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Abstract

Objective: The study aims to design Proline derivatives having anti-hypertensive activity by computational molecular
modelling.

Methods: Various methodology used in the study include lead identification, selecting derivatives, molecular modelling,
target identification, docking and visualizing the output. The ligands that show good binding scores are selected and
Captopril was selected as standard drug.

Results: In this study, we designed various derivatives of acylated proline into a ligand having ACE Inhibitor activity.
All the twenty designed derivatives showed more binding affinity towards the receptor compared to the standard drug
Captopril.

Conclusions: The work concluded that the designed twenty ligands are promising ACE Inhibitors which provides anti-
hypertensive activity.
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1. Introduction

Hypertension is a condition in which pressure in the blood vessels is too high. That is systolic blood pressure (SBP) of
140 mm of Hg or greater and/or diastolic blood pressure (DBP) of 90 mm of Hg or greater. There are two types of
hypertension, primary and secondary. Primary or essential high blood pressure is the most common type which is
caused without any specific disease. It is influenced by the activity of hormone regulating blood pressure, environmental
factors like stress and lack of exercise. Secondary hypertension is caused due to another condition such as diabetes,
pregnancy, obstructive sleep apnoea, etc.!!

Hypertension is a notable health problem, with a prevalence rate of 40.8% world wide and 32.3 % control rate. It is the
major cause of various health problems such as cardiovascular disease, cerebrovascular diseases, and chronic kidney
disease. 9.4 million deaths were reported as a result of complications from hypertension, among this, 51% of all deaths
were due to stroke and 45% of all deaths due to coronary artery disease.[?]

Hypertension can be treated by self-care such as life style modification and by taking anti-hypertensive medications.
Life style modifications such as following a healthy diet, exercise and being more active help to control the blood
pressure. Anti-hypertensive drugs include ACE inhibitors, diuretics, beta blockers, AR II blockers, calcium channel
blockers, vasodilators. ACE inhibitors act by inhibiting angiotensin converting enzyme; which causes decrease in
angiotensin Il production and increases bradykinin level by inhibiting its degeneration, which leads to vasodilation. 3!
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Our aim is to design proline derivatives using Chemsketch, AutoDock, PyMOL as ACE inhibitor in hypertension
treatment. L-Proline is a secondary amino acid which is proteinogenic in nature. Its anti-hypertensive activity is
exhibited when it is acylated with 3-acetylthio-2-methylpropionic acid and act by competitively inhibiting Angiotensin
Converting Enzyme. The ACE inhibitor activity of acylated proline can be enhanced by attaching various heterocyclic
compounds having the same activity to C-14 position of the lead.

H?z 1

H3C/10 //9
14 6

%
5 ’}I 5 /s
OH
9
3 4

Figure 1 Structure of acylated proline

2. Materials and methods

2.1. Computational Platforms and Software Used

Table 1 Software Used in In Silico Design

Software Used Usage

ACD Chemsketch To draw 2-D structure

SMILES (Simplified | To translate a chemical’s 2-D structure into a

Molecular Input Line Entry | string of symbols that is easily understood by

System) computer software

Molinspiration To calculate drug likeness property

PASS Online To predict the activity

PDB (Protein Data Bank) To obtain a target protein(receptor)

PubChem To obtain the 3D structure of standard drug

NovoPro Bioscience Inc. To convert SMILES of derivatives to PDB
format

AutoDock For Docking

PyMol For the visualization of docked complex

ACD Chemsketch is a molecular modelling program used to create and modify images of chemical structures. It also
allows molecules and molecular models displayed in two and three dimensions, to understand the structure, chemical
bonds and the nature of functional groups. It has several templates with ions and functional groups with the possibility
to add text and use other tools to optimize productions created by the software. This program also offers some advanced
features which allow the molecule to rotate and apply colour to improve visualization. Using this program, we are able
to write and perform chemical equations, SMILES notations, and chemical structures of various entities.

