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2. In silico analysis of the mechanisms of implementation of analgesic and anti-inflammatory effects of 1,4-
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Pedepar:

1. Incepranjiiina po60Ta IpUCBIYeHa BU3HAYEHHIO MEXaHi3MiB aHaIbI€TUYHOIO Ta IPOTU3ANANIBbHOTO e(eKTiB
aJIKOKcinoxigHux 1,4- 6eH30/ia3eniny MeTojamMu MOJIEKYJISIPHOTO OKIHTY Ta MOJIEKYJIIpHOI frHaMiku in silico. s
peautizallii MeTy i BUKOHaHHS 3aBJJaHb POOOTU OYyJIO IIPOBEAEHO in vitro NOCIiIPKeHHS] BUSHAUEHHS IPOTH3aNaabHOl
aKTUBHOCTI IIPOINOKCa3enamy (HOBiITHbOTO IEPCIEKTUBHOrO iHHOBALITHOTO aHAILI€TUYHOTO IIPENapary psgy
asKoKcinoxigHux 1,4-6eH3opiaseniny) Ta psay nocuinis in silico, cripsimoBanux Ha ineHTHdikalio MexaHi3MiB
B3a€MO/Iii1 TPOIOKCca3enamy Ta JIesiKux NoxifiHux 1,4- 6eH3niaseniny 3 6i/IKOBUMU MillleHSIMHU, 1110 3aJisHi B

IIpolLiecax 3anaueHHs Ta 600, JocaiIKeHHs Bin0yBanuch y Asa etanu. [lepmuil etan po6oTu 6yB CIIPSIMOBAaHUM HA



