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Active pharmaceutical ingredients whose structure combines aromatic or heterocyclic fragments with pharmacophore carboxylic group are
widespread on pharmaceutical market. The isolation of COX-NSAIDs complexes and following X-ray studies allowed to explain the key
role of pharmacophore carboxylic group in the formation of enzyme-ligand interactions and the effect of its presence on the activity and
selectivity. The introduction of selective COX-2-inhibitors to medicinal practice resulted in a significant decrease of side effects and compli-
cation frequencies. However, the problem of NSAIDs toxicity has not been solved. Thus, the search for the novel anti-inflammatory drugs
using in silico methods and approaches including structural modification of known NSAIDs by “bicisosteric” replacements of aromatic
and heterocyclic fragments with other structural elements with carboxylic group as the carrier of pharmacological effect, is a current trend
of medicinal chemistry.

The aim of present study is to purposefully search for anti-inflammatory agents among carboxyl-containing quinazolines and related
heterocycles using in silico and in vivo methods, as well as to evaluate carboxylic group effect on the level of anti-inflammatory activity.

Materials and methods. Quinazoline-4(3H)-ylidene)hydrazides of mono-(di-)carboxylic acids, 2-R-[1,2,4]triazolo[1,5-c]quinazolines,
3-R-5-(2-aminophenyl)-1H-1,2 4-triazoles, 5-carboxyalkyl[1,2,4]triazolo[1,5-c]quinazolines and 2-R-7-0x0-6,7-dihydropyrrolo[1,2-a][1,2,4]
triazolo[1,5-c]quinazoline-4a(5H)-carboxylic acids were screened for their anti-inflammatory activity. MarvinSketch 20.19.0, AutoDock Vina
and AutoDockTools 1.5.6, HyperChem 7.5, Discovery Studio were used for in silico research. “Drug-like” characteristics were evaluated
using an online service. Prediction of toxicity and Ames mutagenicity of the studied compounds were performed in silico using Test
software. Evaluation of the anti-inflammatory activity of the synthesized compounds was carried out on white Wistar rats (150-160 g of
weight) using carrageenan induced paw edema model. Phlogogen (1 % aqueous solution of A-carrageenan) was subplantarly injected in
the dose of 0.1 mlin the rats’ hind right paw. The left one was used as a control. The studied compounds were intragastrically administered
with atraumatic probe as water solution or finely dispersed suspension stabilized by Tween-80 in the dose of 10 mg/kg 1 hour before
the injection of phlogogen. The reference drug Diclofenac sodium was administered intragastrically in a recommended for pre-clinical
studies dose of 8 mg/kg. The paw volume was measured before the experiment and in 4 hours after phlogogen injection. The activity of
these substances was determined by their ability to reduce the swelling compared with control group and was expressed in percentage.
The experiments were carried out with respect to Bioethical rules and norms.

Results. The search for anti-inflammatory agents among carboxylic-containing quinazolines and related heterocycles was theoretically
substantiated using results of molecular docking, druglike criteria calculations and predicted parameters of toxicity. Experimental in vivo
methods (“carrageenan” test) confirmed the anti-inflammatory activity of studied compounds and showed that (quinazoline-4(3H)-ylidene)
hydrazides of dicarboxylic acids inhibit edema by 17.0-50.0 %, 2-carboxyalkyl-(phenyl-)-[1,2,4]triazolo[1,5-c]quinazolines — by 0.00-40.63 %,
2-(5-(2-aminophenyl)-1H-1,2 4-triazol-3-yl)alkyl-(phenyl-)carboxylic acids — by 2.43-49.65 %, 2-R-5-carboxyalkyl[1,2,4]triazolo[1,5-c]
quinazolines — by 0.47-22.93 % and 2-R-7-oxo-6,7-dihydropyrrolo[1,2-a](1,2,4]triazolo[1,5-c]quinazoline-4a(5H)-carboxylic acids — by
0.94-17.16 %. Among them, there are compounds that compete with the reference drug “Diclofenac sodium”. The SAR analysis showed
that both conformation of the molecule and the nature of the “pharmacophore” moiety (carboxyalky! residue length) at the corresponding
positions of the heterocycle have a significant effect on the anti-inflammatory activity. It was shown that the test compounds, according to
molecular docking visualization data, have other enzyme-ligand interactions and probably a different mechanism of activity.

Conclusions. The predicted affinity values, calculated “drug-like” criteria and toxicity parameters, visualization of the docking of
studied molecules in active site of biological targets as well as experimental studies results showed that investigated compounds
are promising in scope of purposeful search for anti-inflammatory drugs. The conducted in vivo screening of anti-inflammatory
activity among carboxyl-containing quinazolines and related heterocyclic compounds allowed to detect series of substances that
by the level of anti-inflammatory activity compete with reference-compound “Diclofenac sodium” on the carrageenan-induced paw
edema model. Presented data may be considered as a theoretical basis for further structural modification of studied compounds
aimed on elaboration of novel anti-inflammatory agents and evaluation of their activity mechanism (lipoxygenase inhibitors,
phospholipase inhibitors, etc.).

Kap6okcuaBMicHi XiHa30AiHM Ta CNOPiAHEHI reTepoLMKAK
AK HOCil NpOTU3anaAbHOI aKTUBHOCTi

H. I. KpacoBcbka, B. B. CtaBuLbKuiA, |. C. HocyaeHko, O. H0. BockoboiiHik, C. |. KoBaneHko

Jlikapcbki 3acobu, siki 6 noegHyBanu y CBOIN CTPYKTYPi apOMATUYHIIA | FeTEPOLMKIIMHIA (parMeHTm 3 «chapMakogopHOK» KapOoKCHb-
HOI0 IPYNOHO, LLIMPOKO NPEACTaBNEH] Ha hapMaLleBTUYHOMY PUHKY. Came List KOMBiHaLList CTPYKTYPHUX EMEMEHTIB MICTUTLCS B MOMEKymax
HecTepoigHNX NpoTuaananbHnx 3acobis (HM33). [eTanbHe BuBYEHHS MexaHiamiB gji HM33 gano 3Mory nosicHUTY KK4oBY posb i BNAMB
«thapMakochopHOI» kapBOKCUNBLHOI FPYNK Ha aKTUBHICTb, CENEKTUBHICTb | TOKCUYHICTb. YNPOBAKEHHS B MEAMYHY NPAKTUKY CENeKTUBHIX
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iHriBITOPIB CMIPUSINO CYTTEBOMY SHUKEHHIO PU3NKY PO3BUTKY OCHOBHUX YCKITAAHEHb (raCTPOTOKCUYHOCT), ane He po3B's3ano npobnemy
TokcuyHocTi HIM33. OTxe, akTyanbHUM € MOLLYK HOBMX MPOTM3ananbHUX 3acobiB LWnsxom «6ioi30CTEPUYHMXY 3aMiH apOMaTUYHKX i
reTepoLMKIiYHNX hparMeHTIB BiOMMX MpenapartiB Ha iHLLi CTPYKTYPHI (hparMeHTH 3 HasiBHICTHO kapBOKCUNBHOI rpynu sik Hocist papma-
KOMOriYHOro eqexTy.

