due to the
loss of C¢HisNO and subsequently into an ion of m/z
207 from the loss of water. The protonated parent ion
further underwent fragmentation due to the loss of
water, loss of CsHg from propylamino and C;H7 from
benzene ring to produce ions of m/z 324, 282 and
191, respectively.

Molecular docking

Molecular docking analysis was performed to
elucidate  the interaction between identified
metabolites with the targeted anticancer proteins.
Ligand binding to the receptor induces a change in
the intracellular region that promotes adapter proteins
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activation and death-inducing signalling complex
formation. Table No. 2 presents binding affinity of
ligand-receptor interaction between control ligand,
mangiferin and propafenone with Bcl-2, cyclin
B/CDK1 complex, VEGF and NM-23H1 proteins.
Lower binding affinity indicates a higher docking
score, has the highest activity and favourable binding
interaction. Bcl-2 is one of the anti-apoptosis
proteins, ligands binding with Bcl-2 promotes
inhibition of Bcl-2 to function which results in
apoptosis to progress. The results in Table No. 2
show navitoclax, Bcl-2 inhibitor drug, exhibited the
lowest binding affinity of -11.5 kcal/mol compared to
the remaining ligands. Mangiferin showed lower
binding affinity (-8.2 kcal/mol) compared to
propafenone (-7.2 kcal/mol) indicating that both
ligands had a good binding score in inhibiting Bcl-2.
The cyclin B/CDK1 complex (also known
as maturation promoting factor or MPF) is one of the
main protein kinases that gets stimulated and aids as
master regulator for the mitosis-phase transition,
phosphorylating and activating other downstream
protein kinases, and directly posphorylating several
structural proteins involved in cellular reorganization.
The ligand binds to the cyclin B/CDK1 complex and
acts as an inhibitor. Alvocidib, the cyclin B/CDK1
inhibitor and control ligand in this study showed a
promising binding score with a binding affinity of -
9.6 kcal/mol. Both ligands displayed a good binding
score with low binding affinity energy of -8.2 and -
8.0 kcal/mol for propafenone and mangiferin,
respectively.

Table No. 2
Molecular interaction results of targeted protein with control and the active ligands. The control ligand used
for Bcl-2 is navitoclax, alvocidib for cyclin B/CDLK 1 complex, squalene for VEGF and isolinderalactone for
NM-23 protein

Binding affinity (kcal/mol)
Ligands -
Bcl-2 Cyclin B/CDK1 complex VEGF NM-23

Navitoclax -11.5 - - -
Alvocidib - -9.6 - -
Squalene - - -7.5 -
Isolinderalactone - - - -6.7
Mangiferin -8.2 -8.0 -7.5 -7.8
Propafenone -7.2 -8.2 -1.4 -6.7
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Vascular endothelial growth factor (VEGF)
is a signal protein produced which stimulates the
formation of blood vessels. Hence, ligands binding to
the protein considered as VEGF inhibitor which
promotes angiogenesis inhibition. Squalene, the
control docking used for VEGF protein docking
displayed -7.5 kcal/mol binding affinity. Mangiferin
and propafenone showed a good binding score as
well as both ligands exerted low binding affinity with
nearly the same binding score as squalene viz. -7.5
kcal/mol for mangiferin and -7.4 kcal/mol for
propafenone. NM23-H1 is one of the proteins which
signals metastasis suppressor for cancer cells, hence,
good binding with the protein promotes metastasis
inhibition. The  control  docking ligand,
isolinderalactone showed a moderate binding score of
binding affinity of -6.7 kcal/mol. Mangiferin on the
other hand displayed a lower binding affinity i.e., -7.8
kcal/mol compared to isolinderalactone suggesting
better ligand to suppress cancer metastasis. However,
propafenone showed a similar binding affinity with
control docking for NM23-H1 protein -6.7 kcal/mol.

