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Abstract

Background: The sixteen (16) designed data set of substituted aryl amine-based triazolopyrimidine were docked
against Plasmodium falciparum dihydroorotate dehydrogenase (PfDHODH) employing Molegro Virtual Docker (MVD)
software and their pharmacokinetic property determined through SwissADME predictor.

Results: The docking studies shows compound D16, 5-((6-methoxy-5-methyl-[1,2,4]triazolo[1,5-a]pyrimidin-7-
yl)amino)benzo[b]thiophen-4-ol to be the most interactive and stable derivative (re-rank score = − 114.205 kcal/
mol) resulting from the hydrophobic as well as hydrogen interactions. The hydrogen interaction produced one
hydrogen bond with the active residues LEU359 (H∙∙H∙∙O) at a bond distances of 2.2874 Å. All the designed
derivatives were found to pass the Lipinski rule of five tests, supporting the drug-likeliness of the designed
compounds.

Conclusion: The ADME analysis revealed a perfect concurrence with the Lipinski Ro5, where the derivatives were
found to possess good pharmacokinetic properties such as molar refractivity (MR), number of rotatable bonds
(nRotb), log of skin permeability (log Kp), blood-brain barrier (BBB). These results could a deciding factor for the
optimization of novel antimalarial compounds.

Keywords: Docking simulation, Pharmacokinetic, SwissADME prediction, Substituted aryl amine-based
triazolopyrimidine, PfDHODH

Background
Malaria is an infectious disease spread by female Anoph-
eles mosquitos that affect over half of the world’s popu-
lation [1] and kill over one million people each year.
Human malaria is caused by the Plasmodium genus. Five
Plasmodium species have been identified: P. ovale, P.
vivax, P. falciparum, P. malariae, and P. knowlesi, with
P. falciparum being the deadliest of all [2, 3]. Because of
their affordability and potency, antimalarial medications

like chloroquine, mefloquine, and antifolates have
remained the standard treatment for the condition. Drug
resistance to currently available antimalarial medications
is a setback in the fight to eradicate the disease. As a re-
sult, researchers all over the world are motivated to
develop new antimalarial medicines with diverse mecha-
nisms of action [4].
Because the desired bases or nucleosides cannot be re-

trieved, the P. falciparum parasites can only obtain pyr-
imidine nucleotides through the de novo pyrimidine
pathway [5]. As a result, finding novel targets in the pyr-
imidine biosynthesis pathway could be a promising

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: zakariyyadibrahim@gmail.com
Ahmadu Bello University, Zaria, Nigeria

Future Journal of
Pharmaceutical Sciences

Ibrahim et al. Future Journal of Pharmaceutical Sciences           (2021) 7:133 
https://doi.org/10.1186/s43094-021-00288-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s43094-021-00288-2&domain=pdf
http://orcid.org/0000-0002-5081-2600
http://creativecommons.org/licenses/by/4.0/
mailto:zakariyyadibrahim@gmail.com


avenue for rare drug development [6]. Several com-
pounds have been identified to target Plasmodium fal-
ciparum lactate dehydrogenase, PfLDH, and have been
used as antimalarial medicines based on their activity
with specific protein targets [7]; azaaurones have been
shown to target the mitochondrial respiratory chain en-
zyme cytochrome bc1 [8], while β-carboline derivatives
have been shown to target cytosolic malate dehydrogen-
ase (MDH), which helps transport metabolites to the
mitochondria of P. falciparum [9]. The activity of
arylamine-based triazolopyrimidine against P. falciparum
has been observed [10, 11].
The PfDHODH enzyme can be present in both the

cytoplasm and mitochondria of living organisms. The
catalytic reaction of PfDHODH in the mitochondrial
under the influence of Flavin mononucleotide (FMN)
and coenzyme Q (CoQ) involves the oxidation of dihy-
droorotate into orotic acid [12], which is catalyzed by
FMN, and the use of CoQ to re-oxidized the FMN. The
β/α-barrel fold catalytic domain of PfDHODH was gen-
erated by the amino-acid residues 162–56. The residue
to the domain N-terminus anchors the protein present
in the mitochondrial (inner membrane) [5]. The CoQ,
which is situated between the domains of the β/α-barrel
and the N-terminal α-helical membrane, is a binding
site for several DHODH inhibitors. The species-
selectivity of these inhibitors is due to a difference in
amino acid sequence between the PfDHODH and
hDHODH enzymes [13, 14].
A plethora of studies on the molecular docking and

