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INTRODUCTION 

Development of new highly efficient and safe medicines is 

based on currently existing material and information 

resources. More than 160 million of organic compounds 

have been synthesized and are available today in the form 

of samples for testing biological activity.1 The search for 

the new promising pharmacologically active substances is 

the multicriteria process since it is necessary to ensure the 

existence of the target specific activity along with a 

minimum of adverse and toxic effects and acceptable 

pharmacokinetic characteristics of the potential drug as 

well. Pilot testing of millions of organic compounds for 

thousands of types of biological activity is not practically 

feasible at the present stage, which necessitates the 

application of computer methods to optimize the scanning 

of new pharmacologically active substances.2 

Computer molecular modeling is a new but very promising 

and rapidly developing discipline. Computational 

chemistry involves attempting to calculate numerical 

properties of molecules, the most common in the 
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biochemical sciences being molecular energies. Interest in 

such aprioristic studies is related the possibility of virtual 

searching for compounds with desired properties that 

significantly reduces the number of required expensive 

experimental procedures. Molecular modeling is one of the 

key approaches in the drug discovery and development 

process. The common feature of molecular modeling 

methods is the atomic level of description of the molecules 

that includes treating atoms as the smallest individual unit 

with the corresponding coordinates, interacting according 

to certain rules (a molecular mechanics approach), or 

modeling electrons of each atom (a quantum chemistry 

approach). This model is the starting point for the design 

of molecular properties.3 

Over the last decades in science it was realized the fact that 

unlimited growth in the size of synthesized and tested 

compound libraries does not only bring by itself to 

intensification of research programs, but even can lead to 

unjustified additional expenses.4 Obviously a 

comprehensive synthesis and analysis of a huge number of 

compounds are extremely labor-intensive and 

economically inexpedient solution. The task is 

complicated many fold in the case of application of multi-

stage synthetic methods, multicomponent reactions, and 

parallel combinatorial schemes as well. Therefore, even in 

relatively simple cases, the researcher has to resort to 

another experimental design for the rational selection of 

candidate compounds for synthesis and subsequent tests. 

In this example as well as many other contemporary design 

practices, application of techniques for rational pre-

synthetic selection that may significantly reduce the 

number of samples of diverse screening compounds with 

required properties are a necessary condition for 

successful implementation of research programs to 

develop new drugs. There has been emerged and gradually 

gaining the practical value computer, or virtual screening, 

a relatively new discipline that is becoming an essential 

tool in assisting fast and cost-efficient drug discovery and 

optimization.5-8 

Virtual screening combines computational power to the 

biochemical space to streamline drug discovery, design, 

development, and optimization. Computer drug design for 

active compounds has become an essential tool within the 

drug development pipeline.9-11 

The aim of the present study was to describe approaches to 

the development of a computer program for the virtual 

screening of nitrosyl radicals in a series of azaheterocycles.  

METHODS 

In the process of our study there were carried out the 

quantum-mechanical calculations for descriptors HOMO 

energy (highest occupied molecular orbital) and LUMO 

energy (lowest unoccupied molecular orbital) using the 

computer program WinMopac7.2.12 Structural 

optimization was achieved using a semi-empirical method 

AM1 with the following parameters:  

Calculation = SinglePoint, WaveFunction = ClosedShell 

(RHF).13 

Then there were refractive index data (ω) calculated.14 

There was conducted the estimate of antioxidant activity 

(AOA).15 The method is based on sodium nitroprusside 

photoinduction model accompanied by nitrosyl radicals 

(NO·) accumulation. NO· induction was performed by the 

action of light on sodium nitroprusside 

Na2[Fe(NO)(CN)5]×2H2O in vitro.16 There were 

calculated the indicators of AOA.  

Principle of the method. Photoinduction of sodium 

nitroprusside is accompanied by the accumulation of NO· 

radical, which if judged by the rate of ascorbate oxidation 

by measuring the optical density of the sample at 265 nm.   

Conducting research. Ex tempore 0.08% solution of 

ascorbic acid and 0.6% solution of sodium nitroprusside 

were prepared. 1 ml of ascorbic acid and 0.5-1 ml of 

investigated compounds (С=10-6mol/l) were added to 2 

ml of sodium nitroprusside. 

