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QSAR (Quantitative structure- activity relationships)

QSPR (Quantitative structure- properties relationships)

CADD (Computer Aided Drug Design)

RI (Retention index)

OECD (The Organization for Economic Co-operation and Development)
KS (Kennard-Stone)

LASSO (Least absolute deviation- Least absolute shrinkage and selection operator)
LAD (Least Absolute Deviations)

SCAD( Smoothly Clipped Absolute Deviation)

VIF (Variance inflation factor)

PCR (Principal component regression)

PLS (Partial least square)

ANN (Artificial neural network)

LM (Levenberg —Marquardt)

BR (Bayesian regularization)

LOO (Leave-one-out)

AD (Applicability Domain)

CV (Cross validation)

RMSD (Root-mean-square deviation)

SARS (Severe acute respiratory syndrome coronavirus)

MERS (Middle East respiratory syndrome coronavirus)

LAD- LASSO (Least absolute deviation (LAD)- least absolute shrinkage and selection
operator (LASSO))

VOCs (Volatile organic compounds)

OLS (Ordinary least squares)

RMSE (Root mean square error)

LASSO (Least Absolute Shrinkage and Selection Operator)

ALASSO (Adaptive least Absolute Shrinkage and Selection Operator)
MCP (Minimax concave penalty)

SPSS (Statistical Package for Social Science)

SMILES (Simplified molecular-input line-entry system)

SIS (Sure Independence Screening)

ISIS (Iterative Sure Independence Screening)
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Lipinski's rule of five were calculated for all proposed compounds and the suggested new
compounds have acceptable pharmacological properties. In the third study, the combination of
the least absolute deviation-least absolute shrinkage and selection operator (LAD-LASSO) was
introduced as a new variable selection method for the ANN-based QSAR studies. The ANN
model coupled with the efficient LAD-LASSO variable selection method was evaluated by
predicting the biological activity of three datasets of chemical compounds. The LAD-LASSO
variable selection method was applied, and the descriptors with the most relevance to the
biological activities were selected. The selected descriptors were defined as the ANN inputs, and
the designed models were optimized. The biological activity of the test set compounds was
predicted using the corresponding optimum ANN models. The coefficients of determination (R?)
for the test data in the three datasets were equal to 0.87, 0.84, and 0.87. The applicability domain
and Y-randomization test also proved the efficiency of the developed models. Finally, the created
QSAR models were utilized to suggest numerous novel, highly potent chemical compounds by
structurally modifying the weak molecules in all three datasets. The response value of the new
suggested compounds was predicted using the optimum ANN models. According to the LR
information, and the presence of different hydrophilic and hydrophobic interactions in the active
site of the respective receptor indicates the high potential of chemical compounds. In the last
work of this study, a combination of the SCAD and the ANN was utilized in the quantitative
structure-retention indices(RIs) relationship (QSRR). The proposed SCAD method reduces the
dimension of data before using the robust ANN modeling method. The efficiency of the SCAD-
ANN methods was evaluated by the construction of a QSRR model between the most effective
molecular descriptors and RIs for two sets of volatile organic compounds (VOCs). The SCAD
method was applied to training data, and effective descriptors were selected in Amin and were
defined as the inputs to the ANN modeling method. All ANN parameters were optimized
simultaneously. Some statistical parameters were computed, and the obtained results indicate that
the constructed QSRR models have acceptable values. Also, the applicability domain analysis
reveals that more than 95% of the data are in the confidence range. So, the prediction results of
the SCAD-ANN models are reliable.

Keywords: QSAR, QSPR, Cancer, HIV, Coronavirus, SCAD, ALASSO, LAD-
LASSO, ANN, Molecular docking
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Abstract

The important goal of this dissertation is to use the penalized variable selection
methods to select the most effective descriptors and coupling the penalized methods with the
nonlinear artificial neural network (ANN) modeling. In this regard, different methods were
used to make a relationship between the selected descriptors and the target response. So, in
the first study, a hybrid of smoothly clipped absolute deviation (SCAD) and ANN was used
as a new approach (SCAD-LM-ANN) in the quantitative structure-activity relationship
(QSAR) studies. SCAD-LM-ANN exploits the useful shrinkage nature of penalized SCAD
method in the reduction of high dimensional data prior to the modeling method. The
performance of the SCAD-LM-ANN model was examined by establishing a QSAR model
between Dragon derived descriptors and biological activities for a set of
thioacetamide/acetanilide derivatives as HIV inhibitors. SCAD method with the 10-fold
cross validation was applied to the dataset in the absence of test set compounds. A number
of 11 descriptors were selected at a A with the lowest cross-validation error (Amin). The
selected descriptors were used as inputs of the ANN. All parameters affecting model
performance were optimized, and the SCAD-LM-ANN model with the architecture of 5-5-1
was selected as the optimal QSAR model. Several statistical parameters were considered for
the model evaluation. The obtained results prove the generalizability and predictability of the
proposed SCAD-LM-ANN model. According to the established relationship in the
recommended QSAR model, new derivatives were designed and suggested as new active
HIV inhibitors for further studies. The accuracy of the suggested compounds was studied and
confirmed by analyzing the ligand-receptor (LR) interactions derived from the molecular
docking studies. In the second part of this dissertation, a new approach as a hybrid of adaptive
least absolute shrinkage and selection operator (ALASSO) and ANN was introduced for the
3-chymotrypsin-like protease (3CLP™) inhibitors as SARS CoV-2 potent compounds. Given
the importance of this disease since 2019, the recommendation and design of new active
compounds are crucial. After evaluating the accuracy and validity of the developed
ALASSO-LM-ANN model, new compounds were proposed using effective descriptors, and
the biological activity of the new compounds was predicted. The investigation of LR

interactions were also performed using molecular docking study. The PK properties and
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