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Abstract

Context: The number of breast cancer patients from year to year is increasing, accompanied by an increase in global mortality; the position in Indonesia has
reached 60-70% with end-stage conditions. ERa antiproliferative activity exists in a-mangostin compounds, but this compound still has several
physicochemical problems, including its solubility. Therefore, efforts are needed to increase the activity of a-mangostin and its affinity as an alpha estrogen
receptor antagonist through a structure-based design method.

Aims: To obtain new compounds derived from a-mangostin in the form of a metal complex with cobalt (AM-Co), platinum (AM-Pt), and iron (AM-Fe) as
medicinal ingredients that can be used as breast cancer therapeutic agents.

Methods: The research methods include in silico studies (pharmacokinetic and toxicity prediction, molecular docking, and molecular dynamics), semi-
synthesis to form a complex compound, and testing cytotoxic activity against MCF-7 and T-47D human breast cancer cells.

Results: From the in vitro test results, it can be seen that the AM-Pt compound showed the best anticancer activity on MCF-7 cells compared to others from ICso
and Sl values; this was supported by the results of in silico studies either through molecular docking or molecular dynamics, where this compound was more
effective.

Conclusions: Furthermore, it can be used as an anticancer candidate; particularly, its activity is predicted to be more potent as an ERa antagonist than a-
mangostin and cisplatin.

Keywords: cobalt; iron; a-mangostin; metal complex; platinum.

Resumen

Contexto: El nimero de pacientes con cancer de mama aumenta de afio en afio, acompafiado de un aumento de la mortalidad global; la situacidn en
Indonesia ha alcanzado el 60-70% con estados terminales. ERa existe actividad antiproliferativa en los compuestos de a-mangostin, pero este compuesto
sigue presentando varios problemas fisicoquimicos, entre ellos su solubilidad. Por lo tanto, es necesario esforzarse por aumentar la actividad de a-mangostin
y su afinidad como antagonista del receptor alfa de estrégenos mediante un método de disefio basado en la estructura.

Objetivos: Obtener nuevos compuestos derivados de a-mangostin en forma de complejo metélico con cobalto (AM-Co), platino (AM-Pt) y hierro (AM-Fe) como
ingredientes medicinales que puedan utilizarse como agentes terapéuticos del cancer de mama.

Métodos: Los métodos de investigacion incluyen estudios in silico (prediccién farmacocinética y de toxicidad, acoplamiento molecular y dindmica molecular),
semisintesis para formar un compuesto complejo y ensayo de la actividad citotéxica frente a células humanas de cancer de mama MCF-7y T-47D.

Resultados: A partir de los resultados de las pruebas in vitro, se puede observar que el compuesto AM-Pt mostré la mejor actividad anticancerigena sobre
células MCF-7 en comparacidn con otros a partir de los valores de ICso y SI; esto fue apoyado por los resultados de los estudios in silico ya sea a través de
docking molecular o dindmica molecular, donde este compuesto fue mas eficaz.

Conclusiones: Ademas, puede utilizarse como candidato anticancerigeno; en particular, se prevé que su actividad sea mas potente como antagonista de ERa
que a-mangostin y el cisplatino.

Palabras Clave: cobalto; complejo metalico; hierro; a-mangostin; platino.
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INTRODUCTION

The o-mangostin is one of the bioactive com-
pounds originating from Garcinia mangostana peri-
carps, reported to have antibacterial, antioxidant,
anticancer, antitumor, and antiallergic activity. Focus-
ing on its anticancer activity, a-mangostin was stud-
ied to show antiproliferation activity against SKBR3
breast adenocarcinoma cells and MDA-MB231 human
triple-negative breast cancer cell through estrogen
receptor alpha (Era) antagonism (American Cancer
Society, 2019; Dambkier et al., 2017; Payne et al., 2008;
Yager and Davidson, 2006) and fatty acid synthase
(Ahern et al., 2017) enzymatic inhibition. Significant-
ly, this compound was proven to reduce lymph node
metastases; therefore, it has the potential to be devel-
oped as an anti-breast cancer drug (Jafar and Much-
taridi, 2019; Morelli et al., 2015; Setiawati, 2014). Un-
fortunately, this compound still has several physico-
chemical limitations, including water or lipid solubili-
ty. The a-mangostin will face a problem in the disso-
lution pharmacokinetic step, where the compound
needs to dissolve in the water body’s fluids (Aisha et
al., 2012; Suharyani et al.,, 2021). Moreover, soluble
compounds in water are slower in drug elimination
from the body (Sodalee et al., 2016). In contrast, the
compound should also be lipophilic enough to be
orally absorbed by a gastrointestinal membrane (Bu-
diman et al., 2019; Di Maio and Carrier, 2011; Porter et
al., 2007). Therefore, more efforts are needed to in-
crease the water/ lipid solubility of a-mangostin by
structural manipulation. One of these efforts is by
preparing a coordination complex of transition metal
as the coordination center surrounded by an array of
rich electron molecules such as a-mangostin (Ahmad
et al., 2013; Chaudhary et al., 2012).

