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Abstract:

The effects of triazole and its derivatives as anti-angiotensin converting enzyme activity were investigated
using combined computational approach. This work is directed at examining the anti-angiotensin
converting enzyme activity of the studied triazole derivatives via density functional theory and molecular
modeling studies using in silico approach. This work was executed using Spartan 14 for optimization. The
downloaded receptor (human angiotensin-converting enzyme (PDB ID: 3NXQ)) from protein data bank by
removing water molecules and other small molecules downloaded with the target before subjecting it to
docking calculation and molecular dynamic simulation studies. In this work, we discovered that addition
of methyl and 2-ethyl-1H-indole to triazole as parent compound enhanced the activity of compound 4 and
this was revealed via the predicted highest occupied molecular orbital (HOMO) (-4.53 eV) and energy gap
(3.73 eV). More so, Compound 4 with -10.5 kcal/mol possess the highest strength to impede human
angiotensin-converting enzyme (PDB ID: 3NXQ) than other investigated compound and the metformin.
The developed quantitative structure activity relationship (QSAR) with squared correlation coefficient (R?)
of 0.745234 and adjusted R? of 0.617852 proved to be valid and predictable which was confirmed via the
predicted percentage inhibiting concentration (%ICsg). The molecular dynamic simulation and
pharmacokinetic studies of the compound ((Compound 4) and the reference drug (metformin)) that possess
the highest binding affinity were investigated and reported. These findings may give insight into developing
library of drug-like triazole-based compounds as proficient anti-diabetic agents.
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Introduction

Globally, diabetes mellitus has been
considered to be a severe condition since its
discovery over two thousand years ago [1, 2].
Abnormal rise of blood sugar in human system
remains one of the crucial issues battling man and
woman all over the world [3]. Also, wrong
release of insulin in human body system battling
with diabetes results to risen level of blood sugar
[4, 5]. According to Hosseini et al., 2014, the
activity of diabetes in human body system has led
to many deaths and it has been ranked the third
cause of death globally [6].

According to Zhao et al., and Iwane et al.
[7, 8], angiotensin converting enzyme (dipeptidyl
carboxypeptidase with two isomers) was reported
to be a very important target in patient with
diabetes and this could be due to its ability to
convert hypertensin | to form hypertensin 1l [7
,8]. The hydrophobic trans-membrane location
together with minor cytoplasmic were observed
to be situated in the isomers present in the studied
target which were both found very close to human
heart. [9] and this was reported by Hikmet et al.,
to have capacity to regulate compression of
human blood (i.e. blood pressure) [10]. More so,
angiotensin ~ converting enzyme indirectly
heightens blood pressure of human beings which
thereby brings about lessening of blood vessels
and finally result to diabetes in human being [11].
It possesses Di isoform that could be converted
within the same system and this has been

observed to be present in diverse shapes in

numerous tissues. In some of the tissues present
in angiotensin converting enzyme, such as
somatic and human sperm cells, Di isoform could
form glycoprotein. In somatic cell, N terminal
and C terminal were present with different way of
operation [12] and the active site located in both
N and C-terminal catalyze the hydrolysis of
angiotensin | with similar ability. Ehlers et al.,
however revealed that the potential of N-terminal
in blood pressure regulation proved to be
decreased while C-terminal was confirmed to be
energetic in regulating human blood pressure
[13]. Therefore, the use of efficient drug-like
agent to subdue angiotensin converting enzyme is
extremely necessary.

The use of triazole and its derivatives in
several fields such as agriculture, medicinal etc.
has intrigued interest of many scientists and
researchers around the globe. [14]. Widespread
use of triazoles in numerous areas has been
reported in many literatures to be due to their
distinct configuration and features [15-17].
According to Zvenihorodska et al., 2021,
combination of heterocycles in a compound with
series of derivatives makes promising situations
for finding biological active substances [18].
Triazole and its chemistry was steadily
established with numerous superficial and
suitable synthetic procedures together with its
useful biological relationship within the systems
[19]. Therefore, this work is targeted at
investigating the anti-angiotensin converting

enzyme activity of the studied triazoles via
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quantum chemical and molecular modeling
studies using in silico approach.
Materials and Method
Quantum Chemical Study

