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Abstract

Androgen receptor (AR) is the member of steroid hormone receptor involved in the
progression of prostate cancer growth due to receptor over-activation. On the other hand,
mangosteen (Garcinia mangostana L.) as a medicinal plant contains xanthone-derived
compounds which were known to have cytotoxic activity towards any types of human cancer
cells. This research aims to determine xanthone-derived isolates potency from mangosteen
as AR antagonists. The study was carried out through molecular docking assay utilizing
AutoDock 4.2.6 using androgen receptor obtained from PDB ID 2AM9, testosterone as native
ligand, and bicalutamide, flutamide, and nilutamide as reference. The results indicated that
three isolates (1,3,7-trihydroxy-2,8-di-(3-methylbut-2-enyl)xanthone, mangostinone, and
trapezifolixanthone) have the highest potency to be AR antagonist seen from the lower bond-
free energy value than all of reference ligand. The lowest bond-free energy was provided
by mangostinone with a AG value of -10.05 kcal/mol. However, the highest difference of
residual amino acids interaction with testosterone and similar interaction with bicalutamide
was provided by 1,3,7-trihydroxy-2,8-di-(3-methylbut-2-enyl)xanthone, with five different
amino acids with testosterone and nine similar amino acids with bicalutamide, respectively.
Interestingly, 1,3,7-trihydroxy-2,8-di-(3-methylbut-2-enyl)xanthone has similar hydrogen
bond with the key residue amino acids of AR (705-Asn and 711-Gln) which indicates probably
partial agonist activity while mangostinone has the highest amount of hydrogen bond in the
absence of hydrogen bond towards key residual amino acids of AR. The results concluded that
three specific derived-xanthone compounds were predicted to have activity as AR antagonists.
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INTRODUCTION

Prostate cancer is the mostly cancer type
diagnosed among men worldwide (Singh, Baruah
and Sharma, 2017). It is well established that natu-
ral androgens, such as testosterone and dihydrotes-
tosterone (DHT), has major role in progression of
androgen-dependent prostate cancer through ago-

nist action towards Androgen Receptor (AR) (Song,
et al.,2012). AR is the member of steroid hormone
receptor which contains hormone-binding domain
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and DNA-binding domain. AR activation results
in translocation of this receptor to the nucleus and
regulates specific gene, such as NK3 transcription
factor locus 1 (NKX3.1) and prostate-specific an-
tigen (PSA) (Setlur and Rubin, 2005; Song, et al.,
2012). Although many anti androgens has been es-
tablished, including bicalutamide, flutamide, and
nilutamide, the problem of unspecific cytotoxicity
effect and cancer recurrence after drug intake re-
mains a major hurdle for establishing effective
therapy (Peng, et al., 2019). In addition, bicaluta-
mide as a non-steroidal anti androgen also shows
partial agonist properties during long-term an-
drogen ablation (Culig, et al., 1999; Bohl, et al.,
2005). Therefore, many researches were directed
to investigate phytochemical constituents which
are contained in medicinal plants. In addition,
structure-Based Drug Design (SBDD) can be an
appropriate  strategy in predicting the type
of physiological activity that occurs through
knowing the key residual amino acids interaction
which could differ between agonist and antagonist
activity (Tan, et al., 2014).

Mangosteen (Garcinia mangostana L.)
is a native medicinal plant from South East Asia
and has been researched for many pharmaco-
logical activity of the disease (Ovalle-Magallanes,
Eugenio-Pérez and Pedraza-Chaverri, 2017).
It has several biological effects, such as
anti-inflammation, antioxidant, anti-proliferative,
pro-apoptotic, neuroprotective, and hypoglyce-
mic in managing diabetes (Siridechakorn, et al.,
2012; Fu, et al., 2014; Wang, et al., 2015). A study
stated that methanol extract from the pericarp of
mangosteen has an anti-proliferative effect to-
wards SKBR3 human breast cancer cell by inducing
apoptosis. Another investigation showed that the
pericarp of mangosteen containing variety of xan-
thones also has anti-proliferative activity against
human leukemia HL60 cells (Obolskiy, et al.,
2009).