Furthermore, one of the cancer drug developments
is prepared in metal complex compounds, where
selecting both components is a limiting factor in de-
veloping a more potent drug (Christina et al., 2022).
The natural drug molecule in complexes with metals
offers a more diverse and important therapeutic ap-
plication. Studies have been made using metal-based
compounds as therapeutic drugs for more than 5,000
years (Hariprasath et al., 2010). One of the classical
metal-based compounds was cisplatin (cis-dichloro-
diammineplatinum (II), cisPt (Cl[11]. (NHs)2), intro-
duced into oncology in the 1970s as the organometal-
lic compounds gaining a high interest in medicinal
chemistry (Gomez-Ruiz et al., 2012). Particularly in
the treatment of late malignant cancers, inorganic
compounds have demonstrated a tremendous impact
(Fricker, 2007; Muhammad and Guo, 2014; van Rijt
and Sadler, 2009). The complex activity of this metal
truly relies on its specific interactions with DNA,
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leading to cell damage and, eventually, its death
(Saleem et al., 2013). To date, the main classes of met-
al-based anticancer drugs include platinum (II) and
platinum (IV), palladium (II), gold (I) and gold (III),
ruthenium (II) and ruthenium (III), bismuth (III), rhe-
nium (I), and copper compounds (II), as well as galli-
um (II) and tin (IV) derivatives, some of which were
reported (Kurose et al., 2012; Moongkarndi et al.,
2004; Pervaram et al., 2018; Setiawati, 2014; Shibata et
al., 2018; Yadav et al.,, 2018) to exhibit higher in vitro
anticancer activity than cisplatin (Ruswanto et al.,
2018).

Platinum metal containing cisplatin is one of the
most widely used cytotoxic drugs for treating cancer
in clinics (Dilruba and Kalayda, 2016). Several studies
on complex compounds of metals as anticancers have
been carried out (Galanski et al., 2003). Besides im-
proving solubility, metallic elements can also play an
important role at the molecular level in biological
systems (Padilla-Benavides et al., 2023). With their
formation into complex compounds, the lipophilicity
of the drug can be increased through the formation of
chelates, and the action of the drug increases signifi-
cantly due to the permeability of the effective drug to
the place of action.

In cationic form, metals are electron-deficient mol-
ecules, while most biological molecules such as CI,
(HPO4)?%, OH, and H>O; amino acids; peptides; phos-
phates, glutathione, metallothionein, and ATP; pro-
teins; and DNA are rich in electrons (Baile et al.,
2015). In this present study, we design three metal
complexes a-mangostin, in silico to predict the solubil-
ity of the designed complexes, followed by synthesis,
cytotoxic test against cell cancer line, and in-silico
approach using molecular docking and molecular
dynamic simulations.

So, to improve the permeability and lipophilicity
of a-mangostin compounds, modifications have been
made for complex compounds with several metal
elements, for example, Fe (III), Co (II), and Pt (II), in
addition to testing cytotoxic activity against MCF-7
and T-47D breast cancer cells as medicinal materials
that can be used as breast cancer therapy agents as
well as computational studies of metal complex com-
pounds at ERa receptors.

MATERIAL AND METHODS

Material

The software used in this study were Autodock-
Tools- 1.5.6, MarvinSketch version 21.17.0, Discovery
Studio Version 20.1, Desmond software academic
license (D.E. Shaw Research, New York), and web-
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based programs such as PDB (Protein Data Bank) and
pkCSM. The hardware used is a personal computer
with Intel(R) Core (TM) i5-8265U CPU @ 1.60GHz (8
CPUs), 8.00 GB of RAM, and a 64-bit Operating Sys-
tem using Windows 10. Estrogen receptor alpha was
PDB ID 3ERT (Shiau et al., 1998).

All reagents were purchased from Sigma-Aldrich
or Bio-purify Phytochemicals Ltd. and were of com-
mercial quality. They were used as received without
further purification. Solvents were dried by standard
methods before use. The other reagents were of ana-
lytical grade. All synthesized target compounds were
purified by column chromatography (silica gel, hex-
ane/ethyl acetate, 1:1 ~ 4:1), and their structures were
elucidated by ~'H NMR, 3C NMR, Hot Stage Micros-
copy (HSM), electrospray ionization mass spectrome-
try (ESI-MS), Waters corp., Milford, MA, USA). The
electronic spectra were recorded in DMSO solution at
200-400 nm on a Shimadzu UV-3600 plus UV-VIS
spectrophotometer (Shimadzu Corporation, Kyoto
Prefecture, Japan). NMR spectra were recorded on a
Bruker Topspin spectrometer at 500 MHz for 1H and
125 MHz for 13C with TMS as an internal standard.
The fractions were monitored by TLC, and the spots
were visualized by UV light.

