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Abstract: Background: N-benzoyl-N'-naphthylthiourea (BNTU) is a thiourea-derived compound that is
predicted to have anti-breast cancer activity. However, their physicochemical properties, ADMET, and
receptor-specific targets for their anti-breast cancer activity have not been reported.

Objective: This study aimed to predict the physicochemical properties, ADMET, and anti-breast cancer
activity of BNTU and its derivatives by in silico approach.

Methods: The physicochemical and ADMET properties were predicted using the pkCSM online program

ARTICLE HISTORY  ,h4 ProTox-II online tool. While the anti-breast cancer activity was predicted using the molecular dock-

ing method through the Molegro Virtual Docker (MVD) program on the HER-2 receptor. The parameter
observed in the molecular docking method was the bond energy value or rerank score (RS). Compounds
with small RS values were predicted to have a great activity.
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102174/157018082066623081 710119 Results: Most BNTU derivatives had lower RS values than BNTU, especially 4TBBNTU, and

4CFBNTU, although their RS values were still higher than lapatinib and TAK-285. As for the reference
ligand hydroxyurea, the RS value of BNTU and its derivatives was much lower. The physicochemical and
pharmacokinetic properties (ADMET) of lapatinib and TAK-285 were not better than that of BNTU and
its derivatives.

Conclusion: Five compounds that deserve to be synthesized and tested for anti-breast cancer activity in
vitro and in vivo are 4TBBNTU, 3CFBNTU, 4CFBNTU, 4OCBNTU, and the lead compound BNTU.
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1. INTRODUCTION to in vitro and in vivo drug discovery studies. Using comput-

. . imulati duce drug desi d devel t cost
In the early stages of drug discovery, safety and toxicity of stimurations can reduce drug design and development costs

issues are problems that must be addressed early [1].
ADMET (absorption, distribution, metabolism, excretion,
and toxicity) is one of the benchmarks in assessing the effect
or risk of a compound on the human body [2, 3]. The poor
physicochemical and ADMET properties cause many drugs
that fail in their development, so they are withdrawn from
the market. Therefore, it needs to be considered early in the
drug discovery process. The drug discovery process, which
takes a very long time and is expensive, can be accelerated
using the in silico method [4].

In silico is an approach to a natural condition or situation
in a computer simulation using a specific program analogous
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by up to 50% [5].

Synthesis of compound derivatives with known activity
and then testing the activity of these derivatives is one of the
crucial strategies in developing new drugs. Thiourea and its
derivatives have extensive applications in various fields, and
have diverse activities, including as anticancer agents [6],
due to their inhibition of receptor tyrosine kinases (RTKs),
protein tyrosine kinases (PTKs), and NADH oxidase [7], acts
as a topoisomerase inhibitor, somatostatin agonist, sirtuin,
and carbonic anhydrase (CA) [8], and inhibits the expression
of proteins that play an important role in cell proliferation
[9]. The presence of anticancer activity of thiourea deriva-
tives inspired medicinal chemists to design and synthesize
new thiourea derivatives. Research on thiourea as an anti-
breast cancer has been reported [9, 10].

The design of the new compound in this study was car-
ried out by modifying the structure by including naphthyl
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and benzoyl groups in the thiourea pharmacophore, namely
the compound N-benzoyl-N'-naphthylthiourea (BNTU) as
the lead compound. The naphthyl and benzoyl groups are
expected to increase the activity of these compounds as anti-
breast cancer candidates by increasing their lipophilic and
electronic properties. Substitution is carried out on the ben-
zene ring (benzoyl group) of the side chain (R group). Sub-
stituents were selected based on the Topliss approach model
into several derivative compounds.

This study aimed to determine the physicochemical prop-
erties, ADMET, and anti-breast cancer activity of BNTU
compounds in silico. The physicochemical and ADMET
properties were predicted using the pkCSM online program
and ProTox-II online tool. While the anti-breast cancer activ-
ity was predicted using the molecular docking method
through the Molegro Virtual Docker program on the HER-2
receptor with the PDB code 3RCD. The reference ligands
used are hydroxyurea, lapatinib, and TAK-285 (3RCD lig-
and) (Fig. 1). TAK-285 is the native ligand of the HER-2
receptor with the PDB code 3RCD [11].

