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ABSTRACT

Drug discovery and the process of new drug design have been formulated much easier in the past two decades by introducing, proliferation of combined physical,
biochemical process from computing capabilities and computational approaches. Since the breast cancer is one of the life-threatening problems globally, no effective
prescription is still now invented or not available in the market or medical treatment. Although the few number of drugs is just touched on the market, the remedy has
consisted of severe side effects and low efficiency. Regarding that fact, the D-glucofuranose and its derivatives have been designed by the quantum calculation,
molecular docking, ADMET and SAR analysis. For molecular docking, the cancer protease (3hb5) and triple-negative breast cancer protease (4pv5) are selected for
study whereas the binding affinity of cancer protease (3hb5) is found at ranging from -6.20 to -10.40 kcal/mol, and it is slightly lower than triple-negative breast
cancer protease (4pv5). Next, the molecular dynamic has performed to make the validation of docking complex. In our forthcoming study, it has shown that the 03,
05, and 08 compounds could be considered the potential drug comparison with standard drug. These three drugs completed all the criteria, including high binding

energy, non-toxic, non-carcinogenic, and highly soluble in biological system.

Keywords: Triple-negative breast cancer, Breast cancer, DFT, HOMO-LUMO, Docking, Molecular dynamics, and ADMET.

1. INTRODUCTION

Cancer is one of the significant life-threatening problems globally after
coronary heart disease, and it has been seemed to be the second-largest incidence
of mortality in our globe (1-3). Cancer occurs when the immune system is not
correctly functionalized, or the number of cells is started into too large
spontaneously cell division or abnormal cell division (4). In addition, different
conditions can as well lead to the development of cancer in the human body
caused by the rate of DNA and RNA alterations, an unhealthy environment
(radioactive materials and other substances) (5), inadequate nutrition, unhealthy
cell environment (6). Persons are genetically susceptible to abnormalities (7),
people over 80 years (8), a category of illnesses, and terminating in a lump (9,
10). Although several types of cancer have been seen, it has increased by 29
percent among females worldwide compared to all other cancer diagnoses (11).
BC may also occur due to genetic factors (12) and non-genetic risk factors (13),
such as hormonal causes (14), overweight or obesity (15, 16), and not getting
enough physical activity (17, 18).

Based on the report of the American Institute of Cancer Research (2018),
Belgium, 113.2 Luxembourg 109.3 Netherlands 105.9 France (metropolitan)
99.1 New Caledonia (France) 98 Lebanon 97.6 Australia 94.5 UK 93.6 Italy 92.8
New Zealand 92.6 people have been faced breast cancer in Age-standardized rate
per 100,000. Belgium has the most significant percentage of females who have
been reported of breast cancer disease (19). There are many proteases for breast
cancer (PDB ID: 3hb5); Two-dimensional crystal structural analysis of a
potential 17-HSD type 1 inhibitor and a promising lead chemical for breast
cancer treatment. Hydrogen bonds and hydrophobic contacts are among many
interactions involving E2B and the enzyme, as well as n—n interaction (20).
Secondly, triple-negative breast cancer protease (PDB ID: 4pv5); the over
expression of Glyoxal | (GLOI), which would be a glutathione (GSH)-dependent
enzyme, seems associated with chemotherapy drug susceptibility (21).

Although breast cancer is spreading at a tremendous rate among females, many
people are dying continuously. So far, no effective drug for breast cancer has not
been possible to discover. So, the computational method has been chosen to
design new and effective anticancer drugs from the D-glucofuranose by its
modification. It is a well-known fact that finding an effective drug takes a lot of
time and huge cost -an average of 10-15 years required and costs around $800
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million, which is highly expensive (22, 23). But with the help of the newly
developed computational chemistry method, it has been possible to design an
effective drug, and check all the pharmacokinetic parameters of the drug in a
concise time, such as pass prediction, docking, molecular dynamics, and
ADMET easily (24). On the other hand, the D-glucofuranose and its derivative
have already been identified as a potential compound by many renowned
researchers (25) for the treatment as an antifungal (25) antibacterial, antiviral
(26-29), and anticancer activity (30). Since D-glucofuranose and its derivatives
have already been found to have potential as antimicrobial and anticancer before
(27, 29, 31, 32), this is why derivatives of this compound have been taken and
performed different types of computational studies. Firstly, molecular docking
investigation was conducted, and the docking score has been reported higher
compared to the standard range. Then, it was thought that this drug could act as
an anticancer activity through the computational approaches.