The geometries of the studied triazoles
derivatives were optimized at the DFT level. The
density functional theory method employed in
this study was implemented via three-parameter
B3LYP density functional and as reported by
Becke, 1993 [20], it includes Becke’s gradient
exchange correction as well as Lee, Yang, Parr
correlation functional [21]. In this work, every
calculation was performed by Spartan 14
program implemented on core i5 2.40 GHz and
2.50 GHz Computer. Molecular structure of the
studied compounds obtained from the research
work executed by Mohamed et al., 2020 [22]
were precisely sketched by making appropriate
bond between suitable atoms. Using Spartan 14
software, the studied compounds were subjected
to optimization using B3LYP and 6-31G** as
basis set [23]. The already optimized studied
compounds which brought about lists of
molecular descriptors that characterize the
activities and properties of the studied
compounds were obtained and reported. The
geometries and features of the optimized
compounds were observed before converting it to
.pdb format for further study.
Electronic  descriptor-based QSAR  model
Analysis

Electronic features extracted from the
investigated optimized triazole derivatives were

further explored via quantitative structure activity

relationship (QSAR) study. The study was
carried out using material studio software [24].
The optimized molecules were categorized into
two (80%) for the training set and (20%) for the
test set. The electronic-based features retrieved
from the training set were used as the independent
variable while the observed inhibition
concentration (ICsg) was set as dependent
variable for developing QSAR model (equation
1). The validity of the QSAR model developed

was determined via adjusted R? (equation 2).

ICso= -2.40288 -  0.202787(Enomo) +
0.0389228(DM) - 0.00725026(PSA) + 1.45866
(017 4 e —— 1)

R% 0.745234; Adjusted R? 0.617852, P-value
(F): 0.016771

(N-1) X R?>-P
Rﬁ - N-1-P )

Molecular Docking Analysis

Potential inhibiting properties of the
studied compounds (Supp. Table 1) against
human angiotensin-converting enzyme (PDB ID:
3NXQ) [25] was explored using docking
software [26-29]. The binding cavity of human
angiotensin-converting enzyme was put into
consideration and other deposits found in the
binding cavity different from amino acid were
removed. The appropriate procedure for protein
preparation for docking was followed and finally
saved as. pdbqt file. Size of the grid dimension
was 30,30 and 30 for the (x,y and z dimension)
and values obtained for the center in X = 1.097,
Y = -15.572 and Z = -18.376 dimension were
designated (Figure 1). Each docked complex was

observed to have nine configurations. Autodock
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was used in selecting superlative scoring position
of each complex and Discovery Studio visualizer
was employed for visualizing the interaction

between the studied complexes.

Figure 1: Studied receptor with identified binding site.

Molecular Dynamic Simulation (MDS) Study
The calculation of binding energy and
steadiness of compound 4-angiotensin converting
enzyme complex as well as metformin--
angiotensin converting enzyme complex were
investigated using molecular dynamic simulation
study with appropriate force field implanted in
Gromacs software [30]. The steadiness via
molecular dynamic simulation was reached using
100ns simulation time. The examined complex

system was carried-out via TIP3P water molecule

in an orthorhombic box of 10 A on all sides.
Furthermore, suitable quantity of Chloride and
Sodium ions was supplied to the system in order
to counterbalance the charged system [31]. NVT
and NPT ensemble were employed during the
simulation for the sole purpose of implementing
equilibration as well as achieving equilibration
and minimization (using 100 nanoseconds with a
300 K and 1 bar) in the studied system

respectively. More so, CPPTRAJ module was
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used in analyzing molecular dynamics
trajectories [32].
Results and Discussion
Calculated Ligand Features

