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on thousands and millions of destroyed human lives. But, in order to make a warring 

society to move successfully forward, save as many innocent lives as possible and 

meet basic needs of a particularly vulnerable polutation, it is not only army, which is 

supposed to work for 100%, but also “home front workers” has to try harder. 

Key words: martial law, pharmacy, pharmaceutical market, social mission, 

reimbursement, business, profit, sale of goods, EU, affordable medicines, 

humanitarian crisis.  
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DOCKING ANALYSIS OF THE INTERACTION OF PROPOXAZEPAM 

WITH DIAZEPAM AND IBUPROFEN BINDING SITES OF HUMAN 

SERUM ALBUMIN 

Abstract. According to the results of molecular docking to the diazepam and 

ibuprofen binding sites of human serum albumin with the reference compounds 

– diazepam and ibuprofen, it was found that the compounds show cross-

relatedness to the binding sites. 
Key words: docking, propoxazepam, 1.4-benzodiazepine derivatives, human 

serum albumin, binding. 

 

The method of molecular modeling, the purpose of which is to find the most 

reliable orientation and conformation of the ligand in the binding center of the target 

protein, is the main essence of the so-called molecular docking. It allows predicting 

the spatial structure of the "receptor-ligand" complex and the free energy of its 

formation, based on data on the spatial structure of the receptor. 
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Human serum albumin (HSA) is the most abundant plasma protein (36–50 

g/L), synthesized in the liver, and has a half-life of 19 days. Transport of exogenous 

and endogenous compounds has long been considered as the main function of serum 

albumin. Reverse fixation of low-molecular-weight compounds on the surface of the 

serum albumin molecule stabilizes its structure in a certain way, because of which it 

retains its native conformation for a longer time and does not undergo denaturation. 

Based on this, a test for screening potential anti-inflammatory agents was even 

proposed. [1] 

There are several primary binding sites on the HSA molecule. Along with those 
capable of binding cations and anions (due to electrostatic interactions), there are such 

specific sites as indole, salicylate, bilirubin, and ibuprofen [2], in the formation of 

which hydrogen, van der Waals, hydrophobic interactions due to the presence of 

certain amino acid residues. That is why determining the structure of amino acid 

residues to describe the interaction and predict the likely processes of competition for 

binding sites of ligand compounds is necessary in the process of creating new drugs. 

The compound 7-bromo-5-(o-chlorophenyl)-3-propoxy-1,2-dihydro-3H-1,4-

benz-diazepin-2-one (propoxazepam), which was created at the Physical and 

Chemical Institute named after O. V. Bogatskyi of the National Academy of Sciences 

of Ukraine, unlike known 1,4-benzdiazepine derivatives, has mainly analgesic [3], as 

well as anti-inflammatory [4] properties to a certain extent, suggesting peripheral 
mechanisms of their implementation. 

The aim of the study was to research the interactions of propoxazepam and 

some 1,4-benzodiazepine derivatives with human serum albumin by molecular 

docking and analyze of the components of these interactions. 

Based on the results of docking, the values of the total energy of interaction, 

as well as its components - van der Waals interaction and hydrogen bonding, were 

determined for propoxazepam, 3-hydroxypropoxazepam, oxazepam, diazepam and 

ibuprofen with two НSA binding sites - diazepine and ibuprofen, for which the 

corresponding structures acted as references (Table 1). 

 

Table 1. Calculated interaction energy (total, van der Waals and hydrogen bond) 

of the investigated structures with human serum albumin in various binding sites 

Ligand Interaction energy depending on the binding site, kcal/mol 
General Van der Waals Hydrogen 

I D I D I D 

3-Hydroxy-

propoxazepam 
-6.95 -9.57 -5.96 -8.3 -1.55 -1.27 

Diazepam -7.32 -9.38 -7.09 -8.89 -0.23 -0.49 
Ibuprofen -6.89 -8.05 -6.64 -7.21 -0.25 -0.84 
Oxazepam -7.51 -8.39 -7.09 -7.95 -0.41 -0.44 
Propoxazepam -7.51 -10.27 -6.05 -9.85 -0.90 -0.43 

Note. I refers to binding site with ibuprofen; D refers to binding site with diazepam. 

 



Table 2. Amino acid residues of the diazepam site that have the greatest contribution to binding of the studied compounds 

to human serum albumin according to account of hydrogen (H) and van der Waals (V) interaction types 

Сompound 
3-Hydroxypro-

poxazepam 
Diazepam Ibuprofen Oxazepam Propoxazepam 

Total interaction energy -9.57 -9.38 -8.05 -8.39 -10.27 

H-CYS-392 -0.487 -0.238 -0.239 - -0.176 

H-CYS-438 -0.25 -0.25 -0.25 - -0.25 

H-SER-489 - - - -0.25 - 

V-PRO-384 -0.106 -0.093 -0.302 -0.404 -0.139 

V-LEU-387 -0.196 -0.319 -0.297 -0.468 -0.433 

V-ILE-388 -0.636 -0.655 -0.258 -0.569 -0.691 

V-ASN-391 -0.856 -1.096 -0.745 -0.957 -1.021 

V-PHE-403 -0.463 -0.383 -0.269 -0.091 -0.512 

V-VAL-433 -0.762 -0.742 -0.52 -0.281 -0.755 

V-GLY-434 -0.366 -0.519 -0.317 -0.121 -0.428 

V-GLU-450 -0.388 -0.229 -0.511 -0.21 -0.205 

V-LEU-453 -0.547 -0.667 -0.338 -0.679 -0.667 

V-ARG-485 -0.512 -0.521 -0.423 -1.258 -0.537 

Note. Here and in the Table 4: V – van der Waals interaction, H – hydrogen bond. 