2. COMPUTATIONAL DETAILS

2.1 Optimization of molecules

For geometry optimization, the material studio was used to calculate chemical
reactivity indicators using B3LYP, DFT method of DMoL3 code from Material
Studio 08 version (33-35). This method has been utilized to get an exact result.
Highly precise result is obtained from DMol3 code. The B3LYP functional and
basis set (DND) was set up properly due to the presence of the electronegative
atom, oxygen. After geometric optimization, molecular orbitals were analyzed
with levels of diagrams, HOMO and LUMO. After appropriately performed
optimization, these optimized lead compounds were exported as pdb files for
further computational investigation, such as molecular docking, molecular
dynamic, and ADMET.

2.2 PASS prediction

The pass prediction data (Pa>Pi value) has been obtained from the online pass
website "http://way2drug.com/PassOnline/predict.php,” which is the most
reliable and valuable website to predict molecules. Specifically, the antiviral,
antifungal, anticancer, antibacterial, and antibiotic properties of Pa> Pi value
were evaluated. This value is crucial for investigating and assessing newly drug
candidate molecules' therapeutic and biological potency (36).
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2.3 Method for molecular docking

The three-dimensional structure of HER2-positive breast cancer tests positive
for a protein called human epidermal growth factor receptor 2 (HER2), which
enhances the growth of cancer cells. It was found in Protein Data Bank (PDB)
with breast cancer protease, ID: (3hb5); and triple-negative breast cancer
protease (4pv5), following link https://www.rcsb.org/, which is designated
structural unit of breast cancer in the human body carrying with genetically
properties. The obtained protein from PDB was viewed using the PyMol software
version using PyMolV2.3 (https://pymol.org/2/) (37). To get the fresh protein,
all water molecules and unexpected ligands or heteroatoms were removed and
stored as PDB files. Drug PDB and protein files were uploaded to PyRx Virtual
Screening Tools (38) for molecular docking as the auto dock vina. Finally, the
docked complex was taken into the Discovery Studio version 2017 for viewing
and analyzing the result (39).

2.4 Molecular Dynamics

Molecular dynamics (MD) is a tool used to study nuclear orientations where a
single point model is replaced by a dynamic model, and the nuclear system is
forced to be dynamic. The NAMD application has been applied to conduct the
MD simulations on very high configuration desktops in live views or batch mode
(40). MD simulation was enthusiastic to under the docking results gained for the
best drugs and HER2-positive breast cancer protein up to 100 ns for holo-form
(drug-protein) applying AMBERZ14 force field (41). The whole framework was
equilibrated using 0.9 percent NaCl at 298 K heat in a water solution. At the
simulation time, a cube was disseminated within 20 A each side of the process
and periodic boundary situation and was analyzed using RMSD and RMSF by
VMD software.

2.5 Determination of the Lipinski rule and Drug likeness

The Lipinski rule of five assists in categorizing drug-like and non-drug-like
compounds(42, 43). When it comes to structural characteristics of compounds,
drug-likeness criteria have been employed to calculate a molecule's drug-like
features more quickly (44). The primary focus on Lipinski five Rule is to
determine (Hydrogen bond acceptor, Hydrogen bond donor, TPSA,
Bioavailability Score, etc.), and it has been obtained by utilizing of SwissADME
http://www.swissadme.ch/index.php free website (45) (Swiss Institute of

Bioinformatics, Switzerland) (46).
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Figure 1. Molecular structure of D-glucofuranose and its derivative.
3.2 Optimized structure

To find a promising therapeutic candidate for clinical testing, structure-based
drug discovery involves designing and optimizing chemical structures. After
establishing an initial lead molecule, optimization has been performed to
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2.6 Determination of the data of ADMET

An essential part of drug discovery is determining DMPK (drug metabolism
and Pharmacokinetics) research, which is described to as ADMET (absorption,
distribution, metabolism, elimination, toxicity) research. ADMET features were
completed using the online database ADMETSAR,
http://Immd.ecust.edu.cn/admetsar2, the most trustworthy and reliable database
for predicting the AMDET parameters (47-49).

2.7 Determination of the QSAR and PICs

QSAR is a quantum chemistry method that has been widely utilized to estimate
the bioactivity of substances based on their molecular structure as a technique
for forecasting medication efficacy in new drug discovery and development(50).
QSAR and plCs, values were calculated with the help of the Chemdesk website
and a standard equation is known as Multiple linear regression (MLR). From this
free database of chemdesk, the required data (including Chiv5, MRVSAGY,
PEOEVSAS5) has been collected then, develop an Excel shit with Multiple linear
regression (MLR), and the calculation of QSAR and PIC® has been completed
for the reported Ligand (51). Particularly, describe the data, Chiv5 molecular
connectivity, bcutml means burden descriptors, MRVSA9, MRVSA6 and
PEOEVSAS5 are MOE type descriptors; GATSv4 indicate autocorrelation
descriptors, and the last two-parameter J and diametert suggested topological
descriptors of drug molecules or biological compounds (51).