pharmacokinetic properties of antimalarial compounds
have been published, including one on the docking
and ADME determination of -Amino alcohol grafted
1,4,5-trisubstituted 1,2,3-triazoles derivatives to elevat-
ing p53 protein [15]; in 2020, Gorki and his col-
leagues conducted docking analysis and evaluation of
β-carboline derivatives [9], Dohutia and his colleagues
in 2018 on novel curcumin analogs [16], and Prakash
and Co. in 2010 on antimalarial docking studies [17].
The study focuses on the prediction of pharmacoki-
netic properties of sixteen substituted aryl amine-
based triazolopyrimidine derivatives and their molecu-
lar docking as PfDHODH inhibitors to account for
the causes of their interactions using the Molegro
Virtual Docker (MVD).

Methods
Software and materials
The docking simulations were carried out with DELL
Inspiron personal computer with the following specifica-
tions: COREi7 processor, 8GB RAM, 1 TB graphics card,
and 1000 GB hard disc capacity. The docking studies
were performed with Molegro Virtual Docker (MVD)
software while the SwissADME software was employed

in predicting the pharmacokinetic properties of the
compounds.

Preparation of ligands
The 2-dimensional structures of the sixteen (16) de-
signed derivatives of substituted aryl amine-based triazo-
lopyrimidine [18] presented in Table 1 were sketched
with ChemDraw Ultra 12.0. These structures were then
opened in Spartan’14 version 1.1.2 software in a 3-
dimensional format and are optimized on density func-
tional theory, DFT/B3LYP, and a basis set of 6-31+G*.
The optimized geometries were thereafter saved in pdb
file format to be opened in the MVD for docking.

Preparation of protein
The 3D structure of Plasmodium falciparum dihydroor-
otate dehydrogenase (PfDHODH) [PDB ID: 4OQV] with
resolution 1.23 Å was extracted from the protein data
bank and saved in pdb file format. The protein was pre-
pared by replacing any missing hydrogen using the
MVD protein reparation wizard. The cavity detection
wizard locates the binding spot of the protein for the
protein action.

Docking parameters
The docking parameters selected for the analysis include
picking PlantScore Grid as the scoring function, over a
0.3-Å grid resolution. The docking radius was then fixed
at 18 covering over 90% of the protein cavities detected.
The MolDock SE searching algorithm was selected in
addition to checking the energy minimization, constrain
poses to the cavity, and optimize H-bonds boxes. The it-
erations were set at 1500 maximum, population size set
at 50 maximum, and energy threshold equal to 100.00
leaving the Tries values for min, quick and max tries
equals to 10, 10, and 30, respectively. The default re-
spectively values of 300 and 1.00 for the max step and
neighbor distance factor. Furthermore, the energy
threshold was enabled in the pose clustering dialog box.

Molecular docking
The orientation and the molecular interactions between
the designed derivatives of substituted aryl amine-based
triazolopyrimidine with their protein target are estab-
lished by molecular docking studies. The docking studies
were carried out with the aid of the Molegro Virtual
Docker (MVD) software on the PfDHODH. The cavity
detection wizard locates the binding spots before the de-
signed derivatives were imported for the studies of mo-
lecular interactions. The ribbon diagram of Plasmodium
falciparum dihydroorotate dehydrogenase (PfDHODH)
with the designed derivatives of substituted aryl amine-
based triazolopyrimidine are indicated in Fig. 1.
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Drug-likeness and ADME prediction
The SwissADME software (http://www.swissadme.ch)
was an online tool for determining the drug-likeness and
pharmacokinetic parameters of the proposed derivatives.
Using Lipinski’s rule of 5, the drug-likeness of the com-
pounds was predicted. The guideline was created to es-
tablish ground rules for new molecular entities in terms
of drug-likeness [19]. According to the rule of 5, mole-
cules having H-bond donors greater than 5, H-bond ac-
ceptors greater than 10, a molecular weight larger than
500, and log P (iLog P) larger than 5. Further parameters
like topological polar surface area (TPSA) < 140 Å2 and
number of rotatable bonds (nRotb) were reported [20]
to have poor absorption. The pharmacokinetic proper-
ties to be determined include the molar refractivity
(MR), log of skin permeability (log Kp), blood-brain bar-
rier (BBB) penetration, permeability glycoprotein (Pgp)
substrate, gastrointestinal (GI) absorption, and cyto-
chrome P450 (CYP450) enzymes: CYP1A2, CYP2C9,
and CYP2C19 inhibitors.