Parameters observed in the molecular docking method
were the root mean square deviation (RMSD) value for the
validation of the docking method [6] and the bond energy
value or rerank score (RS) for activity prediction [12]. The
acceptable RMSD is 2 A [13]. The re-docking results are
more accurate because they approach the crystallographic
ligands if the RMSD value gets smaller [14]. The RS is the
basis for determining the best activity of the test ligand in the
docking method. Prediction of anticancer activity is good if
the RS value is lower, which means the ligand and receptor
binding stability is higher [15]. Information related to physi-
cochemical properties and ADMET will influence the deci-
sion to synthesize the BNTU test compound and its deriva-
tives.
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2. MATERIALS AND METHODS
2.1. Materials

The hardware used was the HUAWEI-IMO1SOUS with
an AMD Ryzen 7 3700U processor with Radeon Vega Mo-
bile Gfx based on Windows 10 Home Single Language op-
eration with the following programs: ChemOffice 2020
(ChemDraw 20.0 and Chem3D 20.0) for molecular model-
ing, energy minimization and SMILES translator, pkCSM
online server
(http://biosig.unimelb.edu.au/pkcsm/prediction) for predic-
tion of physicochemical and ADMET properties, ProTox-II
online server (https://tox-new.charite.de/protox II/) for tox-
icity prediction, Molegro Virtual Docker (MVD) 5.5 for val-
idation and docking process.

2.2. Ligands Preparation

The chemical structure of BNTU and its derivatives (Ta-
ble 1), as well as the reference ligands (Fig. 1), was drawn in
2D and 3D using the ChemOffice 2020 program (ChemDraw
20.0 and Chem3D 20.0). The minimum energy (Etot) was
measured using the MMFF94 (Merck molecular force field
94) method, then stored in mol2 form [SYBYL2 ( *.mol2)]
and smi [SMILES (*.smi)].

3. EXPERIMENTAL

3.1. Prediction of the Physicochemical and ADMET
Properties

Prediction of the physicochemical and ADMET proper-
ties BNTU and its derivatives in SMILES format predicted
physicochemical properties such as molecular weight (MW),
the logarithm of octanol/water partition coefficient (log P),
rotatable bond (ROT), hydrogen bond acceptors (HBA), and
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Fig. (1). Two-dimensional structure of the reference ligands.
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Table 1. The chemical structure of N-benzoyl-/N’-naphtylthiourea derivatives and references.
]
AN
No Ligand Code R Ligand Name
1 BNTU H N-benzoyl-N -naphtylthiourea
2 2CIBNTU 2-Cl N-(2-chlorobenzoyl)-N -naphtylthiourea
3 3CIBNTU 3-Cl N-(3-chlorobenzoyl)- N -naphtylthiourea
4 4CIBNTU 4-Cl N-(4-chlorobenzoyl)-N -naphtylthiourea
5 34CIBNTU 3,4-Cl N-(3,4-dichlorobenzoyl)-N -naphtylthiourea
6 24CIBNTU 2,4-Cl N-(2,4-dichlorobenzoyl)-N -naphtylthiourea
7 4BrBNTU 4-Br N-(4-bromobenzoyl)-N -naphtylthiourea
8 4FBNTU 4-F N-(4-fluorobenzoyl)-N -naphtylthiourea
9 3CFBNTU 3-CF; N-(3-trifluoromethylbenzoyl)-N -naphtylthiourea
10 4CFBNTU 4-CF; N-(4-trifluoromethylbenzoyl)-N -naphtylthiourea
11 3NBNTU 3-NO, N-(3-nitrobenzoyl)-N -naphtylthiourea
12 4ANBNTU 4-NO, N-(4-nitrobenzoyl)-N -naphtylthiourea
13 4CBNTU 4-CH; N-(4-methylbenzoyl)-N -naphtylthiourea
14 40CBNTU 4-OCH; N-(4-metoxybenzoyl)-N’-naphtylthiourea
15 4TBBNTU 4-C(CHs); N-(4-tert-butylbenzoyl)-N’-naphtylthiourea
16 HU - Hydroxyurea
17 LT - Lapatinib
18 TAK-285 - Native ligand of HER-2 receptor (3RCD)
hydrogen bond donors (HBD) using the pkCSM online tool. 4. RESULTS

