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Abstract

Breast cancer occurs due to uncontrolled cells proliferation. The Proliferation causes severe inflammatory which
can be the initial stages of cancer symptoms. Aryl amino alcohol compounds from isoeugenol derivatives are pro-
posed for the potential drugs of breast cancer. This study was conducted on iso-eugenol derivatives by adding car-
bonyl groups, hydroxyl groups, halide compounds and amines to determine the effect on anticancer activity
through molecular docking studies. The molecular docking approach is carried out to see the interaction of ligands
with protein compounds by using the minimized ligand energy bind with protein active site using protein data
bank ID 5GMN. The docking result show that IE-Benzanilide-Cl (11) and IE-Benzanilide-OH (10) have the lowest
binding energy (—8.3 kcal/mol and —8.6 kcal/mol) compare to another compounds. AdmetSAR computer simula-
tions show that all compounds have very few toxic effects. The use of aryl amino alcohol derivatives (10 and 11)
may be suggested as anti-breast cancer drugs.
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1. Introduction pected breast cancer in Indonesia. Over 80% of
breast cancer cases are found at more difficult
stages of treatment [3].

A few researchers found that the breast can-
cer is closely linked to the inflammatory effect
[4-T7]. The enzyme cyclooxygenase 2 (COX-2) is
controlled the inflammation. This enzyme is re-
sponsible for regulating the response to pain.
With regard to this correlation, compounds that
can inhibit the cyclooxygenase 2 enzyme can be
+ Corresponding Author turned ipto drugs .against brea?,t‘ cancer. The
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Cancer is a global health problem and a lead-
ing cause of death after cardiovascular disease
[1]. The first type of cancer that affects women
is breast cancer [2]. According to the Registra-
tion of Pathology in Indonesia, breast cancer
was the first rank with a relative frequency of
18.6%. The report during 2018 has been found
16,956 cases of breast tumors and 2,253 sus-
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Polmacoxib. However, the consumption of this
drug has adverse health effects, including an
increase of 37% cardiovascular disease [8].

The mechanism of interaction between iso
eugenol and the cyclooxygenase 2 (COX-2) en-
zyme can be determined by molecular docking
methods. This in silico method is a combination
of structural molecules and computer medicine.
The purpose of this method is to use the free
energy of interaction (AG) to obtain information
about the three-dimensional interaction of pro-
tein and ligand (suggested compounds). The in-
formation of bonding type and interaction abil-
ity provide data capable of inhibiting active
compound on specific receptor which plays a
role in the development of disease [9]. Previous
studies have reported that the molecular dock-
ing of the amino alcohol derivatives of eugenol
can inhibit the growth of human colon cancer.
Derivatives with a hydroxyl functional groups
in the aromatic ring can improve the hydro-
philic properties and interaction at the active
site of protein [10].

Other research focused on eugenol deriva-
tives as anticancer agents, there have been lim-
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ited studied on iso eugenol as an anticancer
agent. Meanwhile isoeugenol has a highly cyto-
toxic effect by the induction of Reactive Oxygen
Species (ROS) [11]. The cytotoxicity tested by
using the MTT method showed that the CCso of
isoeugenol was 0.0523 mM, higher than euge-
nol was 0.395 mM [12]. Isoeugenol as COX-2
inhibitor increases ROS by triggering oxidative
stress which results in cell damage in cancer
cells [13,14]. In the present study, we used
Lipinski’s rule to determine drug similarity
[15] and using a virtual platforms screening
based on protein structure [16]. The novelty of
this study is to design a potential iso eugenol
derivatives that is structurally modified as
COX-2 inhibitor. The purpose of this study was
to investigate the potential iso eugenol deriva-
tives as inhibitors of COX-2 using a molecular
docking approach. The energy-based docking
method is based on knowledge of the approxi-
mate location of the ligand on the active site of
the receptor, whereas the shape-based method
are based on the assumption that the receptor
and ligand molecular surface must match. The
high affinity shows that the molecules bind

¢
o

o

(10)
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Figure 1. Aryl amino alcohol derivatives, molecule number 1 is isoeugenol, molecule number 2-4 are
compounds coupling between aniline and NO2, molecule number 5-8 are compounds coupling between
diphenylamine, OH, and NO2, molecule number 9-11 are compounds coupling between aniline, carbox-

yl, OH, and Cl.
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strongly each other. Some of potential com-
pounds need further studied at later stages,
such as in vitro and in vivo.

2. Materials and Methods

Three-dimensional structure molecules and
all modelling were used software tools installed
with a 1.9 GHz, RAM 8GB, Intel i5 processor
running the Windows 10 operating system.