Results
Docking studies
The docking results, numbers of H-bond(s) with their
energies, and the interaction energies are shown in Table
2 while Table 3 provides the details of the hydrogen
bonding of the most active derivatives along with their
distance. The docking pose of the D2 derivative (most
stable) is reflected in Fig. 2.

Drug-likeness and ADME prediction
The results of the analysis on Lipinski’s parameters of
the designed derivatives are reflected in Table 4 while
Table 5 shows the results of the pharmacokinetic prop-
erties of the designed derivatives.

Discussion
Docking studies
Table 2 shows the docking scores of all the designed
compounds against the protein receptor, which were
compared to the chloroquine standard. The number of
hydrogen bonds, hydrogen bond energy, and interaction
energy were all included in the table (Table 2). All the
compounds (except D1, − 98.7673; D3, − 97.6691; D6, −
98.84; D13, − 101.897; and D15, − 96.0251 kcal/mol)
were found to have a higher docking score than the
chloroquine standard (− 102.393 kcal/mol). As a result,
they have a higher binding affinity than the normal
chloroquine. The higher interaction energies (Table 2)
of compounds D2, D7, D9, D10, D11, D14, and D16
with energies of − 155.075, − 147.869, − 142.607, −
155.332, − 143.971, − 143.887, and − 141.429 kcal/mol,
respectively, confirmed their better interaction with the
target than the chloroquine standard (− 139.888 kcal/

Table 1 IUPAC Names, structures, as well as the predicted
activities of the designed derivatives of substituted aryl amine-
based triazolopyrimidine inhibitors of PfDHODH
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mol). As demonstrated in Table 3, the proposed ligands
generated hydrogen bonds with active site residues such
as LEU359, TYR356, PRO52, HIS56, ARG136, and
TYR147. The hydrogen bonds for six of the most active
ligands are detailed in Table 3. These compounds are
D16, 5-((6-methoxy-5-methyl-[1,2,4]triazolo[1,5-a]pyri-
midin-7-yl)amino)benzo[b]thiophen-4-ol; D2, N-

(benzo[b]thiophen-5-yl)-6-ethyl-5-methyl-[1,2,4]triazolo
[1,5-a]pyrimidin-7-amine; D10, 5-((6-methoxy-5-methyl-
[1,2,4]triazolo[1,5-a]pyrimidin-7-yl)amino)benzo[b]thio-
phen-6-ol; D11, N6, N6,5-trimethyl-N7-(4-methylben-
zo[b]thiophen-5-yl)-[1,2,4]triazolo[1,5-a]pyrimidine-6,7-
diamine; D7, N5-(5-methyl-[1,2,4]triazolo[1,5-a]pyrimi-
din-7-yl)benzo[b]thiophene-4,5-diamine; and D9, 5-

Fig. 1 Ribbon diagram showing the derivatives of substituted aryl amine-based triazolopyrimidine (yellow ribbon) in the binding site of
PfDHODH (reddish ribbon with blue and white stripes)

Table 2 The docking studies results, no. of H-bond(s), H-bond, and interaction energies

S/N MolDock score (kcal/mol) Re-rank score (kcal/mol) No. of H-bond(s) H-bond (kcal/mol) Interaction (kcal/mol)