Meta po60oTu — CnpsiMOBaHMIA MOLLYK HOBYX NPOTU3anarbHuX areHTiB ceper kapboKCUNBMICHUX XiHa30MiHIB | CNOpIAHEHNX reTepoLKiB,
a TaKoX JOCimKEHHS BNNvBY kKapOOKCUIbHOI rpyni Ha aHTWIHGNamMaTopHy akTUBHICTb i3 BUKOPUCTaHHAM MeTogonorii in silico Ta in vivo.

Marepianu Ta metoau. XiHasoniH-4(3H)-iniger)rigpasnayn MoHo-(au-)kapboHoBux kucnot, 2-R-[1,2,4]tpiazono[1,5-c]xiHasoniHu,
3-R-5-(2-amiHodpeHin)-1H-1,2,4-Tpiasonm, 5-kapbokenankin[1,2,4]rpiasono[1,5-c]xiHasoninu Ta 2-R-7-0kco-6, 7-aurigponipono[1,2-a][1,2,4]
Tpiasono[1,5-c]xiHasonin-4a(5H)-kapboHOBI KMCNOTW [OCIANMM Ha NpoTM3ananbHy akTueHicTb. MarvinSketch 20.19.0, AutoDock Vina
T1a AutoDockTools 1.5.6, Hy-perChem 7.5, Discovery Studio Bukopuctanu ans in silico pocnimkeHs. Kputepii «drug-like» ontumisysanu
1 OLiHIOBANM 3a JOMOMOTOK ENEKTPOHHOTO pecypcy. MpOrHo3yBaHHs FOCTPOI TOKCUYHOCTI, eMBPIOTOKCUYHOCTI Ta MyTareHHocTi Eivca
CcrnonyK 3mificHUNN, BUKOPUCTABLLW nporpamHe 3abesneyeHHst TEST. MpoTtuaananbHy akTUBHICTb CUHTE30BaAHWX CMOMYK OLHIOBANM Ha
6innx wypax Wistar (macoto 150160 r) 3 excyaaTuBHO hasoro rocTporo acenTUYHOTO 3ananeHHs («kappariHaHoBuid» Tect). driororeH
(1 % BoAHMIT po34nH A-kappariHaHy) BBoAMNM cybnnaxTansHo B Aosi 0,1 Mn y 3aaHi0 npasy nany Lypis. JliBy nany BUKOPUCTOBYBanu
SIK KOHTPOIb. BHYTPILLHBOLLYHKOBE BBEAEHHS AOCTIMKYBaHNX CIONYK sIK BOAHOTO pO34MHy abo TOHKOAMCNEPCHOI CycneHsii, cTabiniso-
BaHoi TBIHOM-80, y 103i 10 Mr/Kr 34iliCHWMM 3 BUKOPUCTAHHAM aTpaBMaTUYHOrO 30HAA 3a 1 roauHy [0 iH'ekwii dnororeHy. PedpepeHTHuiA
npenapar AuKnodeHak HaTpiko BBOAUW BHYTPILLIHBOLLTYHKOBO B PEKOMEHOBAHI 403i 8 Mr/Kr Ans AOKNiHIYHWX gocnimkeHb. O6’em nan
BMMIpIOBanK [0 eKCriepuMEHTY Ta Yepes 4 rofuHu nicns iH'exwii donororeHy. AKTUBHICTb CMIONYK BIU3Ha4anu 3a 3AaTHICTIO 3MEHLLYyBaTH
HabpsiK MOPIBHSHO 3 KOHTPOMBHOO FPYMOH0, HABOAWNM Y BIACOTKAX. EKCNEPUMEHTY 3LiNCHWMN, AOTPUMYIOUMCh BIOETUYHIX MPABI | HOPM.

Pesynbratn. 3a pesynsratamu MONEKyNsipHOrO AOKiHTY, kputepismi «drug-like» Ta nporHOCTUYHUMU NapameTpamu TOKCUYHOCTI
TEOPETUYHO OOrPYHTYBanM MOLYK MPOTW3aNanbHNX areHTiB cepes kapboKCUNBMICHMX XiHA30MIHIB i CropigHEHUX reTepoumknie. Ekc-
nepuMeHTanbHAMKM METoLaMu in vivo («kappariHaHoBUiA» TECT) NATBEPAUNN HASBHICTb NPOTM3anasnbHOI akTUBHOCTI Ta NoKasanu, Lo
(xiHasoniH-4(3H)-inineH)rinpasnav aukapboHOBMX KUCTOT NpurHidyoTb Habpsik Ha 17,0-50,0 %, 2-kapbokeuankin-(deHin-)-{1,2,4]piaso-
no[1,5-c]xiasoniHn —Ha 0,00-40,63 %, 2-(5-(2-amiHodpeHin)-1H-1,2,4-Tpiason-3-in)ankin-(ceHin-)kapboHosi kucnotn — Ha 2,43-49,65 %,
2-R-5-kapBoxkcuankin[1,2,4]tpiazono[1,5-c]xiHasoninm — Ha 0,47-22,93 % Ta 2-R-7-okco-6,7-aurigponipono[1,2-a][1,2,4]rpiasono[1,5-c]
xiHasonin-4a(5H)-kapBoHoBi kucnoTn — Ha 0,94-17,16 %. Cepen HUX BUSIBUNW CMIOMYKY, LLO 3@ CUMOK eheKTy KOHKYPYHOTb i3 npenapa-
TOM MOPIBHSAHHS ANKNOheHakom HaTpito. SAR-aHani3 nokasas: 3Ha4yLLMA BNAMB Ha NpOTU3ananbHy akTUBHICTb YMHWTL | KOHOpMaList
Morekynu, i npupoga «hapMakodopHOro» gparMeHTa (BOBXWHA kapOOoKCHanKinbHOro 3anuLuKy) y BianoBigHUX NONOXeHHsX 6azoBoro
reTepouukny. 3a faHumu BisyaniaLii MOMEKyNsPHOro [OKIHrY, CrIOMyK, O BMBYANM, MatoTh iHLLi (DepMeHT-niraHaHi B3aemopii Ta,
1IMOBIPHO, iHLUMIA MEeXaHi3M Aii.