After mixing the reaction was started by immersion from 

a 300 W light source with =425nm for 30 min. AOA was 

estimated by maintaining the concentration of ascorbic 

acid, which was determined at λ=265 nm. 

AOA was calculated by the formula: 

AOA =
DK − DO
DK

× 100% 

Where: DK- optical density of samples without any 

substances; DO- optical density of test sample.17 

Statistical analyses was conducted using STATISTICA 

6.0 software for Windows.3 The data are presented as mean 

values for sample±standard error of the mean. The validity 

of the differences between the experimental groups was 

assessed using Student’s criterion and Fisher’s criterion. 

RESULTS 

Quantum-mechanical calculations have shown that the 

refractive indices (ω) of investigated compounds were 

within the limits from- 1.9605 eV to –2.9398 eV.18  It was 

found that the data of HOMO and LUMO indices of these 

compounds are also places at a high level. The investigated 

compounds had high indices of AOA that in most cases 

exceeded the standard. The research has demonstrated that 

the data of AOA of the investigated compounds were 

within 49.43-82.16% (in concentration 10-3mol/l)               

(Table 1). 

In the concentration of 10-5 mole/l the indicators of AOA 

of almost all compounds have reduced, but nevertheless 

they exceeded the standard.  
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When decreasing concentration to 10-7 mole/l antioxidant 

properties were found to decrease, but, nevertheless, all the 

compounds have demonstrated activity that exceeded the 

standard index. 

 

Table 1: Antioxidant activity of the investigated compounds (n=5) according to inhibition of NO•-radical (M±m). 

Compound 
10-3mol/l 10-5mol/l 10-7mol/l 

E, M±m % E, M±m % E, M±m % 

1 1.514±0.0662 56.57 1.115±0.0402 15.30 1.532±0.0572 58.43 

2 1.564±0.0542 61.73 1.233±0.0841 27.50 1.585±0.0812 63.91 

3 1.525±0.0552 57.70 1.323±0.0592 36.81 1.357±0.0792 40.33 

4 1.54±0.0742 59.25 1.133±0.089 17.16 1.464±0.082 51.39 

Control   0.967±0.054    

5 1.603±0.0891 82.16 1.408±0.0791 60.00 1.385±0.0511 57.38 

6 1.562±0.0821 77.50 1.506±0.0911 71.13 1.356±0.1071 54.09 

7 1.439±0.0771 63.52 1.376±0.0761 56.36 1.371±0.0741 55.79 

8 1.532±0.0651 74.09 1.383±0.0671 57.16 1.396±0.0831 58.63 

Control   0.880±0.024    

9 1.532±0.0552 58.43 1.072±0.084 10.86 1.565±0.0882 61.84 

10 1.445±0.1232 49.43 0.987±0.094 2.07 1.544±0.0932 59.67 

Control   0.967±0.054    

11 1.417±0.0561 61.02 1.515±0.0741 72.16 1.369±0.0451 55.57 

Control   0.880±0.024    

NAC 0.901±0.092 2.46 1.042±0.087 18.47 0.981±0.074 11.53 

Control   0.880±0.024    

Note: 1p<0.05 relative to control; 2р<0.01 relative to control. 

 

Thus, it was discovered that all the investigated 

compounds possessed antioxidant properties in vivo model 

of sodium nitroprusside photoinduction due to their nitric 

oxide radical scavenging activity. In the comparison of the 

values of the calculated descriptors with data obtained in 

vitro, it was found to exist linear dependence of AOA on 

the values HOMO and LUMO.19 

In the analysis run of the results of the research it was 

demonstrated that AOA of the compounds studied to be 

dependent on the refractive index (Figure 1).  

 

Figure 1: Dependence of АОА on refractive index. 

Virtual screening includes quite a number of computer 

methods and algorithms, which permit implementation of 

pre-synthetic selection of organic ligands for the stage of 

synthesis and biological testing, and also help to predict 

many pharmacological characteristics of molecules. In this 

connection it was decided to conduct the determination of 

the probable activity of compounds being based on linear 

interpolation.  