The main phytochemicals that are respon-
sible for mangosteen’s activity are isoprenylated
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xanthones, major secondary metabolites which are
contained in mangosteen (Tiang, et al., 2020). Xan-
thone compounds from mangosteen were known
had anticancer and anti-proliferative activity in leu-
kemia which is has same few regulation as well as
brain, colorectal, breast, and prostate cancers (Chao,
et al., 2011). Therefore, this study aims to investi-
gate and determine potential xanthone isolates from
mangosteen as anti-androgen. This study utilizing
structure-based approach using molecular docking
technique compared to known AR antagonists in-
cluding bilutamide, flutamide, and nilutamide.

METHODS

The hardware used was the MSI GL62m
7RDX with an Intel™ i7-7700HQ+HM175 @3.8
GHz and Windows 10 Home 64-bit operating
system. This research used software, including
ACD/ChemSketch Software 14.0 (Free Version),
LigandScout 4.4.3, AutoDockTools 1.5.6 and Au-
toDock 4.2.6 software from The Scripps Research
Institute, and BIOVIA Discovery Studio 2017 R2
Client (Helgren and Hagen, 2018; Torres, Sodero
and Jofily, 2019).

Materials were used for this research in-
cluding target protein structure, test ligands struc-
tures, and references ligands structures. Three-di-
mensional structure of target protein (receptor) was
obtained from Protein Data Banks website (http://
rcsb.org). The test ligands used were 14 xanthones
derived compounds from mangosteen (Garcinia
mangostana L.) as shown in Figure 1 consisting
of  1,3,7-trihydroxy-2,8-di-(3-methylbut-2-enyl)
xanthone (1); 1,5,8-trihydroxy-3-methoxy-2[3-
methyl-2-butenyl|xanthone (2); 6-deoxy-gamma-
mangostin (3); 7-O-demethyl mangostanin (4);
8-deoxygartanin (5); garcinone B (6); garcinone E
(7); gartanin (8); mangostanin (9); mangostenone
D (10); mangostinone (11); padiaxanthone (12);
tovophylline A (13); and trapezifolixanthone (14)
(Yang, et al., 2017). The reference ligands, in-
cluding bicalutamide, flutamide, and nilutamide,
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Figure 1. Structure of known xanthone-derived isolates from mangosteen (Yang, et al., 2017).

were small-molecule androgen receptor antago-
nists that has been used and was marketed in the
treatment of prostate cancer.

The two-dimensional structure of all
ligands was depicted using ACD/ChemSketch 14.0.
Ideal 3D structure conformation of all test ligands
and references was provided by performing energy
minimization using Molecular Mechanic Force
Field-94 (MMFF94) minimization in LigandScout
4.4.3, which would be providing ideal confor-
mation of these compounds as exist is in nature
(Vanommeslaeghe, Guvench and MacKerell Jr.,
2015). Optimized 3D structures of all test ligands
and references then saved in .pdb format. In this

study, docking program was run using AutoDock
4.2.6. Before running process, all ligands and re-
ceptor were prepared by giving the specific charge
and torque for ligands by default utilizing software
AutoDockTools 1.5.6 (Forli, et al., 2016). Docking
simulation results then visualized using Discovery
Studio Visualizer 19.1.0 to analyze molecular in-
teraction between ligands and residual amino acids
from receptor.

The structure of androgen receptor (AR)
was obtained from the Protein Data Bank (PDB)
website (http://www.rscb.org) with PDB ID 2AM9.
The receptor has a resolution of 1.64 A and bind to
a nature ligand of testosterone, a steroidal hormone

Figure 2. Overlay ligands after re-docking (green) and co-crystal ligands from crystallography (blue) at

2AM9 complex; RMSD=0.79 A.
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Figure 3. Interactions of testosterone in amino acid
residues from AR receptor.

that is known to have an agonist action towards AR
(Pereira de Jesus-Tran, et al., 2000).