3. RESULTS AND DISCUSSIONS
3.1 Chemistry

D-glucofuranose and its analogs are extremely prevalent carbohydrate-
containing molecules in the category of glucose of carbohydrate, and they exhibit
both anticancer and antimicrobial effects. This is why they've been referred to
the computational studying against breast cancer. The most likely objective of
this research is to see what happens to anticancer activity when the side chains
of D-glucofuranose molecules are modified. Figure 1 shows that the oxygen
group and alkylating chain have been substituted by a -OH in the parent D-
glucofuranose. Secondly, by introducing aromatic or benzene rings to the parent
D-glucofuranose, the -OH has been replaced.

n-Butyl 2,3 .4 6-tetra-O-acetyl-a-0-
glucopuranose (02)
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OH

Epirubicin hydrochloride (08)

generate an effective drug candidate (52). It relies upon understanding the drug's
three-dimensional structure and how its form and charges induce it to interact
with its biological target, eventually generating a therapeutic effect (53). The
optimized structure is displayed in Figure 2.
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Cyclophosphamide
Figure 2. Optimized structure of D-glucofuranose and its derivatives.
3.3 HOMO, LUMO, and chemical reactivity descriptors

Table 1 shows the eLUMO, eHOMO, and AE gaps, chemical potential (p),
electronegativity (), stiffness (1), softness and electrophilicity (o) of the drugs.
These data have been calculated by utilizing B3LYP functional, leading to better
geometry optimization results (54). The HOMO-LUMO energy gap determines
the molecules' chemical sensitivity, and a large HOMO-LUMO gap refers to low
chemical stability with high dynamics (55). The most fundamental distinction
respectively HOMO and LUMO is that HOMO donates electrons, where LUMO
receives electrons. Molecular interaction (HOMO/LUMO) predicts which
molecules should have unusually high HOMOs and abnormally low LUMO's
ultimately recognize the functional groups and indicate which functional groups
are reacted or interacted with each other.

Table 1. Frontier molecular orbitals and reactivity descriptor analysis.

Epirubicin hydrochloride

The orbitals that contain electrons are the highest in HOMO energy, and those
that do not have electrons are the lowest in the LUMO energy (56-63).

From table 1, it is observed that the HOMO-LUMO gap is about 6.171 to 9.780
eV for all tested drugs, while 05 and 08 show the lowest energy gap and have the
highest softness value. However, 05 and 08 show better performance than others
with a lower energy gap. The chemical reactivity and active sites of the molecules
were determined by frontier molecular orbital (FMO), where the protein can be
banded, and the lower magnitude of energy gap contributes to form an interaction
with HER2-positive breast cancer cell protein with drugs. The HOMO-LUMO
gap is dynamically higher, reduces the molecules' stability, and will quickly
dissolve it, resulting in faster actions. The value of HOMO-LUMO difference,
softness, electron activity of Table 1 clarifies that all the drugs can capable
prevent the spread of breast cancer cells in the human body.
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01 -1.309 -10.469 9.079 10.469 1.309 -5.889 4580 5.889 3.786 0.218
02 -0.787 -10.567 9.780 10.567 0.787 -5.677 4.890 5.677 3.295 0.204
03 -0.175 -8.626 8.451 8.626 0.175 -4.4005 4.225 4.400 2.291 0.236
04 -0.719 -8.614 7.895 8.614 0.719 -4.6665 3.947 4.666 2.758 0.253
05 -1.823 -8.990 7.167 8.99 1.823 -5.4065 3.583 5.406 4.078 0.279
06 -1.450 -9.094 7.644 9.094 1.450 -5.272 3.822 5.272 3.636 0.261
07 -1.390 -9.921 8.531 9.921 1.390 -5.6555 4.265 5.655 3.749 0.234
08 -2.923 -9.094 6.171 9.094 2.923 -6.0085 3.085 6.008 5.850 0.324
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3.4 Frontier molecular orbital: HOMO and LUMO

In terms of physicochemical parameters, the HOMO and the lowest LUMO
orbitals have such a significant role, as well as protein interaction has enormous
biological importance (64-70). The orbital geometries determined by DFT,
HOMO orbitals have electron denser regions, whereas LUMO orbitals have been

ONNT

OWOH

ONNT

OWOH

Figure 2. Frontier molecular orbitals diagram for HOMO and LUMO.
3.5 PASS prediction

All the designing compounds have provided the most potent Antineoplastic
activity. The Pa value of all Ligands has been shown above 0.680+ and ligand
N° 04 and 06 showed the highest Pa value (L04 Pa>0.884 & L06 Pa>0.931) while
the smallest Pa value has been seen in LO1 Pa>0.685. Even though the primary
focus is on predicting Antineoplastic properties, additional prediction indicators

Table 2. Data of PASS prediction.

considered electron-deficient regions. In Figure 3, LUMO is typically present
where the positive charge has been placed, and the HOMO is present where the
negative charge is placed. The deep green highlights the positive portion in
HOMO, and the deep radish hue has marked negative node. The lightest shade
of maroon symbolizes the orbital's positive side of LUMO, while yellow
indicates its negative side of LUMO.

such as antiviral and antibacterial Pa values and antifungals have also been
displayed in table 2.

