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Abstract

Introduction: Beta-lactams are one of the most important known antibiotics that affect
a wide range of pathogenic microorganisms including Gram-positive, Gram-negative,
aerobic and anaerobic and are used in the treatment of many infectious diseases. QSAR
Is a powerful method that explains the relationship between biological activities and the
chemical structure or structural properties of drugs, as well as the biological activity or
properties of a set of molecules that can be considered as a function of different
molecular descriptors of chemical structure. The main purpose of this study was to
investigate the relationship between structure and activities/properties of beta-lactam
antibiotics.

Methods: In this section, a set of beta-lactam ring antibiotics were selected and
screened by reviewing reliable sources. Minimum effective concentration (MEC), half-
life (ti2), volume of distribution (V4) and protein binding (PB) were used for
QSAR/QSPR modeling studies. Then, using MarvinSketch software, the two-
dimensional structures of the ligands were drawn and the structure of each ligand was
optimized by various optimization methods, including molecular mechanics (MM™) and
the quantum-based quasi-experimental method (AM1) using Hyperchem software.
Dragon and PaDEL-Descriptor software were used to calculate the descriptors. To
obtain the descriptors needed for modeling, the data were first divided into two
categories: training and test. Due to the multiplicity of descriptors, those descriptors that
had a good correlation were selected. To generate QSAR equations, first use simple
multiple linear regression with stepwise variable selection (MLR, linear method) and
LS-SVM (nonlinear method) to construct the final model. Finally, with the performed
studies, the following valid results were reported.

Results: A total of 3132 descriptors for each structure were calculated by Dragon and
PaDEL-Descriptor software and reduced to 2752 and 521 in two screening stages.
RMSE for LS-SVM models for training and test sets for MEC parameter was 0.261 and
0.396, respectively, for ty, parameter was 0.007 and 0.154, respectively, and the
calculated values of Q® was for these two parameters, were equal to 0.683 and 0.729,
respectively. RMSE values for MLR model for training and test sets for MEC parameter
were 0.503 and 0.391, respectively, for t;, parameter were 0.195 and 0.097,
respectively. The calculated values of Q* for V4 and PB parameters were 0.259 and
0.461, respectively.



Conclusion: In this study, the parameters of MEC, t1,, V4 and PB were evaluated and
finally, by evaluating the models of different parameters, it was found that in the case of
MEC, the greater the van der Waals radius and the number of ester groups of beta-
lactam antibiotic molecule. It can be predicted that this drug molecule probably has less
MEC or this drug molecule will have a greater effect in inhibiting the growth and
proliferation of microorganisms. In the case of ty, in general, it can be predicted that
the higher the molecular charge and the lower the structural symmetry of the antibiotic
molecule beta-lactam, the more likely it is to have a half-life. Regarding the V4
parameter, it can also be predicted that beta-lactam antibiotics, which have highly
electronegative atoms in their structure, are likely to have a lower volume distribution.
Of course, this parameter can be discussed with the MLR method, but the LS-SVM
method is not reliable and needs to be re-tested with a larger number of molecules. To
sum up, it can be predicted that in the discussion of protein binding of beta-lactam
antibiotics, as the geometric and spatial indices (including diameter and volume, etc.) of
the drug molecule increase, the binding to proteins will probably increase. As the total
spatial charge of the molecule increases, the percentage of protein binding decreases. Of
course, this parameter can also be discussed with the MLR method, but the LS-SVM
method is not reliable and needs to be re-tested with a larger number of molecules.
According to the results obtained from the MLR method, all parameters can be checked
and concluded, but using the LS-SVM method, only the models related to the MEC and
t1/» parameters were reliable.

Keywords: QSPR, QSAR, Beta-lactam antibiotics, Pharmacokinetics.
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