Synthesis of the AM-Fe, AM-Co, and AM-Pt

A total of 2 mmol or 0.821 g of a-mangostin was
dissolved in 30 mL ethanol (solution A). The densest
B solution consisted of three different mixtures, de-
pending on the type of metal that was added. For the
first compound, FeCls, as much as 1 mmol (0.270 g);
the second compound, K,PtCly, as much as 1 mmol
(0.415 g); and the third metal compound, B.CoF,
8.6H>0O of 1 mmol or 0.346 g of each compound except
for KoPtCly (distilled water) was dissolved in ethanol
until soluble and labeled solution B. Each com-
pound’s solution B was introduced into the split fun-
nel and then dripped little by little into solution A.
Dropped solution was carried out without heating
while stirring using a magnetic stirrer. Furthermore,
the solution mixture was refluxed for £7 hours at a
temperature of 75°C while stirring using a magnetic
stirrer (Purwanto et al., 2020). The reaction in the flask
involved monitoring the reaction with KLT once eve-
ry 1 hour, using eluent in the form of n-hexane: ethyl
acetate in a ratio of 3:1 to one spot stain. TLC testing
was carried out by soldering the synthesized com-
pounds that had been dissolved with ethanol using
capillary pipes on the silica gel GF 254 as thin as pos-
sible. The eluent was saturated using filter paper; if
the eluent rises to the upper limit of the filter paper,
then the eluent was saturated. In this case, we put the
TLC plate into a vessel containing the eluent that has
been saturated and then observed the movement of
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the capillarity. The TLC plate was lifted and dredged,
and then the TLC results were observed under UV
light at a wavelength of 254 nm. The reflux process
was stopped after one spot of stain was produced
from the TLC result (Ananda et al., 2018).

Bis-(-a-mangostin)-cobalt ~ (II) (AM-Co). Yellow
powder. Yield 59.88%; m.p. 178-180°C. UV (MeOH)
Amax: 248 nm (1) and 316 nm (II). THNMR (DMSO, 500
MHz) 6 6.50 (s, 1H, H-4), 6 6.75 (s, 1H, H-5), 6 3.14 (¢,
1H, H-8a), 6 3.96 (d, 1H, H-9), 6 3.96 (d, 2H, H-11), &
511 (m, 1H, ] = 6.5 Hz, H-12), 8 1.66 (s, 3H, H-14), 8 1.
72 (s, 3H, H-15), 6 4.08 (d, 2H, H-16), 6 5.14 (m, 1H, | =
6.5 Hz, H-17), 6 1.66 (s, 3H, H-19), 8 1 .56 (s, 3H, H-
20), 6 3.64 (s, 3H, OCHs). 13C NMR (DMSO, 125 MHz)
6 157.5 (C-1), 6 102.3 (C-2), 6 160.4 (C-3), 6 102.3 (C-4),
0 155. 1 (C-4a), 6 102.3 (C-5), 6 143.8 (C-6), 6 154.7 (C-
7), 5 136.9 (C-8), 6 44.2 (C-8a), 6 40.4 (C-9), 6 110.1 (C-
9a), 6 60.7 (C-10a), 6 21.5 (C-11), 6 122.9 (C-12), 5 130.8
(C-13), 6 26.0 (C-14), 6 18.5 (C-15), 6 2 6.1 (C-16), 6 12
2.9 (C-17), 6 130.9 (C-18), 6 26.1 (C-19), & 18.2 (C-20),
60.6 (OCHzs). MS(ESI) m/z: 878.27 [M* 3H]*. (Figs. S1-
S4).

Bis-(-a-mangostin)-platinum (1I) (AM-Pt). Greenish-
yellow powder. Yield 89.46%; m.p. 18 4-186°C. UV
(MeOH) Amax 244 nm (I) and 261 nm (II). 'THNMR
(DMSO, 500 MHz) & 6.74 (s, 1H, H-4), 6 6.80 (s, 1H, H-
5), 6 3.15 (t, 1H, H-8a), 6 3.98 (d, 1H, ] = 6.5 Hz, H-9), 6
3.96 (d, 2H, H-11), 6 5.11 (m, 1H, H-12), 6 1.62 (s, 3H, ,
H-14), 6 1.83 (s, 3H, H-15), 6 4.08 (d, 2H, | = 6.5 Hz, H-
16), 6 5.13 (m, 1H, H-17), 6 1.69 (s, 3H, H-19), 6 1.58 (s,
3H, H-20), 6 3.65 (s, 3H, OCHs). 13C NMR (DMSO, 125
MHz) 6 157.5 (C-1), 6 102.3 (C-2), 6 160.4 (C-3), 6 102.3
(C-4), 6 155. 1 (C-4a), 6 102.3 (C-5), 6 143.8 (C-6),
154.7 (C-7), 6 136.9 (C-8), 6 40.2 (C-8a), 6 40.2 (C-9), &
110.1 (C-9a), 6 60.7 (C-10a), 6 21.5 (C-11), 6 122.9 (C-
12), 6 130.8 (C-13), 6 26.0 (C-14), 6 18.5 (C-15), 62 6.3
(C-16), 8 12 2.9 (C-17), 6 130.9 (C-18), d 26.1 (C-19), &
18.2 (C-20), 60.6 (OCHs). MS(ESI) m/z: 1019.34
[M*Na]* (Figs. 55-57).