Although this study aimed to find AR-an-
tagonist compounds, the use of AR-testosterone
complex which are agonist was preferred over
AR-bicalutamide complex because as previously
explained that bicalutamide exhibits partial ago-
nist properties (Culig, et al., 1999). Thus, the use
of the AR-bicalutamide complex could yield biased
predictive conclusions regarding the pharmaco-
logical activity of the test compound. The receptor
was downloaded in .pdb, removed the waters and
another portion, added by non-polar portion of hy-
drogen group, and given by the Kollman charge
using software AutoDockTools 1.5.6. The binding
domain of the AR was the active site portion which
was bind to AR agonist, in this case, testosterone
(McEwan and Brinkmann, 2020).

Figure 4. Interactions of bicalutamide in amino
acid residues from AR receptor.
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The method validation process was carried
out through re-docking process of testosterone as
nature ligand which was extracted from the 2AM9
complexes towards AR. Before re-docking, testos-
terone was added by the non-polar portion of hy-
drogen group, given with Gasteiger charge, torque
and adjusting rotational bond, then saved as file in
the .pdbqt. The nature ligand was then re-process
with molecular docking at center of ligand in the
grid box coordinate and size predetermined from
molecular direction (Ferreira, et al., 2015; Valdés-
Tresanco, et al., 2020). Root Mean Square De-
viation (RMSD) then observed from the validation

Figure 5. Interactions of 1,3,7-trihydroxy-2,8-di-(3-
methylbut-2-enyl)xanthone in amino acid resi-
dues from AR receptor.

process as parameter which could value validity of
the method. The RMSD score explains the average
difference in distance of each atom from ligand
after re-docking process. The small of RMSD score
indicated that the validity of the docking method
was high and has higher similar results with
crystallography results. The requirement of RMSD
score was less than 2 A, which denoting a valid
docking method (Puratchikody, et al., 2016; Pa-
gadala, Syed and Tuszynski, 2017).

Docking process for all test and reference
ligands performed with the same steps as the re-
docking stage (validation) with similar size and
coordinate of the grid box. The main parameter
observed in docking simulation with AutoDock
4.2.6 was the free binding energy (AG) as affinity
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Figure 6. Interactions of mangostinone in amino acid
residues from AR receptor.

strength marker and residual amino acids interac-
tion as interaction marker (Clark and Labute, 2007;
Forli, et al., 2016). The more negative AG indicated
the higher ligand affinity towards binding site of
the specific receptor (Ryde and Soderhjelm, 2016).
The residual amino acids interaction of all test
ligand then compared with reference to evaluate the
similarity of interaction. The more similar residual
amino acids interaction indicated that the test lig-
and will have a similar activity with the reference
(Ferreira, et al., 2015).
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RESULTS

Re-docking result from this research was
provided RMSD score of 0.79 A, indicated that
the docking method using 2AM9 complexes was
valid for docking purpose. Visualization of ligand
overlays resulting after re-docking process towards
AR is depicted in Figure 2. Other parameters used
in the re-docking stage, including size and grid box
coordinate, AG and residual amino acids interaction
as shown in Table 1.

The docking of the fourteen test ligands
and reference ligands showed promising results
that several compounds have higher affinity
than reference. There are no compounds which
have higher affinity than testosterone which acts
as agonist of AR, including all of reference
ligands. Bicalutamide has higher affinity than other
reference ligands, with a value of -9.72 Kcal/mol.
Since AR-bicalutamide complex also available
with PDB ID: 1795, this result possess similar
hydrogen bond interaction with the prediction
from crystallography reference, especially towards
705-Asn, 711-Gln, and 752-Arg (Bohl, et al., 2005).
Isolate 1 (1,3,7-trihydroxy-2,8-di-(3-methylbut-2-
enyl)xanthone), isolate 11 (mangostinone), and iso-

Table 1. Results of the re-docking process.