D1 − 125.748 − 106.396 2 − 4.959 − 131.256

D2 − 152.985 − 123.259 2 − 7.063 − 155.075

D3 − 123.482 − 97.669 2 − 8.243 − 124.417

D4 − 134.62 − 107.683 1 − 4.212 − 138.535

D5 − 123.977 − 106.921 1 − 1.693 − 132.195

D6 − 117.671 − 98.840 1 − 1.190 − 126.461

D7 − 142.282 − 119.256 3 − 7.342 − 147.869

D8 − 134.134 − 108.239 1 − 4.071 − 138.861

D9 − 138.674 − 116.174 1 − 4.994 − 142.607

D10 − 146.64 − 121.678 2 − 10.972 − 155.332

D11 − 139.674 − 119.665 1 − 4.909 − 150.307

D12 − 132.062 − 109.956 1 − 1.570 − 138.590

D13 − 129.247 − 101.897 1 − 4.672 − 137.136

D14 − 143.168 − 111.957 2 − 4.607 − 143.887

D15 − 111.061 − 96.025 2 − 5.550 − 121.342

D16 − 135.509 − 114.205 1 − 3.657 − 141.429

Chloroquine − 126.017 − 102.393 3 − 5.936 − 139.888
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methyl-N7-(4-methylbenzo[b]thiophen-5-yl)-[1,2,4]tria-
zolo[1,5-a]pyrimidine-6,7-diamine, with − 114.205, −
123.259, − 121.678, − 119.665, − 119.256, and − 116.174
kcal/mol re-rank scores, respectively. A hydrogen bond
is formed between compound D16 and amino acid resi-
due, LEU359 (H∙∙H∙∙O) with a bond distance of 2.2874 Å.
The two hydrogen bonds formed between compound
D2 and the active residues TYR356 (N∙∙H∙∙H) and
PRO52 (H∙∙H∙∙O) have bond distances 2.12677 and
2.00418 Å, respectively, while those between D10 with
the active residue HIS56 (O∙∙H∙∙H) and ARG136
(N∙∙H∙∙H) have bond distances 2.15191 and 2.27840 Å,
respectively. The interactions of D11 with ARG136
(N∙∙H∙∙H) residue are at a 1.6277-Å bond distance. The
three hydrogen bond interactions of D7 with TYR356
(N∙∙H∙∙H), TYR145 (H∙∙H∙∙O), and PRO52 (H∙∙H∙∙O)
amino acid residues gave rise to 2.1607, 2.1484, and
2.3053 Å bond distances, respectively. The lone hydro-
gen bond formed between D9 and ARG136 (N∙∙H∙∙H)
residue is at a distance of 1.6080 Å. The presence of
hydrogen bonds, in addition to other hydrophobic inter-
actions, may explain the high docking scores of the most
active molecules. The binding modes as well as inter-
action images of the most active compounds, D16, D2,
D10, D11, and D7, were exhibited in Fig. 2.

Drug-likeness and ADME prediction
The Lipinski, rule-of-five (Ro5), is used to assess the
drug-likeness of chemical compounds and potential
medicines. According to Lipinski’s Ro5, chemical com-
pounds that can be utilized as pharmaceuticals should
have a molecular weight (MW) of less than 500 g/mol, a
logarithm of the partition coefficient (log P) of less than
5, hydrogen bond donors (HBDs) of less than 5, and a
hydrogen bond acceptor (HBA) of less than 10 [21]. Fur-
thermore, the number of rotatable bonds (RotB) of ≤ 10
and a topological polar surface area (TPSA) of ≤ 140 Å2

[20, 22–24] have been observed to correlate with

pharmacological flexibility and permeability, respectively.
Compounds that meet these criteria have been shown to
have better pharmacokinetics and bioavailability
characteristics.
Low molecular weight (MW) signifies that the mole-

cules are light and can easily pass through the cell mem-
brane. Low molecular weight (MW 500) chemicals are
favored for oral absorption [25], whereas compounds
with MW > 500 Da are absorbed via an alternate route,
generally the membrane [26]. The research revealed that
all of the data (Table 4) were less than 500 Da.
The implicit log P (IlogP) is the n-octanol/water parti-