Bis-(-a-mangostin)-ferry (1II) (AM-Fe). Dark pow-
der. Yield 53.74 %; m.p. 18 8-190°C. UV (MeOH) Amax:
217 nm. 'HNMR (DMSO, 500 MHz) 6 6.62 (s, 1H, H-
4), 6 6.75 (s, 1H, H-5), 6 3.30 (t, 1H, H-8a), & 4.12 (d,
1H, ] = 6.5 Hz, H-9), 6 3.95 (t, 1H, H-10a), & 3.94 (d,
2H, H-11), 6 5.09 (m, 1H, H-12), 6 1.114 (s, 3H, H-14), 6
1.07 (s, 3H, H-15), 6 3.94 (4, 2H, | = 6.5 Hz, H-16), 6
5.24 (t, 1H, H-17), 6 1.14 (s, 3H, H-19), 6 1.07 (s, 3H, H-
20). 3C NMR (DMSO, 125 MHz) & 157.4 (C-1), 6 104.6
(C-2), & 160.5 (C-3),  102.1 (C-4),  155.0 (C-4a), &
102.1 (C-5), 6 143.3 (C-6), 6 154.5 (C-7), 6 138.6 (C-8),
6 454 (C-8a), 6 40.1 (C-9), & 110.5 (C-9a), 6 75.0 (C-
10a), & 22.0 (C-11 ), 6 1229 (C-12),  129.8 (C-13), &
26.9 (C-14), 6 17.3 (C-15), 6 2 6.9 (C-16), 6 129.1 (C-17),
0 129.8 (C-18), 6 26.9 (C-19), 6 16.8 (C-20), 60.8(OCHs).
MS(ESI) m/z: 874.34 [M* 4H]* (Figs. S8-S10).
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Biological assay

Cell culture

MCE-7 and Vero cells were maintained in the
DMEM medium. T-47D and HeLa cells were main-
tained in RPMI and DMEM. This medium was sup-
plemented with 10% fetal bovine serum, 2% penicil-
lin-streptomycin, and 0.5% fungizone. All of the cells
were stored at 37°C in a humidified atmosphere (5%
CO»).

Cytotoxic assay

Cytotoxic activity assays were determined by MTT
colorimetric assay. The viability of MCF-7 and T-47D
cells was treated and carried out in triplicate. The cells
were incubated at 37°C with 5% CO: for 24 hours
after splitting in 96-well microplates (1 x 10* cells/100
pL). Then. HeLa and Vero cells as normal cells (nega-
tive control), MCF-7, and T-47D cells were treated
with AM, AM-Co, AM-Fe, and AM-Pt. MCF-7 and T-
47D cells were treated with cisplatin as positive con-
trols and seeded cells. The growth medium only func-
tions as a (blank) sample medium in this test. Various
concentrations of treatment groups) were added to
each well. The concentrations of complex compounds
and a-mangostin were created with concentrations of
62.5, 31.25, 15.625, 7.8125, 3.906, 1.953, and 0.977
pg/mL, while cisplatin compounds were created with
concentrations of 200, 100, 50, 25, 12.25, and 6.25
pg/mL. The sample concentration was varied tripli-
cate to obtain the ICsy value through linear regression
of cell viability against sample concentration. The
concentration was increased to determine the de-
crease in cell viability.

After incubation, the plate was removed, and the
substrate was disposed of. After, it was washed with
PBS 100 pL for each well, and then PBS was disposed
of by flipping the plate 180 degrees. A total of 100 pL
of the working raw solution, positive control, and
solvent control were included in the microplate well.
Each concentration was replicated three times. Wells
that did not contain HeLa cells were filled with media
as a media control. Then, the plate was incubated in
an incubator with 5% CO; for 24 hours at a tempera-
ture of 37°C. After 24 hours, the plate was removed
from the incubator, and the medium was removed.
MTT with a level of 0.5 mg/mL of 100 pL/well was
added to each well and then incubated for 4 hours.
After 4 hours, the microplate was removed, and the
reaction was stopped by adding 100 pL of 10% SDS in
0.1 N HCI for each hole. The microplate was wrapped
in aluminum foil and incubated for 24 hours in a 5%
CO; incubator. After incubating, the microplate was
removed from the incubator, wrapped, and the lid
was opened. We then inserted a Microplate Reader.
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The absorbance of each well on the microplate was
read at a wavelength of 595 nm, and then the viability
percent of each compound was calculated according
to the formula [1].

(Tested Cell Absorbance — Medium Absorbance) [1]

Li 1ls (%) = X 1009
ive cells (%) (Control Cell Absorbance — Medium Absorbance) %

The ICso value was calculated using the percentage
of viable cells. The IC5 value was the sample concen-
tration that can cause 50% cell death.

The selectivity index (SI) was then calculated using
the ICsp value according to the formula [2].

_ 150 Normal Cell 121
"~ ICs Cancer Cell

sl
A selectivity index >3 means that o-mangostin
complex shows a selective effect only on breast cancer
cells (MCF-7 and T-47D cells) (Céspedes et al., 2023;
Chothiphirat et al., 2019; Yahuafai et al., 2023).

Pharmacokinetics and toxicity profile prediction

A computational approach to predicting pharma-
cokinetic properties and toxicity can be carried out
with the help of the pkCMS website, which can be
freely accessed through the
https:/ /biosig.lab.ug.edu.au/pkecsm/prediction (For-
li et al.,, 2016). From the results of the analysis, the
adsorption, distribution, metabolism, excretion, and
toxicity parameters of each compound were obtained.