Figure No. 4 presents 2D ligand-receptor
interaction and a superimposed 3D image of the
interaction for Bcl-2 protein. Mangiferin in Figure
No. 4A is demonstrated to have eight hydroxyl
groups and a carbonyl group which tend to form
hydrogen bonds with residues viz. ARG26, LYS22,
SER64, SER75, TYR161 and ALA159. Moreover,
the carbons from pyran and two benzene rings of
mangiferin contribute in establishing 13 hydrophobic
interactions with GLY104, VAL107, PHET71,
VAL115, VAL118, ARG66, PHE63, ASP62,
ARG26, SER64, SER75, TYR161 and ALA159
amino acid residues. On the other hand, propafenone
in Figure No. 4B shows that ligand-receptor
interaction consists of only one hydrogen bond viz.
VAL92 interacts with hydroxyl groups. Propafenone
dominantly exhibited hydrophobic interaction with
residues instead of the hydrogen bond interaction.
Moreover, the ligand structure combination of
aromatic  hydrocarbon chains  contributed to
hydrophobic interaction viz. GLU95, ALA108,
LEU96, PHE112, PHE71, TYR67, ASP70, PHE63,
MET74 and VAL92. These groups were largely
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responsible for forming stable receptor-ligand
complexes, hence having a high binding affinity
score. The superimposed diagram displayed
mangiferin binds inside the active site together with
navitoclax suggesting it behaved as a competitive
inhibitor. On the other side, propafenone binds in the
allosteric site, indicating it as a non-competitive
inhibitor.

Figure No. 5 demonstrates the 2D ligand-
receptor interaction and superimposed 3D image of
the interaction for cyclin B/CDK1 complex protein.
The 2D diagram in Figure No. 5 reveals that
mangiferin  and  propafenone  receptor-ligand
interaction is predominantly by hydrophobic
interaction. Mangiferin in Figure No. 5A shows six
hydrogen bonds with four amino acid residues,
namely ASP86, LYS89, LEUS83, and LYS33 with its
hydroxyl group. Furthermore, the hydrophobic
structure which is the hydrophobes characteristic
composed of 12 hydrophobic interactions with
SER84, MET85, LEU135, VAL64, PHE80, VAL1S,
ILE10, GLY11, ASP86, LYS89, LEU83 and LYS33
amino acid residues to stabilize the binding.
Propafenone (Figure No. 5B) had a lower binding
affinity compared to mangiferin. Hence, it was
considered to have a higher binding score in
inhibiting cyclin B/CDK1 protein. The hydroxyl
group formed two hydrogen bonds with VAL336 and
PHE338 while the nitrogen contributed another
hydrogen bond with HIS337 amino acid residue. In
addition, propafenone carbon backbone structure
played a major role in having low binding affinity
and aided in forming the significant hydrophobic
interactions with GLU181, PRO339, ALA185,
GLU182, GLN184, PRO340, VAL186, SER227,
PRO301, ASP230, VAL226, TYR223, THR329,
ILE343, MET330, HIS337, VAL336 and PHE338
amino acid residues. From the superimposed diagram
in Figure No. 5C, mangiferin interaction for cyclin
B/CDK1 protein showed binding inside the active
site to stabilize the complex. Hence, it is a
competitive inhibitor as alvocidib is bound in the
active site as well. While propafenone acted as a non-
competitive inhibitor as it bound in the allosteric site.
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Figure No. 4
The 2D diagram of the protein-ligand interactions with the amino acid residues of Bcl-2 and identified
ligands. A- Mangiferin, B- propafenone. The brown stick model indicates important amino acid residues
near the binding site, purple stick model indicates the ligand, green dotted lines represent hydrogen bonds
and the half-moon dashed indicates hydrophobic contact between amino acid residue and ligand. C- The
superimposed 3D diagram showing the binding sites of ligands on Bcl-2 protein. The red circle indicates the
location of the active site on the protein
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Figure No. 5
The 2D diagram of the protein-ligand interactions with the residues of cyclin B/CDK1 complex and
identified ligands. A- Mangiferin, B- propafenone. The brown stick model indicates important residues near
the binding site, the purple stick model indicates the ligand, green dotted lines represent hydrogen bonds and
half-moon dashed indicate hydrophobic contact between residue and ligand. C- The superimposed 3D
diagram showing the binding site of ligands on cyclin B/CDK1 complex protein. The red circle indicates the
location of the active site on the protein
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Figure No. 6

