OpwriHanbHi gocnimxeHHs = Original research

Substituted pyrrolo[1,2-a][1,2,4]triazolo-(triazino-)[c]quinazolines —
a promising class of lipoxygenase inhibitors

V. V. Stavytskyi*A®, I. S. Nosulenko®, O. O. Portna®, V. M. Shvets®, O. Yu. Voskoboinik*, S. |. Kovalenko®*

Zaporizhzhia State Medical University, Ukraine

A —research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation; D — writing the article;
E — critical revision of the article; F — final approval of the article

The modern strategy of potential biologically active molecules search (“drug-design”) is based on several innovation approaches. The
method of high throughput biological screening and method of molecular modeling deserves the most attention among such approaches.
Lipoxygenase (LOX) is one of the most perspective biological target for the substituted pyrrolo[1,2-a][1,2,4]triazolo-(triazino-)[c]quinazolines.
So, molecular docking towards LOX and enzyme activating activity was investigated.

The aim: Directed search of potential inhibitors of lipoxygenases among the unknown pyrrolo[1,2-a][1,2,4]triazolo-(triazino-)[c]quinazolines
with the use of molecular docking and in vitro high throughput screening.

Materials and methods. The research of lipoxygenase activity has been conducted for a number of original pyrrolo[1,2-a][1,2,4]triazo-
lo-(triazino-)[c]quinazolines. Standard software was used for molecular docking and “drug-like” criteria research. Sodium letinate was
used as a substrate to study soybean LOX enzyme activating activity.

Results. The results of molecular docking have shown, that substituted pyrrolo[1,2-a][1,2,4]triazolo[1,5-c]quinazolines reveal a strong
affinity toward LOX. The main types of interactions with aminoacid residues of mentioned the enzyme were identified. The conducted
researches showed, that the substituted pyrrolo[1,2-a][1,2,4]triazino[2,3-c]quinazolines had the highest soybean LOX inhibition activity.
Compounds with a fluorine atom and a 2-thienyl moiety in the structure revealed the highest activity inhibiting lipoxygenase by 36.33 %
and 39.83 % respectively. The increased lipophilicity of triazine derivatives promotes a higher ability to inhibit soybean LOX, whereas,
for triazole derivatives, which have lower molecular weight, an inverse relation is observed.

Conclusions. The research of the substituted pyrrolo[1,2-a][1,2,4]triazolo-(triazino-)[c]quinazolines inhibition ability of soybean LOX as one
of the possible mechanisms of their activity is proved and conducted. Itis shown, that their lipoxygenase activity depends on lipophilicity and
is defined by the availability of donor-acceptor fragments in the molecule, that is capable to form hydrogen and other types of interaction.
The specified results are strong arguments for their further study as promising anti-inflammatory agents.

3amiweHi nipono[1,2-a][1,2,4]rpiazono-(Tpia3uHo-)[c]xiHa3oniHu — nepcneKTUBHMI Knac iHribiTopis ninokcureHasu
B. B. CraBuubkuia, |. C. Hocynenko, O. O. MopTHa, B. M. LLiseup, O. t0. BockobomHik, C. |. KoBaneHko

CyyacHa cTparerisi NoLUyKY NOTEHLiHUX 6I0NOriYHOaKTUBHUX MOMEKYN 3acHOBaHa Ha HU3Li iHHOBaLiiHUX NiaxoaiB, cepes HUX Ha 0co6-
NVBY yBary 3acryroBytTb METOAMN BUCOKOEMEKTUBHOTO BIONOr4YHOTO CKPUHIHTY Ta MONEKYNSPHOrO MofentoBaHHs. OfHa 3 NepCrnekTUBHUX
BionoriyHux miweHen Ans psgy 3amiweHnx nipono[1,2-a][1,2,4]tpiasono-(TpiasunHo-)[c]xiHasoniHiB — ninokcurenasa (JIOT), wopo skoi
3iICHNIN MOMNEKYNAPHWIA [OKIHT Ta eKCepuMEeHTanbHO JOCMIANAN eH3UM-aKTUBYBarbHY aKTUBHICTb.

MeTa po6GoTu — cnpsiMoBaHwWii NOLLYK NOTeHLinHWX iHribiTopis JTOI cepen HeBigomux nipono([1,2-a][1,2,4]tpiazono-(TpiasuHo-)[c]xiHa3o-
NiHiB, BYUKOPUCTOBYKOYN MOMNEKYNAPHWIA JOKIHT | BUCOKOEMEKTUBHUIA CKPUHIHT in Vitro.

