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Abstract

A new complex compound of Fe(ll)Prolinedithiocarbamate has been synthesized, characterized, and was tested for MCF-7 cell
in vitro and in silico with molecular docking studies. Characterized tests such as melting point, conductivity, UV-Vis
spectroscopy, and FT-IR spectroscopy have been performed. The in vitro test results showed morphological changes (apoptosis)
in MCF-7 cancer cells start at 75 pg/ml. The molecular docking study of the complex Fe(Il)Prolinedithiocarbamate was
identified with O(6)-methylguanine-DNA methyltransferase (MGMT) protein. Fe(ll)Prolinedithiocarbamate - O(6)-
methylguanine-DNA methyltransferase (MGMT) showed the active site with amino acid residues GLU77, LEU142, ILE76,
dan TRP65. The hydrogen and hydrophobic bond were seen in Fe(ll)Prolinedithiocarbamate - O(6)-methylguanine-DNA
methyltransferase (MGMT) has a binding energy -183.25 kJ/mol. According in vitro test and molecular docking study, this

compound has a potential anticancer activity.
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1. Introduction

Breast cancer is a type of cancer where develops at
the breast's glandular tissue. This cancer is the number
two Killer disease in the world for females [1]. There
will be 2.3 million (11.7%) new cases of women
diagnosed with breast cancer based on data from
Global Burden of Cancer (GLOBOCAN) in 2020
estimates of cancer incidence and mortality
produced by the International Agency for Research
on Cancer (IARC) [2]. Breast cancer ranks first in
Indonesia among various types of cancer, with the
number of cases reaching 68.858 (16.7%). The number
of new cases of breast cancer and the number of deaths
continue to increase. One of the most commonly used
treatments is chemotherapy [3]. Cisplatin is a drug that
is often used in chemotherapy treatment. Cisplatin is a
platinum-derived compound. Cisplatin works as a
cytostatic by inhibiting DNA synthesis, and

subsequently, cancer cells undergo apoptosis [4.5].
However, Cisplatin can provide toxicity, resistance,
and other kidneys, hearing, and digestive disorders [6].

Therefore, it is necessary to research complex
compounds that have the potential as anticancer drugs
for breast cancer. Using complex compounds as hon-
platinum-based chemotherapeutic agents has potential
as an anticancer and can reduce the side effects it
causes. Researchers have studied many complex
compounds as anticancer because they can easily
predict the nature of their interactions with DNA [7-
10]. This research aims to synthesize complex
compounds based on dithiocarbamate ligands and
proline amino acids with Fe metal. Using
dithiocarbamate ligands with additional donor groups
such as oxygen and nitrogen in amino acids to
synthesize complex compounds can increase
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anticancer activity [11]. The choice of proline amino
acid is recognized as its ability to selectively deliver
cytotoxic units into aggressive cancer cells [12.13].
The specialty of dithiocarbamate with its sulfur(S-)
group can bind strongly and selectively to metal ions
by forming complex organometallic compounds [14].
Dithiocarbamates can form monodentate or bidentate
complexes with metals by coordination bonds, and it
depending on the type of the amine. The
dithiocarbamate ligands can bind metals with various
oxidation numbers firmly and stably [15][16][17].
Using essential metals such as Fe in organometallic
complexes can reduce the side effects of
chemotherapy treatment. Fe(ll) metal is a necessary
nutrient for intracellular metabolism activity, playing
the role as a cofactor for a variety of enzymes. Fe(ll)
metal is vital in development, digestion, reproduction,
antioxidant defense, energy production, immune
response, and regulation of neuronal activity [18].

In addition, dithiocarbamate has low toxicity in the
body [19]. This research also used in silico molecular
docking studies. Molecular docking is designed to
understand and analyze biomolecular interactions to
design a rational drug by placing molecules (ligands)
with specific target DNA/proteins (receptors) and also
can suggest the binding energy of a compound
[20][21][22].

Therefore, research on the synthesis and
characterization of essential metal complex
compounds such as Fe(ll) was carried out, reacted
with prolinedithiocarbamate, and was tested for MCF-
7 cell in vitro and in silico with molecular docking
studies.

2. Experimental

FeS04.7H,0, Cisplatin, Ethanol (95%), DMSO,
Roswell Park Memorial Institute Medium, Carbon
disulfide (CS,), Pure Proline. All chemicals used in
this study were acquired from Merck in the United
States.

Synthesis of Fe(ll) with Prolinedithiocarbamate
ligand

This synthesis is carried out by in situ methods.
FeS0..7H,0 as much as 0.834 grams (3 mmol) was
put in a 100 mL Erlenmeyer glass, dissolved with 10
mL of ethanol, then dissolved prolinedithiocarbamate
(20 mL) while stirring with a magnetic stirrer for 30
minutes. The illustration of the synthesis is show in
Figure 1.
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Characterization of Fe(ll)Prolinedithiocarbamate
compound

Determining the melting point of the complex
compound of Fe(ll)Prolinedithiocarbamate used
Electrothermal 1A 9100. The conductivity value was
determined by using a conductometer. Analysis of the
FTIR spectrum of the Fe(ll)Prolinedithiocarbamate
complex compound used the SHIMADZU Infrared
Spectrophotometer with a wavelength of 300-4000
cm? using KBr pellets. UV-Vis spectral data were
obtained using a Jenwey UV-Vis spectrophotometer
with a wavelength range of 200-1100 nm.

