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ABSTRACT

Pyrimidine is one of aromatic heterocyclic class of organic 
compounds that’s similar to pyridine. It’s found in the nucleic 
acids DNA and RNA. Novel pyrimidinic selenoureas were 
reported to have a remarkable inhibitory activity against breast 
carcinoma cells (MCF-7). With the help of computer-aided drug 
design techniques one of these compounds was further 

optimized to design three other derivatives with more potency 
than the previous and also more potent than many anti-breast 
cancer drugs. The main aim of this study was to design more 
potent pyrimidinic selenoureas derivatives and compare them 
with the standard anti-breast cancer drugs. An optimization 
method of structure-based drug design was employed. Two 
compounds of novel pyrimidinic selenoureas were reported 
in which the first compound was selected and docked with 
the ERBB2 receptor tyrosine kinase (PDB ID: 2A91), it was then 
modified to design three (3) derivatives. The receptors were 
later docked with seven (7) different anti-breast cancer drugs 
approved by American Cancer Society (such as, Capecitabine, 
Cisplatin, Curcumin, Paclitaxel, Ixabepilone, Doxorubicin and 
Vinorelbine) to record their potency and later compared with 
the designed compounds. An ADMET pharmacokinetic study 
was carried out on the designed compounds to investigate 
their drug-likeness. In the result, all the designed compounds 
were found to be more potent than the template, in which 
compound a1 and a2 (with moldock score of -148.456 and 
-153.725) were found to be more potent than Capecitabine, 
Cisplatin, Curcumin, Doxorubicin and Vinorelbine (moldock 
score; -134.953, -43.889, -148.290, -106.187 and -134.986), but 
less active than Paclitaxel and Ixabepilone (with moldock scores 
of -154.135 and -157.093), with compound a3 (moldock score; 
-161.583) recorded the highest potency which is more potent 
than all the listed drugs, and also the designed compounds were 
found to have good pharmacokinetic profiles. Conclusively, 
three other derivatives of novel pyrimidinic selenoureas were 
designed and found to be more potent than the template 
and many anti-breast cancer drugs. The compounds should 
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be further synthesized for their excellent activities and good 
pharmacokinetic parameters.

Keywords: In silico Discovery, Novel pyrimidinic selenoureas, 
MCF-7 inhibitors, ADMET Pharmacokinetic

INTRODUCTION

The dramatic increase of death caused by breast cancer is 
usually due to lack of various types of therapies [1]. Pyrimidine 
is one of aromatic heterocyclic class of organic compounds 
that’s similar to pyridine [2]. It’s found in the nucleic acids DNA 
and RNA (Pyrimidine, 2021). Pyrimidine compounds were 
found to be significances in the field of medicine, such as 
anticancer [3], antimicrobial [4], antimalarial [5] among other.

Organoseleniums are renounced for their antioxidant activity 
as well as their capacity to imitate selenoenzyme Glutathione 
Peroxidase (GPx-like activity) [6].

Also an existing evidence indicated that compounds of 
selenium (Se) had potential in cancer chemotherapy; thus, 
they are much renounced in inhibiting cell proliferation and 
lead to death in human cancer cells via apoptosis [7,8].

Computer-aided drug design equipped us with the 
knowledge of receptor-ligand complex which give an insight 
for structural modified to design more potent drug candidate. 
This can be achieved through different methods, here we 
used the method of optimization where a compound was 
chosen and modified to get more potent derivatives. The aim 
of the research was to design more potent anti-breast cancer 

compounds via in silico technique of drug discovery.

MATERIALS AND METHOD

Preparation of Ligand

From the work of Barbosa, et al. (2018) [9] compound 8a was 
selected and modified because of it greater potency against 
MCF-7 and HeLa cell lines of breast cancer. The compound 
was drawn using Chemdraw Ultra version 12.0 software 
and optimized using spartan 14 software where it was later 
converted to PDB file (Ibrahim et al., 2018) [10] and then 
docked with the ERBB2 receptor tyrosine kinase (PDB ID: 2A91) 
using molegro software. The result of the docking study was 
recorded and later compared with the results of its derivatives. 
Following the same procedure, the 2D structures of the 
three (3) designed compounds were drawn, optimized and 
then converted to Protein Data Bank (PDB) format. Molegro 
software was also used to perform the docking study [11].