Molecular docking

The human estrogen receptor alpha ligand-
binding domain in complex with 4-hydroxytamoxifen
(PDB ID 3ERT) was downloaded from the website
protein data bank (https://www.rcsb.org/) in pdb
format. Furthermore, the receptor was prepared to
remove water molecules and add hydrogen atoms
with the help of AutodockTools 1.5.6 software, and
the optimization results were saved in pdb format
(Morris et al., 2009).

Receptors and ligands were prepared by protonat-
ing them using ADT 1.5.6, followed by adding Koll-
man and Gasteiger charge for the protein and the
ligand, respectively. The grid parameters used were
the same as in previous publications’ validation stage
(Muchtaridi et al., 2017); namely, the dimensions of
the grid box were x = 30.01, y = 1.913, and z = 24,207.
The volume of the cube was 40 x 40 x 40 points with a
distance of 0.375 A. The grid map was obtained from
Autodock4, which is an integrated autodock and au-
togrid. Analysis of each ligand was set in the default
docking and LGA for 100 runs on each ligand. Fur-
thermore, the prediction of amino acid residues on
the active sites of target receptors interacting with
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ligands was performed with the help of grid parame-
ter files (Case et al., 2014). The parameters analyzed
included binding affinity energy (DG), inhibition
constant (Ki), and bonds that occur between complex
compounds and alpha receptor estrogens (3ERT).

Molecular dynamic

Molecular dynamic simulations involved carrying
out molecular docking results to test their stability
using the academic program Desmond and studying
the stability between the best complex compounds
and each receptor (Case et al., 2014). Molecular dy-
namic simulations were performed on a TIP3P and
NaCl 0.15 M water model to mimic a physiological
ionic concentration. The minimization stage was car-
ried out for 100 ps, with a temperature of 300 K and a
standard pressure (1.01325 bar) for 100 ns with an
orthorhombic box with a dimension buffer of 10 A x
10 A x 10 A and an ensemble NPT (Genheden and
Ryde, 2015). The energy was recorded at intervals of
1.2 ps. To balance the net charge system of MD simu-
lation, neutralization of the protein-ligand complex
was carried out by adding Na* and Cl- ions. To main-
tain the temperature of all MD systems at 300 K and a
pressure of 1.01325 was performed the dynamic algo-
rithms of Nosé-Hoover and Martyna-Tobias-Klein,
respectively (Dong et al., 2017; Wang et al., 2018).
Some of the parameters analyzed included the RMSD
plot, RMSF plot, and interactions that occur during
dynamic molecular simulations (Hariono et al., 2020).

Data analysis

The results are presented as mean * SD. Statistical
analysis was performed using Graph Pad Prism
v.8.0.2 (GraphPad Software, CA, USA) with Nonline-

a-Mangostin metal complex as anticancer candidate

ar regression analysis. Values of *p<0.05, **p<0.01,
***p<0.001 were considered statistically significant.

In silico data analysis for drug discovery involved
complex steps, each utilizing specialized computa-
tional tools. The validation of the docking method, a
crucial first step, was typically performed using mo-
lecular docking software like AutoDock. This process
compared the docking results of known inhibitors
with their experimentally determined binding modes,
often visualized using software such as Discovery
Studio Visualizer. Predicting compounds' absorption,
distribution, and toxicity involved software like the
pKCSM server. Additionally, the interaction between
ligands and target proteins was detailed using molec-
ular visualization tools, highlighting key interactions
like hydrogen bonds or hydrophobic contacts.

RESULTS AND DISCUSSION

Synthesis of complex a-mangostin with Co (II), Pt
(IT), and Fe (III)

The metal-a-mangostin complexes were made by
reacting a-mangostin (AM) and Co (I), Pt (II), and Fe
(III) metals, as shown in Fig. 1.

The result of the AM-Co, AM-Pt, and AM-Fe metal
complex synthesis reactions that have been carried
out have produced a considerable % yield, namely,
59.88% (AM-Co), 89% (AM-Pt) 53%, and (AM-Fe). To
achieve the synthesis results, the purified tests were
performed through melting distance tests, in addition
to their characterization with UV-Vis, 1H/13C-NMR,
and Mass Spectrophotometry; the results of the char-
acterization spectrum can be seen in Figs. S1-510.

Fe(Cl);.6H,0
B o R
EtOH; reflux 75°C

RIS

Figure 1. The reaction proposed of the
metal complexes with a-mangostin (AM),
AM-Co, AM-Pt, and AM-Fe.
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Table 1. Cytotoxicity assay and selectivity index of a-mangostin metal complex against human breast cancer and normal cells.

ICso (ng/mL) s
Compound
MCF-7 T-47D Hela Vero Vero/MCF-7 Vero/T-47D HeLa/MCF-7 HelLa/T-47D
AM 6.3 49 22.8 10.1 1.60 2.08 3.61 4.69
AM-Co 19.2 14.2 10.8 13.1 0.68 0.92 0.56 0.76
AM-Pt 5.1 9.1 25.8 12.3 2.40 1.35 5.04 2.84
AM-Fe 232.4 NA NA 136.4 0.59 NA NA NA
Cisplatin 2.9 NA NA 76.1 25.85 19022.50 NA 0.50

AM-Co: a-mangostin complex with cobalt; AM-Pt: a-mangostin complex with platinum; AM-Fe: a-mangostin complex with iron. The data are
expressed as the means + SD of three independent experiments. Sl value > 3 indicates high selectivity (Chothiphirat et al., 2019).