2.1 Ligand Preparation

Some of the aryl amino alcohol derivatives
structures were generated by ChemDraw Ultra
8.0.3 and saved with mol. format files and the
structures were optimized by AVOGADRO [17]
and saved with PDB (Protein Data Bank) for-
mat files. All the ligand’s toxicity properties
were investigated with the help of admetSAR
2.0 [18]. The molecules of isoeugenol deriva-
tives were designed by substituting the alkene
with amine and hydroxyl group. The molecules
structure are shown in Figure 1.

2.2 Protein Preparation

The crystal structure of the COX-2 enzyme
was taken from Collaboratory for Structural Bi-
oinformatics PDB  https://www.rcsb.org/pdb
Protein Data Bank (PDB) with code 5GMN

[19]. The preparation of the protein starts from
removing the water and ligand molecules and
other residual material using BIOVIA Discov-
ery Studio 2020. The protein was saved with a
PDB format file.

2.3 Molecular Docking of COX-2 and Aryl Ami-
no Alcohol Derivatives

The binding affinity value was calculated
from total desolvation energy, hydrogen bond
energy, and Van Der Waals based on the total
intermolecular energy (kcal/mol). The PyRx
screening was based on the energy transfor-
mation of the ligand-receptor structure which
was given by the binding constant and Gibbs
free energy (AG) values [20]. The Outputs of
the dockings are saved as pdbqt files. Interac-
tion between ligan and protein will show on the
BIOVIA Discovery Studio 2020 program.

3. Results and Discussions

Ligan molecules were successfully prepared
with using ChemDraw Ultra 8.0.3. as present-
ed in Figure 1. As for comparison, commercial
drugs are used Polmacoxib obtained from the
Protein Data Bank (PDB) database. To assess
the toxicity of aryl amino alcohol derivatives,
we evaluate the drug discovery by using com-

Table 1. Toxicity and Physicochemical of aryl amino alcohol derivatives.

No. Compounds MW  log P hERG inhibition ‘\Mmes foxicity — Carcinogens  Acute Oral

(mutagenicity) (binary) Toxicity

1 Isoeugenol (IE) 164.2  2.43 non- inhibitor = Non AMES non-carcinogens III 0.8899
0.6425 Toxicity 0.9500  0.6429

2 IE-Anillin 273.3  2.93 non- inhibitor = Non AMES non-carcinogens III 0.8293
0.4512 Toxicity 0.7600  0.8143

3 IE-An-OH(para)-NO: 334.33 2.23 non- inhibitor = Non AMES non-carcinogens III 0.6242
0.6008 Toxicity 0.5700  0.8000

4 IE-An-OH(para)-NO:(meta) 334.33 2.55 non- inhibitor = Non AMES non-carcinogens III 0.6087
0.5114 Toxicity 0.5200 0.8143

5 IE-Diphenylamine 347.46 5.94 non- inhibitor = Non AMES non-carcinogens III 0.7959
0.5567 Toxicity 0.6700  0.7429

6 IE-Diphenyl-OH(para) 365.42 4.37 non- inhibitor = Non AMES non-carcinogens III 0.7401
0.6689 Toxicity 0.6333  0.7968

7 IE-Diphenyl-OH(ortho-para) 381.43 4.07 non- inhibitor = Non AMES non-carcinogens III 0.7363
0.6567 Toxicity 0.6800  0.8571

8 IE-Diphenyl-OH(para)- 410.43 4.27 non- inhibitor = Non AMES non-carcinogens III 0.5980
NO:z(meta) 0.4786 Toxicity 0.5100  0.8429

9 IE-Benzanilide 377.4 4.17 non- inhibitor = Non AMES non-carcinogens III 0.7207
0.4223 Toxicity 0.54000 0.8714

10 IE-Benzanilide-OH(ortho) 393.44 3.88 non- inhibitor = Non AMES non-carcinogens III 0.7710
0.4597 Toxicity 0.6300  0.8857

11 IE-Benzanilide-Cl(meta) 411.89 4.82 non- inhibitor = Non AMES non-carcinogens III 0.7878
0.4418 Toxicity 0.6100  0.8571