Prediction of ADMET properties using the pkCSM online
program.

3.2. Molecular Docking Study

Docking studies were performed on the active site of the
HER-2 receptor (PDB code: 3RCD). The molecular structure
of the receptor was obtained from the RSCB protein data
bank (PDB) (https://www.rcsb.org/).

The original ligand from the HER2 receptor was first
validated by the docking method by measuring the RMSD
value of the native ligand. The structure of BNTU and its
derivatives, as well as reference ligands that have been
stored in the form of mol2 {SYBYL2(*.mol2)} in the Chem
3D 20.0 program carried out the docking process against the
HER-2 receptor target using the Molegro computer program
Virtual Docker version 5.5. The results obtained were in the
form of RS. The test results were repeated three times.

4.1. Prediction of the Physicochemical and ADMET
Properties

Prediction of physicochemical properties of BNTU and
its derivatives, as well as reference ligands, were carried out
using Lipinski's "rules of Fives" and can be seen in Table 2.
Meanwhile, the ADMET prediction results are presented in
Table 3.

4.2. Molecular Docking Study

Molecular docking studies of BNTU and its derivatives
against the HER-2 receptor (PDB ID 3RCD) were carried
out to predict the anti-breast cancer activity of these com-
pounds. The parameters observed in the validation process
are listed in Table 4. The docking results and amino acid
interactions of the HER2 receptor that interact with BNTU
and its derivatives can be seen in Tables 5 and 6.



4 Letters in Drug Design & Discovery, XXXX, Vol. XX, No. XX

Megawati et al.

Table 2. Physicochemical properties prediction of BNTU derivatives and reference ligands.
No Ligands MW (g/mol) Log P ROT HBA HBD

1 BNTU 306.39 3.9666 2 2 3

2 2CIBNTU 340.835 4.62 2 2 2

3 3CIBNTU 340.835 4.62 2 2 2

4 4CIBNTU 340.835 4.62 2 2 2

5 34CIBNTU 375.28 5.2734 2 2 2

6 24CIBNTU 375.28 5.2734 2 2 2

7 4BrBNTU 385.286 4.7291 2 2 2

8 4FBNTU 324.38 4.1057 2 2 2

9 3CFBNTU 374.387 4.9854 2 2 2

10 4CFBNTU 374.387 4.9854 2 2 2

11 3NBNTU 351.387 3.8748 3 4 2

12 4ANBNTU 351.387 3.8748 3 4 2

13 4CBNTU 320417 4.27502 2 2 2

14 40CBNTU 336.416 3.9752 3 3 2

15 4TBBNTU 362.498 5.2641 2 2 2

16 HU 76.055 -0.9561 0 2 3

17 LT 581.069 6.1391 11 8 2

18 TAK-285 547.965 5.9166 9 7 3

Table 3.  In silico prediction ofADMET of BNTU derivatives and reference ligands.
Absorption Distribution Metabolism Excretion Toxicity
Caco2 i Total
No Ligands | permeability ,:::Z?—g;ll:ln VDss BBB .. | cyr2pe | CYP3A4 | Clearance Renal . LDs,
(Human; | Permeability OCT2 |Hepatotoxicity Class
(log Papp; | (Human; Log L/kg) (Log BB) Substrate | Substrate (Log Substrate (mg/kg)
10 cm/s) %) mL/min/kg)