Anticancer compound of Hystrix brachyuran bezoar

Propafenone

The 2D diagram of the protein-ligand interactions with the residues of VEGF and identified ligands. A-
Mangiferin, B- propafenone. The brown stick model indicates important residues near the binding site,
purple stick model indicates the ligand, green dotted lines represent hydrogen bonds and the half-moon
dashed indicate hydrophobic contact between residue and ligand. C- The superimposed 3D diagram showing
the binding site of ligands on VEGF protein. The red circle indicates the location of the active site on the
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Figure No. 7
The 2D diagram of the protein-ligand interactions with the residues of NM23-H1 and identified ligands. A-
Mangiferin, B- propafenone. The brown stick model indicates important residues near the binding site,
purple stick model indicates the ligand, green dotted lines represent hydrogen bonds and the half-moon
dashed indicate hydrophobic contact between residue and ligand. C- The superimposed 3D diagram showing
the binding site of ligands on NM-23H1 protein. The red circle indicates the location of the active site on the
protein

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas / 53



Khan et al.

Figure No. 6 demonstrates a 2D diagram of
molecular interaction involved in ligand-receptor
binding of mangiferin (A) and propafenone (B) for
VEGF protein. In the structure of mangiferin,
hydrophobic interactions were seen with 11 amino
acid residues viz. LEU66, CYS68, GLU67, PHE36,
GLUG64, ILE46, SER50, ASN62, CYS61, ASP63 and
GLY59. Surprisingly, though mangiferin contains
eight hydroxyl groups, it only formed two hydrogen
bonds with ASP63 and GLY59 amino acid residues.
Furthermore, propafenone formed 11 hydrophobic
interactions with GLU64, PHE36, LEU66, CYS68,
CYS61, GLY59, CYS60, ASP34, ASP63, ASNG62
and SER50 amino acid residues while the nitrogen
formed a hydrogen bond with ASP34 amino acid
residue. The carbonyl functional group at C1’ formed
three hydrogen bonds with SER50, ASP63, ASN62
amino residues. Figure No. 6C displays the
superimposed ligands receptor diagram of VEGF.
The diagram shows mangiferin and propafenone bind
inside the active site while squalene binds in the
allosteric site. The finding suggested that both the
ligands were non-competitive inhibitors in stabilizing
the binding for VEGF protein.

Interaction between NM-23H1 protein and
mangiferin stabilized its molecular interaction at
catalytic sites by forming seven hydrogen bonds and
12 hydrophobic interactions as shown in Figure No.
7A. A hydrogen bond formed between the hydroxyl
group and VAL112 amino acid residue, two
hydrogen bonds with ASN115 and LYS 12 amino
acid residues with hydroxyl group. Additionally,
GLY119 amino acid residue formed two hydrogen
bonds with hydroxyl and ARG88 amino acid residue
formed another two hydrogen bonds with oxygen at
two different carbon backbone. Moreover, the
carbons and hydroxyl groups of mangiferin formed
11 hydrophobic interactions, namely ARG105,
HIS118, THR94, LEU55, LEU64, GLY63, PHEGO,
GLY113, VAL112, LYS12, ASN115 and ARGS88
amino acid residues. Residue LEU55 was shown to
have interaction as well with the carbonyl group. As
for the propafenone, the molecular interactions were
seen as three hydrogen bonds (ASN115, VAL112,
LYS12) formed with a hydroxyl group. The carbon
of propafenone contributed in forming 11
hydrophobic interactions involving GLY 113, PHEG0,
TYR67, ARG114, GLY63, LEU64, LEUS5, TYR52,
LYS12, ASN115 and VAL112 amino acid residues.
Similarly to VEGF interaction, mangiferin and
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propafenone showed binding inside the catalytic site
while control docking ligand showed binding in the
allosteric site. The diagram in Figure No. 7C
demonstrated mangiferin and propafenone were non-
competitive inhibitors when bounded with NM-23H1.

