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ABSTRACT

The current study explores the potential of a novel synthetic biopolymer, 1-(carboxyamino)
ethyl carbamic acid (CECA), which possesses hydrophilic and bioadhesive properties favorable for
vascular environments. Molecular docking and computational analysis provide early-stage insights
into potential bioactivity and safety of novel compounds. This work focuses on CECA’s interaction
with cardiovascular-relevant targets and its predicted safety profile. This study aims to investigate
the efficacy and potential toxicity of a synthetic biopolymer derived 1-(carboxyamino) ethyl carbamic
acid as a coating material for cardiac stents using a molecular docking-based in silico approach.
The synthesized polymer's molecular interactions with key cardiovascular proteins, Results suggest
favorable binding affinities toward endothelial healing proteins and minimal interaction with RBC and
toxicity targets, indicating promising biocompatibility. The findings support the potential of this polymer
as a non-toxic, bio functional stent coating for improved cardiovascular implant performance.
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INTRODUCTION

Cardiac stent coating materials are critical
for improving biocompatibility and minimizing
thrombosis and restenosisi. This study investigates
the efficacy and toxicity of the synthetic biopolymer

1-(carboxyamino) ethyl carbamic acid (CECA) as
a potential cardiac stent coating using in silico
approaches2. Molecular docking was performed
against key cardiac-related protein targets. The
long-term success of cardiac stents is often limited
by restenosis and thrombosis, primarily due to poor
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endothelialization and inflammatory responses
induced by metallic or poorly biocompatible coatings.
Biopolymers have emerged as promising alternatives
due to their tunable bioactivity and degradation
profiles3-6. In this regard, 1-(carboxyamino)
ethyl carbamic acid, a synthetic biopolymer, was
suggested as a possible coating substance. In order
to predict toxicity using pertinent in silico models and
examine the biopolymer's interaction with biological
targets implicated in inflammation, thrombosis, and
endothelial repair, this study employs computational
molecular docking’.

MATERIAL AND METHODS

Ligand Preparation

The biopolymer structure based on
1-(carboxyamino) ethyl carbamic acid was built using
ChemSketch optimized using MMFF94 force field8.

Protein Target Selection
Key protein targets were selected for
evaluating efficacy and toxicity: Cytochrome C 1THRC

Molecular Docking and ADMET and Toxicity
Prediction

AutoDock Vina was used for molecular
docking, while PyRx was used for validation. The
strength of the interaction was predicted using
binding affinity ratings9-10.

RESULTS AND DISCUSSION
Synthesis of Urethane derivatives
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Table 1: List of derivative schemed for
computational analysis
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Docking with Endothelial Targets

The target protein selected for the study
is Cytochrome C, with Protein ID 1HRC. The
experimental structure was determined using X-ray
diffraction, which aligns with the standard method
commonly used for high-resolution structural
analysis. No mutations were present in the protein,
ensuring that the natural conformation was analyzed.
PDB validation of the structure was rated as "better,"
confirming its reliability and structural quality.
Notably, there was no co-crystallized ligand in the
structure12. In the Ramachandran plot. It sheds light
on the protein backbone's sterically permitted areas
and structural preferences.

Fig. 1: Ramachandran Plot 1hrc obtained from
PROCHECK server

Grid generation

Chimera 1.11.2, Maestro version 12.7.1619,
and Auto Dock Tools 1.5.6 were used for grid
generation and validation. When the co-crystallized
ligand was available, its orientation was used to
establish the grid parameters. The CASTp6 server
helped with active site identification for proteins in
the apo form, guaranteeing precise binding pocket
selection. The grid that was created for the protein
with PDB ID 1HRC included the residues of the
active site, In order to guarantee the best possible
representation of the binding pocket for next docking
simulations, these residues were carefully chosen13.
Grid Parameter Optimization for Molecular Docking
To guarantee precise and effective ligand binding
predictions in molecular docking experiments, the
grid box must be defined correctly. For docking
simulations, the enclosed grid box was meticulously
adjusted to match the unique structural characteristics
of the protein's active site. Focused docking within
the physiologically important region of the receptor
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was ensured by choosing the grid's dimensions
and placement to match the expected size and
conformation of the ligands. Horseradish Peroxidase
(PDB ID: 1HRC) was the protein employed in this
investigation. The grid center was exactly located in
the geometrical center of the protein's active site,
which is x=44.969, y = 25.566, and z = 8.384. Based
on past understanding of the catalytic pocket and the
residues involved in ligand binding, this decision was
made. In order to balance computational efficiency
and biological correctness, the grid box dimensions
were uniformly adjusted to 20 x 20 x 20 A along the
X, ¥, and z axes. This was done to account for the
expected size of the ligands. This size minimizes the
inclusion of irrelevant protein structural areas while
guaranteeing that the grid completely encloses the
active site 14.

