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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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M. Ya. Golovenko ¢, V. B. Larionov 2, O. A. Makarenko 2,
I. Yu. Borysiuk *, 1. P. Valivodz °, A. S. Akisheva ®

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.

1 Academician of the National Academy of Medical Sciences of Ukraine, doctor of biological
sciences, professor, chief researcher of the Physico-Chemical Institute of the National
Academy of Sciences of Ukraine (PCI NASU);

2 Doctor of biological sciences, head of the Physical and Chemical Laboratory, the Medicinal
Chemistry Department of the PCI NASU;

3 Doctor of biological sciences, head of the Department of Human and Animal Physiology,
Odesa I. I. Mechnikov National University;

4 doctor of pharmaceutical sciences, head of the Drug Technology Department of Odesa
National Medical University;

5 Candidate of biological sciences, junior research fellow of the Physical and Chemical
Laboratory, the Medicinal Chemistry Department of the PCI NASU;

6 PhD student of the Faculty of Biology, Department of Human and Animal Physiology, Odesa
1. I. Mechnikov National University.

44



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 HSA 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

[ D [ D [ D
3-Hydroxy- -6.95 -9.57 -5.96 -8.3 -1.55 -1.27

propoxazepam

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.
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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
3-Hydroxypro-

Compound 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-1LE-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

3-Hydroxypro-

Compound Diazepam Ibuprofen Oxazepam Propoxazepam
poxazepam

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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Anomauin. 3a pesyibmamamu  MOAEKYIAPHO OOKiH2Y 00 0id3enamo8020 ma
ibynpoghenosozo caumis 36’A3V8aHHs TOOCLKOZO CUPOBAMKOBO20 ANbOYMIHY 3
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CHONYKU OeMOHCIPYIOMb Nepexpecty CHOPIOHeHiCmb 00 calimie 36 'a3Y6aHHsL.
Knrouosi cnoea: Ooxine, nponoxcazenam, noxioni 1,4-6ezdiaszeniny, noocokuil
CUPOBAMKOBUTLL AIbOYMIH, 36 'S3)8aAHHS.

V]IK: 378.14
JI. JI. Kynazina*

HJIAXU NIABUINEHHSA EOEKTUBHOCTI AYJUTOPHUX 3AHATH B
YHIBEPCHUTETI ITPU NIATI'OTOBUHI MEJNYHUX ®AXIBIIIB

Anomauin. OOHUM 3 GANCIUBUX WIAXIE NIOBUUEHHS eDeKmUSHOCTE
ayOumopHux 3aHAMb HA MeOUHYHOMY Qaxyrvmemi — npu nio2omosyi
MeOUUHUX (haxieyié € 600CKOHANEHHSI CAMOCHITIHOT POOOMU CTYOEeHMIE.
Knwuosi cnosa: CPC, camocmiiina poboma cmydenma, ayoumopua,
no3aayoumopna, KOHMpOJib.

Camocriiina pobora crynenra (CPC) — me camocrtiiiHa IisUTbHICTH Ta
HaBYAHHS CTYJIEHTA, SIKY MEJaror IIaHye pa3oM 31 CTYJICHTOM, aje BUKOHYE il
CTY/ICHT 3a 3aBJaHHSIMHM Ta IiJ KEPIBHUIITBOM 1 KOHTpOJIEM meaarora 6e3 horo
y4acri.

Meta caMmocTiiiHOI po0OTH CTyAeHTIiB

- PO3BHTOK TBOpYMX 3HIOHOCTEW Ta AaKTHBAILisl PO3YMOBOI MHisNTBHOCTI
CTYJCHTIB;

- 3100yTTS CTyAEHTOM IITHOOKOI CHCTEMH 3HAHB SIK O3HAKU MIITHOCTI 3HAHB;

- opMyBaHHS OTpedH Oe3MEePEPBHOIO CAMOCTIHHOTO TTOIMTIOBHEHHS 3HAHD;

- CPC sK pe3yapTaT MOPAIbHO — BOIBOBHUX 3yCHIIb.

B ymoBax mnpuenHanHa VYkpaiHu 10 BoJOHCBKOro mnpouecy 3HayHO
3MEHIMUIAcA KiITbKICTh ayJUTOPHIX TOJMH 1 3pOCiia YacTKa CaMOCTiiHOI poboTn
CTYIEHTIB. 3TiHO i3 JOCIiKEHHSAM CYJdaCHHX TICHXOJIOTIB, Y9IHI 3a1laM ITOBYIOTh
TaKy KUIbKiCTh iHpOpMAIIii:

! Buxnaoau gpaxynomemy cmomamonoeii i papmayii MI'Y
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