The calculated optimized studied ligands
brought about many ligands which exposed their
potential reacting ability. The potential ability of
any compound to relate well could be confirmed
through its strength to donate electrons to other
compounds within the appropriate range. Adeoye
et al., 2022 exposed that the greater the Enomo
value, the better enhanced the level of reactivity
of such compound; therefore, compound 4
showed the potential tendency to react well [33].
The calculated Eromo Values are -4.84 e V, -5.19%¢
V,-5.20eV,-4.53eV,-5.09¢eV,-5.19eV, -5.04
eV,-487eV,-517eV,-547eV,-522¢eV, -
512 e V, -5.26 e V, -555 e V, -5.31e V for
compound 1 to 15. As shown in Table 1, it was
observed that the presence of methyl and 2-ethyl-
1H-indole as derivatives attached to the parent
compound improved the donating ability of
compound 4 thereby generating greater ability to
offer electrons to the neighboring compounds.
These derivatives also enhanced the reactivity of
compound 4 which was observed through the
calculated band gap for compound 4. The energy
gap for compound 1 to 15 were 4.00 e V, 4.30 e
V,435eV,3.73eV,423eV,438¢eV,3.90 e
V,4.08eV,4.27eV,449eV,426eV,4.27¢e
V,443 eV, 491 eV and 4.52e V. The electron

donating capacity of the attached methyl in

compound 4 was observed to enhance the
electron richness of compound 4 via carbon 2 and
it is expected to have higher capability to attack
electrophilic sites than other investigated triazole
derivatives (figure 2).

Also, the calculated E_umo were -0.84e V
for compound 1, -0.89 e V for compound 2, -0.85
e V for compound 3, -0.80 e V for compound 4, -
0.86 e V for compound 5, -0.81 e V for compound
6, -1.14 e V for compound 7, -0.79 e V for
compound 8, -0.90 e V for compound 9, -0.98 e
V for compound 10, -0.96 e V for compound 11,
-0.85 e V for compound 12, -0.83 e V for
compound 13, -0.64 e V for compound 14, -0.79
e V for compound 15. Compound 7 with lowest
ELumo value revealed that it has the greatest
strength to accept electrons from any compound
with capacity to release electrons. The capability
of compound 7 to receive electrons is a function
of the attached derivatives (Hydrogen and 5-
ethyl-1H-imidazole) to the parent compound.
Also, the lower the energy gap value, the better
the interaction between two molecules; thus,
compound 4 showed that it has higher strength to
react well than other studied ligands. As shown in
table 2, it was revealed that the calculated
lipophilicity (Log P) for compound 1-15 was
observed to be lower than 5 which showed the
studied compounds have ability to act as drug-
like agent. Other predicted features retrieved
from the optimized molecules were presented in
table 2.

Table 2: 3-dimentional based descriptors from examined optimized Triazole derivatives

Ernomo | ELumo EG DM MW

AREA | VOL PSA OVA
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1 -4.84 -0.84 400 |821 404.447 | 401.07 | 374.71 | 119.155 | 1.60 0.15
2 -5.19 -0.89 430 | 391 418.474 | 410.17 | 391.97 | 115999 | 1.58 0.51
3 -5.20 -0.85 435 |691 519.582 | 515.31 | 49155 | 132337 |1.71 -0.38
4 -4.53 -0.80 3.73 | 9.42 533.609 | 523.31 | 508.70 |127.212 | 1.70 -0.02
5 -5.09 -0.86 423 | 531 432.501 | 438.88 | 412.08 | 121.402 | 1.64 1.04
6 -5.19 -0.81 438 | 4.65 446.528 | 444.18 | 428.01 | 114.198 | 1.62 1.39
7 -5.04 -1.14 3.90 |3.44 470.510 | 457.87 | 433.20 | 135.633 | 1.65 -1.04
8 -4.87 -0.79 4.08 |5.60 480.545 | 481.81 | 459.42 | 115.520 | 1.67 1.03
9 -5.17 -0.90 427 | 2.96 426.497 | 411.97 | 406.12 | 80.055 | 1.55 1.77
10 -5.47 -0.98 449 | 3.27 460.942 | 427.66 | 41940 | 88.055 | 1.58 1.63
11 -5.22 -0.96 426 | 254 444487 | 417.60 | 410.74 | 79.862 | 1.56 1.23
12 -5.12 -0.85 427 | 275 456.523 | 441.64 | 43322 |86.974 |1.60 0.79
13 -5.26 -0.83 443 | 0.44 404.491 | 387.82 | 382.86 |80.496 | 1.52 191
14 -5.55 -0.64 491 |3.01 418.518 | 403.33 | 400.67 |84.872 | 1.53 2.33
15 -5.31 -0.79 452 |1.86 432.545 | 419.39 | 417.57 |82514 |1.55 2.75

Note: “EG: Energy gap, DM: dipole moment; MW.: molecular weight; Vol: Volume; PSA: polar surface
area; Ova: Ovality; LogP: Lipophilicity”.