1 BNTU 1.674 90.953 -0.137 0.427 Yes Yes -0.226 No No 2850 \Y
2 2CIBNTU 1.683 89.292 -0.119 0.426 Yes Yes -0.091 No No 2885 \Y
3 3CIBNTU 1.522 90.163 -0.049 0.364 Yes Yes -0.297 No No 2885 \Y
4 | 4CIBNTU 1.522 89.571 -0.099 0.384 Yes Yes -0.359 No No 2885 \Y
5 | 34CIBNTU 0.977 89.24 0.023 0.334 Yes Yes -0.174 No No 2885 \Y
6 | 24CIBNTU 0.955 88.997 -0.031 0.322 Yes Yes -0.168 No No 2885 \Y
7 | 4BrBNTU 0.983 89.504 -0.083 0.383 Yes Yes -0.38 No No 2850 \Y
8 4FBNTU 1.469 90.425 -0.163 0.536 Yes Yes -0.371 No No 2885 \Y
9 | 3CFBNTU 0.975 89.737 -0.015 0.279 Yes Yes -0.244 No Yes 2850 \Y
10 | 4CFBNTU 0.997 88.697 -0.084 0.402 Yes Yes -0.309 No Yes 2850 \Y
11 | 3NBNTU 0.892 89.918 -0.2 0.007 No Yes -0.146 No No 2850 \Y

(Table 3) Contd....
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Absorption Distribution Metabolism Excretion Toxicity
Caco2 Intestinal Total
No Ligands | permeability Absorption VDss BBB CYP2D6 | CYP3A4 | Clearance Renal LDs,
(Human; (Human; | Permeability Substrate OCT2 |Hepatotoxicity (mg/kg) Class
(log6 Papp; o,  |LogL/kg)l (LogBB) Substrate (Log Substrate gk
10 cm/s) %o) mL/min/kg)

12 4NBNTU 0.878 89.224 -0.252 -0.063 No Yes -0.21 No No 2850 v

13 4CBNTU 1.515 91.03 -0.073 0.397 Yes Yes -0.285 No Yes 2850 v

14 | 4OCBNTU 1.339 91.918 -0.053 0.421 Yes Yes -0.191 No No 2885 v

15 | 4TBBNTU 0.974 89.455 -0.02 0.345 Yes Yes -0.344 No Yes 2885 v

16 HU 0.487 73.704 -0.888 -0.955 No No 0.655 No No 5760 VI

17 Lapatinib 0.235 100 0.276 -1.196 No Yes 0.569 No Yes 1500 v

18 TAK-285 0.819 88.927 0.429 -1.845 No Yes 0.156 No Yes 1368 v
Table 4. Method validation result of HER-2 receptor. 24CIBNTU, and 4TBBNTU fall 1nto that category. Ir} con-
trast, the reference ligands lapatinib and TAK-285 did not
comply with Lipinski's rule because their MW was greater
Parameters Results than 500, and their log P value was higher than 5. However,
PDB ID 3RCD it is still a clinically approved drug, according to Chander
(2017). It can be concluded that the BNTU and some of its
Ligan code 03P_9001[A] derivatives have better absorption and permeability than

N-{2-[4-({3-chloro-4-[3-
(trifluoromethyl)phenoxy]phenyl}amino)-5H-
pyrrolo[3,2-d]pyrimidin-5-yl]ethyl}-3-
hydroxy-3-methylbutanamide

Native ligand

lapatinib and TAK-285, so they are potential drug candi-
dates, as predicted.

Table 5. Docking results of BNTU and its derivatives with
HER-2 receptors.