DISCUSSION

The process of bezoar formation in H. brachyura
stomach may take several years to undergo complete
calcification (Shan et al., 2019). With the complexity
of bezoar nature and method of accessing the bezoar,
H. brachyura bezoar usage as a whole is neither
considered sustainable for standardization process
nor commercialization purpose, thereby identifying
the bioactive compounds for anticancer effects is
necessary. Hence, the present study was performed to
evaluate  the  anticancer  activity, LC-MS
metabolomics profiling of H. brachyura bezoar
extracts prepared using various solvents and in silico
investigation of active compounds identified with
selected cancer proteins involved in anticancer
activity. The result demonstrated solvents polarity
played an essential role in the cytotoxicity whereby
methanol extract’s (E) cytotoxicity activity was the
highest and the water extract had the least
cytotoxicity activity. The finding was found to be in
line with a previous study that reported L. indica leaf
methanol extract had the highest cytotoxicity activity
on DU-145, PC-3, and MEF-L929 cells compared to
L. indica leaf aqueous extract (Ghagane et al., 2017).
This was suggested due to the fact that methanol
consists of both polar and non-polar functional
groups, hence it had a great ability to extract both
polar and non-polar compounds to exert anticancer
activity (LOpez-Perea et al., 2019).

Multivariate data analysis of Q-TOF LCMS
metabolomics helped in identification of the two
bioactive compounds, namely mangiferin and
propafenone which were found to correlate with the
cytotoxicity activity on A375 cells. Mangiferin is a
bioactive ingredient predominantly isolated from the
mango tree. It has been reported to exert a wide range
of promising pharmacological effects including
antioxidant,  hypolipidemic,  anti-inflammatory,
neuroprotective, immunomodulatory, antibacterial,
anti-viral, hepatoprotective and anticancer effects (Li
et al., 2013; Khurana et al., 2016; Du et al., 2018).
Mangiferin was reported to induce apoptosis by
down-regulating Bcl2, Bcl-XL and upregulating
caspase 3, caspase 9 and caspase 7 suggesting to
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exert its effect through mitochondria-mediated
pathway (Gold-Smith et al., 2016). In addition, in
another study, mangiferin had been reported to inhibit
cancer metastasis and angiogenesis (Du et al., 2018).
Another bioactive compound identified to correlate
with the cytotoxicity on A375 cells was propafenone.
Propafenone is a class 1C antiarrhythmic medication
commonly used for the treatment of arrhythmias
which treats rapid heartbeats such as atrial and
ventricular arrhythmias (Stoschitzky et al., 2016). A
study conducted in 2017 reported for propafenone to
exhibit its anticancer activity by inducing apoptosis,
inhibiting cells growth of esophageal squamous cell
carcinoma without exerting toxicity on normal
esophageal cells and reducing mitochondrial
membrane potential by decreasing the expression of
Bcl-xL and Bcl-2 (Zheng et al., 2017).