Matepianu Ta metoau. [Ana pocnimkeHb obpanu pag 3amiweHux nipono[1,2-a][1,2,4]piasono-(TpiasunHo-)[c]xiHasoniHie. Ans mone-
KYNSPHOrO [JOKIHTY Ta BU3HAYEHHS BiANOBIAHOCTI KPUTEPIAM «nikonodibHOCTI» BUKOPUCTAnM CTaHAApTHE NporpamHe 3abesneyveHHs.
[ocnigxeHHst eH3M-aKTUBYBanbHOI akTUBHOCTI 3aicHUNM Ha coeill JTOI 3 BUKOpUCTaHHsSIM HaTpito NIeHoniHaTy sk cybcTpary.

Pesynisratu. 3aincHuny gokiHroBe AocnimpkeHHs 3amileHnx nipono[1,2-a][1,2,4]tpiasono-(TpiasnHo-)[c]xiHasoniHiB. 3'acyBanu, Lo Len
Knac crosnyk Mae CyTTeBy crnopigHeHicTb 4o JTOT. BuaHauunm oCHOBHI TUNW B3aeMOZi 3 aMiHOKMCIIOTHUMM 3anuLLKaMU Liboro (hepMeHTY.
[ocnipxeHHst wopo iHribysaHHs coeoi JTIOI nokasanu, Lo cepep Cnomnyk, Lo JOCiAKyBany, HanbinbLL akTMBHUMKM Byni 3amiLLeHi nipo-
no[1,2-a][1,2,4]tpiasnHo[2,3-c]xiHa3oniHiB. Cepen HVX HaMBHLLY iHriByBarnbHy aKTUBHICTb MatOTb CNOMykW 3 aToMoM Priyopy Ta 2-TieHiNbHIM
thparmeHTom y monekyni (36,33 % Ta 39,83 % BignosigHo). 3i 36inbLUeHHAM NiNodiNbHOCTI 3AaTHICT NOXiAHMX TPiasuHy 40 iHribyBaHHS
coeBoi JIOI 36inbLUyeTbCs, a AN NOXigHKX Tpiasony, SKi MaloTb 3HAYHO MEHLLIY MOJIEKYNSPHY Macy, CrnocTepirany 3B0POTHY 3aNeXHiCTb.
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BucHoBku. ObrpyHTyBanu Ta gocnigunu 3amitleHi nipono[1,2-a][1,2,4]tpiazono-(Tpia3nHo-)[c]xiHa3oniHiB o0 30aTHOCTI iHribyBaHHs
c0eBoi [TOT Sk OAVH i3 MOXIMBIX MEXaHi3MiB Aji. IXHs NiNnoKcUreHasHa akTUBHICTb 3aneXnTb BiA NINOMINLHOCTI Ta BU3HAYAETLCS HasiB-
HICTIO B MOIeKyni JOHOPHO-aKLENTOPHUX oparMeHTiB, WO 34aTHi 10 YTBOPEHHS BOAHEBUX 3B’A3KIB Ta iHLLKX TUNIB B3aeMogiit. Pesynbratu
[OCTIiIKEHHS — BaroMuii apryMeHT NSt BUBYEHHS LIMX CMOMyK Hajani ik NepCnekTUBHMX MpoTM3ananbHuX areHTis.

Knrouogi cnoea: po3pobka nikapcbkux 3acobis, nipono[1,2-a][1,2,4]tpiasono-(TpiasunHo-)[c]xiHa3oniHW, MONEKYNSPHUIA QOKIHT, NinoKcu-
reHasHa akTUBHICTb.

AxTyanbHi nuTaHHs hapmaLieBTUYHOI | MeauYHOI Hayku Ta npakTuku. 2020. T. 13, Ne 1(32). C. 4-10

3amelueHHble nuppono[1,2-a][1,2,4]Tpuasono-(TpuasnHo-)[c]xMHa3onuHbI — NepPCNEeKTMBHBIN Knacc
MHIMBUTOPOB NUMOKCUTeHa3bI

