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Benzodiazepines (BZDs) are one of the most widely prescribed pharmacologic 
agents in the world. BZDs are used for numerous indications, including anxiety, 
insomnia, muscle relaxation, relief from spasticity caused by central nervous system 
pathology, and epilepsy [1]. BZDs are also used intraoperatively because of their 
amnesic and anxiolytic properties. However, these properties become undesired side 
effects in nearly all other clinical instances. 

Propoxazepam, 7-bromo-5 - (o-chlorophenyl)-3-propoxy - 1,2-dihydro - 3H-1,4-
benzodiazepin-2-one, in the models of nociceptive and neuropathic pain showed 
significant analgesic activity [2]. Similar to gabapentin and pregabalin, which are 
well-known anti-epileptic drugs used in general medical practice in the treatment of 
neuropathic pain, propoxazepam also has an anticonvulsant effect [3,4], which 
explains the analgesic component of the pharmacological spectrum. Both oral and 
intraperitoneally preparations are similar in activity, although intraperitoneally 
administration is preferred. It has proven in in vivo studies to be the potent drug in its 
class against acute and chronic pain. 

Our data  suggest that the mechanism of propoxazepam anticonvulsant properties 
includes GABAergic and Glycinergic system [3,4]. Antibradykinin and 
antileukotriene action, dopaminergic system, NMDA, and alpha-1 adrenergic 
receptors with the absence of antiprostaglandin component are involved in the 
mechanisms of Propoxazepam analgesic effect [5].  

The use of mentioned methods of “pharmacological probing” for Propoxazepam 
action let reliably reveal the possible structural-functional sites of GABA-R, which 
are responsible for neuronal effects realization on the whole organism level. On the 
stage of new (original) medicines the different approaches with computation 
technologies are used. Recently the most effective one is docking procedure, which 
estimates energetic parameters of molecular matching of ligand (pharmacophore 
groups separately or the whole structure) to functionally important protein (receptor) 
sites. Using the docking mechanism one can suggest the molecules interactions, 
determine spatial structure of complexes and affinity of conformation-dependent 
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interactions. The docking algorithms of low-molecular weights ligands to receptor 
molecules are essential instrument for rationale drug design and are applied on 
different stages of medicines R&D process (screening, ligand action mechanism 
clarification, identification of receptor sites, involved in intermolecular interactions). 
In this case necessary are both the data about spatial ligand structure and three-
dimension structure of target protein binding site, obtained by X-ray diffraction 
methods. 

The aim of the work was determination of ligand-GABA receptor (GABA R) 
complex geometry determination on the base of experimental data of propoxazepam 
conformations and calculated data of the ligand-binding site three-dimension 
structure as well as further ligand-receptor docking with its process description. 

Molecular docking parameters calculation was made using iGEMDOCK v2.1 
software [7,8], (freeware), http://gemdock.life. nctu.edu.tw/dock/ download. php). 
As macromolecule the GABA-receptor (crystalline structure, GABA(A) R-beta3 
гомопентамер, 4COF) was chosen, being received from biological macromolecules 
database (http://www.rcsb.org/) as *.pdb file. At the same file extension the ligand 
structure was also prepared. Propoxazepam conformers molecular structures were 
prepared using ChemAxon (MarvinSketch 17.11.0) software, conformers internal 
energy calculations were carried out on Avogadro (v 1.2.0) software, cavities analysis 
and mutual amino acids residues in active centers – on the base of  Mole 2.13.9.6. 
Docking parameters calculation for ligand and receptor was performed using force 
field data on 100 generations of flexible ligand conformations (300 states for each 
population size); from 20 number of solutions the most optimal was chosen. 
Automatic binding site detection was determined by the referent ligand localization 
(benzamidine) [9]. 

Binding site radius was enlarged to 30 Å for substance binding visualization with 
simultaneous ligand excluding. Docking results were grouped according to the 
hierarchic clustering procedure. Clustering was performed using K-means after 
previous estimation of binding localization topography due to total interaction 
energy, as well as hierarchic clustering.  

The one of main molecular docking aims is new possible binding sites search. 
Correct screening algorithm have to determine and estimate as much as possible the 
modes of two molecules interaction. However this process can be too calculation- and 
time consuming. Due to this there have to be balance between computer process costs 
and screening space. As a screening algorithm the method of energy interaction 
estimating, calculated in accordance to ligand and receptor cavity fields, was used. 