Cavity !
X:13.44
Center Y:2.65
Z:27.45
Radius 10
Number of runs 10
RMSD 1.26
Amino acid residues Met 801

(hydrogen bonds)

Amino acid residues

.. . Asp 863, Leu 726, Ala 751, Ser 783, Phe 864
(steric interaction)

5. DISCUSSION

The “Rule of Five” predicts the suitability of drug candi-
dates but was developed primarily using orally administered
drugs. The “Rule of Five” states that poor absorption or
permeation is expected when (MW>500, the number of
HBD>5, the number of HBA>10, or log P>5 [16, 17]. Table
2 shows that the BNTU and its derivatives complied with
Lipinski's rules, except for 34CIBNTU, 24CIBNTU, and
4TBBNTU, because the log P value was greater than 5.
However, according to Chander et al. (2017), 95% of clini-
cally approved drugs have the following range of physico-
chemical properties: MW (130-725), HBD (0-6), HBA (2—
20), log P (-2-6.5), and ROT (0-15)(18), so 34CIBNTU,

No Ligands Average RS(kcal/mol)
1 BNTU -94.9564 + 0.033
2 2CIBNTU -91.2791 +£0.543
3 3CIBNTU -95.2371 +0.200
4 4CIBNTU -92.8024 +0.317
5 34CIBNTU -95.2439 + 0.203
6 24CIBNTU -89.5517 £ 0.021
7 4BrBNTU -94.1807 + 1.812
8 4FBNTU -91.7899 + 0.999
9 3CFBNTU -99.1661 + 0.659
10 4CFBNTU -104.090 + 0.363
11 3NBNTU -96.5193 +£0.718
12 4ANBNTU -96.1716 + 0.205
13 4CBNTU -90.9751 + 0.648
14 40CBNTU -98.8942 + 1.653
15 4TBBNTU -106.137 £ 0.894
16 HU -34.0187 +0.007
17 LT -125.98 +0.452
18 TAK-285 -119.514 +£ 0.749
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Table 6. HER2 receptor amino acids (PDB ID 3RCD) involved in interaction with BNTUderivatives.
No Ligands Hydrogen Bond Steric Interaction
1 BNTU Ala 751 Asp 863, Ala 751, Leu 796, Leu 785, Val 734, Ile 752, Lys 753
2 4TBBNTU Lys 753 Thr 862(2), Ala 751, Lys 753, Phe 864, Thr 798, Leu 796
3 4CFBNTU Ala 751 Asp 863, Ala 751, Thr 862, Val 734, Ile 752, Lys 753
4 3CFBNTU Thr 862 Asp 863, Ala 751, Thr 862
5 40CBNTU Thr 862, Asp 863 Asp 863, Thr 862, Lys 753, Thr 798
6 HU Thr 862(2), Asp 863, Ser 783, Thr 798 Thr 862, Asp 863, Thr 798, Ser 783, Leu 785
7 LT Met 801 Phe 864, Ala 751(2), Lys 753, Asp 863, Met 801(2)
g TAK-285 Gly 865 Leu 852, Met 801(2), Phe 1(;(;4; I/;Iiz ;zt ﬁlyg(;i Thr 862(2), Asp 863, Lys

Drug candidates are triaged early during drug develop-
ment based on computer modeling, high-throughput screen-
ing, and cell-based assays that predict pharmacologic activi-
ty. It is, however, much more difficult to predict drug
ADME, which typically requires evaluation in vivo. In vivo
studies are slow and expensive, so it is desirable to have
simple methods to predict the ADME properties of drug
candidates [17, 18]. Predicting pharmacokinetic profiles of
BNTU and its derivatives, reference ligands hydroxyurea,
lapatinib, and TAK-285 can be seen in Table 3.

The absorption parameters used were Caco2 permeability
and human intestinal absorption. Caco-2 cells are one of the
in vitro models derived from human colorectal carcinoma.
They are most widely used to understand intestinal absorp-
tion and decipher transport mechanisms for orally adminis-
tered drugs [2, 19]. Calculation via log Papp (the apparent
permeability coefficient) measurements. Compounds with
Papp > 8x10 cm/s are considered to have high Caco2 per-
meability. High Caco-2 permeability would translate into
predicted log Papp values > 0.90 cm/s for the pkCSM pre-
dictive model [20]. BNTU and its derivatives have log Papp
values > 0.9 cm/s, except for SNBNTU and 4NBNTU. How-
ever, both compounds have log Papp values close to 0.9
cm/s. Reference ligands hydroxyurea, lapatinib, and TAK-
285 have log Papp values < 0.9 cm/s. Therefore, it can be
concluded that BNTU and its derivatives are predicted to
have high and better permeability than the reference ligands,
except SNBNTU dan 4NBNTU.