BucHoBku. [JocnigxeHHs Ha npoTu3anarnbHy akTUBHICTb Y psifly KapOOKCUIBMICHUX XiHA30MIHIB | CNOPIAHEHWX reTEPOLMKMIYHNX
CronyK fanu 3mMory BBUSIBUTM COMYKK, LLO KOHKYPYIOTb i3 pedpepeHc-npenapatoM AnKnodeHakoM HaTpito. [porHoCcTUYHi 3Ha-
YeHHs adhiHHOCTI, po3paxyHku kpuTepiiB «drug-like», napameTpis TOKCUYHOCTI MeToaamum in silico Ta Bisyanisaii MonekynspHoro
LOKIHI'Y CIOnyK B aKTUBHIX LIEHTpax GioMilLieHel nokasan NepcnekTUBHICTb LIbOro Knacy /15 HACTYMHUX AocnimkeHb. HaBeaeHi
[aHi — TeOpeTUYHE NiArpyHTS ANs NPOAOBXKEHHS CTPYKTYPHOT Moaudikavlii Ans BUSIBNEHHS HOBUX aHTMCIOTICTUKIB | MOXMMBOIO
mexaHiamy Aii (iHribitopy ninookcureHasw, docconinasn A ToLLo).

Kap6okcuacoaepxalue XMHa30AMHbI U POACTBEHHbIE reTepoLMKAbI
KaK HOCUTEAH NPOTUBOBOCNAAMTEABHOW AKTUBHOCTH

H. U. KpacoBckas, B. B. CtaBuukuii, U. C. HocyneHko, A. H0. BockoboiHuk, C. U. KoBaneHko

JlekapcTBeHHble CpeacTBa, 00beaMHAIOLLME B CBOEI CTPYKTYPE apOMATUHECKUI W reTepOoLMKINIeCKIi oparMeHTb C «dapmMakothopHOM»
kapBOKCUIBHO rPYNMOA, LUMPOKO NPEeACTaBMEHb! Ha hapMaLEBTUHECKOM PhIHKE. VIMEHHO yka3aHHas KOMOMHALNS CTPYKTYPHbIX SNEMEH-
TOB COAEPXKUTCS B MONEKyax HECTEPOMAHbIX NPOTMBOBOCTANMTENbHLIX cpeacTs (HMBC). [etanbHoe u3yveHne mexaHuama AencTeins
HMBC no3Bonmmno 06bSICHUTB KIOYEBYIO POb 1 BIMSIHUE «dhapMakotOpHOI» KapBOKCUIBHO rpynbl HA aKTUBHOCTb, CENEKTUBHOCTb 1
TOKCUYHOCTb. BHEapeHne B MEANLIMHCKYH0 NPaKTUKY CENEKTUBHBIX MHIMBUTOPOB NPUBENO K CyLLECTBEHHOMY CHUXEHMIO pUCKa pasBUTIS
OCHOBHbIX OCIOXHEHWIA (raCTPOTOKCMYHOCTH), HO He peLumnno npobnemy TokcyHocTi HIMBC. Takum 06pa3oM, akTyaneH nouck HoBbIX
NpOTUBOBOCNANMTENbHbIX CPEACTB MyTeM «B1OM3OCTEPUYECKUXY 3aMEH apOMaTUIECKNX M FeTePOLIMKINYECKIX (PparMeHTOB M3BECTHbIX
npenapaToB Ha [pyrvie CTPYKTYpHble (hparMeHTbl C Hanuumem kapOoKCHIBbHON rpynnbl kak HOCUTENS chapMakomnornyeckoro adpdekTa.

Llenb paboTbl — HanpaBneHHbIN NOVUCK HOBbIX MPOTUBOBOCTANUTENbHBIX areHTOB Cpeay kapboKCUIICOAEPaLLMX XMHA30MMHOB 1 POLCTBEH-
HbIX FETEPOLMIKIIOB, @ Takke UCCMeaoBaHne BIMSHIS KapBOKCUIBHON rpynnbl HA aHTUMHANAMATOPHYHO aKTUBHOCTb C UCMONb30BaHUEM
metoaonoruu in silico v in vivo.

Matepuansi n metoabl. XuHasonuH-4(3H)-nnnaeH)rnapasnabl MOHo-(au-)kapboHoBIX kucnoT, 2-R-[1,2,4]tpuasono[1,5-c]xuHa3onuHbl,
3-R-5-(2-amuHodpeHnn)-1H-1,2,4-Tpuasonsl, 5-kapbokcvankun[1,2,4]rpruasono[1,5-c]xuHasonuHbl u 2-R-7-0kco-6, 7-guriaponnppono[1,2-a)
[1,2,4]rpnasono[1,5-c]xuHasonnt-4a(5H)-kapboHOBbIE KUCTIOTbI MCCNEA0BaHbI HA NPOTUBOBOCTIANMTENBHYHO akTUBHOCTb. MarvinSketch
20.19.0, AutoDock Vina n AutoDockTools 1.5.6, Hy-perChem 7.5, Discovery Studio ncnonb3aosaHbl ans in silico nccnenosanuii. Kputepum
«drug-like» onTUMM3MpOBaNM 1 OLIEHMBANM C MOMOLLHO 3MEKTPOHHOTO pecypca. MPOrHO3MpoBaHKMe OCTPOI TOKCUYHOCTI, 3MOPUOTOKCY-
HOCTY 1 MyTareHHOCTI QiiMca COeANHEHNI MPOBOANIM C UCTIONb30BaHKEM nporpamMmHoro obecneveris TEST. MpoTusoBocnanuTenbHyto
AKTUBHOCTb CMHTE3MPOBAHHBIX COEAMHEHMIA OLeHBanu Ha Benbix kpbicax Wistar (maccort 150-160 r) ¢ akccynatvsHom hason 0CTporo
acenTM4ecKoro BocnaneHns («kapparnHaHosblty Tect). ®nororeH (1 % BOAHbIA pacTBOp A-kappariHaHa) BBoguiv CybnnaHTanbHo B
po3e 0,1 Mn B 3a4HI0K0 NpaByto Nany Kpbic. JIeByto nany 1cnomnb3oBani kak KOHTPOMb. BHyTpUKenynouHoe BBEOEHWE UCCReyEMbIX
COEeAMHEHWI B BIAE BOJHOMO pacTBopa Wi TOHKOAUCNIEPCHOI CyCneH3u, ctabunuamnposaqHoi TeuHom-80, B Aose 10 Mr/kr nposoaunm
C MCMONb30BaHNEM aTPaBMaTUYHOIO 30HAA 3a 1 4ac [0 MHBEKUMK driororeHa. PedepeHTHbIN Npenapat AuknodeHak HaTpus BBOAUNM
BHYTPVKENYAO04HO B PEKOMEHA0BAHHON [03e 8 MI/KT Ans AOKIMHYECKUX UccneaoBaHuin. OBbem nan u3mMepsinu 4o Havana akenepumeHTa
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QyHAAMEHTaAbHI AOCAIAXKEHHSA