Despite the other 1.4-benzodiazepine derivatives propoxazepam, as alcoxy 
derivative, possess mainly analgesic action in its pharmacological spectrum while 
inhibitory action (muscle relaxation, hypnotic and tranquilizing) is markedly reduced. 
As the alcoxy radical is not the dramatic change in the substance structure, using 
molecular docking results there was made the attempt to analyze this flexible 
substituent influence on the ability to be bind to the GABA receptor. Detailed 
docking with this receptor was analyzed on the base of 20 number of solutions (19 
conformations and one non-optimized structure, excluded from further analysis) for 
each the optimal conformation 100-times generated in 500 approaches. The most 
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optimal from the energetic point of view (minimal energy) conformers further were 
estimated as the most favorable and effective (according to the binding energy). 

It was rather unexpected that generated propoxazepam conformers had not the 
only binding site (fig.). Maximal biding energies difference for all the conformers is 
6,65 kcal/mole (from -78,64 to -85,29 kcal/mole), that is not a big value but can be 
significant in the substance low concentrations in brain in vivo. Cluster analysis 
revealed six binding sites with one only conformer (№ 5) separate binding, which can 
be explained as non-specific binding with surface hydrophobic regions. This 
suggestion is supported also with the low complex formation energy (-79,76 
kcal/mole, table). 

 
Fig. 3. Schematic localization of propoxazepam conformers preffered binding 

sites. 
The rest conformers form five classes (clusters) second of them is the most 

numerous (table) with similar binding energy values. 
Table. 

Calculated propoxazepam conformers binding energy and their internal energy.  

Cluster number 
Ligand 

conformer 
(№) 

Total 
binding 
energy 

kcal/mole 

Van-der-Vaal 
interaction 

Hydrogen 
bonds 

Internal 
conformer 

energy, 
kcal/mole 

1 5 -79,76 -61,50 -18,25 91,48 
2 2 -80,01 -76,51 -3,50 91,50 
2 3 -78,64 -61,72 -16,92 91,39 
2 4 -81,96 -62,99 -18,97 91,41 
2 9 -82,00 -63,03 -18,98 91,44 
2 11 -79,98 -76,48 -3,50 91,53 
2 12 -80,05 -76,55 -3,50 91,42 
2 16 -80,04 -76,54 -3,50 91,47 
2 19 -81,99 -63,00 -19,00 91,45 
3 1 -83,75 -69,59 -14,17 91,45 
3 8 -83,76 -69,59 -14,17 91,49 
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4 13 -83,49 -67,85 -15,63 91,45 
4 14 -83,49 -67,75 -15,74 91,47 
4 18 -83,49 -67,74 -15,75 91,44 
5 6 -85,29 -74,91 -10,38 91,41 
5 10 -85,29 -74,83 -10,46 91,51 
5 15 -85,28 -74,86 -10,42 91,50 
6 7 -82,29 -68,93 -13,36 91,48 
6 17 -82,29 -68,95 -13,34 91,47 

Though one have to mention that similar values of complex formation total 
energy consist of Van-der-Vaal interaction energies and hydrogen bond energies with 
quite different impacts. As the benzodiazepine “bath” conformation is very rigid and 
changes negligibly, the difference can be due to conformation mobility/flexibility of 
alcoxy (propyl) radical. In is confirmed by the calculated every conformer intrinsic 
energy with nearly similar for each representative (table). As the alcoxy radical 
flexibility plays such a big role for binding site preference, the main amino acids 
residues, participating this process were also determined. For data reduction to the 
most significant in a z-normalization procedure the binding energy values, nearest to 
the representative mean, for each amino acid residue were selected (which equals to 
z=0). For conformer № 5 with low binding energy value there haven’t been reveled 
amino acid residues with energy, near to mean values of other conformers. As it was 
found earlier, the main impact in the complex formation residues of polar amino 
acids which can fix polarization-able parts and groups of ligand (M-Ser-10, M-Asp-
30, S-Asn-100, S-Met-137, S-Lys-13, M-Asp-30, S-Arg-71, M – main chain, S – side 
chain). Though for some conformers large contribution have aromatic amino acids, 
mainly phenylalanine (M-Phe-31, S-Phe-31, M-Ala-135) and even glycine (M-Gly-
32). Because Propoxazepam conformers are bind with the polar amino acids residues, 
one can suggest that flexibility of the alcoxy radical can acquire conformations with 
ether oxygen more available for binding. 

Docking results visualization had shown that when interacting with phenylalanine 
residues propoxazepam conformer is situated in the way of the main influence to be 
fulfilled through bromine atom. On the contrary the more polar subcentre carries out 
the binding not only via phenylalanine residue (through bromine atom), but also with 
more polar amino acids - asparagine and arginine. 
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