tion coefficients of a particular molecule in two immis-
cible solvents; it dissolves the molecule in both solvents
while maintaining the molecule’s neutrality. Initially, the
IlogP was hired for biomedical and pharmaceutical re-
search. IlogP plays a critical role in medication absorp-
tion in the mouth [25], as well as facilitating drug
interactions with their biological targets [27]. Because it
possesses both hydrophilic and lipophilic qualities, n-
octanol was thought to be a superb mimic of phospho-
lipid membrane features [28]. The estimated values of
IlogP (Table 4) were found to be less than five (1.82–
3.05), as recommended by Lipinski’s rule of five [25]. As
a result, the developed derivatives should have great oral
absorption qualities.
H-bond acceptors (HBA) number is as follows: Any

heteroatom with at least one bound hydrogen is referred
to as a hydrogen bond acceptor. The sum of these het-
eroatoms (N and O atoms) should be fewer than 10 ac-
cording to the Lipinski rule of five [25]. The H-bond
acceptors determined for the intended compounds
(Table 4) ranged from 3 to 5, which is significantly less
than the Ro5 projected maximum limit.
H-bond donor (HBD) count is as follows: Any hetero-

atom lacking a formal positive charge, save pyrrole nitro-
gen, halogens, sulfur, heteroaromatic oxygen, and higher
oxidation states of nitrogen, phosphorus, and sulfur, but

Table 3 Hydrogen bonding details between the protein receptor and six of the most active derivatives

H-binding ligand H-binding receptor

Name H-bond(s) Element Type Residue Element Type H-bond distance (Å)

D16 1 H D Leu359 O A 2.2874

D2 2 N A Tyr356 H D 2.1268

H D Pro52 O A 2.0042

D10 2 O A His56 H D 2.1519

N A Arg136 H D 2.2784

D11 1 N A Arg136 H D 1.6277

D7 3 N A Tyr356 H D 2.1607

H D Tyr147 O A 2.1484

H D Pro52 O A 2.3053

D9 1 N A Arg136 H D 1.6080

Ibrahim et al. Future Journal of Pharmaceutical Sciences           (2021) 7:133 Page 5 of 10



Fig. 2 Compounds D16, D2, D10, D11, and D7 respectively showing the binding modes as well as their interaction images with the protein
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Table 4 Lipinski’s and Veber parameters of the designed derivatives of substituted aryl amine-based triazolopyrimidine

Lipinski’s parameters Veber parameters

S/N MW (≤ 500 Da) Ilogp (< 5) #H-bond acceptors (≤ 10) #H-bond donors (≤ 5) Lipinski #violations TPSA (< 140 Å2) nRotb

D1 295.36 2.86 3 1 0 83.35 2

D2 309.39 2.72 3 1 0 83.35 3

D3 339.37 2.72 5 1 0 109.65 4

D4 311.36 2.72 4 1 0 92.58 3

D5 297.34 1.82 4 2 0 103.58 2

D6 297.34 2.38 4 2 0 103.58 2

D7 296.35 2.31 3 2 0 109.37 2

D8 324.40 2.87 3 1 0 86.59 3

D9 310.38 2.16 3 2 0 109.37 2

D10 327.36 2.51 5 2 0 112.81 3

D11 338.43 3.05 3 1 0 86.59 3

D12 325.39 2.93 4 1 0 92.58 3

D13 326.38 2.50 4 2 0 118.60 3

D14 339.42 2.40 3 2 0 112.61 3

D15 340.40 2.64 4 2 0 106.82 3

D16 327.36 2.41 5 2 0 112.81 3

Molecular weight (MW), log of octanol/water partition coefficient (ilogP), hydrogen bond acceptor(s) (#H-bond acceptors), hydrogen bond donor(s) (#H-bond
donors), and topological polar surface area (TPSA), Molecular weight (MW), Log of octanol/water partition coefficient (ilogP), hydrogen bond acceptor(s) (#H-bond
acceptors), hydrogen bond donor(s) (#H-bond donors), topological polar surface area (TPSA), and number of rotatable bonds (nRotb)

Table 5 Pharmacokinetics properties of the designed derivatives of substituted aryl amine-based triazolopyrimidine

S/N MR log Kp (cm/s) GI absorption BBB permeant P-gp substrate CYP1A2 inhibitor CYP2C19 inhibitor CYP2C9 inhibitor