1 yepes 4 yaca nocne HbeKUUY criororeHa. AKTMBHOCTb COBVHEHMIA ONPEAENnsnv Mo UX CNOCOBHOCTM YMEHbLLUATb OTEK MO CPABHEHNIO
C KOHTPONLHOW IPYNMo, BblpaXany B NPOLEHTaX. JKCepUMEHTLI MPOBEAEHS! ¢ COONIoEHNEM BGUOITUYECKUX NPaBUIT 1 HOPM.

Peaynbrarbil. Mo pesynsratam MonekynsipHOro AOKUHra, kputepusim «drug-like» 1 nporHocTyYeckM napameTpam TOKCUYHOCTY TEOPETH-
yeckv 060CHOBaH MOVCK MPOTUBOBOCTANMTENBHBIX areHTOB CPeay KapbOKCUIICOAEPXKALLMX XMHA30MMHOB W POLCTBEHHbIX FETEPOLIVKIOB.
OKCnepuMeHTanbHbIMKA METOAaMM in Vivo («kappariHaHoBbIAY» TECT) NOATBEPKAEHO HanMuMe NPOTUBOBOCTANMUTENbHON aKTUBHOCTY U
noKa3aHo, 4To (XvHasonnH-4(3H)-unnaeH)rmapasnabl AnkapboHOoBbLIX KUCNOT noaaensioT otek Ha 17,0-50,0 %, 2-kapbokcuankun-(de-
Hun-)-{1,2,4]tpuasono[1,5-c]xuHasonuH — Ha 0,00-40,63 %, 2-(5-(2-ammHodbennn)-1H-1,2,4-Tpuason-3-un)ankun-(peHun-)kapboHosble
kuenotbl — Ha 2,43-49,65 %, 2-R-5-kapbokcnankiun([1,2,4]tpuasono[1,5-cJxuHasonmHbl — Ha 0,47-22,93 % v 2-R-7-okco-6, 7-guruaponmp-
pono[1,2-a][1,2,4]rpuasono[1,5-c]xnHasonus-4a(5H)-kapboHosble kncnoTsl —Ha 0,94-17,16 %. Cpean HuX 0BHapyXeHbl COANHERNS, Mo
cune acpcheKTa KOHKYpUpyHoLLME C npenapaToM CpaBHEHWS AnknodeHakoM HaTpus. SAR-aHanm3 nokasar, YTo CyLeCTBEHHOE BUsHWE
Ha NPOTMBOBOCNANUTENbHYIO aKTUBHOCTb OKa3blBatOT 1 KOH(OPMALMS MOMEKYbI, M NpUpoaa «dhapMakodopHOro» dparMeHTa (annHa
kapboKcuankunbHON rpynMbl) B COOTBETCTBYIOLMX MONOXEHUAX 6a3oBoro retepouukna. Mo AaHHbIM BU3yanu3aLmin MONeKkynspHoro
[JOKMHra, Uccremnyemble COBAUHEHUS UMEIOT Apyrue (hepMEHT-NUraHaHbIe B3aMOAENACTBUS W, BEPOSITHO, IPYToN MEXaH!3M AenCTBUS.

BriBoab!. ViccnenosaHns Ha NpoTMBOBOCNANMTENBHYIO aKTUBHOCTb B psiAy KapBoKCUncoaepxaLLmx XMHa30NMHOB W POACTBEHHBIX
reTepoLMKNNYECKUX COEAMHEHNI NO3BONWNMMW BBbISBUTL BELLECTBA, KOHKYPUPYHOLLME C pedpepeHc-npenapatoM AnKnodeHakom
HaTpus. [NporHocTnyeckue 3HaYeHus ahPUHHOCTM, pacyeTsl kputepues «drug-likey, napameTpoB TOKCMYHOCTW MeToAaMu in silico
11 BU3yanu3aLmm MONeKynspHOro JOKMHra ykasaHHbIX COEANHEHII B aKTUBHbIX LIEHTPaxX BUOMMLLIEHN NOKa3anu NepcnekTUBHOCTb
3TOrO Krnacca Ana JanbHenwnx uccnegosanni. MpenctaBnerHble AaHHble — TeopeTnyeckas nnatdopma Ans NPOAOIHKEHUs
CTPYKTYPHOW MoAnUKaLMW ANs BbISBAEHNS HOBbIX aHTU(NOMCTIKOB M BbIICHEHS BO3MOXHOIO MexaHuaMa AeicTBIS (MHru-

BuTOpBI NMNOOKCUreHasbl, octonmnasbl U T. 4.).