The PASS prediction value is much higher against antineoplastic than
antiviral, antibacterial, antibiotic & antifungal. It is almost opposed to the Pass
prediction value of the traditional/standard drug. So, these higher values of Pa
indicate that the bioactive molecules will act as a potential drug against breast
cancer.

Antiviral Antibacterial Antifungal Antibiotic Antineoplastic

Ligand Pa Pi Pa Pa Pi Pa Pi Pa Pi
01 0.345 0.024 0.531 0.014 0.675 0.011 0.314 0.013 0.685 0.029
02 0.264 0.052 0.561 0.011 0.774 0.009 0.334 0.011 0.838 0.008
03 0.335 0.026 0.362 0.040 0.661 0.012 0.202 0.028 0.817 0.010
04 0.296 0.038 0.383 0.034 0.633 0.015 0.199 0.029 0.884 0.005
05 0.226 0.076 0.190 0.127 0.486 0.033 0.179 0.024 0.773 0.015
06 0.217 0.082 0.256 0.080 0.601 0.018 0.134 0.057 0.931 0.005
07, Cyclophosphamide 0.235 0.111 N/A N/A N/A N/A N/A 0.996 0.003
08, Epirubicin hydrochloride 0.403 0.034 0.704 0.004 0.626 0.016 0.548 0.004 0.960 0.004
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3.6 Molecular Docking

One of the most effective methods in structure-based drug design is docking
that predicts the preferred orientation of a molecule and when bound to each other
to form a stable complex and can indicate binding-conformity of small molecule
ligands on suitable target sites. Since protein-ligand interaction plays a
significant role in structurally based drug designing, H bonding and hydrophobic

J. Chil. Chem. Soc., 67, N°3 (2022)

bonding are the main reasons for docking scores. It is considered a standard drug
if the docking score is above 6.00 kcal/mol (71). The main goal of molecular
docking is to give a prediction of the ligand-receptor complex structure by using
computation methods which can be obtained plays an significant role two
interrelated steps: first by sampling Ligand's configurations on active sites of
proteins; then arrange these distortions through a scoring function.

Table 3. Data of binding energy and name of interacted ligand for breast cancer protease (3hb5).

Ligand Binding Affinity No of H bond No Hydrophobic bond Halogen bond Total bonds
(kcal/mol)
01 -6.90 06 02 Absent 08
02 -8.10 04 05 Absent 09
03 -9.50 04 03 Absent 07
04 -8.60 03 02 Absent 05
05 -9.50 08 02 03 13
06 -8.80 02 02 Absent 04
07 -6.20 03 04 Absent 07
08 -10.40 07 04 Absent 11

MD and nonbonding interactions are performed to realize the binding affinity of all structures with the receptor protein. The present study is revealed that all drug
molecules showed good binding energy toward the target protein ranging from -6.20 to -10.40 kcal/mol shown in table 3 and -5.70 to -7.90 kcal/mol in table 4. At the
same time, 03, 05, and 08 could be considered the efficient inhibitor since the standard binding affinity has been considered -6.0 kcal/mol (72-78).

Table 4. Data of binding energy and name of interacted ligand for triple-negative breast cancer Protease (4pv5).

Ligand Binding Affinity No of H bond No of Hydrophobic No of van der Waal Total bonds
(kcal/mol) bond bond
01 -5.90 04 02 Absent 06
02 -6.20 02 02 Absent 04
03 -7.00 03 05 Absent 08
04 -7.40 01 08 Absent 09
05 -7.60 03 04 Absent 07
06 -7.40 02 02 Absent 04
07 -5.70 05 01 Absent 06
08 -7.90 03 04 Absent 07

3.7 Protein-ligands interaction and binding sites

Protein-ligand interaction (PLI) has a significant role in discovering a new
drug that provides vital information on the binding or bonding drugs with
targeted pathogen proteins (79). However, it plays an essential role as a
therapeutic goal. It is currently regarded as one of the most challenging areas of
drug discovery due to specific structural characteristics of Protein interaction
with ligands. The main protease of breast cancer protein, the interaction of drug
molecules with 3hb5, has been investigated with bond distance. There are two
types of bonds, H-bonds and hydrophobic bonds, but van der wall bonds are not
presented for all drugs (table 4). The main protease and ligands interaction with
amino acid residues and their bond distance is shown in Table 4.