Preparation of Receptor

From the protein databank website (www.rcsb.org) the 3D 
structures of ERBB2 receptor tyrosine kinase (PDB ID: 2A91) 
was downloaded. With the aid of molegro virtual docker 
software, the downloaded receptor was prepared by removing 
all ligands, heteroatoms and water molecules present in it. 
Subsequently, the prepared receptors alongside the prepared 
ligands were docked using docking wizard in a melogro 
software. Molegro Visualizer was then used to visualize the 
docking results. The prepared ligand and receptor are shown 
in Figures 1 and 2.

 Figure 1: Structure of the prepared ligand (Scaffold).
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Optimization method for structure-based design

This refers to the optimization of known molecules through 
evaluating its proposed analogs within the binding cavity [12]. 
Discovery studio was used to visualize the receptor- ligand 
interactions in which different interactions such as H-bond 
and hydrophobic interactions formed between the Scaffold 
compound and the receptor (ERBB2 receptor tyrosine kinase) 
were studied. Based on the knowledge of these interactions, 
the designed compounds were proposed in which they were 
drawn, optimized, converted to PDB and later docked with 
the receptors to record their potency [13]. The receptors was 
later docked with seven (7) different anti-breast cancer drugs 
approved by American Cancer Society (such as, Capecitabine, 
Cisplatin, Curcumin, Paclitaxel, Ixabepilone, Doxorubicin and 
Vinorelbine) to record their potency and later compared with 
the designed compounds.

Theoretical prediction of ADME/T Parameters

A designed computer program known as ADMET Predictor 
is used to predict the pharmacokinetic parameters for a 
drug-likeness often referred to as “ADME/T” (Absorption, 
Distribution, Metabolism, Excretion/Elimination, and Toxicity) 
[14]. This study accounts for about 60% failures of the drug 
candidates. Being more potent and less toxic are not enough 
to qualify drug candidate, a good pharmacokinetic profile is 
very vital step in drug discovery. Therefore, to avoid waste of 
time and resources it is significantly important to examine 
the ADMET profile of designed compounds earlier. Thus, an 
online software known as swissADME was used to predicted 

the ADMET profiles of the designed compounds (a1 – a3) [15].

In 1997, Lipinski, et al. [16] proposed the “Rule of Five” which 
was made of four (4) ADMET parameters. At the then time, 
the Rule-of-Five was the “well-known rule-based filter” for 
examining whether a compound can be orally absorbed or 
not. The Rule of Five are; Molecular weight (MW), Number 
of hydrogen bond acceptors (HBAs), Number of hydrogen 
bond donors (HBDs), and Octanol/water partition coefficient 
(iLOGP). According to Rule of Five, a drug can be orally 
absorb only if it doesn’t cause more than one violation of the 
rules above. However, the Rules are not applicable to some 
complicated natural products [17,18], thus, the concept of 
QED (quantitative estimate of drug-likeness) comes into being 
which developed by Hopkins in 2012 [19] that brought about 
eight physicochemical parameters. These parameters are the 
Rules of Five and four(4) others; such as, number of aromatic 
rings (AROMs), molecular polar surface area (TPSA), number 
of alerts for undesirable substructures (ALERTs i.e. PAINS #alert 
and Brenk #alert) and number of rotatable bonds (ROTBs) [19]. 
The most flexible and adopted rules for drug-likeness is the 
concept of QED.

To examine the pharmacokinetic profile of the designed 
molecules, Chemdraw Ultra 12.0 was used to draw the 
chemical structure of the compounds. The molecules were 
imported into the website’s interface (http://swissadme.ch/). 
The SwissADME drug parameters were then generated [20].

Some of the ADME/T parameters and their recommended 
values are represented in Table 1.