Anticancer activity test against breast cancer cells
Cell cultures were put in 96 well plates and incubated
(with the temperature of 37°C and the percentage of
CO- gases is 5% until reached cell growth percentage
of 70%). The cells were then sampled and incubated
(with the temperature of 37°C in 24 hours with 5%
CO; gases). Fill the cell with presto blue working
reagent. Thermo Fisher Scientific Multimode Reader
was used to measure absorbance.

Molecular docking studies

The Fe(Il)Prolinedithiocarbamate complex was
predicted canonical SMILE by application and
modeled with online Corina to obtain a three-
dimensional structure [23]. The complex Structure of
the compound interacted with O(6)-methylguanine-
DNA methyltransferase (MGMT) protein to test its
potential anticancer activity [24][25] [26]. The
protein's 3D structure was obtained from the Protein
Data Bank (PDB) database with the respective IDs,
respectively 1QNT, 1QDU, and 6dOF.

Complex compounds and proteins were imported
into the Molegro virtual docker 5 software and
prepared by removing unwanted ligands, cofactors,
and proteins [27]. Furthermore, the target protein was
predicted to be cavity (active site of the protein) with
a maximum expand van der Waals parameter of 10.
0O(6)-methylguanine-DNA methyltransferase
(MGMT) X 1.29A;Y 46.8 A; Z55.6 A; Volume 35.84
A3; and Surface 131.84 A2 with radius 15 were
docked in the protein cavity. MolDock Score Grid
0.30A, MolDock Score, and Rerank score are the
docking parameters. The docking parameters are
MolDock Score Grid 0.30A, MolDock Score, and
Rerank score. The docking score indicates the bond
energy in kJ/mol [28]. The docking results were
superimposed on proteins created with the PyMol
software.
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3. Results and Discussion

The Fe(ll)Prolinedithiocarbamate ~ complex
compound has been synthesized. The illustration of the
synthesis is show in Figure 1. The synthesized
Fe(Il)Prolinedithiocarbamate yield was 28.37%.

While the melting point is 246-248°C indicated that
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the Fe(ll) Proline dithiocarbamate complex had a
strong complex stability and purity. The conductivity
value of the Fe(ll)Prolinedithiocarbamatecomplex is
0.02mS/cm, the Fe(Il)Prolinedithiocarbamate
complex is thus a nonelectrolyte compound.

Figure 1. Schematic illustration of the reaction mechanism of the synthesis of Fe(ll)Prolinedithiocarbamate complex compound

Characterization of Fe(l1)Prolinedithiocarbamate
compound

FTIR Spectroscopy Characterization

This analysis was carried out at a wavenumber of
4000-300 cm. The absorption peak of IR at a
wavenumber at 364 cm* denotes the bond between S
atoms and Fe metal. The absorption peak at a
wavenumber of 455 cm™* denotes the interaction of the
O atoms of the complex compound with Fe metal ions
(M-O). The presence of absorption at wavenumbers
1126 cm-1 shows the dithiocarbamate ligands C=S
functional group, and indicates bidentate coordination
of Fe metal with C=S. The absorption peak of 1614
cm? indicated the appearance of a C=N functional
group. The infrared absorption peak at a wavenumber
of 3448 cm? indicates -OH group from ethanol or
water [29] [30].
The IR results of Fe (Il) complex compounds with
proline dithiocarbamate ligands generally show the of
the synthesized complex characteristics. The IR result
is presented in Figure 2 and related with the Schematic

Table 1. Fe(Il)Prolinedithiocarbamate UV-Vis spectrum
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illustration of the reaction mechanism of the synthesis
of Fe(Il)Prolinedithiocarbamate complex compound
(Figure 1). Thus the complex compound Fe(ll) proline
dithiocarbamate was successfully synthesized.

UV-Vis Characterization
Complex ompounds containing the C=S group show a

strong band in the 250-320 region originating from the
transitions m—n* and n— n* [31] [32]. In the
dithiocarbamate complex, the band in the 310-400 nm
region shows an electronic transition intraligand
n—n* of the N = C= S group [33] The results of the
UV-Vis spectrophotometer characterization are shown
in Figure 3 and Table 1. The complex compound
Fe(Il)Prolinedithiocarbamate in band shift I, was
detected at a wavelength of 215-289 nm which is an
intraligand transition t—n* of the CS; group. The
wavelength at 444 nm is indicated that Charge
Transfer (CT) transitions from between metal and
ligands. the appearance of absorption in the 500 nm
indicates there are transition d orbital from metal
transition.
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Figure 2. IR spectrum of Fe(Il)Prolinedithiocarbamate

Anticancer Activity Cells from Breast Cancer (MCF-7)