IOCJIiIKEeHHS IPOTU3AIalbHOI aKTUBHOCTI IIPONOKCa3enamMy Ta NOoxigHux 1,4-6eH30ia3eniny in vitro msxom
aHalizy iXHbOT0 3aXMCHOTO BILJIBY Ha CTabiJIbHICTh 61M14a4y0ro CUpOBAaTKOBOI'O albOYMIHY 32 YMOB TE€PMIiUHOI
IeHarypauii. [lonaTkoBo nposenu igeHTudikaniio ocobamuBocTel B3aeMOii JOCIIIPKyBaHUX JliraHAiB 3 JIOACbKUM
CHAPOBATKOBMM aJIbOyMiHOM i3 3acTocyBaHHsIM TporpamHoro nakera iGEMDOCK v2.1, BAKOPUCTOBYIOUM CTPYKTYPHI
IaHi 6iKiB, oTpUMaHi 3 6a3u 6i0JI0TiYHUX MAaKPOMOJIEKYJL. 3a BU3HaueHHaM [Con 1151 JOCIiIpKyBaHUX CIOJIYK
KOHCTaTyBaJIY, 1O NoXiAHi 1,4-6eH30 ia3eniny posBIsIIOTh IPOTEKTUBHUI eeKT IPOTU TePMIYHOI AeHaTypallii
BCA, npu npomy fiazenam i mponokcazenam 3a ICoo nepesepiyioTs pepepeHTHU MPOTU3allaabHU penapar
ibyrpodeH maibke BABivi, X04a MOCTYNAIOTHCS TOMY 32 MaKCUMaIbHUM e(peKTOM. CIIOJIYKHU 3 BiJIbHOIO
TriZpPOKCUTPYIIONO B [10JIO>KEHH] 3 (OKcasernam Ta 3- rilpoKCUIIPOIIOKcas3ernam) JeMOHCTPYIOTh MEHIY aKTUBHICTb, 110
MOXKe OyTH IOB'SI3aHO 3 IXHbOIO 371aTHICTIO 3B’13yBaTrcs 3 BCA. OTpuMaHi pe3ysbTaTy JO3BOJISIIOTh BUCJOBUTU
IpuNyLeHHs: noxigHi 1,4-6eH3o1ia3eniny 3gaTHi 3anobiratu TepmivHii genarypauii BCA, mo moxe 6yTy OB'sI3aHO
3 iXHBOIO B3aeMogielo 3i cnenudiyHUMU caiiTamu 3B's13yBaHHS. Tomy fasi 6ys10 NIpoBeeHo NOKiHr-aHai3
IIPOIIOKCa3ernamy 3 JI0ICbKUM CHPOBAaTKOBUM anbbymiHoM (JICA), 110 [103BOJIMIIO [1M6IIe 3pO3yMiTU MeXaHi3MU
1oro gii Ta OIOBHUTH PE3YJILTATH in Vitro JOCIiIKEHHS IPOTU3allalbHUX BJIACTUBOCTEN NOXigHUX 1,4-
6eH3opia3eniny. 3a pe3ysbTaTaMu JOKIHT aHAJIi3y MOXKHA CTBEPIPKYBATH, IO €HEpris 3B'13yBaHHS 3 Jlia3elIaHOBUM
cartom JICA 1714 Iporokcasenamy € HauBUILOIO Cepet, NOCTiIKyBaHUX CIIOJYK. Lli pe3ysnbTatu MifTBEPAKYIOTh
y4acTb CHPOBATKOBOIO ajbOyMiHy B peasizalii NpoTy3ananbHoi Aii nporokcasenamy. JJpyrumM eTarnom A0CIiIpKeHHs
CTaB aHaJi3 B3aemofii (in silico aHasni3) nponokcasenamy 3 peLenTopamu, sKi 3ajydeHi B nepupepUIHin Ta
LleHTpaJIbHil aHanpreTuyHii aii. JocsigKkyBanumu 6inkamu cTanau penenTtop 6pagyKiHiHy, IMKIOOKCUreHasa-1,
LIMKJIOOKCUT'€Ha3a -2, [ToTeHlian3anexxHi Kaniesi kananu (Kv), peuentop N-metun-D-acnapraty (NMDA peuentop),
anbda agpenopenentop, docdoniecrepasa 4 (PDE4), BaHinoigHUI pelienTOp NiApOANHYN NOTEH1lian3alesKHUX
TpaH3UTOpHUX peuentopis Tuny 1 (TRPV1) ta kaHa6inoiguuit peyenrtop (CB1). 11 nposenenHs in silico aHanizy
3aCTOCOBYBAJIOCS IPOrpaMHe 3abe3NedyeHHs 3 BiIKpUTUM [IOCTYIIOM, a TaKOX MTPOOHi Bepcii KoMepLifHUX ITporpam,
3okpema iGEMDOCK v2.1, AutoDock, AutoDock Vina, Schrédinger Maestro Glide i PlayMolecule. CTpyKTypHi faHi
6inkiB 6y oTpMMaHi 3 BigkpuToi 6a3u RCSB PDB, a ix migroToeka 3zilicHIOBajacs 3a JOIOMOTOI0 IPOrPaMHOr0
3abesneuyeHHs1 Molecular Graphics Laboratory (MGL). TpuBuMipHi CTPYKTYpU JOCJIiI)KyBaHUX JliraHiB
3aBaHTaXXyBaJucs 3 BigkpuToi 6asu faHux PubChem. Ontumisanis reometpii sliraHfiiB npoBoauiacs 3a JOIIOMOI00
nporpamu Avogadro (v1.2.0). 3rifHO OTpUMaHUX pe3yJIbTaTiB IPOIOKCca3enam IpPoJeMOHCTPYBaB HU3bKY
CHOPIiAHEHICTD 1O UMKJIOOKCUT€HA3, 10 3yMOBJIEHO CJIA0KUMU B3a€MOJiSIMU Yy HeclleUPiuHMX caliTax 3B'I3yBaHHSI.
BopHouac BiH 1IposIBUB aHTaroHicTUYHUN eexT om0 6pafuKiHiHoBoro peuenropa 1-ro tuny. JocaimKkeHHs
MOJIEKYJISIPHOTO JOKIHTY II0Ka3aslo, 110 IIPOIIoKca3enam Mae HaliBuIlly eHeprilo 3B's13yBaHHs 3 Kv7.2 ceper,
aHaJIi30BaHUX CIIOJIYK, IEPEBUILYIOUN pedpepeHTHUI peTrurabiH, a TakKoX 100pe B3aeMogie 3 Kv3.1. Bin gemoHcTpye
noMipHy adiHHICTb 10 OlA-aipeHOPELENTOPIB Ta BUCOKY CHIOpifHeHiICTh A0 PDE4, 110 BKadye Ha MOro MOTEeHIial K
iHribiropa uporo pepmeHTy. Kpim Toro, mpornokcasenam mae Haisuimy adinHicts 1o CBl-penenrtopa ceper,
IOCTimKeHUX 6eH30ia3eriHiB, 110 BiTKpUBa€ NMepCrekTUBY 1Jis NOoro MoJajibuioro BUBYEHHS sK jiraHna CBIR.