The parameter of intestinal absorption can predict the
percent of absorption in the human intestine. The compound
has good absorption if the absorption value is > 80%, and the
absorption is bad if < 30%. Table 3 shows that the BNTU
and its derivatives have absorption values > 80%, so it is
predicted to have good absorption, as well as lapatinib and
TAK-285. In comparison, hydroxyurea has an absorption
value of < 80%, so it is predicted that its absorption will not
be better than that of BNTU and its derivatives.

The distribution of BNTU and its derivatives was pre-
dicted based on VDss and BBB permeability parameters.
The (VDss) is the theoretical volume in which the total dose
of a drug must be distributed evenly to give the same con-

centration as in blood plasma. Drugs will be distributed more
in the tissues than plasma if the VDss value is higher. Com-
pounds are said to have a low volume of distribution if the
VDss value is < -0.15 L/kg and high if it is> 0.45 L/kg. The
ability of a drug to cross the blood-brain barrier is an im-
portant parameter that needs to be considered to help reduce
side effects and toxicity or to increase the efficacy of drugs
whose pharmacological activity is present in the brain. A
compound is said to be able to penetrate the blood-brain bar-
rier well if it has a BB value > 0.3 and cannot be properly
distributed if the BB log < -1 [20]. Based on Table 3, it can
be seen that the VDss value of BNTU and its derivatives is
greater than -0.15, except for 4FBNTU, 3NBNTU,
4NBNTU, which means that the distribution volume is good.
The reference ligands are smaller than -0.15, which means
that the volume of distribution is low. While the log BB val-
ue ranges from -0.063 to 0.427, it can be said that all BNTU
and its derivatives can penetrate the blood-brain barrier well.
Not so with hydroxyurea, lapatinib, and TAK-285 as refer-
ence ligands.

Metabolism is concerned with drug biotransformation
(the process by which drugs are chemically converted in the
body into metabolites) involving enzymes [2]. Cytochrome
P450 is a detoxification enzyme that works through the oxi-
dation of foreign organic compounds, including drugs and
helps excrete these compounds CYP2D6 and CYP3A4 are
the major isoforms of cytochromes involved in drug bio-
transformation in humans. All BNTU and its derivatives
(except ANBNTU and 4NBNTU) were predicted to inhibit
CYP2D6 and CYP3A4, while the reference ligands did not,
which means that all ligands that affect or inhibit CYP2D6
and CYP3A4.

Parameters to measure the compound excretion process
are the total clearance value and renal OCT2 substrate value.
The BNTU and all its derivatives had a lower total clearance
value than the reference ligands, meaning the reference lig-
ands were excreted more quickly than the test ligands. The
total clearance value is important to determine the dose level
in achieving steady-state concentrations [15]. OCT2 is a
transporter protein that plays a role in renal absorption, dis-
position, and clearance of drug compounds. Helpful infor-
mation regarding not only its clearance but also its potential
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contraindications [21]. All test and reference ligands are pre-
dicted not to be OCT?2 substrates because they do not affect
OCT?2 substrates.

The toxicity parameters calculated were hepatotoxicity
predicted using the pkCSM online tool program, LDs, and
toxicity class using the ProTox-II online tool. The LDs, val-
ues of BNTU and its derivatives are 2850 and 2885 mg/kg.
However, four BNTU derivatives are hepatotoxic:
3CFBNTU, 4CFBBNTU, 40CBNTU, 4TBBNTU, but be-
longs to class V GHS (Globally Harmonized System), toxici-
ty class V GHS which means the compound has a low acute
toxicity effect, so it is predicted to have safer toxicity than
lapatinib and TAK-285, which are included in class IV ac-
cording to the GHS [22].