Active pharmaceutical ingredients whose structure combi-
nes aromatic or heterocyclic fragments with pharmacophore
carboxylic group are widespread on pharmaceutical market.
Moreover, the above mentioned structural fragments pre-
sent in molecules of nonsteroidal anti-inflammatory drugs
(NSAIDs) [1]. NSAIDs are widely used for treatment of fever,
pain, inflammation, rheumatoid arthritis and osteoarthritis.
Despite some differences in chemical structure, members
of abovementioned group of medications have the common
mechanism of pharmacological effects. This mechanism is
based on the effect of NSAIDs to suppress prostaglandin
synthesis (PG) by inhibiting cyclooxygenases (COX) [2].
The isolation of COX-NSAIDs complexes and following
X-ray studies allowed to explain the key role of pharmaco-
phore carboxylic group in the formation of enzyme-ligand
interactions and the effect of its presence on the activity and
selectivity [3-6]. It was found that there are similar interac-
tions of carboxylic group with aminoacids moieties in active
site of complexes of COX-1 and COX-2 with NSAIDs. For
instance, carboxylic group of Diclofenac (DF) forms the hy-
drogen bonds with hydroxymethyl group of SER530 (2.53
A) and with phenolic hydroxyl of Tyr385 (2.68 A) of COX-1.
The similar bonds are formed with hydroxymethyl group of
SER530 (2.65 A) and with phenolic hydroxyl of Tyr385 (2.73
A) in Diclophenac — COX-2 complexes [3,4]. Thus, most of
traditional NSAIDs, in whose molecules carboxylic group is
present, form similar interactions with COX enzymes that
cause the absence of selectivity of inhibitory activity. The
nonselective inhibition of prostaglandin synthesis resulted
in the wide spectrum of side effects including gastrointesti-
nal tract complications, heart dysfunctions, kidney toxicity,
hypertension, etc. [7,8].

The elaboration of modern conception of inflammation
mechanism, evaluation of the important role of eicosanoid
in the process of inflammation onset and development,
estimation of structure of biological targets and known
inhibitors, as well as, unprecedented development of ma-
chine learning, enhanced the role of artificial intelligence
in NSAIDs design [9,10]. The abovementioned resulted in
the introduction of selective COX-2-inhibitors to medicinal
practice and a significant decrease of side effects and
complication frequencies. However, the problem of NSAIDs
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toxicity has not been solved [11,12]. Thus, the search for
the novel anti-inflammatory drugs using in silico methods
and approaches that include structural modification of
known NSAIDs by “bioisosteric” replacements of aromatic
and heterocyclic fragments to other structural elements with
carboxylic group as carrier of pharmacological effect is a
current trend of medicinal chemistry.

Aim

The aim of the present study is to purposefully search
for anti-inflammatory agents among carboxyl-containing
quinazolines and related heterocycles using in silico and in

vivo methods, as well as the evaluation of carboxylic group
effect on the level of anti-inflammatory activity.

Materials and methods

Quinazoline-4(3H)-ylidene)hydrazides of mono-(di-)car-
boxylic acids (lla-g), 2-R-[1,2,4]triazolo[1,5-c]quinazolines
(lla-g), 3-R-5-(2-aminophenyl)-1H-1,2,4-triazoles (IVa—f),
2-R-5-carboxylalkyl[1,2,4]triazolo[1,5-c]quinazolines (Va-I)
and 2-R-7-oxo0-6,7-dihydropyrrolo[1,2-a](1,2,4]triazolo[1,5-c]
quinazoline-4a(5H)-carboxylic acids (Vla-d) were screened
for anti-inflammatory activity. The synthesis and physico-
chemical data of the tested compounds was previously
described [13-16].

Molecular docking. Research was conducted by flexible
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 COX-1 enzyme in complex with DF (PDB ID —
3N8Y), COX-2 in combination with DF (PDB ID — 1PXX)
[17]. The choice of biological targets was due to the literature
about the mechanism of anti-inflammatory drugs activity [2].

Ligand preparation. Substances were drawn using Mar-
vinSketch 20.19.0 and saved in mol format [18]. After that
they were optimized by program Chem3D, using molecular
mechanical MM2 algorithm and saved as PDB files. Molecu-
lar mechanics was used to produce more realistic geometry
values for most organic molecules, owing to the fact of being
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Fig. 1. Research design and approaches to the carboxyl-containing quinazolines and related heterocycles synthesis.
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highly parameterized. Using AutoDockTools-1.5.6, PDB files
were converted into PDBQT, number of active torsions was
set as default [19].

Protein preparation. PDB files were downloaded from
the protein data bank. Discovery Studio was used to delete
water molecules and ligands. Structures of proteins were
saved as PDB files [20]. In AutoDockTools-1.5.6, polar
hydrogens were added and saved as PDBQT. Grid box
was set as following: center_x = 18.37, center_y =-52.30,
center_z = 53.95, size_x = 18, size_y = 16, size_z = 16
for COX-2 (3LN1); center_x = 32.98, center_y = -44.49,
center_z = -3.76, size_x = 16, size_y = 16, size_z = 16
for COX-1 (3N8Y); center_x = 3.86, center_y = 20.06,
center_z =-9.06, size_x = 16, size_y = 18, size_z = 18 for
PLA2 (1ZYX). Vina was used to carry docking [19]. For
visualization, Discovery Studio v 19.1.0.18287 was used.

In Silico Prediction. “Drug-like” characteristics were
evaluated using an electronic resource [21]. Acute toxicity
of the studied compounds was predicted in silico using
TEST software [22,23].

Anti-inflammatory activity. Anti-inflammatory activity
of the synthesized compounds was evaluated on 228
Wistar white rats (150-160 g of weight), obtained from
the breeding station of “Institute of Pharmacology and
Toxicology of Ukraine” (Kyiv). All experimental procedures
and treatment were carried out according to the European
Convention and “Regulations on the use of animals in
biomedical research” [24]. Screening of the synthesized
compounds with estimated anti-inflammatory activity began
with the study of their effect on exudative phase of acute
aseptic inflammation (“carrageenan” test) [25]. Phlogogen
(1 % aqueous solution of A-carrageenan) was subplantarly
injected in the dose of 0.1 mlin the rats’ hind right paw. The

left one was used as a control. The studied compounds
were intragastrically administered with atraumatic probe as
water solution or finely dispersed suspension stabilized by
Tween-80 in a dose of 10 mg/kg, 1 hour before the injection
of phlogogen. The reference drug Diclofenac sodium was
administered intragastrically in a recommended dose of 8
mg/kg for pre-clinical studies. Measurement of paws volume
was conducted before the experiment and 4 (“carrageenan”
test) hours after injection of phlogogen using the described
methods. The activity of these substances was determined
by their ability to reduce the swelling compared with control
group and was expressed in percentage. It showed how
the substance inhibited phlogogen swelling in relation to
control swelling where the value was taken as 100 %.
The activity of the studied compounds was calculated as
following:

A%=100% Yee-Vhe o
—( Vpc -V he

where A—antiexudative activity, %; Vpe — the volume of
paw edema in the experiment; Vhe — the volume of healthy
paw in the experiment; Vpc — the volume of paw edema in
control; Vhc — the volume of healthy paw in control.