The total active amino acid residues have been seen 22 before the docking
study. These are THR-190, VAL-188, GLY-186, ILE-14, ALA-191, PHE-192,
SER-12, ASN-90, LYS-159, SER-11, CYS-10, GLY-9, ALA-91, TYR-155,
THR-135, LEU-36, ARG-37, VAL-66, ASP-65, ARG-67, LEU-64 and ARG-
67.

Since the compounds 03, 05, and 08 have been obtained the highest binding
affinities, it is observed that the Ligand 03 consists of a total of 07 active sides
where four hydrogen PHE-192 (4.49), SER-12 (3.05). SER-12 (2.87), SER-12
(2.86) and PHE-192(3.39), PHE-192(4.82), ILE-4.38(4.38) residues are formed
as a hydrophobic bond. On the other hand, compound no 05 consists of 10 active
amino residues where 08 hydrogen bond SER-11 (3.10), SER-11(3.44), SER-
12(3.67), SER-12(2.99), GLY-13(3.10). The GLY-13(3.22), ILE-14(3.12),
TYR-155(4.11) are in the active sites, the VAL-196 (4.60), PHE-192 (4.07) are
in hydrophobic bonds. Besides, compound no 08 has been obtained the 11 active
amino acid portions, but the no of the hydrogen bond is higher number, such as
PHE-192(5.73), PHE-192(4.80), SER-12(3.01), SER-12(3.25), SER-12(2.44),
ALA-191(2.48), TYR-155 (2.88) compared to hydrophobic bond. These are
performed against breast cancer Protease (3hb5).

Secondly, docking tests have been carried to combat triple-negative breast
cancer protease (4pv5). First thing, before the docking tests, Triple-negative
breast cancer Protease (4pv5) have consisted of fourteen (14) active sides; these
included ASN-104, ARG-38, GLU-17, ARG-123, HIS-127, GLU-100, GLN-34,
GLY-156, GLU-156, GLU-173, LYS-153, and GLU-100.
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Figure 3. Various docking poses diagram for 05.

When the docking testing has been tested against triple-negative breast cancer Protease (4pv5), various active sites are obtained. The active sides have been observed
GLU-173(3.45), GLU-173(2.08), GLU-100)2.35) hydrogen bond and ILE-180(4.46), LEU-61(5.07), PHE-63(4.98), PHE-163(4.70), LYS-151(5.40) for ligand 03.
The Ligand 05 has been provided a total of 06 active sides, such asTHR-102(3.03), GLU-100(3.36), LYS-151(2.93) as a hydrogen bond and PHE-68(5.08), LEU-
161(4.93), PHE-93(4.91), ILE-180(4.85). In addition, ligand 08 has been supplied with a total of 07 active sides. Three hydrogen bonds PRO-167(2.64),
GLN-165(2.03), GLN-165 (2.35), and four hydrophobic bonds PRO-167(4.49), PRO-167(4.44), LYS-148(5.03), LYS-148 (5.10), have been identified throughout
them.

Table 5. Main protease and ligands interaction with amino acid residues and their bond distance (3hb5).

