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KapareHiHOBUWA HabpsK;
npoTu3anasbHa aKTUBHICTb.

MeTa po6oTtu. [locnigkeHHs npoTu3anasibHOl akTUBHOCTI Ta rOCTPOI TOKCUYHOCTI
opuriHanbHux 3-R-7,8-aurigpo-2H-niponol[1,2-a][1,2,4]tpna3nHo[2,3-c]xiHa3oniH-
5a(6H)-ankinkap6boHOBMX KUC/OT.

Marepianu i metoau. [ocniikeHHs NpoTU3anasibHOI akTUBHOCTI NMPOBOAWAN
Ha Mofeni KkapareHiHOBOro Habpsky nanku 6inux Lypis-camuiB NiHii «Bictap»
mMacow 140 — 220 r. JocnigpkyBaHi peYoBVHN BBOAWIN NEPOPaUIbHO Y BUMMALI
BOAHOI cycnesii (cTabinizatop — TeiH-80) 3a AONOMOrol arpaBMaTuyHOro 3oHza
B [03i 25 mr/kr, HaTpito avknodeHak — 10 Mr/kr. MOKa3HWKM rocTpoi TOKCUYHOCTI
OocnifxyBaHMX cnonyk 6ys10 CNporHo30BaHo in silico (nporpamHi naketn GUSAR i
TEST) Ta BCTAHOB/EHO in Vivo Ha 6ininx 6e3nopoaHMX MuLLIax 060X cTaTein Macoro
16 — 24 r. CuHTEe30BaHi Croslykn BBOAUIM OAHOPA30BO BHYTPILLHEOOYEPEBUHHO Y
BUIMIALI TOHKOI cycneHsii y gisionorivHoMy po3yuHi, ctabinizoBaHol TeiHOM 80.
CepeaHboneTanbHi aosu (J14,) Bu3Havanm 3a metogom B. Mpo3opoBCcbKOro.
CTaTucT1yHy 06pO6KY AaHUX MPOBOAMAM 3a 3araslbHOMPUIAHATMMU Migxohamu,
BMKOPVCTOBYHOUM CTaTUCTUYHMI nakeT nporpam «STATISTICA® for Windows
6.0» (StatSoft Inc, Ne AXXR712D833214FANS).

Pesynbtaty i OGroBOpPeHHA. BUBYEHHA nNpoTM3anasibHOI Aii  NoXigHMX
nipono[1,2-a][1,2,4]tpnasnHo|[2,3-c]xiHa3o/iHy nokasano, WO AOC/igKyBaHi
CMOJIYKN € BUCOKOAKTUBHWMMK MPOTU3anasibHUMW areHTamu, ski 3a piBHem Aji
KOHKYPYIOTb ab0 nepeBuLLYyOTb npenapar MOPIBHAHHA HaTpilo AMKI0gEHaK.
Haii6inblw  akTuBHOW  BusBWIacb  3-(3-meTwn-2,8-giokco-7,8-gurigpo-2H-
nipono[1,2-a][1,2,4]tpnasnHo|2,3-c]xiHa3oniH-5a(6H)-in)nponaHosa Kucnota
(5), Aka 3a piBHeM fii nepesBuLLye npenapaT NOPIBHAHHA Ginbl HiX Ha 20 %.
Pe3ynbratM BMBYEHHSI TOCTPOI TOKCMYHOCTI noxigHux nipono[l,2-a][1,2,4]
TpuasunHo|[2,3-c]xiHa3oniHis, NpoBeAeHi MeTogamu in silico Ta in vivo, KOpenowTb
MiX CO60t0. BHYTpPILLHbOOYEPEBVHHE BBEAEHHS A0CNIAKYBaHUX CrONyK 6invm
6e3nopoaHUM MuLam y ao3ax Big 500 go 1500 mr/kr 403BOWAO BiAHECTU iX A0
IV Ta V Knacy TOKCUYHOCTI (Mas/IOTOKCUYHI Ta NPaKTUYHO HETOKCUYHI CMOsyKu,
3rifHO i3 Knacudikalielo TOKCUMYHOCTI NPY NapeHTepasibHMX cnocobax BBEAEHHS).
BucHoBKu. [locnifxeHo npoTu3anasnbHy akTUBHICTb Ta rocTpy TOKCUYHICTL cepeq,
opuriHanbHuX nipono[l,2-a][1,2,4]TpuasnHo(2,3-c]xiHa30/iHiB i BCTAHOB/EHO, L0
GiNbLIICTL JOCMIAXYBAHUX CMOMYK MaloTb BUPAXEHY npoTu3anasibHy Ailo npu
BHYTPILLUHbOLLTYHKOBOMY BBELEHHI Ta Hanexarb [0 MNPakTUYHO HETOKCUYHMUX
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abo manotokcuyHux cnonyk (IV-V knac). O6roBopeHo B3aEMO3B'SI30K «XiMiyHa
6ygoBa — MpoTM3anasibHa aKTUBHICTb» i MOKa3aHo, WO BBEAEHHS 3a/LLKy
NPONaHoBOI KUCNOTU B MOMIOXEHHA 5a 3a3HayeHOi CUCTEMU € BUMpaBLaHUM Yy
nnaHi nowyky Crnoslyk 3 aHTUEKCYAaTUBHOK Ai€t0, a 3a3HayeHi CTPYKTypu €
NepcrnekTVBHOK TPyNo A8 NPOBEAEHHS NOAa/bLUOTO CMPSMOBaAHOIO CUHTE3Y
i hapMakonoriyHnx AOCNifKeHb i3 METOK CTBOPEHHSI Ha TXHii OCHOBI HOBUX
HECTepOIAHNX NPOTU3anasibHNX 3acobiB.