On the basis of the data received from monitoring and 

assessment of different levels of AOA, the program 

algorithm was proposed for virtual screening. 

The data that will be entered by the researcher:  

Researcher calculates the indicators of HOMO and LUMO 

of the substances investigated using program complex 

WinMopac7.2 or a similar one. Indicators of HOMO and 

LUMO are the input data.  

The absolute hardness indicator is calculated as: 

 

The absolute electrical negativity indicator is calculated 

as: 
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The refractive index indicator is calculated as: 

 

Data to be entered into the program (database):  

Refractive index (of the compound investigated)  

Antioxidant activity (calculated empirically)  

Correlation coefficient (of the compound investigated) is 

calculated as: 

 

Total correlation coefficient:  

 

Predictable antioxidant activity is determined as: 

 

DISCUSSION 

In our previous research it was shown that the data of 

HOMO and LUMO indices of azaheterocyclic compounds 

as well as their refractive indices are placed at a high 

level.18,19 The azaheterocyclic compounds demonstrate 

also high indices of AOA that in most cases exceeded the 

standard.17 

Table 2: Quantum mechanical calculations of some 

xanthinyl-7-acetic acid derivatives. 

Compound 
E (LUMO), 

eV 

E (HOMO), 

eV 
ω, eV 

1 -0.662058 -8.85597 -2.7640 

2 -0.621876 -9.09988 -2.7869 

3 -0.664048 8.88114 -2.7719 

4 -0.617553 -9.10999 -2.7855 

5 0.175988 8.35553 -1.9605 

6 -0.166582 -8.11534 -2.1572 

7 -0.825065 -8.38973 -2.8062 

8 -0.683878 -8.14727 -2.6123 

9 -0.551883 -8.55349 -2.5903 

10 -0.848165 -8.85555 -2.9398 

11 -0.738576 -8,81243 -2,8246 

As a result of the algorithm application it is possible to 

create software for virtual screening of NO scavengers in 

a series of azaheterocycles. A computer program will 

determine the predictable antioxidant activity of 

compounds investigated in percentage as a result of its 

work (Table 2). As input data the HOMO and LUMO 

indicators will be used (Figure 2). 

 

Figure 2: Algorithm for computer program for virtual 

screening of NO scavengers Ina series                                           

of azaheterocycles. 

It is best to implement the program as a web application as 

this solution will help to reduce the time and cost of 

software testing. In the future, this implementation will 

attract more users than fixed version. As a result, the 

requirement for pre-synthetic analysis of virtual libraries 

of compounds for the rational selection of structures, the 

most promising in the light of the specific challenges of 

the coming pilot testing of their antioxidant activity is 

clearly seen. 

The computer based prediction of compound binding 

antioxidant activities will be one of the most time and cost 

efficient methods for screening ligand libraries that enrich 

results of search for potential antioxidant drugs.  

Brief description of the program for the virtual screening 

of scavengers of active forms of oxygen and nitrogen. 

Web- application to determine the predictable antioxidant 

activity of chemical compounds is given in the 

programming language Python.  

The calculated quantum-chemical indices of HOMO and 

LUMO are used as the input information. As a result of 

program calculations we have an indicator of reactive 
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index. Based on the reactive index, the antioxidant activity 

is calculated according to the correlation coefficient.  

Structural elements of the program  

• Database of quantum-chemical parameters and the 

geometric structure of the reference drugs 

• Electron-topological matrix for the study of 

compounds.  

• Working database with information about the 

electronic structure of compounds. 

• Software system for predicting the antioxidant 

activity in relation to the active forms of oxygen and 

nitrogen. 

The predicted indicator of antioxidant activity established 

in percentage serves as the initial data. 

CONCLUSION 

The development of a computer program for virtual 

screening of antioxidant activity will significantly reduce 

the time and resources when researching new synthesized 

azaheterocyclic compounds. Predictable results of 

antioxidant activity could be obtained in percentage, using 

HOMO and LUMO indicators as input data. 
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