Figure 2: Structure of the prepared receptor.
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RESULTS

Design

An optimization method of structure-based design was 
adopted in this work. From the work of Barbosa et al. (2018) 

[9] compound 8a was selected and modified in which three 
(3) other derivatives were designed. The optimization method 
of structure-based drug design involves the use of molecular 
docking results. Table 2 is the designed compounds and their 
moldock scores.

Parameter Default range
Molecular weight (MW) 50–500

octanol/water partition coefficien (iLOGP) -2–10
Topological Polar Surface Area (TPSA) 20–130

Number of H-Bond acceptors (HBA) 0–10
Number of H-bond Donors (HBD) 0–5

Rotatable bonds (RB) 0–5
Number of heavy atoms (nHA) 15–50

Table 1: Some ADME/T parameters and their recommended values.

Figure 3: Chosen scaffold compound 8a (MolDock = -109.937)
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Table 2: Structures of the designed compounds with their binding affinity.

Serial No. Structure MolDock Score

a1 -148.465

a2 -153.725

a3 -161.583

The 3D and 2D docking interaction between the compound a3 and protein residuals from the 
receptor are shown in Figures 4 and 5.
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Figure 4: 3D structure of receptor-ligand interaction for the compound a3.

Figure 5: 2D structure of receptor-ligand interaction for the compound a3.
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ADMET Calculation

Table 3: Calculated ADME parameters of the designed compounds.

Compound MW iLOGP HBA HBD TPSA nAH
PAINS

#alerts

Brenk 
#alerts

a1 521.83 0 4 4 127.31 10 0 1

a2 670.75 0 7 5 147.54 10 0 2

a3 613.44 0 9 5 166 10 0 1

Molecular weight (MW), number of rotatable bonds (RB), 
number of hydrogen donors (HBD), number of hydrogen 
acceptors (HBA), Topological Polar Surface Area (TPSA), 
octanol/water partition coefficient (iLOGP), number of 
aromatic heavy atoms (nAH), Molar refractivity (MR), number 
of alerts for undesirable substructures/substructures (Brenk 
#alert and PAINS #alert).

DISCUSSION

Design

In this study, a structure-based drug design approach was 
employed to design new anti-breast cancer compounds with 
better activity beginning with the compound 8a (Chosen 
scaffold compound) with MolDock score of -109.937 as our 
lead compound (Figure 3) which was reported to have good 
anti-breast cancer activity. On the bases of the interaction 
between the compound and the receptor, a series of three (3) 
derivatives of the compound (Table 2) were designed through 
structural modification of the compound as understood from 
its docking analysis. All the proposed compounds were docked 
using Molegro Virtual Docker and their binding free energies 
were recorded. All the designed compounds were found to be 
more potent than the template, in which compound a1 and 
a2 (with moldock score of -148.456 and -153.725) were found 
to be more potent than the standard drugs Capecitabine, 
Cisplatin, Curcumin, Doxorubicin and Vinorelbine (moldock 
score; -134.953, -43.889, -148.290,-106.187 and -134.986), 
but less active than Paclitaxel and Ixabepilone (with moldock 
scores of -154.135 and -157.093), with compound a3 (moldock 
score; -161.583) recorded the highest potency which is more 
potent than all the listed drugs.

ADME/T Study

The results of pharmacokinetic study unveiled that the 

designed compounds (a1, a2 and a3) were found to have good 
pharmacokinetic profile. That is to say, the physicochemical 
parameters (MW, iLOGP, HBA, HBD, TPSA, nAH, PAINS #alert 
and Brenk #alert) are within the recommended values (Table 
1). From the results of the ADMET study (Table 3), it can be 
observed that there are few violations of the recorded rules, i.e. 
as according with Lipinski’s Rule of Five/concept of QED which 
indicated they are within the acceptable profile. However, 
there was no alert of PAINS which signified that the molecules 
are quite specific. Thus, it can now be said that, the designed 
anti-breast cancer agents possess good pharmacokinetic 
profiles.

CONCLUSION

Conclusively, using an optimization method of structure-
based design, three other derivatives of novel pyrimidinic 
selenoureas were designed and found to be more potent 
than the template and many anti-breast cancer drugs. The 
compounds should be further synthesized for their excellent 
activities and good pharmacokinetic profiles.
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