In vitro test of AM-Fe, AM-Co, and AM-Pt

In the in vitro test of compounds resulting from the
synthesis of derivatives a-mangostin using the micro-
culture tetrazolium salt (MTT) cell proliferation assay
method, which is one of the quantitative calorimetric
methods that uses cell culture and can show good
results in screening the potential toxicity of a com-
pound (Diyah et al., 2017). The use of cell culture in
cancer research provides an advantage because the
population is relatively homogeneous and can be
replicated on standard media to provide good guide-
lines for breast cancer research in developing and
treating cancer. In this study, MCF-7, T-47D, Hela,
and Vero cells were used. MCF-7 and T-47D cells to
see the expression of ERa were chosen as they have
high sensitivity and are appropriate to determine the
hormonal response (Mardianingrum et al., 2022),
while HeLa cells were used to find out whether the a-
mangostin derivative is also cytotoxic to cervical can-
cer, which as a whole was compared with normal
cells (Vero) and their positive control, namely, cispla-
tin.

The cisplatin mechanism (Cis- [Pt (NHs)2(H20)2]?*
ions can form crosslinks with two guanines of the
same strand in DNA. The formation of these cross-
links can change the structure of DNA and interfere
with cell DNA replication, so it can block the growth
of cancer cells or kill cancer cells. Another mechanism
of action of cisplatin is damaging the mitochondria,
lowering ATP, and interfering with the transport
work that occurs in cells (Florea and Biisselberg,
2011). Cisplatin stops the cell cycle at the G2 stage,
which causes apoptosis in cancer cells. Samples and
comparators were tested in three 96-well plates, each
containing seven concentration variations and each
concentration being tested three times. Based on the
results of absorbance measurements using a micro-
plate reader against the resulting formazan, the level
of proliferation was calculated.
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Data on the cytotoxicity assay and selectivity index
of a-mangostin, cisplatin, AM-Fe, AM-Co, and AM-Pt
are listed in Table 1.

The ICsp value indicates a concentration value that
results in a cell proliferation barrier of 50% and indi-
cates a compound's toxic potential to the cell. The
pure antiproliferation compounds were classified into
four categories; according to the US National Cancer
Institute, the cytotoxic category compound is highly
toxic if the ICs value is <20 pg/mL. The cytotoxic
category is moderate or moderately active if the ICsg
value is in the range of 21-200 pg/mL, the cytotoxic
category is weak if the IC-value of eg is in the range of
201-500 pg/mL, and the ICsp value =500 pg/mL be-
longs to the non-toxic category (Hardjono et al., 2017).

The cytotoxicity of a-mangostin of metal complex,
AM-Pt, AM-Co, and AM-Fe on MCF-7 human breast
cancer cells was 5.1, 19.2, and 232.4 pg/mL, respec-
tively, while in T-47D human breast cancer cells of
AM-Pt, AM-Co were 9.1 and 14.2, respectively. This
shows that AM-Pt has the highest toxicity both on
MCE-7 and T47D human breast cancer cells with the
highest SI value in HeLa cells of 5.04. Other o-
mangostin of the metal complex showed SI value
below 3. The selectivity index is a value that shows
that a chemical compound is efficient in killing certain
compounds in cancer cells with minimal toxicity
compared to normal cells. SI value >3 indicates high
selectivity of a compound (Maungchanburi et al,
2022; Tronina et al., 2023). Although the AM-Pt
showed an SI value greater than 1 in this study, the
compound has been considered a potential cancer
drug candidate. The ICso values of AM-Co and AM-Pt
compounds exhibited the potential for more selective
antiproliferation activity in MCF-7 and T-47D, which
were highly toxic (strong) activity (Table 1).

Inhibitory activity of proliferation against MCE-7,
T-47D breast cancer cells, HelLa, and Vero cells was
tested with an incubation time of 24 hours.
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Figure 2. Cellular viability of a-mangostin (AM), AM-Fe, AM-Co, and AM-Pt against MCF-7, T-47D as
breast cancer cells, compared to Hela, and Vero cells as normal cells.

Table 2. Pharmacokinetic results of cisplatin, a-mangostin, AM-Co, AM-Pt, and AM-Fe.

Compound CaCo2 HIA VDss (human) l::::tlr:;n :’l-‘ils):::otein
(logem/s) (%) (Log L/kg) (Yes/No) (Yes/No)

Cisplatin 1.105 92.604 0.023 No Yes

a-mangostin 0.626 95.832 -0.486 No Yes

AM-Co 0.782 100 -1.18 No Yes

AM-Pt 0.799 100 -0.208 No Yes

AM-Fe 1.344 100 -0.256 No Yes

HIA: Human Intestinal Absorption; VDss: volume of distribution at steady state; OCT2: Organic Cation Transporter 2; AM-Co: Bis-(-a.-
mangostin)-cobalt (I); AM-Pt: Bis-(-a-mangostin)-platinum (I1): AM-Fe: Bis-(-a.-mangostin)-ferry (lll).