Data were statistically processed with the licensed
program Statistica for Windows 13 (StatSoft Inc., No.
JPZ8041382130ARCN10-J) and “SPSS 16.0”, Microsoft Of-
fice Excel 360. The results were presented as mean + stan-
dard error of the mean. Arithmetic mean and standard
error of the mean were calculated for each of the studied
parameters. During verification of statistical hypothesis,
null hypothesis was declined if statistical criterion was
P <0.05 [26].
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Results

The study design implied the selection of basic molecules,
namely quinazolin-4(3H)-ylidene)hydrazides of mono-(di-)
carboxylic acids (1) that were used as basis for construction
of the virtual library of potential anti-inflammatory agents.
For evaluation of promising structural modification routes,
the literature data as well as our own “structure — biolo-
gical activity” data were used [27-36] (Fig. 7). It should be
mentioned that selected heteroaromatic basic molecules
have ample opportunities for structural modification by
the heterocyclization and nucleophilic degradation reactions
that additionally allow to introduce various pharmacophore
groups that are associated with anti-inflammatory activity
(primarily carboxylic group).

The general methods for the synthesis of the target
quinazoline-4(3H)-ylidene)hydrazides of carboxylic and
dicarboxylic acids (lla-g), 2-R-[1,2 4]triazolo[1,5-c]quinazo-
lines (llla-g), 3-R-5-(2-aminophenyl)-1H-1,2,4-triazoles
(IVa—f), 2-R-5-carboxylalkyl[1,2,4]triazolo[1,5-c]quinazo-
lines (Va-1) and 2-R-7-0x0-6,7-dihydropyrrolo[1,2-a][1,2,4]
triazolo[1,5-c]quinazoline-4a(5H)-carboxylic acids (Vla-d)
are presented in Fig. 1.

Considering the prospects of aforementioned class of
the compounds and ample opportunities for their chemical
modification, the in silico screening aimed at the estimation
of promising objects for in vivo studies was conducted.
Thus, docking studies to COX-1 and COX-2, as key en-
zymes of inflammation process developing, calculation of
physicochemical properties, “drug-like” criteria, and toxicity
parameters were performed for more than 100 candidate
compounds using appropriate software and services [21-
23]. The analysis of molecular docking results showed that
calculated affinity of the most of the studied compounds to
key enzymes of the inflammation were higher or comparable
with reference compound. It was found that the highest affin-
ity to enzymes were characteristic for compounds II-VI that
contain the carboxylic groups. Quinazoline-4(3H)-ylidene)
hydrazides of monocarboxylic acids, 2-alky-(benzyl-,
phenethyl-, aryl-)-[1,2,4]triazolo[1,5-c]quinazolines were
excluded from study considering their lower comparing
with reference compound affinity values. Besides, studied
compounds have satisfactory toxicity measures, most of
them refer to non-toxic compounds (LD, = 585.7-2650.6
mg/kg) (Table 1).

Results of calculation revealed that proposed com-
pounds have the satisfiying value of “drug-like” criteria
(Table 2). Thus, for all studied compounds logP values were
less than 5, molecular weight was less than 500; molecules
contain no more than 10 nitrogen and oxygen atoms, less
than 5 atoms — donors of hydrogen bonds, and no more
than 8 rotatable bonds. The accordance to listed above
parameters indicates the ability of compounds to ligand-en-
zyme interaction on binding site of the molecular target.
Obtained data allowed to distinguish the narrower range
of compounds for further synthetic and biological studies
and revealed that chemical modification of carboxyl-con-
taining heterocyclic compounds is reasonable in scope of
purposeful search for agents with anti-inflammatory activity.

The in vivo studies of anti-inflammatory activity revealed
that quinazolin-4(3H)-ylidene)hydrazides of carboxylic and
dicarboxylic acids (lla-g) and products of their cyclization,
namely 2-R-[1,2 4]triazolo[1,5-c]quinazolines (llla-g) inhibit-
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Table 1. Results of molecular docking and probable toxicometric parameters of

compounds according to the Test data

Compd. Affinity to COX-1 | Affinity to COX-2 | Oral rat LD, Developmental
(3N8Y) (3LN1) mg/kg toxicity
DF# -76 1.7

224.0 Category D***
lla -7.8 -8.2 585.7 Category C*
llb 7.9 -85 N/A Category C*
lic 7.7 -8.7 N/A Category C*
lid -7.8 -9.0 N/A Category C*
lle -84 -8.4 1675.9 Category C*
IIf -8.3 -8.7 1015.6 Category C*
lig -8.3 -9.8 1464.2 Category C*
llla -8.3 -8.7 N/A Category C*
lilb -85 -85 N/A Category C*
liic -84 9.2 844.7 Category C*
lid -84 9.2 1209.5 Category C*
lle -8.6 -8.8 12791 Category C*
nf -9.1 -9.5 N/A Category C*
liig -8.7 -8.8 N/A Category C*
IVa -8.0 -7.9 N/A Category C*
Vb 7.8 -8.0 1854.8 Category C*
Ve 7.7 -8.0 1644.8 Category C*
Ivd 7.7 -8.0 2048.7 Category C*
Ve -7.6 -85 21919 Category C*
IVf -8.0 -10.4 N/A Category C*
Va 1.7 -8.9 1641.2 Category C*
Vb -8.0 -10.3 1022.2 Category C*
Ve -84 -10.3 N/A Category C*
vd -8.0 -10.8 1791.2 Category C*
Ve -8.0 -10.5 1942.9 Category C*
Vf 1.7 -10.2 N/A Category B**
Vg 74 -10.4 N/A Category C*
Vh -8.1 -10.6 1323.8 Category C*
Vi -8.2 -10.0 1682.1 Category C*
Vj -8.0 -10.2 21979 Category C*
Vk -8.6 -9.9 1462.9 Category C*
vi -8.6 -10.2 1852.2 Category C*
Via -7.0 1.7 1587.8 Category C*
Vib -7.9 7.3 N/A Category C*
Vic -7.5 -7.3 2650.6 Category C*
Vid -8.1 -7.3 N/A Category C*

*: Category C — Possible developmental toxicant; **: Category B — Non developmental toxicant;

*#*%: Category D — Developmental toxicant; #: Diclofenac.

ed the development of carrageenan-induced paw edema by
17-50 % in comparison with control group (Fig. 2).