Molinspiration is a cheminformatics tool, supporting molecule manipulation and processing, including SMILES and SDF
conversion, generation of tautomer, calculation of various molecular properties needed in QSAR, molecular modelling
and drug design. It also supports fragment-based virtual screening, bioactivity prediction and data visualization. It
works under the principle of Lipinski Rule of Five, which is a rule that is important to keep in mind during the drug
discovery process. According to this rule, an orally active drug has no more than one violation of the following criteria.
The criterias are follows:
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No more than 5 hydrogen bond donors (nHDon),

No more than 10 hydrogen bond acceptors (nHAcc),

No more than 10 rotational bonds (nrtob),

A molecular mass less than 500 Daltons,

A calculated octanol-water partition coefficient (logP) not greater than 5.

PDB (Protein Data Bank) is a database software, were structural data of macromolecules are stored. It consist of
experimentally determined 3D structures which enables its exploration, visualization and analysis.

NovoPro Bioscience Inc. is a software which helps in the conversion of SMILES notation of a molecule to its 3D structure,
where it can be downloaded in various formats like .sdf, .pdb, .mol etc

AutoDock is a molecular modelling simulation software. It is especially effective for protein-ligand docking. AutoDock4
is available under the GNU General Public License. AutoDock is one of the most cited docking software applications in
the research community. AutoDock consist of two main programs. AutoDock for docking of the ligand to a set of grids
describing the target protein; Auto Grid for pre-calculating these grids. [20.21]

PyMol is a 3D molecular visualization software, which is used for preparing high resolution and high quality 3D images
of small molecules and biological macromolecules such as proteins. PyYMOL is one of the few mostly open-source model
visualization tools available for use in structural biology .[20.21]

Protein Preparation: The X-ray crystal structures retrieved from the PDB database as raw could not be suitable for
molecular docking studies. A typical PDB structure consists of only heavy atoms, waters, co factors, metal ions and can
be of multimeric. These structures do not have the information about bond orders, topologies or formal atomic charges.
So, the raw PDB structure should be prepared in a suitable manner for docking. Protein preparation wizard of Glide
software was used to process and prepare the protein. This also follows the OPLS-AA force fields for energy
minimization.

Ligand Preparation: Ligand preparation was done to minimize the energy of the ligand. A standard drug having
selected activity and having binding properties were selected from PubChem database. The selected ligand was then
downloaded in .sdf format and visualized in PyMol and then converted to .pdb format. Then it was opened in AutoDock.
And then it was subjected to elimination of water, addition of polar hydrogen and addition of Kollmann charges and then
saved in .pdbqt format.

Docking: The prepared target and ligand were then opened in Autodock software, then we have selected our target
from grid as macromolecule and then inserted the grid box and saved the grid dimension file in .txt format. Then we
have created the config file in .txt format and the command was entered into the command prompt and runned the
command to obtain the docking score.

2.2. Scheme of Work
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Figure 2 Scheme of Work

3. Results and discussion

3.1. ACD/Chemsketch

The 2-D structure of proposed derivatives were drawn using ACD/Chemsketch and was shown in Table 2.
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Table 2 Proline Derivatives and Their IUPAC Name with SMILES Notation

S1 No. IUPAC Name Proposed Ligands SMILES Notation
1-{4-chloro-5-o0x0-5-[(2- CIHS 0C(=0)C2CCCN2C(=0)
1 oxoazetidin-3-yl)amino]-2- C(CC(CHC(=0)NCICNC
(sulfanylmethyl)pentanoyl}p NH /0 1=0)CS
yrrolidine-2-carboxylic acid HND/ | 0
YO
0 OH
1-[4-chloro-5-(1,3,4- CIHS 0=C(NN1N=COC1)C(Cl
2 oxadiazol-3(2H)-ylamino)-5- )JCC(CS)C(=0)N2CCCC
0X0-2- /\N/NH P 2C(=0)0
(sulfanylmethyl)pentanoyl]p | o | | 0
yrrolidine-2-carboxylic acid \=N 0 N //
e
1-[4-chloro-5-(1H-imidazol- CIHS 0=C(0)C1CCCN1C(=0)
3 4-ylamino)-5-o0xo0-2- C(CS)CC(CHC(=0)Nc2c
(sulfanylmethyl)pentanoyl]p N NH 0 [nH]cn2
yrrolidine-2-carboxylic acid </ I M/ o
N 0 N //
s
1-[4-chloro-5-0x0-5- NN 0=C(0)C1CCCN1C(=0)
4 (pyrimidin-5-ylamino)-2- | C(CS)CC(CNC(=0)Nc2c
(sulfanylmethyl)pentanoyl]p _ HS ncnc2
yrrolidine-2-carboxylic acid i o
=
o]
o N ]
T o
1-[4-chloro-5-0x0-5- o SH 0C(=0)C2CCCN2C(=0)
5 (pyridazin-4-ylamino)-2- C(CC(CNHC(=0)Nclcenn
(sulfanylmethyl)pentanoyl]p = NHJ\/{‘(O c1)CS
yrrolidine-2-carboxylic acid KE/ || 0
N
OH
1-[4-chloro-5-(1,4- CIHS 0C(=0)C2CCCN2C(=0)
6 dihydropyridin-3-ylamino)- C(CC(CNHC(=0)NC1=CN
5-0X0-2- NHVKJYO C=Cc1)Cs
(sulfanylmethyl)pentanoyl]p @ ” 2
yrrolidine-2-carboxylic acid N © N I
1-[4-chloro-5-(furan-2- o 0=C(Nc1lcccol)C(ClC
7 ylamino)-5-o0xo0-2- C(CS)C(=0)N2cCccce2c
(sulfanylmethyl)pentanoyl]p A NHT/kj\(O (=0)0
yrrolidine-2-carboxylic acid @/ ol N 2
N,