Molecular docking of both identified
compounds was performed to elucidate the
interaction of the compounds with the targeted
proteins at molecular level. The Homo sapiens anti-
apoptotic protein Bcl-2 composed of homology
domains (BH1, BH2, BH3 and BH4) builds from 288
residues and the BH3 domain accommodates
hydrophobic binding groove which is considered as
active binding site (Sathishkumar et al., 2012).
Additionally, Bcl-2 active site is built from eight a
helix types of polypeptide where ARG66 amino acid
residue is the crucial active site residue to activate the
inhibition of Bcl-2 (Petros et al., 2004; Porter et al.,
2009). The in-silico results showed that both the
mangiferin and propafenone possessed a good
binding score with mangiferin having a lower binding
affinity by -1.0 kcal/mol difference. The
superimposed 3D diagram shown in Figure No. 4 (C)
revealed mangiferin bound inside the active site
together with navitoclax indicating mangiferin is a
competitive inhibitor. Binding in the active site,
mangiferin and navitoclax shared 10 amino acid
residues together, namely ARG66, SER64, LYS22,
ARG26, VAL118, VAL115, SER75, ASP62,
VAL107, TYR161 and PHE63. Furthermore,
hydrophobic interactions were found to dominate to
stabilize the ligand-receptor complex were due to
hydrophobic amino acids, namely GLY, ALA, VAL,
LEU, PHE and MET in the binding site (Pace et al.,
2012; Sato et al., 2018). Mangiferin binds in the
active site interacting with ARG66 residue
contributes to its good binding score and inhibits Bcl-
2. Both mangiferin and propafenone structures
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mainly contain cycloalkene and aromatics backbone
which act as hydrophobes towards hydrophobic
amino acids resulted in repelling with each other and
stabilize the complex (Barnoud et al., 2014;
Brylinski, 2018). In addition, the mangiferin and
propafenone hydroxyl groups contribute another six
and one hydrogen bond respectively to hydrophilic
amino acid (ARG, SER) help in stabilizing the
binding complex. Bcl-2 protein inhibition causes the
imbalance of pro-apoptotic protein Bax and Bak to
overexpress and results in apoptosis cascade
activation (Hata et al., 2015; Kale et al., 2018).
Second protein, namely Cyclin B/CDK1 complex,
another protein that is involved in G2 phase cell cycle
arrest. The cyclin B/[CDK1 complex consists of 1184
amino acid residues making three chains of A, B and
C (Petri et al., 2007). The protein structure consists of
the N-terminal lobe of the anti-parallel B-sheet
connected to the C-terminal lobe of a-helices,
glycine-rich loop, a-C-helix, hinge and activation
loop where amino acid residues i.e., LYS33, GLU51,
and ARG150 are located in the active binding site
(Wood & Endicott, 2018; Wood et al., 2019). The
results showed that mangiferin and propafenone had
a good binding score with a difference of -0.2
kcal/mol binding affinity. Moreover, results showed
that mangiferin bound inside the catalytic site
together with control alvocidib and interacted with
the active amino acid residue, namely LYS33, while
propafenone bound inside the allosteric site. Both
mangiferin and alvocidib showed shared eight amino
acid residues in the active site, namely LEUB83,
LEU135, PHE80, VAL64, VAL18, MET85, ILE10
and GLY11. Surprisingly, propafenone showed to
have 18 hydrophobic interactions and 3 hydrogen
bonds with the amino acid residues in the binding site
more than the mangiferin. This explained why
propafenone had a comparatively similar binding
affinity with mangiferin. Additionally, type of amino
acids presents in the binding site contributed to the
binding score with the hydrophobic amino acids
(PRO, ALA, ILE and MET) and neutral amino acids
(SER, THR, TYR and GLN) involving in the
interaction to stabilize the binding (Pace et al., 2012;
Sato et al., 2018). The binding site environment was
an advantage to the ligand’s hydrophobic structure.
Therefore, it segregates from the binding site residues
to stabilize the binding. Any disruption of the cyclin
B/CDK1 complex causes the cells to fail to enter M

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas / 55



Khan et al.

phase and arrest in G2 phase (Goldstone et al., 2001;
Brown et al., 2015).

The third protein responsible for angiogenesis in
Homo sapiens vascular endothelial growth factors
(VEGF) is homodimeric structure which consists of
214 amino acid residues with two chains twisted
antiparallel B-sheet, namely V and W (Wiesmann et
al.,, 1997). It was also mentioned that each chain
consists of B1, B2, B3, BS, B6, al and a2 with al
overlapping with the opposite chain. The active site
residues involved in the catalytic events, namely
CYS57, GLY59 and LEU32 are located in chain V
between B2, 6 and a2 (Chandrasekaran et al., 2007;
Saha et al., 2013). The finding on the docking
analysis of VEGF protein revealed that propafenone
and mangiferin bound in the active site, while control
docking squalene bound in allosteric site suggesting
that both ligands were competitive inhibitor and had
hydrophobic interaction with the active site amino
acid residue, namely GLY59. Mangiferin and
propafenone shared similar amino acid residues at
binding site viz. SER50, CYS61, CYS51, CYS60,
GLU67 and LYS107, therefore explained the
comparable binding affinity with a difference of - 0.1
kcal/mol. Besides, the polar amino acids (SER, and
CYS) and hydrophobic amino acids, namely LEU,
PHE, ILE and GLY, contributed to the hydrophobic
interactions by segregating from the water in the
surrounding. In addition, the structure of the
compounds which are hydrophobic due to the high
number of carbons, presence of hydroxyl groups
contributed during the binding interaction forming 11
hydrophobic interactions with the amino acid
residues and additional two and four hydrogen bonds
for mangiferin and propafenone, respectively. The
inhibition of VEGF protein will disrupt the
development of new capillaries from the pre-existing
vascular network. The VEGF protein plays a pivotal
role in the development of new capillaries from the
pre-existing vascular network. Hence, inhibition of
activating VEGFR-1 and VEGFR-2 resulted in
inhibition of angiogenesis cascade, proliferation,
migration and survival in endothelial cells
(Tahergorabi & Khazaei, 2012).