Parameter

Value

PDB ID

Nature Ligand

Grid box size (A)
Grid box coordinate

RMSD (A)
AG (Kcal/mol)
Residual amino acids interaction

2AM9
Testosterone
40X40X40
x=26.907
y=2.557
z=5.181
0.79
-11.98
7 04-Leu**
705-Asn*
707-Leu**
711-Gln*
741-Trp**
742-Met**
745-Met**
780-Met**
873-Leu**
876-Phe**

*Hydrogen Bond; **Alkyl/Pi-Alkyl Interaction
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late 14 (trapezifolixanthone) showed lower value
of AG than bicalutamide as presented in Table 2.
Practically, it indicates that these three compounds
have the potential as bicalutamide, flutamide, and
nilutamide as antagonists at AR binding sites. Spe-
cifically, mangostinone has the bigger difference of
the AG value with bicalutamide than others with a
value of 0.33 Kcal/mol.

Observations of amino acid residues also
showed promising results, as presented in Table 2.
1,3,7-trihydroxy-2,8-di-(3-methylbut-2-enyl)xan-
thone, mangostinone, and trapezifolixanthone each
have a different amount of amino acid residues from
testosterone, 5, 3, and 4, respectively. 1,3,7-trihy-
droxy-2,8-di-(3-methylbut-2-enyl)xanthone  also
has higher residual amino acids similarity with bi-
calutamide than two others with nine similar amino
acids. Furthermore, all of residual amino acids in-
teraction between testosterone, bicalutamide, those
three compounds and AR receptor were shown in
Figure 3 until Figure 7.

DISCUSSION

The docking simulation was established by
using Lamarckian genetic algorithm in value of 50.
Genetic algorithm explains about how much degree
of freedom of the interaction results in number of
conformation (Hetényi and Spoel, 2002). In addi-
tion, other parameters were set as the default values
of AutoDock 4.2.6. The value of genetic algorithm
was increased from 10 to 50 to enhance the
reliability of the docking process which was per-
formed (Forli, et al., 2016). This is based on a study
which states that at genetic algorithm values below
50 there was fast increase in correct sites, while
above a value of 50 indicates an insignificant in-
crease (Hetényi and Spoel, 2002). Docking simula-
tion was performed using similar configuration set-
tings with the re-docking (validation) process with
only changes in the ligand file used. The most
interesting finding is that from all compounds, the
three that have an affinity value that has lower AG
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Figure 7. Interactions of trapezifolixanthone in amino
acid residues from AR receptor.

value than bicalutamide as marketed AR antagonist
and can be compared with testosterone as nature
ligand. The hydrogen bond interaction form with
705-Asn and 711-Gln amino acid residues is
the key residue of AR which is responsible
for agonist activity through modulating an
‘active conformation’ that primes the receptor for
coactivator binding to an AF2 region comprised
of H3, H4, and H12 (Tan, et al., 2015). The isolate
11 (mangostinone) and isolate 14 (trapezifolixan-
thone) does not have hydrogen bonds towards key
amino acids residues as explain before and were
predicted would have better antagonist activity than
bicalutamide because of lower value of AG than
bicalutamide. However, no one compounds which
has lower AG value than testosterone.

In residual amino acids interaction, the
highest difference types of amino acids interactions
compared to testosterone has provided by isolate 1
(1,3,7-trihydroxy-2,8-di-(3-methylbut-2-enyl)xan-
thone) with five different amino acids interaction.
In addition, 1,3,7-trihydroxy-2,8-di-(3-methylbut-
2-enyl)xanthone also showed a high similarity to
bicalutamide with nine similar amino acids in-
teraction. The high amino acid residue differences
with testosterone and similarity with bicalutamide of
1,3,7-trihydroxy-2,8-di-(3-methylbut-2-enyl)xan-
thone increases the probability that this compound
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Table 2. Results of the docking simulation of test and reference ligands towards AR receptor.