At the same time, 3-R-5-(2-aminophenyl)-1H-1,2,4-
triazoles (IVa—f), 2-R-5-carboxylalkyl[1,2,4]triazolo[1,5-c]
quinazolines (Va-1) and 2-R-7-oxo0-6,7-dihydropyrrolo[1,2-a]
[1,2,4]triazolo[1,5-c]quinazoline-4a(5H)-carboxylic acids
(Vla—d), that were obtained as result of further modification,
inhibited paw edema by 0.94-49.65 % (Fig. 3)

The visualization of molecular docking results ob-
tained for most active compounds (lle, lllg, IVd, Vb) was
conducted for more detailed understanding of “structure
— anti-inflammatory activity” correlations and the creation
of theoretic background for further purposeful search for
anti-inflammatory agents. Visualization of compounds lle,
lllg, IVd, Vb docking to COX-1 revealed that abovemen-
tioned compounds take the position that is different from
that of “Sodium Diclofenac” in active site of the enzyme,
and as a consequence form interaction with alternative
amino-acids moieties (Fig. 4). Visualization of compound

ISSN 2306-4145  http://zmj.zsmu.edu.ua



Basic research

Fig. 2. Anti-inflammatory activity of quinazoline-

2 0 4(3H)-ylidene)hydrazides of carboxylic and
69.79 dicarboxylic acids (lla-g) and 2-R-[1,2,4]
70.00 triazolo[1,5-c]quinazolines (llla-g)
(Mtm,n=6).
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dihydropyrrolo[1,2-a][1,2,4]triazolo[1,5-c]
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Table 2. “Drug-like” calculated parameters

Compd. |LogP Molecular polar | Number of non- | Molecular Number of hydrogen | Number of hydrogen | Number Molecular
surface area, A hydrogens volume, A3 bond acceptors bond donors of rotatable volume
(groups N and O) (groups NH and OH) bonds
DF# 4.57 49.33 19 296,15 3 2 4 238,73
lla 1.01 96.45 19 260.25 7 2 4 224.84
Ib 0.98 96.45 20 274.28 7 2 5 241.64
lle 0.56 107.44 19 260.25 7 3 4 224.12
Id 1.07 107.44 20 27428 7 3 5 240.92
lle 1.31 107.44 21 288.31 7 3 5 257.50
1If 2.05 107.44 24 328.37 7 3 5 296.99
lig 2.65 96.45 25 336.35 7 2 5 296.25
lla 1.48 69.40 18 24224 6 0 3 206.26
llb 1.69 69.40 19 256.26 6 0 4 223.06
liic 1.97 80.39 18 242.24 6 1 3 205.53
llid 1.24 80.39 19 256.26 6 1 4 222.33
lle 1.72 80.39 20 270.29 6 1 4 238.92
i 245 80.39 23 310.36 6 1 4 278.40
lig 3.83 69.40 24 3183 6 0 4 277.67
IVa 1.26 93.90 17 232.2 6 3 4 204.74
IVb 0.62 104.90 15 204.19 6 4 2 170.41
IVe 1.47 93.90 18 246.27 6 3 5 221.55
Ivd 0.74 104.90 17 232.24 6 4 4 204.02
IVe 1.01 104.90 18 246.27 6 4 5 220.82
Ivf 3.60 93.90 23 308.34 6 3 5 276.15
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Cont. of table 2.

Compd. | LogP Molecular polar | Number of non- | Molecular Number of hydrogen | Number of hydrogen | Number Molecular
surface area, A hydrogens volume, A3 bond acceptors bond donors of rotatable volume
(groups N and O) (groups NH and OH) bonds
Va 1.06 80.39 19 256.26 6 1 3 222.09
Vb 1.57 69.40 19 256.26 6 0 3 222.82
Ve 3.52 80.39 25 332.36 6 1 4 293.50
vd 3.81 80.39 26 346.39 6 1 5 310.30
Ve 3.33 80.39 27 360.42 6 1 7 327.34
Vi 3.60 69.40 24 318.34 6 0 4 277.67
Vg 3.81 69.40 25 332.36 6 0 5 294.47
Vh 3.09 80.39 24 318.34 6 1 4 276.94
Vi 3.36 80.39 25 332.36 6 1 5 293.74
Vj 3.10 89.62 26 348.36 7 1 5 302.48
Vk 3.04 80.39 25 332.36 6 1 5 293.74
Vi 3.31 80.39 26 346.39 6 1 6 310.54
Via 0.13 88.33 21 284.27 7 1 1 236.26
Vib 2.16 88.33 26 346.35 7 1 2 291.11
Vic 0.67 88.33 23 312.33 7 1 3 269.86
vid 270 88.33 28 374.40 7 1 4 324.71
#: Diclofenac.
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Fig. 4. Enzyme-ligand interactions for compounds lle (A), llig (B), IVd (C), and Vb (D) with COX-1.
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Fig. 5. Ligand-enzyme interactions of compounds lle (A), llig (B), IVd (C) and Vb (D) with COX-2.

lle with active site of COX-1 showed the presence of
conventional hydrogen bond that formed as the result of
interaction of carboxylic and hydrazide group with amino
acids SER A:530 (2.58 A), TYR A:355 (2.27 A) and ARG
A:120 (4.76 A) correspondingly (Fig. 4A). At the same
time, conformationally more rigid compound lllg interacts
with active site of enzyme in its lipophilic part via p-donor
interaction of GLY A:354 (2.24 A), SER A:516 (2.90 A)
and SER A:353 (3.67 A) with triazinoquinazoline cycle
(Fig. 4B). Small and hydrophilic molecule of compound
IVd forms conventional hydrogen bonds between ARG
A:120 (4.83 A), TYR A:355 (2.26 A) and carboxylic group
as well as between MET A:522 (3.29 A) and aminophe-
nyl fragment (Fig. 4C). Visualization of docking study of
compound Vb that contains as carboxylic so ester groups
(2" and 5" positions) allowed to evaluate that molecule
is located in hydrophilic part of the active site of enzyme

LEU

C:338
Interactions
[ Conventional Hydrogen Bond [ Pi-Sigma
[ Carbon Hydrogen Bond [ Pi-Alkyl

and form conventional hydrogen bond between SER A:516
(1.92 A) and GLN A:350 (2.36 A) (Fig. 4D).