Nucleoside diphosphate kinase (NM23-H1)
responsible for suppressing metastasis is a hexamer
with the asymmetric unit build up from 456 amino
acid residues and the structure is composed of two
trimers on top of each other with subunits labelled A,
B, Cinatrimerand D, E, F in another trimer (Morera

Anticancer compound of Hystrix brachyuran bezoar

et al., 1995). The subunits are identical folded into a
compact of o/f domain followed by C-terminal
extension in antiparallel structure. The protein active
sites are positioned in chain C with PHE60, VAL112,
ASP54, ARG88 amino acid residues building the
catalytic pocket (Postel et al.,, 2002). The 3D
superimposed diagram of the receptor-ligand
complex for NM23-H1 protein in Figure No. 7C
indicates mangiferin and propafenone shared
catalytic site, which showed both ligands were non-
competitive activator to NM23-H1. Furthermore, the
ligand interacts with the same residues which are
LEU64, VAL112, LYS12, ASN115, GLY113,
GLY63, LEU64, LEU5S5 and PHE60 during the
catalytic event. Both ligands interacted with crucial
active site amino acid residues, namely PHE 60 and
VAL112 to activate NM23-H1 protein (Dexheimer et
al., 2009). The analysis on residues involved showed
hydrophobic interactions dominated to stabilize the
protein structure during the catalytic event.
Hydrophobic and polar amino acids (VAL, LEU,
PHE, TYR, and GLN) interacted with the
hydrophobic molecules in ligands, therefore, resulted
in hydrophobic interaction (Blaha-Nelson et al.,
2017). Furthermore, a significant number of
hydrogen bonds formed in the catalytic event for all
ligands with amino acid residues (LYS, ASN, ARG)
due to hydroxyl and carboxyl functional groups
interaction which was aided by the presence of water
molecules in the protein (Zhao & Huang, 2011).
NM23-H1 protein overexpression predicts a
favourable prognosis for melanoma patients (Bunce
& Khanim, 2018). Hence, activating NM23-H1
promotes its metastatic suppression potential,
including inhibiting cancer motility, invasion, and
colonization (Prabhu et al., 2012).

The molecular docking analysis demonstrated
the highest binding affinity viz. -8.2 kcal/mol by
mangiferin on Bcl-2 protein and propafenone on
cyclin B/CDK1 complex. Additionally, cyclin
B/CDK1 complex protein showed as the most
favourable for binding as both ligands had a high
binding score with -8.2 and -8.0 kcal/mol for
propafenone and mangiferin, respectively compared
to other proteins. Mangiferin in this study
demonstrated that it was found to bound in the active
site for all the four proteins while propafenone was
found to bound in allosteric site for Bcl-2 and cyclin
B/CDK1 complex, however bound in the active sites
for VEGF and NM23-H1 proteins. The present study
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showed that hydrophobic interactions were dominant
and assisted the catalytic events due to mangiferin
and propafenone carbon structure backbone which
acted as hydrophobes. Moreover, this study
demonstrated anticancer effects of mangiferin and
propafenone individually evidenced through an in
silico data on four different anticancer target proteins.
This result might support future studies to further
confirm a possibility that both compounds might act
synergistically in exhibiting better anticancer effect.

CONCLUSION

The H. brachyura phytobezoar is a rare material
which makes it unsustainable for commercialization
and bioactive compounds isolation. Therefore, LC-
MS-based metabolomics analysis is an appropriate
technique in investigating the possible bioactive
compounds of H. brachyura bezoar possessing
anticancer activity. Methanol extract exhibited the
highest cytotoxicity activity compared to other
extracts. Two putative active compounds were
identified from the methanol H. brachyura bezoar
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extract using a multivariate data analysis approach by
correlating LCMS with the cytotoxicity activity on
A375 cells. The compounds identified, namely
mangiferin and propafenone, are reported for the first
time to present in the H. brachyura bezoar through
this study. The molecular docking study predicted the
binding mode and binding interactions between the
identified compounds and the proteins, namely Bcl-2,
cyclin B/CDK1 complex, VEGF and NM23-H1. The
finding suggested that mangiferin and propafenone
have the potential to act as an anticancer agent by
inducing apoptosis, arrest cells in G2 phase, inhibit
angiogenesis and metastasis. Hence, mangiferin and
propafenone can be further explored to develop novel
anticancer agents in the future studies.
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