B. B. Crasuukui, W. C. Hocynenko, E. A. MoptHas, B. H. LWeeu, A. 0. BockobonHuk, C. W. KoBaneHko

CoBpeMeHHas cTpaTerns noucka noTeHumanbHbIX 61oNorMYeckn akTUBHbLIX BELLECTB OCHOBAHa Ha psiAe VHHOBALMOHHbLIX NOAXOAOB,
cpeam KOTopbIX 0CO60r0 BHUMaHUS 3aCnyX1BaKT METOAbI BbICOKOI(EEKTUBHOMO B1ONOrMYECcKOro CKPUHWHTA 1 MONEKYNSPHOTO Moae-
nupoBaHus. OgHa U3 NepCrnekTUBHBLIX GUONOTMYECKUX MULLIEHEN AN psiaa 3aMeLleHHbIX nuppono[1,2-a][1,2,4]tpuasono-(TpuasunHo-)[c]
XVMHa30MMHOB — nunokcurenasa (107), No OTHOLLEHWIO K KOTOPOM NPOBEAEH MOMEKYNAPHBIA AOKUHT 1 SKCNEepPUMEHTanbLHO nccnefoBaHa
3H3MM-aKTUBMPYIOLLAS aKTUBHOCTb.

Llenk pa6oTki — HanpaBneHHbIA NOMCK NoTeHUManbHbIX MHMbuTopoB JIOI cpeamn HensBecTHbIX npponol[1,2-a][1,2,4]tpuasono-(Tpua-
31HO-)[C]XMHA30/IMHOB C UCMONb30BaHNEM MOMEKYNSAPHOTO AOKWHIA W BbICOKOI((EKTUBHOIO CKPUHUHTA in Vitro.

Matepuansl u metoakl. [Ans uccnegosaHuin otobpaH psg 3ameLleHHbIx nuppono[1,2-a][1,2,4]Tprnasono-(TprasnHo-)[C]XMHa3onm1HoB.
[ina MonekynsapHOro AOKWHa 1 KpUTEPUEB «NekapcTBONOA0OMS» UCNONb30BaHO CTaHAapTHOe nporpaMmmHoe obecnevenve. iccneno-
BaHWE SH3MM-aKTVUBMPYIOLLEN aKTUBHOCTM NpoBeaeHo Ha coeBoit JIOI ¢ ucnonb3oBaHWeM HaTpuii NeHonMHaTa B kadectse cybcTpata.

Pesynekrathl. 3amelleHHsle nuppono[1,2-al[1,2,4]Tpnasono-(TpuasuHo-)[C]XMHason1H NoaBEPrHyThl JOKUHIOBOMY WCCREeSOBaHWIo,
KOTOpOE NoKasano, YTo JTOT KNacc COEAMHEHUIN UMEET 3HaunTeNbHY addunHHOCTB K JIOT. OnpeaeneHsl OCHOBHbIE TUMbl B3aUMOAEN-
CTBW C aMMHOKVCMOTHLIMM OCTaTKaMu yKasaHHOro pepmeHTa. Vccnenosanus no nirmbuposaxuio coesoi JIOI nokasanu, YTo cpeam
13yvaembiX COEANHEHUI Hanbornee akTUBHBIMU OKa3anmuch 3ameLLieHHble nnpponol1,2-a][1,2,4]TpnasnHo[2,3-c]xnHazonuHbl. Cpean H1X
Hanbornee BbICOKOE MHMMBUpPYLOLLee AelicTBUE NPOSIBNSAIOT COEANHEHNS C aTOMOM (Topa U 2-TUEHWNbHBIM (bparMeHTOM B Morekyre
(36,33 % 1 39,83 % cootBeTCcTBEHHO). C yBENMYEHMEM NMNOGUNBHOCTM CMOCOGHOCTb NPOM3BOAHBIX TPUA3NHa K MHIMOMPOBaHWIO CO-
eBoro JIOI" yBennumBaetcs, a Ans NpoM3BOAHbLIX TPMA30Ma, KOTOPbIE UMEIOT 3HAYNTENBHO MEHBLLYIO MOMNEKYISPHYI0 Maccy, OTMeYeHa
obpaTHas 3aBUCMMOCTb.