Table 3. The amino acid residues of the ibuprofen site that have the greatest contribution to the binding of the studied 

compounds to human serum albumin according to account of hydrogen (H) and van der Waals (V) interaction types 

Сompound 
3-Hydroxypro- 

poxazepam 
Diazepam Ibuprofen Oxazepam Propoxazepam 

Total interaction energy -6.95 -7.32 -6.89 -7.51 -7.51 
H-ARG-218 | H-ASP-451 - - - - -1.05 | -0.5 
H-ASN-391 - -0.23 - -0.41 - 
H-TYR-411 - - -0.25 - - 
H-ASN-483 -0.9 - - - - 
V-LEU-387 - -0.47 -0.05 -0.48 - 
V-ASN-391 - -0.59 -0.58 -0.63 - 
V-PHE-403 - -0.21 -0.49 -0.28 - 
V-LEU-407 - -0.45 -0.14 -0.41 - 
V-ARG-410 - -0.95 -0.33 -1.08 - 
V-TYR-411 - -0.64 -0.5 -0.45 - 
V-LEU-430 - -0.37 -0.75 -0.54 - 
V-PRO-447 - - - - -0.78 
V-CYS-448 - - - - -1.1 
V-ASP-451 - - - - -0.45 
V-TYR-452 - - - - -0.49 
V-LEU-453 - -0.59 -0.68 -0.79 - 
V-SER-480 | V-ASN-483 -0.42 | -0.95 - - - - 
V-ARG-485 - -0.44 -0.18 -0.37 - 
V-PRO-486 -0.49 -0.06 - -0.06 - 
V-CYS-487 -0.95 -0.01 - -0.01 - 
V-SER-489 - -0.55 -0.04 -0.49 - 



The interaction in each of the binding sites is determined by the contribution 

to the overall process of certain amino acid residues, which determine the type and 

strength of the interaction. For their characterization, amino acid residues with the 

largest contribution (in total > 50%) to the overall interaction effect of each of the 

compounds were identified. In the diazepam binding site, 13 amino acid residues were 

identified, which in total provide from 55 to 65% of the total interaction (Table 2). 

The analysis of the ibuprofen binding site revealed 19 amino acid residues, the 

contribution of which is from 55 to 79% in the overall interaction process (Table 3). 

In both cases, interactions are mainly carried out due to weak van der Waals 
forces, while the contribution of stronger hydrogen bonds does not exceed 15%. 

Visualization of the location of individual ligands in the binding sites was 

performed for the corresponding reference compounds and propoxazepam. When 

comparing the docking data, it was established that the reference compounds 

diazepam and ibuprofen interact not only with their own binding sites, but are also 

capable of cross-interactions. Thus, ibuprofen in the diazepam site interacts with 

amino acid residues that are also involved in the formation of bonds with other test 

compounds (Table 2), while the ibuprofen site is more specific and shows only the 

same amino acid residues involved in the bond in addition to ibuprofen, mainly only 

diazepam and oxazepam (Table 3). 

Conclusions 
1. According to the results of molecular docking to the diazepam and ibuprofen 

binding sites of HSA with the reference compounds - diazepam and ibuprofen - it was 

established that they show cross-affinity to the binding sites, although diazepam 

shows a higher interaction energy value (–9.38 kcal /mol) with its own site than with 

ibuprofen (–7.32 kcal/mol). 

2. The energy of binding to the diazepam site for propoxazepam (–10.27 

kcal/mol) is the largest among the studied structures and even exceeds this indicator 

for diazepam, and its position is distinguished by the formation of bonds with the 

bromine atom (position "7") unlike diazepam, which interacts through the oxygen of 

the carbonyl group of the heteroring. In the ibuprofen binding site, propoxazepam 

apparently interacts with a different site, but with shared amino acid residues. 
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Анотація. За результатами молекулярно докінгу до діазепамового та 

ібупрофенового сайтів зв’язування людського сироваткового альбуміну з 
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ШЛЯХИ ПІДВИЩЕННЯ ЕФЕКТИВНОСТІ АУДИТОРНИХ ЗАНЯТЬ В 

УНІВЕРСИТЕТІ ПРИ ПІДГОТОВЦІ МЕДИЧНИХ ФАХІВЦІВ 

Анотація. Одним з важливих шляхів підвищення ефективності 

аудиторних занять на медичному факультеті  при підготовці 

медичних фахівців є вдосконалення самостійної роботи студентів. 

Ключові слова: СРС, самостійна робота студента, аудиторна, 

позааудиторна, контроль. 

 

Самостійна робота студента (СРС) – це самостійна діяльність та 
навчання студента, яку педагог планує разом зі студентом, але виконує її 

студент за завданнями та під керівництвом і контролем педагога без його 

участі. 

Мета самостійної роботи студентів 

- розвиток творчих здібностей та активація розумової діяльності 

студентів; 

- здобуття студентом глибокої системи знань як ознаки міцності знань; 

- формування потреби безперервного самостійного поповнення знань; 

- СРС як результат морально – вольових зусиль. 

В умовах приєднання України до Болонського процесу значно 

зменшилася кількість аудиторних годин і зросла частка самостійної роботи 
студентів. Згідно із дослідженням сучасних психологів, учні запам’ятовують 

таку кількість інформації:  
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