2. The work is devoted to determining the mechanisms of analgesic and antiinflammatory effects of 1,4~
benzodiazepine alkoxy derivatives by the methods of molecular docking and molecular dynamics in silico. To
achieve the goal and objectives of the study, an in vitro study of the antiinflammatory activity of propoxazepam
(promising innovative analgesic drug of the alkoxy derivatives of 1,4-benzodiazepine series) and a number of in
silico experiments were conducted to identify the mechanisms of interactions of propoxazepam and some 1,4-
benzodiazepine derivatives with protein targets involved in the processes of inflammation and pain. The studies
were carried out in two stages. The first stage of the work was aimed at studying the anti-inflammatory activity of
propoxazepam and 1,4-benzodiazepine derivatives in vitro by analyzing their protective effect on the stability of
bovine serum albumin under thermal denaturation conditions. Additionally, the interaction features of the studied
ligands with human serum albumin were identified using the iGEMDOCK v2.1 software package, using protein
structural data obtained from the biological macromolecules database. According to the determination of ICoo for
the studied compounds, it was found that 1,4-benzodiazepine derivatives exhibit a protective effect against
thermal denaturation of BSA, with diazepam and propoxazepam surpassing ibuprofen by almost two times in ICon,



athough they are inferior to it in terms of maximum effect. Compounds with a free hydroxy group in position 3
(oxazepam and 3-hydroxypropoxazepam) demonstrate lower activity, which may be associated with their ability to
bind to BSA. The results obtained allow us to make assumptions: 1,4-benzodiazepine derivatives are able to prevent
thermal denaturation of BSA, which may be associated with their interaction with specific binding sites. Therefore,
a docking analysis of propoxazepam with human serum albumin (HSA) was further performed, which allowed us to
better understand the mechanisms of its action and supplement the results of the in vitro study of the anti-
inflammatory properties of 1,4-benzodiazepine derivatives. According to the results of the docking analysis, it can
be stated that the binding energy to the diazepane site of LSA for propoxazepam is the highest among the studied
compounds. These results confirm the participation of serum albumin in the implementation of the anti-
inflammatory effect of propoxazepam. The second stage of the study was the analysis of the interaction (in silico
analysis) of propoxazepam with receptors involved in peripheral and central analgesic action. The studied proteins
were bradykinin receptor, cyclooxygenase-1, cyclooxygenase-2, voltage-gated potassium channels (Kv), N-methyl-
D-aspartate receptor (NMDA receptor), alpha adrenoreceptor, phosphodiesterase 4 (PDE4), vanilloid receptor of
the transient receptor potential subfamily 1 (TRPV1) and cannabinoid receptor (CB1). For the in silico analysis, open
access software was used, as well as trial versions of commercial programs, in particular iGEMDOCK v2.1,
AutoDock, AutoDock Vina, Schrédinger Maestro Glide and PlayMolecule. The structural data of the proteins were
obtained from the open RCSB PDB database, and their preparation was carried out using the Molecular Graphics
Laboratory (MGL) software. The three-dimensional structures of the studied ligands were downloaded from the
open database PubChem. Ligand geometry optimization was performed using the Avogadro program (v1.2.0)
According to the results obtained, propoxazepam demonstrated low affinity for cyclooxygenases, which is due to
weak interactions in nonspecific binding sites. At the same time, it showed antagonistic effect on the bradykinin
receptor type 1. Molecular docking studies showed that propoxazepam has the highest binding energy to Kv7.2
among the analyzed compounds, exceeding the reference retigabine, and also interacts well with Kv3.1. It
demonstrates moderate affinity for olA-adrenoceptors and high affinity for PDE4, which indicates its potential as an
inhibitor of this enzyme. In addition, propoxazepam has the highest affinity for the CB1 receptor among the
studied benzodiazepines, which opens up prospects for its further study as a CBIR ligand.
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