Based on data on % inhibition of proliferation was
calculated using ICs, as can be seen in Fig. 2.

Based on Fig. 2, the cell viability of MCF-7, T-47D,
Vero, and HeLa cells against AM-Co and AM-Pt
compounds has characteristics similar viability to
AM, while AM-Fe has different viability so that the
ICs50 value cannot be determined on T-47D and HeLa.
Based on this data, AM-Fe was categorized as a com-
pound with moderate-weak toxicity. Particularly on
T-47D cells, AM-Fe showed no decrease in viability in
these cells with increasing compound concentrations
and still showed viability at 100%.

Pharmacokinetics and toxicity prediction

The prediction of pharmacokinetics and toxicity of
cisplatin, a-mangostin, AM-Co, AM-Pt, and AM-Fe,
was carried out based on the pKCSM server through
https:/ /biosig.lab.ug.edu.au/pkesm/ with pharma-
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cokinetic parameters, including Caco2, HIA, VDss,
and Renal OCT2 substrates, while the toxicity param-
eters used included Ames toxicity, oral rat acute tox-
icity (LDso), and hepatotoxicity. The results of phar-
macokinetics and toxicity predictions can be seen in
Tables 2 and 3.

Based on Table 2, the values of CaCo-2 were used
to predict the permeability of medicinal compounds,
for which only cisplatin and AM-Fe compounds have
high permeability. The drug is said to have high per-
meability if the value of CaCo-2 >0.90 Log cm/s
(Hardjono et al., 2017).

Human Intestinal Absorption (HIA) was used to
predict the absorption of drugs in the intestines. The
drug displays good absorption if it has an HIA value
of >80%, and the absorption is poor if the HIA value
is <30% (Kesuma et al., 2018). Based on Table 2, all
compounds showed good absorption (>80%).
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Table 3. Toxicity prediction of compounds cisplatin, a-mangostin, AM-Co AM-Pt, and AM-Fe.

AMES toxicity
Compound

Oral rat acute toxicity (LDso)

Hepatotoxicity

(yes/no) (mol/kg) (yes/no)
Cisplatin No 2.335 No
a-Mangostin No 1.855 No
AM-Co No 2492 No
AM-Pt No 2.656 No
AM-Fe No 2.569 No
VDss were used to predict the concentration of the  Molecular docking

drug in the blood plasma. The higher the value of
VDss, the higher the ability to distribute the drug to
tissues that can cause kidney failure and dehydration
(Hardjono et al., 2017); this should be avoided. The
VDss values of all compounds showed a low distribu-
tion in the sense of being safe.

Organic Cation Transporter 2 was used to predict
drug excretion. The substrate of Organic Cation
Transporter 2 has the potential to cause side interac-
tions (Nies et al., 2011). Overall, the compound did
not cause side effects and can be excreted properly.

Based on the P-glycoprotein substrate data in Ta-
ble 2, a drug compound identified as a P-glycoprotein
substrate, as indicated in the data provided, has sig-
nificant implications for its pharmacological profile.
Such a compound is actively transported by P-
glycoprotein, which can affect its absorption, distribu-
tion, and overall efficacy. This knowledge is critical
for determining appropriate dosage regimens, antici-
pating drug interactions, and understanding potential
challenges in drug delivery, especially in targeting
areas shielded by efflux transporters like the brain.
Furthermore, the role of P-glycoprotein in drug re-
sistance, particularly in cancer therapy, underscores
the importance of this transporter in the development
and clinical wuse of pharmacological agents
(Gottesman et al., 2002).

Table 3 shows several toxicity parameters, includ-
ing AMES toxicity, LDso, and hepatotoxicity. AMES
toxicity is used to predict the mutagenic and carcino-
genic properties of a compound (Yeni et al., 2018). All
compounds do not have AMES toxicity, which means
they do not have mutagenic and carcinogenic proper-
ties. Hepatotoxicity parameters are used to predict the
properties of a compound that are toxic to the liver;
from this result, it can be seen that all compounds are
not toxic to the liver. LDsp is a parameter used as an
acute toxicity standard to assess the relative toxicity
of a compound. The LDs5y value indicates the dose of
the compound that caused the death of 50% of the test
animal group. For the LDsj value, higher is better.
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Molecular docking was performed on all com-
pounds to determine their inhibition of alpha receptor
estrogens taken from protein data banks (PDB ID:
3ERT). The parameters seen from molecular docking
results include binding affinity (DG), inhibition con-
stant (Ki), and the interaction between compounds
and alpha receptor estrogens. Molecular results can
be seen in Table 4.

In Table 4, it can be seen that all metal complex
compounds (AM-Co, AM-Pt, and AM-Fe) showed a
lower binding affinity energy than a-mangostin and
cisplatin compounds, so it can be predicted that the
interaction of the three metal complex compounds
with alpha receptor estrogens is more stable than a-
mangostin and cisplatin. Of the three metal complex
compounds that have a hydrogen interaction with
3ERT, only the AM-Pt compound interacts with
Thr347. So, to test the stability of the docking results,
the simulation continued with molecular dynamics
(Table 5).

