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Introduction: Hypertension is a severe cardiovascular disease affecting human health, and its
control and prevention are crucial for global health. Angiotensin-converting-enzyme inhibitors
are primarily used in treating this condition. The aim of this work was to develop quantitative
structure-activity relationship (QSAR) models to predict the activity of some chemical
compounds as angiotensin I-converting enzyme inhibitors using CORAL software.

Materials & Methods: In this study, quantitative structure-activity relationship to predict the
inhibitory activity of the data set containing 255 angiotensin-converting enzyme inhibitor
compounds based on the algorithm Monte Carlo was studied. The input file of CORAL
software contains the structures of compounds with SMILES symbols along with their
inhibitory activity, which were randomly divided into four sets, including active training,
passive training, calibration and validation sets. The whole data set is randomly divided into
three splits, and an individual model was created for each division.

Results: A hybrid optimal descriptor computed from SMILES and molecular hydrogen-
suppressed graphs is employed to construct QSAR models. Four target functions, i.e., TFo
(WIIC = WCII = 0), TF1 (WIIC = 0.3 and WCII = 0), TF2 (WIIC = 0 and WCII = 0.3), and
TF3 (WIIC = WCII = 0.3), are employed to build 12 QSAR models.

Conclusion: The study analyzed experimental data on chemical compounds as inhibitors of
angiotensin I-converting enzyme. The QSAR model of split 2 calculated by TF3 was found to
be the best model, and it identified structural attributes responsible for the increase and
decrease of inhibitory activity.
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Introduction

and fluid balance through Angiotensin-
Converting-Enzyme-l (ACE-I) inhibition, and

The complications like hypertension,
dysrhythmia, heart failure (HF), myocardial
infarction, etc. are pivotal factors linked to
cardiovascular diseases (CVD), accounting for
a substantial portion (32 %) of total mortality in
both developed and developing nations (1).
High blood pressure, or hypertension, is a
condition of sustained increase in blood
pressure levels and is the primary risk factor for
CVD (2). The renine-angiotensin system is a
hormone system that regulates blood pressure

plays an important role in the pathophysiology
of CVDs such as congestive heart failure and
hypertension  (2).  Angiotensin-converting
enzyme inhibitors are a group of drugs used in
the treatment of cardiac pathologies like
hypertension, congestive heart failure, left
ventricular  dysfunction and myocardial
infarction (3). ACE inhibitors act as potent
vasodilators by blocking the conversion of
angiotensin | to angiotensin 11, thereby lowering
blood pressure by generating prolonged
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hypotensive responses (2). Currently, numerous
drugs as ACE inhibitors have been synthesized
to treat hypertension disease (2). However,
experimental methods for drug discovery are
expensive and time-consuming (4). In order to
save time, reduce costs, and eliminate the need
for extensive equipment, the development of in
silico methods (e.g., Quantitative Structure-
Activity Relationship (QSAR)) to predict the
activity/property of drugs prior to the clinical
stage would be beneficial (4-5). QSAR, are
advanced computational techniques that relate
chemical structure to specific properties or
biological activity using mathematical models
based on molecular descriptors  (5).
Complications  such  as  hypertension,
arrhythmia, HF, and myocardial infarction are
critical factors associated with CVDs,
contributing to approximately 32% of total
mortality in both developed and developing
countries (1-4). Hypertension, defined as a
sustained elevation in blood pressure, is
considered the primary risk factor for CVD (2-
5). The renin-angiotensin system plays a key
role in regulating blood pressure and fluid
balance through the inhibition of ACE-I, and it
is closely linked to the pathophysiology of
disorders such as hypertension and congestive
heart failure (2). ACE inhibitors are a class of
pharmaceutical agents widely used in the
treatment of various cardiac conditions,
including hypertension, congestive heart
failure, left wventricular dysfunction, and
myocardial infarction (5). These drugs act as
potent vasodilators by inhibiting the conversion
of angiotensin | to angiotensin Il, thereby
reducing blood pressure through sustained
hypotensive effects (5). Although numerous
ACE-l drugs have been synthesized for
hypertension management, traditional drug
discovery methods remain time-consuming and
costly (3,4). The aim of this work was to
develop guantitative structure-activity
relationship (QSAR) models to predict the
activity of some chemical compounds as
angiotensin I-converting enzyme inhibitors
using CORAL software.

Methods

TThe SMILES notation of 255 agents,
along with numerical data on their ACE-I
inhibitory activity, was acquired from a study
published by Shah et al. The inhibition potential
of compounds was defined as half-maximal
inhibitory concentration in nM (IC50). The

numerical values of activity were converted to a
— logIC50 (pICsg). The plCso was taken as the
dependent parameter for constructing QSAR
models with the CORAL software. Three splits
were made from the dataset and each split was
further randomly divided into four sets, i.e.,
active training, passive training, calibration, and
validation sets. A dataset of 255 compounds,
including their SMILES representations and
ACE-I inhibitory activities (IC50 values in nM),
was obtained from a study by Shah et al. The
activity data were transformed into a negative
logarithmic scale (pICso = —logIC50) and used
as the dependent variable in QSAR model
construction via CORAL software. The dataset
was divided into three distinct splits, with each
split further partitioned into four subsets: active
training, passive training, calibration, and
validation sets. The hybrid descriptor DCW
(T*, N*) was used for model development,
combining features derived from SMILES and
molecular graphs. Monte Carlo optimization
was employed to determine the correlation
weights (CW) for the descriptors. Four target
functions (tro, TF1, TF2, and TF3) were
evaluated, and the statistical performance of
models based on each function was compared.

Results

The optimal descriptors from the hybrid
model resulting from the combination of
SMILES descriptors and hydrogen-free
molecular graph were used to build QSAR
models. Four objective functions, namely Tk
(WHC=WCII =0), TF (WIIC=0.3), TF> (WIIC
=0, WCIIl =0.3) and TF3 (WIIC = WCII = 0.3)
were used to build 12 QSAR models. The
statistical results of each objective function
were compared with each other.

Conclusion

The study evaluated predictive quality of
models using the TF; target function, with the
best performance observed in models developed
using this function. Various statistical metrics
were used to ensure robustness, including
coefficient of determination, I1C, Cll, CCC, and
cross-validated coefficient. Evaluation criteria
like root mean square error, mean absolute
error, F-statistic,c mean predictive squared
correlation  coefficient, delta, and Y-
randomization tests were also used. The
applicability domain of each model was
examined using the statistical defect value,
denoted as d(A), to define reliable predictions.


https://sjimu.medilam.ac.ir/article-1-8498-en.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-02-06 ]

Structural features from SMILES notation and
molecular graph invariants were also analyzed
to identify chemical substructures contributing
to the enhancement or reduction of pICs values.
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