D1 85.64 − 5.43 High No No Yes Yes Yes

D2 90.45 − 5.21 High No No Yes Yes Yes

D3 92.17 − 6.14 High No No Yes Yes Yes

D4 87.17 − 5.81 High No No Yes Yes Yes

D5 82.70 − 5.96 High No No Yes Yes No

D6 82.70 − 5.96 High No No Yes Yes No

D7 85.08 − 6.18 High No Yes Yes No No

D8 94.88 − 5.79 High No No Yes Yes Yes

D9 90.05 − 6.01 High No Yes Yes Yes Yes

D10 89.19 − 6.16 High No No Yes No Yes

D11 99.85 − 5.61 High No No Yes Yes Yes

D12 92.13 − 5.64 High No No Yes Yes Yes

D13 91.57 − 6.39 High No Yes Yes No Yes

D14 99.29 − 6.36 High No Yes Yes No Yes

D15 96.90 − 6.13 High No No Yes No Yes

D16 89.19 − 6.16 High No No Yes No Yes

Molar refractivity (MR), log of skin permeability (log Kp), blood-brain barrier (BBB) penetration, permeability glycoprotein (Pgp) substrate, gastrointestinal (GI)
absorption, cytochrome P450 (CYP450) enzymes: CYP1A2, CYP2C9, and CYP2C19 inhibitors
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including the oxygens connected to them, is referred to
as a hydrogen bond donor. The amount of hydrogen
bond donors (the sum of the OH and NH groups)
should be less than or equal to 5 according to the Ro5.
As can be seen in Table 4, all of the HBD values ob-
tained were less than 5. Both HBA and HBD were crit-
ical because they synergize between chemicals and
macromolecules, as well as having the potential to deter-
mine oral absorption [25].
The TPSA of a molecule is the sum of all polar atoms

(oxygen, nitrogen, and their connected hydrogens) on
the molecule’s surface, calculated by adding all polar
fragments [29]. The goal of the TPSA is to predict drug
transport qualities such as intestinal absorption [30] and
BBB penetration [31]. For virtual screening and ADME
property prediction, TPSA has gained prominence in
medicinal chemistry [32]. When the quantitative value of
TPSA is < 140 Å2, it becomes a good predictor of intes-
tinal absorption, and when it is < 60 Å2, it indicates good
blood-brain barrier penetration [33]. The proposed de-
rivatives’ TPSA values (Table 4) were found to range
from 83.35 to 118.60 Å2. This indicates that the results
are less than 140 Å2, indicating that intestinal absorption
is good. However, because the TPSA values are larger
than 60 Å2, the proposed derivatives do not penetrate
the blood-brain barrier well, as evidenced by the BBB
determination (Table 5).
The total number of rotatable bonds (RBN) is equal to

the total number of bonds that may freely spin around
themselves. They are non-ring single bonds with a non-
terminal heavy atom attached (i.e., non-hydrogen). Mol-
ecules with less than ten rotatable bonds have been
reported to have better oral availability [20]. The num-
ber of rotatable bonds for the developed compounds was
determined to be less than 5, indicating that the devel-
oped compounds had a good oral bioavailability.
The in silico ADME studies involve investigating some

pharmacokinetic properties of the designed compounds
such as molar refractivity (MR), log of skin permeability
(log Kp), blood-brain barrier (BBB) penetration, perme-
ability glycoprotein (Pgp) substrate, gastrointestinal (GI)
absorption, and cytochrome P450 (CYP450) enzymes:
CYP1A2, CYP2C9, and CYP2C19 inhibitors. The recip-
rocal of the volume of a mole of a substance is defined
as the molar refractivity (MR). The overall polarizability
of a mole of a substance is related to molar refractivity.
Molar refractivity data provide information about the
electronic polarizability of individual ions in solution
[34]. The refractive index results can be used to explain
molecular interactions in solution [35]. The molar re-
fractivity value should be between 40 and 130 for good
absorption and oral bioavailability. Acceptable molar re-
fractivity values, in combination with the number of ro-
tatable bonds, indicate that substances have adequate

intestinal absorption and oral bioavailability [15]. The
designed compound's MR values range from 82.7 to
99.85 m3/mol. This indicates that the proposed com-
pounds have good intestinal absorption and oral
bioavailability.
Permeability is a critical component of drug research