67



Open Access Research Journal of Science and Technology, 2023, 08(02), 064-078

1-[4-chloro-5-(1H-indazol-3-

0=C(0)C1CCCN1C(=0)

HS
cl
8 ylamino)-5-oxo-2- C(CS)CC(CHC(=0)Nc2n
(sulfanylmethyl)pentanoyl]p NH 0 [nH]c3ccccec
yrrolidine-2-carboxylic acid 0
N—N o N
1-[4-chloro-5-(1H-indol-3- o HS 0=C(0)C1CCCN1C(=0)
9 ylamino)-5-oxo-2- C(CS)CC(CHC(=0)Nc2c
(sulfanylmethyl)pentanoyl]p NH 0 [nH]c3ccccee
yrrolidine-2-carboxylic acid 0
N 0 N |
s
1-[4-chloro-5-0x0-5- o 0C(=0)C2CCCN2C(=0)
10 (piperidin-3-ylamino)-2- " o C(Cc(ChHC(=0)NC1CCe
(sulfanylmethyl)pentanoyl]p o NC1)CS
yrrolidine-2-carboxylic acid N c! N /|
1-[4-chloro-5-0x0-5-(1H- — 0C(=0)C2CCCN2C(=0)
11 pyrrol-2-ylamino)-2- . NH  Hs C(CC(CHC(=0)Nclccen
(sulfanylmethyl)pentanoyl]p ¢ 1)cs
yrrolidine-2-carboxylic acid HN | =0 o
o N
T o
1-[4-chloro-5-ox0-5-(1H- E_N 0=C(Nclcnncl)C(CI)C
12 pyrazol-4-ylamino)-2- \ C(CS)C(=0)N2CCCC2C
(sulfanylmethyl)pentanoyllp | X~ ™S (=0)0
yrrolidine-2-carboxylic acid HN\H\J\% o
| o
S N
O e
[4-chloro-5-0x0-2- — 0=C(Nclcccs1)C(CNCC
13 (sulfanylmethyl)-5- NP oS (CS)C(=0)N2cCceezC(=
(thiophen-2- 0)o
ylamino)pentanoyl]pyrrolidi HN o
ne-2-carboxylic acid 5 Q
N
s
[4-chloro-5-0x0-5-(pyridin-3- XN 0C(=0)C2CCCN2C(=0)
14 ylamino)-2- [ e C(CC(C1)C(=0)Nclccen
(sulfanylmethyl)pentanoyl]p cl c1)CS
yrrolidine-2-carboxylic acid
1-[5-(4a,8a-dihydro-1,8- OC(=0)C3CCCN3C(=0)
15 naphthyridin-3-ylamino)-4- C(Cc(CcnC(=0)NC1=CC

chloro-5-oxo-2-
(sulfanylmethyl)pentanoyl]p
yrrolidine-2-carboxylic acid

2C=CC=NC2N=C1)CS
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16

1-[4-chloro-5-o0x0-2-
(sulfanylmethyl)-5-(1H-1,2,3-
triazol-
lylamino)pentanoyl]pyrrolid
ine-2-carboxylic acid

l o)