The in vitro test results of
Fe(INProlinedithiocarbamate on MCF-7 cells showed
anticancer activity shown in figure 4. Based on
the anticancer activity test on breast cancer cells
(MCF-7), there is no cell death at sample variant
concentrations from 2.34 to 37.50 pg/mL.
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Figure 4. MCF-7 cell apoptosis induced by
Fe(ll)Prolinedithiocarbamate

At a sample concentration of 75 g/mL, apoptosis
began, and at a higher concentration of 300 g/mL,
MCF-7 cells died late. Damage to the plasma
membrane is a common cause of late apoptosis cells.
The dithiocarbamate ligand significantly contributes
the Fe metal complex's cytotoxicity against cancer cell
lines. The ligand functions as a carrier and contributes
to the complex’s lipophilicity, which facilitates the
metal’s movement to the site where its cytotoxicity
properties are exerted [34]. The interaction of metal
complexes with DNA, in general, can occur through
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Figure 3. Fe(Il)Prolinedithiocarbamate UV-Vis spectrum

the coordination of covalent bonds, even non-
covalently [35].

Electrostatic interactions are straightforward non-
covalent interactions. Electrostatic interactions occur
between the positively charged metal complex and the
partially negatively charged DNA outer skeleton
(phosphate), which can appear outside the DNA
double helix [36]. When a planar heteroatomic
compound can penetrate the gap between DNA pairs,
the interclassification can interact perpendicularly to
the double helix DNA axis. In general, DNA base pairs
will provide enough space for planar aromatic
intercalators to enter. Stretching of the DNA double
helix structure occurs as a result of this process,
resulting in changes in the density electron of electrons
in the phosphate framework and DNA sugar structure
[37].

Metallo-intercalators with unbroken DNA base
pairs after passing through the groove, usually major.
The positive charge on the metallo-intercalator
strengthens DNA binding due to electrostatic

attraction to the negatively charged sugar-phosphate
backbone [38].

Molecular Docking Data Analysis

The data were observed and analyzed with Version
21.1.1 of Discovery Studio to obtain 2D, 3D, and
binding sites of ligands and proteins target. Bond
energy was obtained by averaging of the Score Grid of
MolDock, Score of MolDock, and Score of Rerank
and then averaging over five replicates and presented
the mean + Standard Deviation.
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Figure 5. A. Fe(ll)Proline dithiocarbamate MGMT protein interaction in 2D. B. 3D Fe(ll)Proline dithiocarbamate MGMT protein

interaction in 3D

06-methylguanine-DNA methyltransferase is a
DNA repair enzyme that can inhibit the process of
tumor cell death due to the alkylation process by
alkylating  substances, including chemotherapy
substances The complex compound with MGMT
protein showed the GLU77 active sites with the
distance of 2.89A, LEU142 with the distance of
3.28A, ILE76 with the distance of 4.08A, and TRP65
with the distance of 3.01A. The complex compound's

active site against the MGMT protein binds to the C-
terminal and N-terminal regions that have an impact
on the DNA methylation process (Figure 5 and Table
2). Fe(Il)Prolinedithiocarbamate interaction with
0O(6)-methylguanine-DNA methyltransferase protein
has a binding energy -183.25 + 10.6 kJ/mol. Generally,
the best interactions are those with the lowest binding
energies.

Table 2. Interaction between Fe(ll) proline dithiocarbamate on O(6)-methylguanine-DNA methyltransferase (MGMT) protein

has a binding energy -183.25 + 10.6 kJ/mol

Interaction Distance (A) Category Types Donor

A:TRP65:NEL1 - Conventional Hydrogen ) i

10:01 3.01784 Hydrogen Bond Bond ATRP65:NE1

:10:H1 - 10-

A-GLU77-OE?2 2.89471 Hydrogen Bond Carbon Hydrogen Bond :10:H1

10:52 - 3.28874 Other Sulfur-X 110:S2

A:LEU142:0 ' T

:10 - A'ILE76 4.08585 Hydrophobic Alkyl 110

ATRP65 - :10 4.74783 Hydrophobic Pi-Alkyl A:TRP65
Conclusion

Synthesis of the Fe(ll)Prolineditiocarbamate
complex was carried out and the characterization of
the complex showed the presence of a
prolinetiocarbamate ligand. This is shown in the
results of the FTIR characterization at the absorption
of 1126 cm™*, which indicates the presence of a C=S
functional group, and 1614cm, showing the presence
of a C=N functional group. A C=S functional group
exists in the UV-Vis spectrum supported by n—m* at
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a wavelength of 215-289 nm. Based on the in vitro test
results of anticancer activity against MCF-7 breast
cancer cells, it was seen that apoptosis in cell
morphology began to occur at the sample
concentration of 75ug/mL. This indicates that the
complex compound Fe(Il)Prolinedithiocarbamate has
potential as an anticancer breast supported by the
interaction with protein O6-methylguanine-DNA
methyltransferase (MGMT) in silico molecular
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docking studies. The Fe(ll)Prolinedithiocarbamate -
0O(6)-methylguanine-DNA methyltransferase
(MGMT) complex showed the active sites of GLU77,
LEU142, ILE76, and TRP65.
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