12 Polmacoxib 361.39 2.72 non- inhibitor = Non AMES non-carcinogens III 0.5626

0.4420

Toxicity 0.5200

0.5645

*MW = Molecular Weight
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puter simulation admetSAR [21]. The drug
similarity of any molecule can be estimated,
but the actual specific effect (biological activity)
achieved by the drug cannot be evaluated by
using computer tools. Many of the best-selling
drugs have a lower score on a variety of drug
similarity indicators [20]. Table 1 describes the
properties of the compound using the predicted
log P values of admetSAR (logarithm of the
compound's division coefficient between octanol
and water), it’s well established to measure hy-
drophilicity. The lower values of log P indicates
higher hydrophilicity, high adsorption, and per-
meation. Lipinksi’s rule predicts that poor ab-
sorption and permeation is more likely when
Log P is greater than 5. The lower molecular
weight enhances the adsorption rate and pref-
erable as drug candidates. Small molecules
weighing less than 500 have many advantages
by biological processes, including easily pene-
trating the blood vessel barrier of the brain and
intestines [22]. In this study, all derivatives of
aryl amino alcohol have log P values ranging
from 2.43 to 5.94 and the molecular weights are
not more than 500. All the molecules follow the
Lipinski’s rule for log P except molecule no.5
IE-Diphenylamine.

The toxicity test for the candidate com-
pounds used admetSAR with some parameters.
The first parameter is Inhibition of hERG (the
human Ether a go-go- related) which the gene
that encodes the protein channel that potassi-
um contributes to heart rate activity. The inhi-
bition of this protein causes a fatal disruption
to the heart [23]. The second parameter is mu-
tagenicity that analyzed using the AMES
method based on database 8445 compounds in-
cluding 4912 toxic chemicals and 3533 non-
mutagens toxic chemicals [24]. The third pa-
rameter is carcinogen potential using a com-
puter-aided prediction of rodent carcinogenicity
classified by Lagunin [25]. The oral toxicity
acute shows that all compounds are in category
IIT which means has an LD value of 500-5000
mg/kg. AdmetSAR toxicity computer simula-
tions on Table 1 show that all compounds have
little toxic effects with acute oral toxicity in cat-
egory III and all compounds have non-
carcinogenic effect.

Molecular docking was successfully carried
out at the COX-2 receptor (ID: 5GMN) by using
PyRx Vina. Docking is performed in the moor-
ing area (grid) with center_x = 9.9569, center_
y = 1.52725, center_z = 10.5322. This step indi-
cates the interaction of COX-2 enzyme. The
binding energy is the main parameter produced

by molecular docking. The values which show
the highest negative means the compounds
bind strongly with the protein. It gives us an il-
lustration for the strength and affinity of the
interaction between the ligand and the recep-
tor. Binding energy is not the only parameter
for new drug discovery, but it is possible to
know if there are interactions through binding
energy. Therefore, in this molecular docking
study, we aim to find the ligand that exhibits
the smallest binding energy and therefore has
the best affinity between those molecules. The
docking study result for molecule number 10 &
11 have the lowest energy value (AG) = —8.3
kcal/mol and —8.6 kcal/mol. This result was the
closest value compare with polmacoxib drug
with (AG) = —8.9 kcal/mol as shown in Table 2.
The presence of halogen Cl and OH at molecu-
lar numbers 11 and 10 were suspected pushes
the hydrophilic head towards the hydrophobic
area, as shown in Figure 2. Molecular docking
simulations were successfully performed on the
COX-2 receptor (ID: 5GMN) by using Autodock
vina and PyRx. The simulation is carried out
by tethering the ligand (polmacoxib) to the
known protein-binding active site with BIOVIA
Discovery Studio 2020 program. Molecule num-
ber 10 & 11 have similar H-bonding interaction
on amino acid compare with polmacoxib drugs
(Arg2#, Glul4, Pro26, Gln248, Ala247, Pro3,
Pro13, Trp244). This similarity defines the mech-
anism of action against the active protein com-
petitively with polmacoxib on the COX-2 active
site. Molecules 10 and 11 are promising candi-
dates for the new anti-cancer as COX-2 inhibi-
tor and should be considered in the next syn-
thesis project, also need further test such as in
vitro and in vivo.

4. Conclusion

This molecular docking study showed the
presence of hydroxyl functional groups and hal-
ides in aromatic rings was able to increase the
interaction at the COX-2 active site. Molecules
no. 10 and 11 have low binding energies (AG) =
—8.3 kcal/mol and —8.6 kcal/mol, almost equals
the binding energy value of the drug polmacox-
ib (AG) = —8.9 kcal/mol. The binding energy is
not the only parameter for new drug discovery,
but it is possible to know if there are interac-
tions through binding energy. In regard of the
result on molecular docking study, we proposed
a new class aryl amino alcohol derivatives from
iso eugenol targeting as COX-2 in anti-breast
cancer treatment.
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