N /
o

0=C(Nnlccnnl1)C(CD)C
C(CS)C(=0)N2CcCee2c
(=0)0

17

1-{4-chloro-5-0x0-5-[(6-0x0-
1,6-dihydropyridazin-4-
yl)amino]-
2(sulfanylmethyl)pentanoyl}
pyrrolidine-2-carboxylic acid

OH

HS
Cl
O\ N NHMO
0]

0=C(NC1=CC(=0)NN=
C1)C(C1)CC(CS)C(=0)N
2CCCC2C(=0)0

18

1-[4-chloro-5-0x0-5-
(quinazolin-8-ylamino)-2-
(sulfanylmethyl)pentanoyl]p
yrrolidine-2carboxylic acid

HS
Cl
NH o]
N M o
AN es
N
OH

0C(=0)C3CCCN3C(=0)
C(CC(CHC(=0)Nc2cccc
lcnencl2)CS

19

1-[4-chloro-5-ox0-2-
(sulfanylmethyl)-5-(1,2,3-
thiadiazol-
2(3H)ylamino)pentanoyl]pyr
rolidine-2-carboxylic acid

Cl

\N/ 7
\ | || 7
&s o <i7///\OH

0=C(NN1NC=CS1)C(Cl
)CC(CS)C(=0)N2CCCC
2C(=0)0

20

1-[4-chloro-5-0x0-5-
(pyrido[3,2-c]pyridazin-7-
ylamino)-
2(sulfanylmethyl)pentanoyl]
pyrrolidine-2-carboxylic acid

HS
cl
NH e
NZ~ | M/ o
N o N J
| OH
N4N

OC(=0)C3CCCN3C(=0)
C(CC(CNHC(=0)Nclcc2n
ncce2ncl)CS

2-D structure of proposed derivatives were drawn in ACD/Chemsketch.

3.2. Molinspiration

The Lipinski’s rule and the drug likeness properties of proposed derivatives were analysed by Molinspiration. The
properties are shown in Table 3 and 4

Table 3 Lipinski’s rule analysis of proposed derivatives

Compound LogP Mol Wt nHDon nHAcc nrtob nViolations
1 -2.54 377.85 3 8 7 0
2 -1.83 378.84 2 9 7 0
3 -1.69 374.85 3 8 7 0
4 -1.58 386.86 2 8 7 0
5 -2.01 386.86 2 8 7 0
6 -1.12 387.89 3 7 7 0
7 -0.66 374.85 2 7 7 0
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8 0.01 42491 3 8 7 0
9 0.35 423.92 3 7 7 0
10 -1.67 391.92 3 7 7 0
11 -0.76 373.86 3 7 7 0
12 -1.49 374.85 3 8 7 0
13 -0.01 390.91 2 6 7 0
14 -0.87 385.87 2 7 7 0
15 -1.03 438.94 2 8 7 0
16 -1.98 375.84 2 9 7 0
17 -2.15 402.86 3 9 7 0
18 -0.25 436.92 2 8 7 0
19 -1.21 394.91 3 8 7 0
20 -0.97 437.91 2 9 7 0
Captopril -1.09 217.29 1 4 3 0

The molinspiration for the above designed 20 proline derivatives along with the standard drug Captopril were done and
it was found that all the 20 derivatives were found to obey the Lipinski’s Rule of Five.

Table 4 Drug Likeness Properties of Proposed Ligands

Compound GPCR Ion Channel | Kinase Nuclear Protease Enzyme
Ligand Modulator | Inhibitor Receptor Inhibitor Inhibitor
Ligand
1 0.37 0.03 -0.17 0.02 1.28 0.41
2 0.15 -0.12 -0.39 -0.03 0.87 0.30
3 0.47 -0.04 0.08 -0.46 0.82 0.55
4 0.35 0.05 0.03 -0.03 0.87 0.36
5 0.34 0.13 -0.04 -0.15 0.81 0.36
6 0.30 -0.10 -0.32 -0.08 0.83 0.40
7 0.25 -0.37 -0.35 -0.35 0.58 0.20
8 0.40 0.10 0.28 -0.15 0.93 0.33
9 0.22 0.05 0.20 -0.03 0.68 0.09
10 0.23 -0.05 -0.05 -0.19 0.66 0.14
11 0.34 0.08 -0.09 0.03 0.89 0.38
12 0.14 -0.21 -0.17 -0.39 0.67 0.26
13 0.06 -0.23 -0.30 -0.34 0.75 0.16
14 0.27 0.06 -0.09 -0.08 0.89 0.34
15 0.22 -0.19 -0.34 -0.27 0.78 0.36
16 0.38 -0.08 -0.02 -0.15 1.04 0.46
17 0.10 -0.20 -0.18 -0.47 0.47 0.20
18 0.38 0.14 0.10 -0.15 0.80 0.42
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19 0.30 -0.09 -0.10 -0.11 0.90 0.38
20 0.25 0.25 0.18 -0.06 0.71 0.33
Captopril -0.14 -0.08 -0.98 -0.55 0.97 0.50