Visualization of compounds lle, llig, IVd, Vb docking
to COX-2 revealed the patterns that are similar to the de-
scribed above. Thus, compounds lle, lllg, IVd, Vb take
the position which is different from Sodium Diclofenac
in the active site of enzyme, as well as form alternative
interactions with aminoacid moieties of protein molecule
(Fig. 5).

Carboxylic group of compound lle does not form any
interactions with amino acid moieties of enzyme, but there
is conventional hydrogen bond between hydrazide group
and SER A:516 (3.08 A) (Fig. 5A). Compound lllg, despite
the location in hydrophilic part, forms conventional hydrogen
bond of carboxylic group with ARG C:106 (2.85 A) (Fig. 58B).

Visualization of compound IVd interaction with active
site of COX-2 (Fig. 5C) allowed to evaluate the position,

Zaporozhye medical journal. Volume 24. No. 1, January — February 2022



similar to previous compounds, in active site of enzyme
and the presence of conventional hydrogen bond between
carboxylic group and TYR C:341 (2.34 A). It should be
mentioned that compound Vb form more conventional
hydrogen bonds comparing to the listed above compounds.
It may be explained by the presence of both carboxylic and
ester groups in same molecule, aforementioned fragments
form interactions with SER C:516 (3.10 A), Tyr C:371 (3.09
A) and ARG C:106 (3.06 A).

Discussion

As expected, among quinazolin-4(3H)-ylidene)hydrazides
of carboxylic and dicarboxylic acids (Il), the highest activity
was characteristic for compounds that contain “classic”
pharmacophore fragments: ethylacetate (llb), propanoic
acid (lic), b-methylbutanoic acid (lle), b-(cyclopropyl-1,1¢)
butanoic (lIf) acid and p-ethylbenzoate (llg). At the same
time, the formation of planar [1,2,4]triazolo[1,5-c]quinazo-
line cycle (lll) resulted the loss of anti-inflammatory activity
(AA = 0.00—40.63 %). It should be mentioned that high
anti-inflammatory activity was detected only for compounds
lllb and lllg, which also contain pharmacophore ethyl-
acetate (AA = 36.11 %) and ethylbenzoate (AA = 40.63 %)
fragments in position 2 of the cycle.

Nucleophilic degradation of 2-R-[1,2,4]triazolo[1,5-¢]
quinazoline (Ill) that yielded more conformationally flexible
2-(5-(2-aminophenyl)-1H-1,2,4-triazol-3-yl)alkyl-(phenyl-)
carboxylic acids (IV) did not lead to the significant increasing
of anti-inflammatory activity (AA = 2.43-49.65 %, Fig. 3).
The exceptions were compounds with ethylcarboxylate
(IVa) and propanoic acids (IVc) fragments in molecule that
inhibited carrageenan-induced paw edema by 32.99 % and
49.65 % correspondingly. The aforementioned compounds
favorably compare with substances Il a (AA =17.01 %), lic
(AA =23.96 %), llla (AA=10.00 %) and llic (AA = 11.81 %).
Additionally, it was found that prolongation of the hydrolytic
degradation process for compound llla resulted the forma-
tion of 5-(2-aminophenyl)-1H-1,2,4-triazole-3-carboxylic
acid (IVb), that inhibited the carrageenan — induced paw
edema by 46.53 % and exceeded the activity of compound
IVa on 13.54 %.

Reconstruction of [1,2,4]triazolo[1,5-c]quinazoline cycle
with additional introduction of carboxyalkyl group to posi-
tion 5 (V) caused the significant loss of anti-inflammatory
activity (AA=0.47-22.93 %) independently determined by
the substituent in the 2™ position (Fig. 3). The exception was
compound Vb, that inhibited the development of the ede-
ma by 37.55 %. Above mentioned compound contains
ethoxycarbonyl and carboxyethyl fragments in the 2" and
5™ positions correspondingly.

The formation of more complex heterocyclic system
also did not lead to the increasing of anti-inflammatory
activity. Thus, dihydropyrrolo[1,2-a][1,2,4]triazolo[1,5-c]
quinazolines that contain carboxylic group (Vla, VIb) or pro-
panoic acid moiety (Vlc, VId) in angular position 4a were not
effective and reduce paw edema on 0.94-17.16 % (Fig. 3).
Therefore, anti-inflammatory activity of the studied com-
pounds significantly depends on molecule conformation,
the nature of pharmacophore, its position in heterocyclic
fragment, and length of linker alkyl fragment that effects
on the lipophilicity of molecule.
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The conducted visualization of molecular docking
results proved our assumption about dependence of anti-in-
flammatory activity level on spatial location of molecule in
active center (i. . conformation) and lipophilicity (the length
of carboxyalkyl fragment). Thereby, studied compounds take
the position that differs from that of the classic COX-inhi-
bitor (Sodium Diclofenac) in active site, and therefore form
alternative enzyme-ligand interactions between carboxylic
group and amino-acid moieties of protein. It should be
mentioned that in some cases studied compounds do not
form the abovementioned type of interaction (Figs. 4,5). Al-
though studied compounds are promising anti-inflammatory
agents, they cannot be referred to classic COX inhibitors
and require the further investigations of mechanism of
action (PLA-inhibiting activity, LOX-inhibiting activity, etc.)
and feasibilities of structural optimization.

Conclusions

1. The predicted affinity values, calculated “drug-like”
criteria and toxicity parameters, visualization of the docking
in active site of biological targets as well as experimental
studies results showed that investigated compounds are
promising in scope of purposeful search for anti-inflam-
matory drugs.

2. The conducted in vivo screening of anti-inflamma-
tory activity among carboxyl-containing quinazolines and
related heterocyclic compounds allowed to detect series
of substances that by the level of anti-inflammatory activity
compete with reference-compound “Sodium diclofenac” on
the carrageenan-induced paw edema model.

3. Presented data may be considered as theoretical ba-
sis for further structural modification of studied compounds
aimed at the elaboration of novel anti-inflammatory agents
and the evaluation of their activity mechanism (lipoxygenase
inhibitors, phospholipase inhibitors, etc.).
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