Ligand Preparation

ChemSpider, a reliable chemical structure
database, provided the ligand structures. To
guarantee ideal geometry and structural accuracy,
these constructions were first cleaned in both
2D and 3D formats after being imported into
MarvinSketch. The MMFF94 (Merck Molecular Force
Field 94) was used to minimize the energy of the
ligands during the cleaning process. Through the
reduction of internal strain and steric conflicts, this
minimization procedure aids in the achievement of
thermodynamically stable conformations. The lowest
energy conformer, which represents the most stable
and physiologically significant form of the molecule,
was chosen for further uses based on the energy
minimization results. These completed ligand
structures were exported in MOL2 format, which is
appropriate for additional computational analysis
and molecular docking15.

Interaction between certain ligands and target
proteins

To assess the interaction between certain
ligands and target proteins, molecular docking
studies were carried out. First, the PDBQT format
was created using the three-dimensional structures
of the proteins and ligands. A unique in-house bash
script that used ADFRsuite for receptor preparation
and AutoDock Tools 1.5.6 for ligand preparation
was used to accomplish this. While the receptor
molecules were regarded as rigid during the docking
simulations, all rotatable bonds within the ligands
were maintained flexible, allowing them to explore

multiple conformations. AutoDock Vina v1.2.3 was
used to perform docking calculations using a grid
spacing of 0.375 A. The search was expanded to
look for possible other binding sites for improved
interaction mapping, with the grid box centered
on the target protein's known active site. Unless
otherwise noted, all other docking parameters were
kept at their default settings. The docking protocol
was configured as follows: CPU threads: 23,
Exhaustiveness: 32, Number of binding modes: 9,
Energy range: 3 kcal/mol. The XYZ coordinates of
the grid center that is utilized for docking. Re-docking
studies were carried out in the exact same settings
as the original docking runs in order to guarantee the
docking protocol's dependability and reproducibility.

Visualization

Using Biovia Discovery Studio Visualizer,
post-docking results from AutoDock Vina were
further examined to produce ligand—protein
complexes. Key binding interactions were visually
interpreted for these complexes. To show the
binding conformation and interaction profile of
ligands within the target protein's active site,
Maestro 12.3 (Schrddinger, Academic Edition) was
used to generate 2D interaction diagrams and 3D
structural representations of the docked complexes.
The illustrations included thorough explanations of
hydrophobic contacts, hydrogen bonds, and other
important chemical interactions.

Table 2: Binding Energy and Interaction

Residue
Complex Binding Energy Distance

1_IHRC -5.007

Type of Interaction 1D
GLY23A 2.06
ASN3IA 337
ASN3IA 254
ARG38A 233
ARG38A 2121

Hydrogen Bonds

Fig 2. 2D Images of docking with binding
receptor derivative one
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Fig 3. 3D Images of docking with binding
receptor derivative one

Toxicity Profiling
Methodical Process:
Step |: Getting inside the Software Go to https:/
www.swissadme.ch in a web browser.
Step 2. Installation and registration are not
necessary.
Step 3: Compound Input was given as export the
chemical structure in smiles format after drawing it
with ChemSketch, into the SwissADME
website's input box.
Step 4: Click "Run" once the SMILES strings have
been entered. Usually, the software takes a few
seconds to several minutes to process the
input16 and produce results shown in figure 3.

Fig.3 no: Pharmacokinetics study of
1-(carboxyamino)ethyl carbamic acid
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Parameter Level
Gl absorption High
BBB permeant No
P-gp substrate No
CYP1A2 inhibitor No
CYP2C19 inhibitor No
CYP2C9 inhibitor No
CYP2D6 inhibitor No
CYP3A4 inhibitor No
Log Kp (skin -6.67 cm/s

permeation)

Low cardiotoxicity risk is indicated by little
binding to site and no significant binding to CYP450
enzymes (>-5.0 kcal/mol). ProTox-Il indicates a
low likelihood of mutagenicity or hepatotoxicity,
therefore favorable prospects for drug development
are compounds that exhibit good Gl absorption, no
CYP inhibition, adherence to Lipinski's guidelines,
and no pains alarms.

CONCLUSION

The biopolymer's 1-(carboxyamino) ethyl
carbamic acid derivatives as potential, efficient
and bioinert stent coating material is supported
by the in silico analysis. Its reduced toxicity profile
and favorable interactions with endothelial targets
enhance its suitability for cardiovascular applications.
It having good binding energy on selected protein
target site. These derivative can be use as a coating
for cardiac stents. The synthetic biopolymer made
from 1-(carboxyamino) ethyl carbamic acid exhibits
a safe toxicity profile and encouraging biological
interactions. Nevertheless, urethane derivatives
for covering cardiac stents have been successfully
developed and validated experimentally using
cytotoxicity tests as a vitro models.
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