GPCR- G-protein Coupled Receptor

The molinspiration for the above designed 20 proline derivatives along with the standard drug Captopril were done and
it was found that all the 20 derivatives were found to obey the drug likeness properties. Thus, these compounds have

been selected for further steps.

3.3. PASS (Prediction of Activity Spectra for Substances)

PASS predicts the biological activity of proposed derivatives, where ‘Pa’ indicates the probability to be active and ‘Pi’
indicates the probability to be inactive.

Table 5 PASS Values of Proposed Derivatives

PASS Values

S1 No Pa Pi

1 0,164 0,008
2 0,106 0,014
3 0,078 0,023
4 0,086 0,019
5 0,098 0,016
6 0,096 0.016
7 0,091 0,018
8 0,073 0,026
9 0,110 0,014
10 0,176 0,007
11 0,088 0,019
12 0,082 0,021
13 0,109 0,014
14 0,088 0,019
15 0,069 0,029
16 0,104 0,015
17 0,074 0,025
18 0,069 0,029
19 0,119 0,012
20 0,062 0,035
Captopril 0,592 0,002

PASS for the designed 20 Proline derivatives and standard drug Captopril was done, and it was found all the derivatives

possess Angiotensin Converting Enzyme Inhibitor activity similar to the standard drug Captopril.
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3.4. Docking

Designed ligands and standard drug metformin were docked with 108A (Human Angiotensin Converting Enzyme). The
docking scores of analogues are shown in Table 6.

Table 6 Docking Score of Proposed Analogues and Standard with 108A

SINo | Compound | Docking Score
1 -7.3
2 2 -7.4
3 3 -7.4
4 4 -7.5
5 5 -7.6
6 6 -7.3
7 7 -7.4
8 8 -8.9
9 9 -8.0
10 10 -7.2
11 11 -6.6
12 12 -6.7
13 13 -6.8
14 14 -6.9
15 15 -7.6
16 16 -6.9
17 17 -7.9
18 18 -7.9
19 19 -6.9
20 20 -8.0
21 Captopril -5.4

Based on the docking score, it was found that the designed proline derivatives showed higher docking score than the
standard drug Captopril.
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Table 7 Table Showing Images of Docked Complex

Docked complex of 108A with Compound 7

Docked complex of 108A with Compound 8
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Docked complex of 108A with Compound 15

Docked complex of 108A with Compound 16
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Docked complex of 108A with Compound 19 Docked complex of 108A with Compound 20

Docked complex of 108A with Captopril

The images of docked complex with the target 108A with the proposed derivatives and standard drug Captopril were
obtained.

4., Conclusion

From the docking study, it was found that the designed Proline derivatives possess more anti-hypertensive activity than
the standard drug Captopril. Captopril has a docking score of -5.4 and the designed proline derivatives possess least
binding energy, because the ligands are having heterocyclic ring and they are more electronegative because of the
inductive, field and mesomeric effect. The electronegativity facilitate the binding interaction with the receptor. Here,
the linker used is CHCI-NH-C=0 group, which links the basic nucleus with the derivative. The linker helps to increase
the binding affinity towards the binding pockets residing in the receptor. In these compounds, the use of an oxygen atom
as a bioisosteric linker which has smaller bond angle and greater electronegativity results in analogues with increased
potency. The difference in the force field energy of the analogues varies the binding score of proposed ligands.
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Therefore, the work concluded that the proposed ligands are promising ACE-Inhibitors which provides anti-
hypertensive activity.
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