Interactions
[ Comvertons Hckogen Bond
[] Carton Hyrogen tend

B orersond

1Ys
B:151

293

491 ILE
8:180

485

[

[ Posson

Hydrogen bond Hydrophobic bond Halogen bond
Interacting residue Distance, A Interacting residue of Distance, A Interacting residue of Distance, A
of amino acid amino acid amino acid
01 SER-12 2.77 TYR-155 4.85 Absent Absent
SER-12 1.96 PHE-192 3.95
GLY-9 2.80
GLY-9 2.74
ASN-90 2.70
ILE-14 3.27
02 GLY-9%4 2.94 ALA-191 4.30 Absent Absent
GLY-92 3.13 PHE-192 3.68
GLY-92 3.22 PHE-192 5.05
GLY-92 3.19 TYR-155 491
SER-12 2.83 ILE-14 450
03 PHE-192 4.49 PHE-192 3.93 Absent Absent
SER-12 3.05 PHE-192 4.82
SER-12 2.87 ILE-14 4.38
SER-12 2.26
04 SER-11 3.12 TYR-155 5.34 Absent Absent
SER-12 3.15 PHE-192 3.99
GLY-94 3.21
05 SER-11 3.10 VAL-196 4.60 GLY-92 3.67
SER-11 3.44 PHE-192 4.07 ASN-90 3.00
SER-12 3.67 ASN-90 453
SER-12 2.99
GLY-13 3.10
GLY-13 3.22
ILE-14 3.12
TYR-155 411
06 SER-12 2.90 TYR-155 4.94 Absent Absent
GLY-94 3.01 PHE-192 3.97
07 GLY-92 3.42 PHE-192 4,72 Absent Absent
LYS-159 3.55 PHE-192 451
TYR-155 2.55 VAL-196 4.57
MET-193 5.01
08 PHE-192 5.73 PHE-192 4.34 Absent Absent
PHE-192 4.80 PHE-192 3.89
SER-12 3.01 PHE-192 4.84
SER-12 3.25 MET-193 5.33
SER-12 244
ALA-191 2.48
TYR-155 2.88
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Table 6. Main protease and ligands interaction with amino acid residues and their bond distance.
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Hydrogen bond Hydrophobic bond Halogen bond
Interacting  residue of . . Interacting residue of . . Interacting residue of . .
amino acid Distance, A amino acid Distance, A amino acid Distance, A
01 PHE-30 1.75 PRO-25 4.70 Absent Absent
ASP-29 3.02 LYS-28 3.78
THR-56 3.02
THR-27 353
02 LYS-78 3.16 PHE-17 4.56
LYS-78 3.46 LEU-57 3.92
03 GLU-173 3.45 ILE-180 4.46 Absent Absent
GLU-173 2.08 LEU-61 5.07
GLU-100 2.35 PHE-63 4.98
PHE-163 4.70
LYS-151 5.40
04 THR-102 311 ILE-180 5.03
ILE-184 5.32
ILE-61 5.27
LEU-70 5.27
PHE-93 4.89
PHE-63 5.09
PHE-68 3.66
LYS-151 4.37
05 THR-102 3.03 PHE-68 5.08 Absent Absent
GLU-100 3.36 LEU-161 493
LYS-151 2.93 PHE-93 491
ILE-180 4.85
06 ASN-119 3.55 PHE-68 4.55
ARG-38 2.81 TRP-171 4.85
07 TRP-105 3.20 TRP-105 4.03 Absent Absent
HIS-103 2.93
SER-69 3.13
TYR-71 3.05
TYR-71 2.80
08 PRO-167 2.64 PRO-167 4.49 Absent Absent
GLN-165 2.03 PRO-167 4.44
GLN-165 2.35 LYS-148 5.03
LYS-148 5.10

[Note: TRP = Tryptophan, ASP = Aspartic acid, GLU = Glutamic acid, LEU = Leucine, THR = Threonine, ASN = Asparagine, GLN = Glutamine,
PHE = Phenylalanine, ILE = Isoleucine, ARG = Arginine, VAL = Valine, SER = Serine, PRO = Proline, GLY = Glycine, HIS = Histidine, LYS = Lysine,

TRP = Tryptophan, CYS = Cysteine, MET = Methionine.]
3.8. Molecular Dynamics

Molecular dynamics (MD) is a widely applied computational method for
analyzing the physical motion of atoms and molecules in each step of modern
drug discovery (80). One of the notable methods of testing accuracy docking
methods in case of average root-min square deviation (RMSD) and root-min
square fluctuations (RMSF) is molecular mobility that provides accurate

1.0 1.0

information about the respective crystal structures' posture ligands and protein-
interactions in complex structures. It has been revealed that the RMSD in the
docking complex is less than 2 A able to pose an excellent fitting ligand pose in
the drug pocket and compactly dock the software. Then create both docked poses
in parallel with the docked complex by RMSD; Low values indicate the accuracy
and durability of the docking method.
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Figure 4. Various pictures of RMSD and RMSF for Breast cancer Protease (3hb5).
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Figure 5. Various pictures of RMSD and RMSF for Triple-negative breast cancer Protease (4pv5).

3.9. Pharmacokinetics and Drug likeness study

The concept of pharmacokinetics and drug-likeness provides valuable
guidance in the earliest phases of drug development to improve the chances of a
chemical entry and clinical passage—SwissAdME forecasting of
Pharmacokinetics and characteristics of drug molecules. The nonfigurative drug
discovery of molecular information on the pharmacokinetics features of the
molecule must be achieved at an early stage (81). Pharmacokinetics and drug-
similarity have been studied comparatively as Lipinski's rule of thumb and drug

Table 7. Data of Lipinski rule, Pharmacokinetics, and Druglikeness.

activity, using the online database link https://www.sib.swiss/, provided by the
Swiss Institute of Bioinformatics to develop a new drug for breast cancer. From
table 6, it is clear that all selected molecules follow the Lipinski rule as drugs.
All the drugs have a high absorption rate in the Gl, which means the drug has
been absorbed very rapidly in the Gl absorption of all drugs excluded ligand 08.
Besides, the bioavailability of all drug are reported much better than that refers
while the drug will be taken orally, the extent rate of the active moiety (drug or
metabolite) enters and is present in systemic circulation very rapidly.