BriBogki. O6ocHOBaHO 1 NpoBeAEHO UccneaoBaHue 3aMeLLeHHbIx nuppono[1,2-a][1,2,4]tpmasono-(TprasmHo-)[C]XMHA30IMHOB Ha CMo-
cobHOCTb MHMMBMpoBaTh coeyto JIOI Kak oauH U3 BO3MOXHBIX MEXaHW3MOB AeiCTBUS. VX nunokcureHasHast akTUBHOCTb 3aBUCUT OT
NMNOUIBHOCTY U ONPEAENSETCS HanNMYMeM B MOMeEKyre JOHOPHO-aKLENTOPHbIX (DparMeHTOB, CMOCOBOHBIX K 06pa3oBaHNi0 BOLOPOAHOM
CBS3M U APYrUX TUMOB B3anMOAENCTBUIA. Pe3ynsTathl SBASIOTCA BECOMbIM apryMEeHTOM ANs UX AanbHENLEero n3y4yeHus Kak nepcnek-
TWBHbIX NPOTVWBOBOCNANMUTENBHbBIX areHTOB.

KntoueBkie crioea: paspaboTka nekapCTBeHHbIX CPeacTs, nuppono[1,2-a][1,2,4]Tpnasono-(TprasnHo-)[C]XMHa30nMHbI, MONEKyNSpHbIN
[OKVIHT, NIMMOKCUreHa3Has akTUBHOCTb.

AxTyanbHble Bonpochl (hapMaLeBTMYECKON N MeAULMHCKOW Hayku u npakTuku. 2020. T. 13, Ne 1(32). C.4-10

The modern strategy of potential biologically active mole-
cules search (“drug-design”) underwent significant changes
and became the most important part of modern medical
chemistry [1-3]. Now it is based on several innovation
approaches, such as virtual screening, combinatory che-
mistry, high throughput screening, molecular modeling, frag-
ment-oriented design, optimization of the leading structure,
etc. Among the above-mentioned approaches, the method
of high throughput biological screening deserves the most
attention. This method allows estimating activity of many
compounds against a known biological target in short terms.
Structures of biological targets are known. With the help of
them, the molecular mechanism of interaction of the ligand
with protein could be explained. So, they are used for mo-
lecular docking [4—6]. Protein three-dimensional structure
(at the current stage of technology development, as a rule
conformationally rigid) and structure of ligand (the known
inhibitor and synthesized compound) are used as a starting
information for docking. The optimal ligand conformation

with a specific binding energy value for the biological target
is the docking result. Using this results perspective objects
for further high throughput screening could be revealed. In
view of many approximations, the binding energy does not
always correlate with the relevant experimental data. Howe-
ver, it gives an understanding of the mechanism and ligand
activity efficiency.

Throughout the directed search investigatements of biologi-
cally active compounds among quinazoline derivatives and its
condensed analogs [7—16], we have used the above-mentioned
strategy. Lipoxygenase (LOX) was used as a biological target.
Especially, considering that LOX part in many pathological
conditions formation, such as chronic inflammations, allergy,
asthma, some cancer types, cardiovascular diseases, etc [17].

Aim
So, the purpose of work is the directed search of lipoxyge-
nases potential inhibitors among the unknown pyrrolo[1,2-a]
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Fig. 1. The basic
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1.1 R=Me; 1.2 R=Ph; 1.3 R=4--PrCH,; structure of pyrrolo[1,2-a]
[1,2,4]triazolo-(triazino-)
N 21 R=Me,R,=H; 22 R=Ph,R, =H; [c]quinazolines.
COOH
N. 2.3 R=4-MePh, R,= H; 2.4 R=4-EtPh,R = H;
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/ 2.5 R=4-i-PrPh, R, = H; 2.6 R=4-t-BuPh, R = H;
11-13 N “( ! '
o R 2.7 R=4-EtOPh, R,=H; 2.8 R=Ph,R, = 12-Me;
2.9 R=4-MeOCH,; R,= 10-Me; 2.10 R =Ph, R = 11-F;
R, N 211 R=Ph,R,=12-F; 212 R=Ph, R, = 11,12-F;
N\EOOH 213 R= 4-FCH, R, = 11,12-F; 214 R=Ph,R,=12-C|;
I - - . - - .
21-218 N\{%\R 2.15 R=4-MeOCH,, R, = 12-Cl; 2.16 R =Ph, R, = 12-Br;
217 R=4-MeOCH,, R, = 12-Br; 2.18 R = thienyl-2, R = H.
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[1,2,4]triazolo-(triazino-)[c]quinazolines with the molecular
docking usage and in vitro highly effective screening.