since it predicts metabolite absorption, distribution, me-
tabolism, and excretion (ADME). The ability of mole-
cules to penetrate the outer layer of the skin is described
by skin permeability (Kp) [36]. The Kp includes asses-
sing a compound's biological absorption via the skin and
has been used as a source of data for threat assessment
on the skin [37]. The developed compounds’ log Kp
values (Table 5) were all determined to be within the
permissible range of − 8.0 to − 1.0 [38].
The blood-brain barrier is a microvascular endothelial

layer of cells that surrounds the central nervous system
(CNS) (BBB). The BBB is a structural and chemical bar-
rier that prevents various medications from entering the
brain, making the use of newly produced medications in
the treatment of brain illnesses or other brain-related is-
sues ineffective. Several prospective therapeutic com-
pounds have been discovered to provide a significant
obstacle to therapeutic research for central nervous sys-
tem illnesses if they have minimal or no BBB penetra-
tion. The results of the BBB permeability test performed
on our proposed derivatives (Table 5) demonstrated that
all of them lack BBB permeability, making their applica-
tion in the treatment of cerebral malaria futile.
The adenosine triphosphate (ATP)-binding cassette-

transporter permeability glycoprotein (Pgp) functions
primarily as a carrier-mediated primary active efflux
transporter. P-glycoprotein can bind to a wide variety of
substrates, which are widely distributed throughout the
body. Pgp transporters are located in the small intestine,
blood-brain barrier capillaries, and several critical organs
such as the kidney and liver [39]. Substances can enter
the cell via active transport or passive diffusion, and they
can be effluxed with the help of Pgp. The Pgp affects the
absorption, distribution, and clearance of a variety of
substances. As a result, identifying permeability glyco-
protein substrates is critical for identifying prospective
medicines and optimizing them. Pgp substrate was de-
tected only in the proposed compounds D7, D9, D13,
and D14.
Cytochrome P450 (CYP) enzymes are a family of pro-

teins involved in the synthesis and metabolism of a wide
range of internal and exterior cellular components.
These enzymes have been found in animals, plants, mi-
croorganisms, and even a few viruses. They get their
name from the fact that they are linked to the cell mem-
brane (cyto) and contain heme pigment (chrome and P),
which produces a 450 nm spectrum when combined
with carbon monoxide.
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In humans, heme-containing cytochromes P450
(CYPs) are a superfamily of enzymes that break down a
variety of endogenous and xenobiotic substances. More
than 50 isoforms of CYP enzymes exist, with 1A2, 2C9,
2C19, 2D6, and 3A4 isoforms accounting for over 90%
of oxidative metabolic processes [36]. Inhibitory drug
metabolism fails when CYP enzymes are inhibited. Dur-
ing medication development, studying the inhibitory ac-
tivity of proposed derivatives against a certain CYP
isoform becomes a critical factor. Table 5 shows the re-
sults of the inhibitory prediction for three CYP isoforms
(CYP1A2, CYP2C9, and CYP2C19). While all of the pro-
posed compounds were anticipated to inhibit CYP1A2,
just a few derivatives (D7, D10, and D13–16) were found
not to inhibit CYP2C19, and just three derivatives (D5–
7) were found to inhibit CYP2C9.

Conclusions
SwissADME and Molegro Virtual Docker were used to
determine the pharmacokinetics and docking investiga-
tions of the sixteen (16) substituted aryl amine-based
triazolopyrimidine derivatives. Because none of the sub-
stances violated Lipinski’s rule of five, their pharmacoki-
netic characteristics are sound. When compared to the
common drug chloroquine, the binding affinities they
demonstrated are promising, indicating a stronger bind-
ing interaction with the target protein, PfDHODH. Due
to its lowest docking score (re-rank score = − 114.205
Kcal/mol), molecule D16, 5-((6-methoxy-5-methyl-[1,2,
4]triazolo[1,5-a]pyrimidin-7-yl)amino)benzo[b]thiophen-
4-ol, was found to be the most stable of all the deriva-
tives. The activity of the compound could be attributed
to the hydrogen bond present in the molecule, as well as
other hydrophobic interactions. Because of their superior
pharmacokinetic properties, the derivatives could be
used to treat malaria.
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