z Z & 3 C9 S8G% Lipinski rule < ‘8” 2 @

b > o d <« 3 &3 < = ) @

> T8 2 X s 2 =3

S 5 ISR S) P <. . 38

b =2 S o 3 S 5 3

2 EES =S ) g =S

= 5 - <) = o

S < =]
01 5 6 4 99.38 -0.60 -8.48 Yes 0 236.26 0.55 High
02 11 8 0 97.36 1.86 -7.23 Yes 0 360.40 0.55 High
03 5 6 2 77.38 1.37 -7.48 Yes 0 324.37 0.55 High
04 9 8 0 89.52 2.34 -7.18 Yes 0 408.44 0.55 High
05 11 14 0 89.52 3.95 -6.25 Yes 1 516.38 0.55 High
06 11 8 0 89.52 4.56 -5.81 Yes 1 615.11 0.55 High
07 5 4 1 51.38 1.23 -7.45 Yes 0 261.09 0.55 High
08 5 12 6 206.07 0.50 -8.71 No 3 543.52 0.17 Low

3.10 Pharmacokinetics and ADMET studies

An essential part of developing drugs is the DMPK investigations. These have
sometimes been alluded to as ADMET (Absorption, Distribution, Metabolism,
Elimination, and Toxicity) analyses since they investigate how drugs are
metabolized and how they are eliminated from the body (82). These
investigations assist in determining a medication candidate's effectiveness (83).
Firstly, the Absorption — exactly how much and how promptly is the medication
is absorbed (84), Distribution- after administration of any therapeutic drug,
where the medication is dispersed inside the body and how quickly and widely it
has been delivered (85). Metabolism - how quickly does the medication break
down, the mode of action, the metabolite form generated, and whether it is

Table 8. Pharmacokinetics and ADMET Data.

effective or poisonous (86), elimination- this has been described that in what way
and how promptly does the medication leaves the body (87) and toxicity- this has
been described. Is this medication harmful to the organ functions or provided any
detrimental effect (88).

The ADMET nature of the drug obtained from an online database for
computational forecasting, as shown in Table 7. All the therapeutic candidates
are rapidly absorbed in human intestinal absorption which is illustrated around
0.7928 to 0.9695. They can easily cross the blood-brain barrier, and all the sub-
cellular localization therapeutic compounds have been seen in Mitochondria.
And they cannot inhibit of CYP450 1A2 Inhibitor which means drug cannot
accumulation to the body and no chance to the P- I glycoprotein inhibitor and P-
11 glycoprotein substrate.

w w 5 0 ©® T S w w =
" zz g z 3® £Y §3 ge g2 32
3 3 =) 8 T« Q= oD = & 2y SN
S 2 y T = a e S = N @ 5 =
© S5 e w IS L o] L= 2 & R
S = pel = = 8 T 3 4= S g T =
S 2 g g < S S Ss o] 5
g 3 5 3 3 52 =g Q 3
=3 g o & 2 =
=1 & 2] = @, <]
2 = 3 > S 3
g z g
01 0.9695 -0.8230 Yes No No No Mitochondria No No
02 0.7508 0.7423 Yes No No No Mitochondria No No
03 0.8983 -0.6167 Yes No Yes No Mitochondria No No
04 0.7928 0.5763 Yes Yes Yes No Mitochondria No No
05 0.8300 0.6352 Yes Yes Yes No Mitochondria No No
06 0.8090 -0.7474 Yes Yes Yes No Mitochondria No No
07 0.8675 0.6137 Yes No No No Mitochondria No No
08 0.8447 - 0.8650 Yes No Yes No Mitochondria No No
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3.11. Toxicity

Toxicity describes how much harmful effect a drug-like substance may have
on a living organism (88). Toxicity data has been recorded for all medications
listed in table 8 for aquatic and non-aquatic environments. It was found that all
the drugs are strongly soluble in the water medium and the range of aqua
solubility -0.406 to -5.12 where the highest solubility is -5.12 for 05 and the
lowest values is 0.406 for 01. Besides, all the compounds have no adverse effect

Table 9. Aquatic and non-aquatic toxicity.

J. Chil. Chem. Soc., 67, N°3 (2022)

on the environment, non-toxic, non-carcinogenic, and are readily absorbed by
the human body. There was a wide variation in the acute oral toxicity of the
industrial chemicals, with a value range of 1.3384 kg/mol to 2.7694 kg/mol.
Since all the ligands have been free from carcinogenicity, it can be said that there
is no chance to create cancer in the living organism. On the other hand, it has
been found that the reported ligands are also non-toxic, which has been referred
that the ligands have no possibility to produce any harmful effect on both
environment and human health.