Figure 2: 2D structure of compound 4
Molecular Docking Study The potential inhibiting ability of the

examined triazoles were investigated against
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angiotensin converting enzymes (PDB code:
3NXQ). This investigation was achieved with
docking study; employing the use of several
software such as discovery studio, pymol,
The

biochemical relationship exhibited between the

autodock tool and autodock vina.
studied chemical compounds and angiotensin
converting enzyme (PDB code: 3NXQ) were
examined and reported. Table 3 revealed the
calculated scoring, the amino acid residues
responsible for the interaction that is been
investigated as well as type of the non-bonding
interaction occurring between the examined
complexes and the residues of amino acid The
scoring was calculated in kcal/mol and the
calculated value for individual docked complex
were -8.7 for compound 1, -8.7 for compound 2,-
10.2 for compound 3, -10.5 for compound 4, -9.0
for compound 5, -9.1 for compound 6, -9.6 for
compound 7, -9.1 for compound 8, -9.3 for
compound 9, -9.1 for compound 10, -9.1 for
compound 11, -8.7 for compound 12, -8.4 for
compound 13, -8.8 for compound 14, and 9.0 for

Table 3: Scoring calculated in kcal/mol

compound 15. Report by Ibrahim et al., 2023
revealed that lowest calculated scoring value is
expected to bind better, as indicated in table 3, it
was detected that compound 4 with -10.5
kcal/mol was the compound with lowest binding
affinity and possess potential ability to inhibit
angiotensin converting enzyme (PDB code:
3NXQ) than
derivatives as well as the Metformin (Reference
drug) [34, 35]. The efficiency of Compound 4
was observed to be the function of the methyl and
2-ethyl-1H-indole  attached the

compound in compound 4 which was observed to

other investigated triazole

to parent

enhance the electron richness of compound 4 via
the
biological/inhibiting activity of compound 4

carbon 2 thereby improving
against angiotensin converting enzyme (PDB
code: 3NXQ) (Figure 3). More so, the observed
residues of amino acid and the nature of non-
bonding interaction observed on the active site of
the studied target during docking were reported

in Supp Figure 1-3, 5-15.

Binding Affinity (kcal/mol) Amino Acid Residues

1 -8.7 Thr358, GIn355, Asp354, Arg350, Glu262, Ser260, Tyr501,
Phe505, Phe435, GIn259, Lys489

2 -8.7 His491, His331, GIn259, Leul39

3 -10.2 Glu43l, Asp354, Thr358, Met256, Thrl44, Trp257,
Asp255, His361, GIn355, Arg350

4 -10.5 Asp354, His491, GIn355, Tyr 501, Phe505, GIn259,
Lys489, Trp257, His331

5 -9.0 Cys330, His331, Tyr501, His361, GIn259, Lys489

1299
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6 9.1 Phe505, Tyr501, Phe435, Trp257, Ser260, Arg350, Thr358

7 -9.6 GIn355, Thr358, Asp255, Thr144, GIn259, Tyr501, Phe435,
Phe505

8 -9.1 Arg350, GIn355, Trp257, Thr358, Glu362, His361, Lys489,
His331

9 -9.3 Tyr501, Asp255, GIn355

10 9.1 Thr358, His331, GIn259, Lys432, Glu262, Ser357

11 9.1 Trp257, Asp255, GIn259, His491, Tyr501, Thr358, Arg350

12 -8.7 His361, Thr358, Arg350, His331

13 -8.4 Phe 435, Asp354, Thr358, GIn355

14 -8.8 Asp255, Trp257, Thr358, GIn355

15 -9.0 Phe505, GIn259, His491, His331, Ala332

ref -5.6 -

Ref: Metformin
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Figure 3: Two-dimensional structure of compound 4 in active site of the target