Using dynamic molecular simulations, analysis
can be carried out through RMSD and RMSF plots, as
shown in Fig. 3. In Fig. 3A, it can be seen that all
compounds ranging from 0 to 30 ns experience fluc-
tuations in RMSD increase, but after 30-100 ns experi-
ence RMSD stability; the loss in AM-Pt compounds at
63 ns decreases and stabilizes again from 80 ns until
the end. In Fig. 3A, it can be concluded that the AM-
Pt compound has the lowest RMSD plot when com-
pared to other compounds, which is supported by the
data in Table 6. The RMSF plot shows that all amino
acid residues have fluctuations in almost the same
area, but the amino acids with the lowest average
RMSF are residues when simulated with AM-Pt com-
pounds (Fig. 3B).

Apart from the RMSD and RMSF plots, the stabil-
ity of AM-Pt compounds compared to other com-
pounds was also supported by the interactions be-
tween AM-Pt compounds and alpha receptor estro-
gens, as shown in Fig. 4.
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Table 4. Molecular docking results against estrogen receptor alpha (3ERT).

AG Ki Hydrogen . . Attractive
R . H h
Compound un (kcal/mol) (M) bonding ydrophobic bonding charge
Cisplatin 44 -6.12 32.89 Gly420 - Glu42
. Trp383, Leu354, Leu536,
a-mangostin 67 -9.35 0.140 Met522 Ala350, Leu387, Leu525
Ala350, Leu346, Met343, Pi-anion:
Leu536, Leu525, Met528, Asp351
AM- Co 39 -10.60 0.017 - Lys529, Cys530, Val533,
Leu539
Trp383, Leu354, Leu536, Asp351,
Ala350, Leu387, Leu384, Met528,
AM-Pt ! 933 0.145  Thr347 Leu525, Lys529, Cys530, Met343
Val533, Leu539
Asp351, Val534, Leu539, Pi-anion:
AM- Fe 45 0.92 0.053 i Ala350, Trp383, Leu536, Asp351

Leu354, Met528, Leu252,
Val533, Pro535

Table 5. Description study of simulation performance after equilibrium (AM-Pt).

No. Properties Statistical parameters
1 Simulation period 99.9996
2 Degrees of freedom 64351
3 Number of atoms 31151
4 Average total energy (kcal/mol) -82848.946 + 111.364
5 Average potential energy (kcal/mol) -101948.432 + 85.026
6 Temperature (K) 298.710 +0.767
7 Pressure (bar) 1.769 + 57.446
8 Volume (Angstrom) 311168.381 +358.068
A B

Figure 3. Plot RMSD system complex (A) and Plot RMSF complex system (B) during simulation 100 ns.

Table 6. The RMSD value of molecular dynamics results.

Complex Average RMSD (A) Minimum RMSD (A) Maximum RMSD (A)
Cisplatin_ERa 3.410 1.512 4.157
AM_ERa 3.198 1.389 3.721
AM-Co_ERa 3.191 1.420 3.866
AM-Pt_ERa 2.985 1.534 3.925
AM-Fe_ERa 3.703 1.195 4.530
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Figure 4. The histogram of the contact residues in compound AM-Pt-estrogen receptor alfa (3ERT).

Figure 5. Visualization of 2D interactions between AM-Pt compounds with 3ERT at 0, 25, 50, 75, and 100 ns.
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In Fig. 5, it can be seen that the AM-Pt compound
undergoes four interactions during a 100 ns dynamic
molecular simulation with alpha receptor estrogens,
namely, hydrogen, hydrophobic, ionic, and water
bridge interactions. Additionally, it can be seen that
amino acid residues TRP_383 undergo hydrophobic

https://jppres.com

interactions for 86.4% of the simulation time, hydro-
gen interactions for 18.5% of the simulation time, and
water bridge interactions for 7% of the simulation
time. Changes in the interaction of AM-Pt compounds
with alpha receptor estrogens at 0, 25, 50, 75, and 100
ns can be seen in the 2D visualization of Fig. 5.
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In the study, the AM-Pt emerged as the most
promising anticancer candidate, especially against
human breast cancer cells MCF-7. The AM-Pt demon-
strated superior effectiveness over a-mangostin and
cisplatin, indicated by its lower ICsy values and higher
SI. The compound's potential was further supported
by in silico studies, including molecular docking and
molecular dynamics simulations, suggesting a strong
interaction with estrogen alpha receptors.

For future research, it's recommended to further
investigate AM-Pt molecular mechanism of action as
an estrogen receptor alpha inhibitor. This should in-
clude comprehensive in vivo and clinical studies to
assess its therapeutic potential and safety in breast
cancer treatment.

CONCLUSION

AM-Co, AM-Pt, and AM-Fe have been successful-
ly synthesized from AM with high yields around 50-
90%. In vitro assay on MCF-7 and T-47D human breast
cancer cells proved AM-Pt and AM-Co had better
cancer cell growth inhibitory activity than AM and
cisplatin. AM-Pt has a promising anticancer agent
with the best activity against MCF7 cells based on 1Csp
data and the highest SI value. These results were
strengthened by the results of in silico studies of both
molecular docking and molecular dynamics. These
compounds will be evaluated further as potential
anticancer agents, especially estrogen receptor alpha
inhibitors.
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Bis-(-a-mangostin)-platinum (II) (AM-Pt)
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