o = o (=}

> 5§ 2% &3

o 1 w8 = = Sr S S 3=
S.L g 8 =3 o <9 @,:i =4 3 R e g

z S g S &= 52 T3 |2

= =) = . 3 22 < ca

< q ‘_2 =1 =3 S @ g
01 No No -0.406 0.406 3.297 1.3384 2.5014 -0.4367
02 No No -2.216 0.62 2.106 1.7873 1.0241 0.3164
03 No No -3.647 0.89 2.743 2.3579 1.1753 0.8258
04 No No -4.714 0.706 2.543 2.2923 0.2275 1.068
05 No No -4.806 1.025 2.37 2.7694 0.0986 1.3551
06 No No -5.12 1.016 3.127 2.6702 0.0284 1.4345
07 No No -2.605 0.255 3.421 3.3855 2.1973 0.0985
08 No No -2.719 0.924 3.219 2.6644 1.3320 0.3955

3.12 QSAR and pICs

One of the most commonly utilized techniques in ligand-based drug design is
the quantitative structure-activity relationship (QSAR) (89). Using
computational techniques, the QSAR calculation was done to identify the
correlation between the biological and structural activities of bioactive

QSAR data here, pICso

molecules. The overall value of the QSAR and plCs, assessment satisfies all
requirements, and substances have varied QSAR as well as plICs in different
compounds. The QSAR and plCs, ranges are discovered to be between 4.3321
and 5.1462, with 5.1462 being the highest and 4.3321 being the lowest. The
calculated plCsy (Table 8) implies that these described compounds may be
therapeutically effective against breast cancer.

(Activity) = —2.768483965 + 0.133928895 x (Chiv5) + 1.59986423 x (bcutm1) + (—0.02309681) x (MRVSAQ) + (~0.002946101) x (MRVSAG) + (0.00671218)
x (PEOEVSAGB) + (-0.15963415) x (GATSv4) + (0.207949857) x (J) + (0.082568569) x (Diameter).

Table 10. QSAR and pICs

Chivs bcutm1 MRVSA9 MRVSA6 PEOEVSA5 GATSv4 J Diameter pICso
01 0.971 3.74 0.000 0.000 13.345 1.053 2.496 09.000 4.5287
02 1.852 3.79 17.908 0.000 20.268 1.188 2.926 11.000 4.5925
03 2.022 3.859 0.000 35.895 43.676 1.240 1.561 14.000 5.1462
04 2.539 3.87 11.939 35.895 43.676 1.259 1.753 14.000 4.9942
05 2.565 3.874 11.939 35.895 43.676 1.050 1.880 14.000 5.0639
06 2.874 4.126 81.544 35.895 113.282 1.275 1.880 14.000 4.3321
07 2.869 4414 30.872 0.000 0.000 1.059 2.531 07.000 4.8998
08 4.116 4.078 17.350 51.58 12.133 1.104 1.485 14.000 5.1243

3.13. 3D Potential Map of electrostatic potential charge distribution

The electrostatic potential is used to conjecture chemical reactivity since parts
of negative potential charge represent the protonation and nucleophilic attack
areas, whereas sections of positive potential charge may imply electrophilic sites.
Electrostatic potentials have been extensively employed in investigating many

- 221? i .-__.:.-.
- 343l
-.15%0 HE:
—34m 8
527

biological, physical, and practices and analyses (90-92). The positive
electrostatic potential area has been colored in blue (electrophilic site), and the
red color area indicated the nucleophilic binding sites below figure 7. It has been
seen that the blue color (electrophilic site) is more prominent compared to
nucleophilic binding sites.
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Figure 6. 3D Potential Map of electrostatic potential charge distribution.
CONCLUSION

In this study, the computationally design and tools have been carried out
applying D-glucofuranose, as well as its modifications form (derivatives) against
breast cancer Protease (3hb5) and triple-negative breast cancer protease (4pv5),
with computational models employing computer simulations being used to
generate innovative synthesized active compounds. The molecular docking has
been used to calculate the binding affinity against breast cancer protease (3hb5)
and triple-negative breast cancer protease (4pv5) to acquire a more realistic
investigation. The maximum docking score has documented in such a range is at
-9.5 kcal/mol against breast cancer for 03 and 05. Secondly, it conveys at -8.80
and -8.60 kcal/mol for 06 and 04, respectively, which magnitude is much more
significant for being an effective drug. However, compared to standard
substances, it is possible to extrapolate that the assessed ligand has almost a
similar binding affinity and an equivalent illustration for RMSD and RMSF
molecular dynamic accountancy to show its stability. After the overall analysis,
it has been seen that the entire drug candidates are highly soluble in water, free
from carcinogens with high GI absorption, accomplished the Lipinski rule and
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attributes of drug-likeness features. So, it has been decided that the finding of
new potential drug candidates 03, 05, and 08 could be considered the standard
drug. Since these drugs have fulfilled all the parameters, hopefully, if they are
brought to the commercial market, they are much safer than preexisting drugs.
The side effects will also be less than Preexisting medication, which has already
been available in the market like chemotherapy.
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