Ligand

Residual Amino Acid Interactions

AG (Kcal/mol)

Hydrogen Bond

Others

Bicalutamide

Flutamide

Nilutamide

Isolate |

Isolate 2

Isolate 3

Isolate 4

Isolate 5

Isolate 6

Isolate 7

Isolate 8

Isolate 9

Isolate 10

Isolate I |

Isolate 12

Isolate 13

Isolate 14

9.72 705-Asn, 711-Gln, 752-Arg

-7.67 752-Arg

-8.92 705-Asn, 708-Gly, 752-Arg

705-Asn, 711-GIn, 752-Arg,

9.92
877-Thr

891 745-Met

9.38 877-Thr

461 704-Leu

9.56 704-Leu, 780-Met
-6.45 873-Leu

0.52 -

8.57 705-Asn, 780-Met
51 704-Leu, 873-Leu

6.6 705-Asn, 71 1-Gln
-10.05 704-Leu, 742-Met
-1.36 -

8.89 -

9.87 742-Met

704-Leu*, 707-Leu*, 741-Trp¥* 742-Met, 745-Met,
746-Val*, 749-Met*, 780-Met*¥, 873-Leu*, 895-Met¥,
899-lle*

701-Leu*, 704-Leu*, 707-Leu*, 745-Met, 746-Val*,
749-Met¥, 764-Phe**, 895-Met*

701-Leu*, 704-Leu*, 707-Leu*, 745-Met, 746-Val*,
749-Met¥, 764-Phe**

704-Leu*, 708-Gly”, 742-Met¥, 745-Met*, 746-Val*,
780-Met¥, 787-Met*, 873-Leu*, 876-Phe*

701-Leu*, 704-Leu*, 705-Asn”, 742-Met® 749-
Met¥, 780-Met¥, 873-Leu*, 876-Phe* 880-Leu*, 895-
Met*

707-Leu*, 742-Met**, 746-Val*, 749-Met*, 764-Phe*,
787-Met**, 873-Leu*

701-Leu*, 707-Leu* 742-MettF, 745-Met¥, 749-
Met¥, 764-Phe*, 780-Met¥ 873-Leu*, 880-Leu*, 889-
Val¥, 89-Phe*

701-Leu*, 705-Asn”, 707-Leu*, 742-Met¥ 745-Met*
746-Val*, 749-Met*, 764-Phe*, 787-Met¥, 873-Leu*
880-Leu*

704-Leu*, 707-Leu* 745-Met¥, 746-Val*, 749-Met*
764-Phe*, 780-Mette, 787-Met¥, 89I-Phe*, 895-
Met¥, 899-lle*

701-Leu*, 704-Leu®, 707-Leu*, 708-Gly”, 711-GIn™",
742-Met¥, 745-Met¥ 746-Val¥, 749-Met¥, 780-Met™,
787-Met*, 873-Leu™*, 876-Phe*, 880-Leu*, 895-Met*

704-Leu*, 707-Leu®, 742-Met® 745-Met* 749-
Met¥ 787-Met** 873-Leu*

701-Leu*, 707-Leu*, 745-Met*, 749-Met*, 764-Phe*,
780-Met*, 876-Phe*, 880-Leu*, 889-Val*, 89 |-Phe*

704-Leu*, 707-Leu*, 742-Met¥, 745-Met¥, 749-Met*,
764-Phe*, 780-Met*, 873-Leu*, 876-Phe*, 895-Met**

707-Leu*, 741-Trp*¥, 745-Met*, 749-Met*, 764-Phe*,
787-Met¥, 873-Leu*

701-Leu*® 704-Leu* 707-Leu* 745-Met¥, 749-Met¥
764-Phe*, 780-Met*<, 876-Phe*, 880-Leu*, 889-Val*
891-Phe*