Method validation and re-docking were carried out to
ensure that the method to be used was appropriate and aimed
at finding pocket cavity receptors where the drug/test ligand
would be attached [23]. The results of re-docking were the
default results from native ligands (03P_9001[A]) with re-
ceptors. The validation parameter is the RMSD value less
than 2 A [24]. The RMSD value from the validation method
is 1.26 A, which means the method used is acceptable be-
cause the value is less than 2 A (Table 4 and (Fig. 2).

The results of the in silico test using the docking method
on the BNTU and its derivatives against the HER-2 receptor
can be seen in Tables 5 and 6. Based on Table 5, it is known
that lapatinib has a lower RS value than the native ligand.
This shows that the affinity of lapatinib is higher than the
native ligand of the HER-2 receptor (PDB ID 3RCD) itself,
which means that lapatinib has better anti-breast cancer ac-
tivity than its native ligand. The lower the RS value indicates
that the bond between the ligand-receptor is more stable, so
the interaction is stronger. Therefore it can be predicted that
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biological activity will also increase [25]. All BNTU and its
derivatives had greater RS values than lapatinib and TAK-
285, but the physicochemical and ADMET properties of
lapatinib and TAK-285 were not better than BNTU and its
derivatives. As for the reference ligand hydroxyurea, the
value of RS BNTU and its derivatives is much lower, so the
test ligand's activity is predicted to be better than hy-
droxyurea. 3-D descriptions of amino acid interactions of
BNTU and its derivatives can be seen in Figs. (3-6) and Ta-
ble 6. The four ligands with the best anti-breast cancer activi-
ty based on the RS value are 4TBBNTU, 3CFBNTU,
4CFBNTU, and 4OCBNTU. Although 4TBBNTU,
3CFBNTU, and 4CFBNTU are predicted to be hepatotoxic,
they have a low acute toxicity effect according to GHS, so
they must be proven in vitro and in vivo. Therefore, these
four ligands, along with the lead compound BNTU were
feasible to be synthesized and continued for in vitro and in
vivo tests.

Fig. (2). Results of docking 3RCD receptors with native ligand:
overlay between re-docking ligands (blue) and native ligands (red).
(4 higher resolution / colour version of this figure is available in
the electronic copy of the article).

\

Leu 785

/

Fig. (3). 3-D description of amino acid interactions of HER-2 receptors with BNTU (A) and 4TBBNTU (B). (4 higher resolution / colour

version of this figure is available in the electronic copy of the article).
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Fig. (4). 3-D description of amino acid interactions of HER-2 receptors with 4CFBNTU (A) and 3CFBNTU (B). (4 higher resolution / colour
version of this figure is available in the electronic copy of the article).
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Fig. (5). 3-D description of amino acid interactions of HER-2 receptors with 4OCBNTU (A) and Hydroxyurea (B). (4 higher resolution /
colour version of this figure is available in the electronic copy of the article).
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Fig. (6). 3-D description of amino acid interactions of HER-2 receptors with Lapatinib (A) and TAK-285 (B). (4 higher resolution / colour
version of this figure is available in the electronic copy of the article).




Physicochemical, ADMET Properties, and Molecular Docking Studies

CONCLUSION

Based on the results of the in silico test, it is known that
the ligands 4TBBNTU, 3CFBNTU, 4CFBNTU, and
40CBNTU are the four best anti-breast cancer candidates
that deserve to be synthesized and tested for their activity in
vitro and in vivo because they have the lowest molecular
docking RS wvalue and has good physicochemical and
ADMET properties.
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BNTU =  N-benzoyl-N'"-naphthylthiourea
CA = Carbonic Anhydrase
MVD = Molegro Virtual Docker
MVD = Molegro Virtual Docker
PTKs =  Protein Tyrosine Kinases
RMSD = Root Mean Square Deviation
RS = Rerank Score
RTKs = Receptor Tyrosine Kinases
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