Materials and methods

The research of lipoxygenase activity has been conducted
for a number of original pyrrolo[1,2-a][1,2,4]triazolo-(triaz-
ino-)[c]quinazolines 1.1-1.3, 2.1-2.18 (Fig. 1), which were
synthesized at the Department of Organic and Bioorganic
Chemistry of the Zaporizhzhia state medical university (the
Head of the Department, Dr.hab., Professor, S. I. Kovalenko).
The features of the structures of the synthesized compounds
were evaluated by IR-, NMR spectroscopy, and chromatog-
raphy-mass spectrometry and were discussed in detail [18].

Molecular docking. The research was conducted by flex-
ible molecular docking, as an approach of finding molecules
with affinity to a specific biological target. Macromolecules
from Protein Data Bank (PDB) were used as biological
targets, namely LOX (soybean) enzyme in complex with
protocatechuic acid (PDB ID — 1N8Q) [19]. The choice of
biological targets was due to the literature on the mechanism
of anti-inflammatory drug action [17].

Ligand preparation. Substances were drawn using Marvin-
Sketch 19.24 and saved in mol format [20]. After that, they
were optimized by program Chem3D, using the molecular
mechanical MM2 algorithm and saved as pdb-files. Molecular
mechanics was used to producing more realistic geometry
values for the majority of organic molecules, owing to the fact
of being highly parameterized. Using AutoDockTools-1.5.6
pdb-files were converted into PDBQT, the number of active
torsions was set as default [21].

Protein preparation. PDB files were downloaded from
the protein data bank. Discovery Studio v 19.1.0.18287 was
used to delete water molecules and ligands. Structures of
proteins were saved as pdb-files [22]. In AutoDockTools-1.5.6
polar hydrogens were added and saved as PDBQT. Grid box
was set as following: center x =18.370, center_y =-52.296,
center z = 53.949, size x = 18, size y = 16, size z = 16
for COX-2 (3LN1); center x =32.978, center y =-44.488,
center z=-3.760, size x =16, size y =16, size_z= 16 for

COX-1 (3N8Y). Vina was used to carry docking [15]. For
visualization Discovery Studio v 19.1.0.18287 was used.

Lipinski’s rule of five. Drug-like characteristics (Log P,
molecular polar surface area, number of non-hydrogens, num-
ber of hydrogen bond acceptors (groups N and O), number
of hydrogen bond donors (groups NH and OH) and number
of rotatable bonds) were evaluated and optimized using an
electronic resource [23].

Soybean LOX inhibition study in vitro. /n vitro study
was evaluated as it was reported previously [24,25]. To
3.880 ml of borate buffer, 40 pl 2 x 10~ w/v solution of
LOX in the buffer and 40 ul of 100 uM studied compound
(or nordihydroguaiaretic acid (NDGA)) solution were added.
The formed mixture was shaken and incubated at ambient
temperature for 5 min. After incubation, the 40 pul of 0.01
M solution of sodium linoleate was added. After 20 min.
incubated at ambient temperature absorption at 234 nm was
recovered. The results are calculated by the formula:

LOX inhibiting activity, % = (A
A x 100 %

control

control — test cumpuund) /

Results

The results of molecular docking have shown, that substituted
pyrrolo[1,2-a][1,2,4]triazolo[1,5-c]quinazolines (1.1-1.3)
have a strong affinity for LOX (7able I). So, their affinity is
much higher, than protocatechuic acid has, a known LOX
inhibitor. However, their binding energy is weaker then
NDGA, which is used as the pharmacological standard. Bin-
ding energy of substituted pyrrolo[1,2-a][1,2,4]triazino[2,3-c]
quinazolines (2.1-2.18) approach to NDGA value and com-
pounds 2.6, 2.8, 2.18 binding energy exceed it.

However, high affinity to specified enzymes is not always
the main factor for activity revealing. It may be due to
the influence of additional factors (lipophilicity, metabolism,
etc.), which are described by the «drug-like» criteria (7a-
ble 2). Analysis of “drug-like” results indicates, that the test
compounds have no deviations from Lipinski’s rules (LogP
<5; molecular weight <500; ability to be a proton acceptor
<10; ability to be a proton donor <5; bond rotation <8), as
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Table 1. The results of molecular docking and pharmacological standards

Comod Affinity (kcal/mol) | The main interactions types between compounds, pharmacological
pd. to LOX (soybean) | standards and amino acid residues of enzymes

Proto-catechuic acid | - - HIS5237, LEU565°, HIS518°, ALA561°, LEU773".

NDGA = = 6.9 ASN5562, LYS2782, PHE272°, VAL26°, TYR275".