701-Leu*, 704-Leu*, 705-Asn’”, 707-Leu*, 745-Met*
764-Phe**, 770-Phe*, 780-Met™, 784-Cys* 787-
Met*+k 880-Leu*, 873-Leu*, 889-Val*, 891-Phe*
701-Leu*, 704-Leu* 707-Leu* 745-Met*, 746-Val*
749-Met¥, 764-Phe**, 780-Met¥, 873-Leu*

*Alkyl/Pi-Alkyl Interaction; **Pi-Sigma/Pi-Pi T Shaped Interaction; ***Pi-Sulfur/Sulfur-X Interaction;

Interaction; ”’Carbon Hydrogen Bond, ’’Unfavorable Bump

’Halogen
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would have activity as an AR antagonist with a
similar mechanism of action of bicalutamide. It also
suggests that this compound may have partial ago-
nist activity as demonstrated by bicalutamide due to
the same hydrogen bond towards key residual amino
acids of AR (705-Asn and 711-Gln). Moreover, the
value of AG of this compound itself is lower than
bicalutamide and trapezifolixanthone but higher
than mangostinone. However, the significant num-
ber of interactions of amino acid residues will un-
doubtedly enhance the probability of similar types
of interactions, while also exactly enhance ligand
affinity (Wang, Mcinnes and Zhu, 2013; Ferreira,
et al., 2015). The greatest finding from this study is
that mangostinone has the lowest value of AG than
bicalutamide and two others and also has two hydro-
gen bonds to different amino acids with key amino
acids of AR. It suggests that mangostinone has the
greatest potency to be an antagonist of AR than two
others with the absence of partial agonist activity.

Each xanthone isolate possess different
binding interaction towards AR. It is the unique-
ness of the SBDD strategy while we have com-
pounds from the same group does not guarantee
the same interaction. It can occur because of the
kind and orientation of substituents involved in
the structure. The main difference in the interac-
tions between 1,3,7-trihydroxy-2,8-di-(3-methyl-
but-2-enyl)xanthone and two others is due to the
orientation of the alkyl groups that occurs due to
the hydrophobic effect of the alkyl group. The
location of alkyl groups affect number of residual
amino acids interaction which occurred. However,
though 1,3,7-trihydroxy-2,8-di-(3-methyl-
but-2-enyl)xanthone has more interactions than
two others, it showed lower affinity than mangos-
tinone. It is interesting to observe whether two other
promising compounds would also produce similar
interactions with 1,3,7-trihydroxy-2,8-di-(3-meth-
ylbut-2-enyl)xanthone, considering the value of
AG that was relatively low. However, through
this simple molecular docking study, the results
obtained were limited to predictions or hypothe-
ses as an initial pathway in drug discovery. In its

cven
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natural occurrence, this hypothesis may be relevant
or not. Therefore, other advance computational
research can be carried out as a reinforcement of
the hypothesis prior to experimental study, both in
vitro and in vivo.

CONCLUSION

This research successfully demonstrated
that among the xanthone isolates of mangosteen
(Garcinia mangostana L.), the highest potency
for AR antagonists was provided by 1,3,7-tri-
hydroxy-2,8-di-(3-methylbut-2-enyl)xanthone,
mangostinone, and trapezifolixanthone. The an-
tagonist activity was hypothesized in the absence
of hydrogen bond of the three compounds, except
1,3,7-trihydroxy-2,8-di-(3-methylbut-2-enyl)xan-
thone, towards key residual amino acids of AR
(705-Asn and 711-Gln). While 1,3,7-trihydroxy-
2,8-di-(3-methylbut-2-enyl)xanthone has showed
very high amino acid interaction similarities
with the reference ligand and differences with
testosterone as agonist agent, but the lowest free
energy binding established by mangostinone,
respectively. Furthermore, further both in vifro and
in vivo research including toxicity assay can be
carried out to prove the potency of the three com-
pounds as AR antagonists.
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