Quantitative Structure Activities Relationship
Study

The Quantitative Structure Activities
Relationship model developed was obtained
using genetic function algorithm (GFA) via
Material Studio 2017 software [36]. The set of
descriptors  generated from the studied
compounds after optimization were used for this
investigation. The 20% training set were screened
and the molecular descriptor used for developing
the model were highest occupied molecular
orbital, dipole moment, polar surface area and
ovality. As shown in table 4, the predicted
percentage inhibition concentration for each of

the compounds for the training set was closer to

1301

the exact value for the observed inhibition
concentration (Figure 4). The predicted result
obtained showed the proficiency of the developed
model which was confirmed via the squared
correlation coefficient (R?). The developed model
was further validated so as to certify the validity
and reliability of the model. The factors that were
put into consideration for the validation were
adjusted correlation  coefficient
(Adjusted R?) and P-value. Furthermore, the

reliability and validity of the QSAR developed

squared

model was subjected to further confirmation via
test set and it was observed that the predicted
inhibition concentration (%ICso) for the test set

was closer to observed %ICsq for the test set
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which was established via the calculated residual depicts the accuracy and level of dependency of
value. the developed QSAR model (Figure 5). The

More so, the plot of residual values coefficient, standard error, t-ratio and p-value for
against observed %ICso revealed the level of the variables in the developed QSAR model were
undifferentiated widening of the residual values shown in table 5.

on both sides of the horizontal lines and this also

Table 4: Observed and predicted %ICso for studied Triazoles

Observed %I1Cso Fitted %I1Cso residual

1 0.350 0.368 -0.018
2* 0.410 0.265 0.145
3 0.448 0.455 -0.007
4 0.426 0.440 -0.014
5 0.432 0.348 0.084
6 0.448 0.366 0.082
7 0.121 0.176 -0.055
8 0.372 0.401 -0.029
o* 0.428 0.441 -0.013
10 0.459 0.500 -0.041
11 0.490 0.451 0.039

12 0.470 0.446 0.024
13 0.341 0.314 0.027
14 0.441 0.456 -0.015
15 0.333 0.409 -0.076

* denotes test set
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Table 5: Calculated coefficient, standard error, t-ratio and p-value for the QSAR model variables

coefficient std. error t-ratio p-value
const -2.40288 1.10949 -2.166 0.0622 *
Enomo -0.202787 0.0983777 -2.061 0.0732 *
DM 0.0389228 0.0123778 3.145 0.0137 **
PSA -0.00725026 0.00176235 -4.114 0.0034 Fkk
OVALITY | 1.45866 0.636422 2.292 0.0511 *

0.55

T T
actual = predicted

0.5
0.45
0.4

0.35

IC50

0.3

0.25

0.2

0.15 | b

0.1 I I I 1 I I I
0.2 0.25 0.3 0.35 0.4 0.435 0.5

predicted I1C50

Figure 4: Plot of observed ICsq against predicted 1Cso
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Regression residuals (= observed - fitted IC50)
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-0.06

-0.08 ' '
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Figure 5: Plot of residual value against observed %ICso

Pharmacokinetics Study

Pharmacokinetics study was carried out
using ADMETSARL software [34] on compound
4 and Metformin. Compound 4 was considered
for this investigation due to high binding affinity
and it's better inhibiting capability and the
pharmacokinetic report was displayed in table 6.
The factors put into consideration for this study
were presented in Supplementary tables 2 and 3.
As shown in Supplementary tables 2 and 3, the
values calculated for the factors put into
consideration for compound 4 and referenced
drug were closer and this showed that they have
similar drug-like features.
3.4.