1.1 Me - 6.8 LYS2782 ASN5567, LEU560°, LEU258°, ALA263°.

12 Ph = 6.6 THR4457, ARG221°, GLU573¢, THR443°, ARG580°, ARG580".
13 4-i-PrCH, - 6.2 LYS2782, LYS278° TYR275".

21 CH, = 6.7 LYS2787, LYS2782 ASN5567, LEU560°, ALA263°.

22 Ph - 6.7 SER2812, SER564% ARG252%, ARG252".

2.3 4-MeCH, = 6.5 ARG580?, GLU5737, GLU573¢, LEU729%, PRO759°.

24 4-EtCH, - 6.4 THR4457, SER4442 SER4442, LEU729°.

25 4-i-PrCH, = 6.9 ARG580°, GLU5732, GLU573¢, PRO759°, LEU729°, ARG731".
2.6 4-+BuCH, - -7.0 TYR275% TYR275°, ALA263°.

2.7 4-EtOCH, = 6.2 ASN5562, TYR275°, ALA263".

2.8 Ph 12-CH, -71 ASP255%, LYS2782 PHE272°, ALA263".

2.9 4-MeOCH, 10-Me -5.9 SER2812, ARG252%, LEU563".

2.10 Ph 1-F 6.6 LYS2782, TYR275% ALA263".

2.1 Ph 12-F -6.6 LEU5637, ARG2522, GLY570%, ARG2522, ARG252°, ARG252".
212 Ph 11-F, 12-F 6.8 ARG2522, GLN2827, GLY570% ASN254¢, GLN282°.

213 4-FPh 11-F, 12-F 6.8 PHE264¢, ASN556¢, LYS2787, ASP255¢, ALA263".

214 Ph 12-Cl 6.5 LEU729°, PRO759°.

2.15 4-MeOCH, 12-Cl -6.0 LYS2787, PHE272°, ALA263".

2.16 Ph 12-Br 6.7 PHE264 ARG252.

217 4-MeOCH, 12-Br -5.6 ALA263° ARG2527, LYS2787.

2.18 thienyl-2 - -7.0 SER2812, GLY569?, GLY570%, GLY570°, HIS219°, LEU563°.

a: hydrogen; b: hydrophobic; c: other (m-Sulfur); d: halogen; e: electrostatic.

well as the pharmacological standard “NDGA”. This was an
important argument for further biological in vitro research of
soybean LOX inhibition.

Conducted in vitro study of soybean LOX-inhibition acti-
vity (Zable 2) showed, that among substituted pyrrolo[1,2-a]
[1,2,4]triazolo[1,5-c]quinazolines highest enzyme-inhibiting
activity was revealed by compound 1.1 with methyl sub-
stituent in position 2 (inhibition on 25.27 %). At the same
time among substituted pyrrolo[1,2-a][1,2,4]triazino[2,3-c]
quinazolines active were compounds 2.4-2.8, 2.13 and 2.18,
that exhibited enzyme-inhibiting activity in the range of va-
lues 10.03-39.83 %. However, the activity of all obtained com-
pounds was lower comparing to reference inhibitor NDGA.

Disscussion

Among lipooxygenases (LOX), six isoforms are most known
(LOX-5, 15-LOX, 15-LOX-2, 12-LOX, 12R-LOX and eLOX-
3), which play an important role in the development of various

pathological processes [19]. 5-LOX is a precursor for the syn-
thesis of B, leukotrienes (LTB,), peptidyl leukotrienes (LTC,,
LTD, or LTE,) and lipoxins that cause inflammatory processes.
Compounds were analyzed with the use of molecular docking
considering the structural similarity of LOX-5 to soybean
lipoxygenase LOX (sLOX) type 1b and its role in processes
of inflammation. Especially, as 1b sLOX is the molecular
biological target, and the high affinity of ligands (the synthe-
sized compounds) to lipoxygenases is one of the desirable
characteristics of anti-inflammatory agents.

The visualization of complexes was conducted for evalua-
tion of the effects of structural features of ligands on the level
of binding with molecular target. The analysis of the types
of main interactions with aminoacid moieties of protein
was performed as well (Table 1, Fig. 2). So, visualization
of the structure of NDGA with the active site to soybean
LOX (Fig. 2) allows to establish, that it has hydrogen and
hydrophobic interactions with the amino-acid residues:

ISSN 2306-8094
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Table 2. The value of the “drug-like” criteria and soybean LOX inhibition

Number of

Molecular

Number of hydro-

Number of hydrogen | Number

Compnd. |LogP polar surface | non-hydro- LTl gen bond acceptors | bond donors (groups | of rotatable fSo;l/b.e an L(.,JX
area, A gens volume, A3 (groups N and O) NH and OH) bonds [ EE0, )

NDGA 3.48 80.91 22 302.37 4 4 5 67.19
1.1 0.13 88.33 21 284.27 7 1 1 25.27
12 2.16 88.33 26 346.35 7 1 2 3.56
1.3 3.67 88.33 29 388.43 7 1 3 0.00
21 0.02 105.40 23 312.29 8 1 1 0.00
22 1.47 105.40 28 374.36 8 1 2 0.00
23 1.92 105.40 29 388.38 8 1 2 3.78
24 2.38 105.40 30 402.41 8 1 3 20.81
25 2.98 105.40 31 416.44 8 1 3 20.63
26 3.17 105.40 32 430.46 8 1 3 20.53
27 1.90 114.63 31 418.41 9 1 4 15.42
2.8 1.89 105.40 29 388.38 8 1 2 10.03
29 1.92 114.63 31 418.41 9 1 3 0.00
2.10 1.63 105.40 29 392.35 8 1 2 6.41
211 1.61 105.40 29 392.35 8 1 2 0.00
212 1.70 105.40 30 410.34 8 1 2 0.00
213 1.86 105.40 31 428.33 8 1 2 36.33
2.14 212 105.40 29 408.80 8 1 2 9.46
2.15 2.18 114.63 31 438.83 9 1 3 1.79
2.16 2.25 105.40 29 453.25 8 1 2 2.37
217 2.31 114.63 31 483.28 9 1 3 0.00
218 1.25 105.40 27 380.38 8 1 2 39.83

ASN556(2.07A), LYS278 (3.71A), PHE272 (5.21A), VAL26
(5.27A), TYR275 (5.11A). Compound 2.18 has the highest
affinity to the soybean LOX target, among the investigated
ones. Visualization of this structure with the soybean LOX
active site (Fig. 2) showed, that it is characterized by four
hydrogen bonds with the amino acid residues: SER281
(3.16A), GLY569 (2.69A), GLY570 (3.40A), GLY570
(3.45A), hydrophobic interaction with LEU563 (5.46A) and
quite strong 7t-Sulfur interaction with HIS219 (4.82A). So,
an important aspect of compounds’ high affinity to soybean
LOX is the presence of several hydrogen bonds, hydrophobic
interactions, donor-acceptor interactions due to sulfur and
fluorine lone electron pairs (7able 1).

The comparative analysis of “drug-like” results and
soybean LOX inhibition has shown, that the lipoxygenase
activity depends on molecule lipophilicity and availability of
acceptors and donors of hydrogen bond. The last statement
agreed with the data of molecular docking (7able 1, Fig. 2).
So, substituted pyrrolo[1,2-a][1,2,4]triazino[2,3-c]quinazo-
lines with a fluorine atom (2.13) and a 2-thienyl fragment
(2.18) in the molecule inhibit lipoxygenase by 36.33 % and
39.83 % respectively. The increase of lipophilicity promotes

higher ability to inhibit soybean LOX (7able 2), which is
speaking above derivatives 2.1-2.18. Thus, compounds
2.4-2.6 inhibit soybean LOX by 20.53-20.81 %. Whereas, for
substituted pyrrolo[1,2-a][1,2,4]triazolo[1,5-c]quinazolines
which have considerably smaller molecular weight inverse
relation is observed. So, compound 1.1 with the indicator of
lipophilicity 0.03 inhibits soybean LOX by 25.27 %. Increase
in lipophilicity (compound 1.2) leads to activity decrease, and
in case of compound 1.3 — its total loss.

Conclusions

The research of the substituted pyrrolo[1,2-a][1,2,4]triazolo-
(triazino-)[c]quinazolines inhibition ability of soybean LOX
as one of possible mechanisms of their activity is proved
and conducted. It is shown, that their lipoxygenase activity
depends on lipophilicity and is defined by availability in
the molecule of donor-acceptor fragments in the molecule,
that are capable to form hydrogen and other types of inter-
action. The specified results are the strong argument for their
further study as promising anti-inflammatory agents. It is
planned the in vivo study of anti-inflammatory activity and
toxic effects for the most active compounds.
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