Analysis

Molecular Dynamic Simulation

Root Mean Square Deviation (RMSD)

6

1304

1z

The the
preliminary configuration as well as the stability

level of deviation from
of Compound 4-angiotensin converting enzyme
complex and metformin- angiotensin converting
enzyme complex via 100ns was investigated via
root mean square deviation analysis. As shown in
figure 6, the RMSD of 2-(5-(2-hydroxyphenyl)-
5-methyl-3-(4-methylphenylsulfonamido)-1H-
1,2,4-triazol-4(5H)-y1)-3-(1H-indol-3-
yl)propanoic acid (Compound 4)-angiotensin
converting enzyme complex proved to be more
stable than the RMSD of metformin- angiotensin
converting enzyme complex and this showed that
compound 4 fairly related with the investigated
target thereby inhibited the target than the

Metformin.
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Figure 6: RMSD of Compound 4-ace and metformin-ace complexes during 100ns simulation

Calculated Binding Energy ACE complex; 25,5 + 1.19 for Ref-ACE
complex), and AGuing (0.38+ 1.0 for comp4-ACE

The simulation of Compound 4-
complex; 5.85 +1.1 for Ref-ACE complex)

angiotensin converting enzyme complex and )
(Figures 7 and 8). The calculated value for van

metformin- angiotensin converting enzyme )
der Waal energy, electrostatic energy and gas-

complex which brought about series of binding
phase components were more favorable towards

components were accomplished via molecular o - )
L . . inhibiting the ability of compound 4 against
dynamic simulation study. As shown in table 8, ] ) )

o angiotensin  converting enzyme than the
the calculated binding energy components were
AEvaw (-22.63+ 0.91 for comp4-ACE complex; -
8.55+0.49 for Ref-ACE complex), AEee (-
55.88+ 2.37 for comp4-ACE ; -11.1 +1.8 for
Ref-ACE complex), AGgs (-78.51+ 1.64 for
comp4-ACE complex; -19.65 +1.76 for Ref-

ACE complex), AGso (78.89+ 0.83 for comp4-

referenced compound against angiotensin
converting enzyme. According to the report by
Oyebamiji et al., 2020 [37], the lower the binding
free energy of a compound, the better the capacity
of such compound to interact and inhibit the
target; thus, compound 4 with 0.38 kcal/mol
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proved to be

a potential anti- angiotensin

converting enzyme agent than metformin.

Table 8: Binding Energy Components

Oyebamiji et al

Binding Energy Components (kcal/mol)
COIT]p'EXES AEVdW AEele AGgas AGsol AGbind
Comp4-ACE | -22.63+ 091 |-55.884+2.37 |-7851+1.64 | 78.89+ 0.83 0.38+ 1.0
REF-ACE -8.55+0.49 -11.1+1.38 -19.65+1.76 | 255+ 1.19 585 +1.1
Energetic Components
Prot-Lig-CHARMM | Normal | PE | Delta
GGAS G5O TOTAL
=80
-60
=40
_zn IIIIIII
3
E .
£ o
- 20
40
&0
80
& & & 5 & & & <
s & & °
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Figure 7: Chart showing the calculated energetic components for Comp4-ACE complex

Energetic Components
Prot-Lig-CHARMM | Mormal | PB | Delta

GGAS G5O TOTAL

o . - .

10

Energy (kcalfimaol)

20

30
2 o o 2 i 4 >
& N ‘ @“”f & ¢ & <
Figure 8: Chart showing the calculated energetic components for Ref-ACE complex
Conclusion software with 6-31G** as a basis set. Highest

) occupied molecular orbital energy (Ewxomo) and
The use of integrated approach was .

_ _ o o band gap (ELumo —Enomo) were discovered to

employed to investigate the biological activities . . . i
play a pivotal in the activity of compound 4 which

of triazole derivatives. Fifteen triazole-based . N . )
o ] thereby improved its inhibiting activity against

compounds were optimized using Spartan 14
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angiotensin converting enzyme (PDB 1D: 3NXQ)
than other studied compounds as well as the
reference drug (metformin). Further confirmation
was carried out to ascertain the effective
inhibiting activity of compound 4 against
angiotensin converting enzyme (PDB ID: 3NXQ)
via molecular dynamic simulation, the
pharmacokinetic properties of compound 4 were
compared to the features obtained for metformin
and it was observed that Compound 4 has the
capability to be a potential anti-diabetic agent.
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