BcTtyn. Ha cborogHi HecTepoigHi npotusanasibHi 3a-
cobu (HM33) € ogHielo 3 HabINbLW edeKTUBHUX Tpyn
niKapcbkMxX npenapartis 3 xapakTepHol npoTusanasib-
HOI0, aHa/ITeTUYHO0, aHTVPEBMAaTOIAHOK Ta aHTunipe-
TUYHOLO gieto [1]. MopsAg i3 3anasibHUMKU Ta peBMaTUYHK-
MU 3axBoptoBaHHAMU, HIM33 AocuTb LLIMPOKO 3acTOCO-
BYHOTbCS NPAKTUYHO Y BCIX rasly3six MeguLUmHKN, BKIKOYHO
OHKonoriT i ncuxiatpii [2]. [eTtasibHe BUBYEHHA MOJIEKY-
NAPHUX MEXaHi3MiB 3anasieHHs | Mo6ivyHuX ecdpekTiB
HIM33, a Takox po3pobka Ha Lili OCHOBI HOBMX Npenapa-
TiB, BBXAETbCA OAHMM 3 HaMbINbL 3HAYYLLMX [OCAr-
HeHb chapmakonorii KiHua XX ctonitTsa [1, 3]. HaibinbLw
BaX/IMBUIN MEXaHi3M, SKWIA BU3HAYaE edeKTUBHICTb i
TOKCUYHICTb HM33, noB’a3aHnii 3 NPUrHIYEHHAM aKTUB-
HOCTi umknookecureHasn (LJOIN). Ha cborogHi HaiibinbLu
BigOMi ABi OCHOBHI i30popmun LIOT: LIOI-1 i LIOr-2. y
GiNbLIOCTI TKaHWH LIOM-1 y pi3Hili KiNbKOCTi NMPUCYTHS
MOCTINHO | HANEXUTb A0 KaTeropii «CTPYKTYpHUX» cep-
MEHTIB, O PerynoTb ¢i3ionorivyHi edpektn npocTto-
rnaHavHie. LIOM-2 B HOPMI BIACYTHSA B Gi/TbLLOCTI TKAHWH,
asie i piBeHb ICTOTHO 36iNbLUYETLCA Nif Yac PO3BUTKY
3ananeHHs. Ui gadi 0o3BONUAN CTBOPUTU KOHLIENU,HO,
sKa nossrae B TOMy, WO iHriéyBaHHA LJOI-2 posrnsaga-
€TbCA AK OMH 3 NPOBIAHUX MeXaHi3MiB npoTu3anasib-
HOT Ta aHasretTnyHoi aii HM33, To4i AK NpPUrHibYeHHsA
akTmBHOCTI LIOT-1 Beie A0 PO3BUTKY NOBIYHMX peakLii
[4]. Ocb Yomy edheKTUBHICTb | TOKCUYHICTb OiflbLUOCTI
HM33, noB’A3y0Tb Hacamnepes, i3 iXHbO HU3bKO ce-
NEKTUBHICTIO, TOBTO 34aTHICTIO O4HAKOBOK MipOK Mpu-
rHiYyBaTU akTUBHICTb 060X i30chopm LIOTI. OpHak, He-
3BaKatoun Ha 6es3nepeyHy K/liHiYHY eeKkTUBHICTb Cy-
yacHuMx HM33, yacom HaBiTb KOPOTKOYACHWIA Mpuiiom
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uuMx npenaparis B TepaneBTUYHMX [03axX MOXe MPU3Bo-
OVTU A0 PO3BUTKY psAAy NobiYHUX peakwili [5], Halinoww-
PEHILLOK0 cepen AKX € racTPOTOKCUYHICTL [6]. 3a3Haue-
He MoXe ByTI NoB’A3aHo 3 TUM hakToM, Lo LIOr-2 6epe
y4yacTb He Ti/IbKM B PO3BUTKY 3anasibHUX peakuiii, ane i
nepebyBae B SKOCTI «CTPYKTYPHOro» (DEPMEHTY, KU
3a6e3neyvye HopmanbHy (hyHKUiO pagy opraHie. OTxe,
Ha CbOrofHi He icHye abconoTHO 6e3neyHnx HM33, B
TOMY 4mucAi | cepep, cenekTuBHUX iHribiTopis LJOI-2, a
CUHTE30BaHWii yxe noHag 30 pokiB TOMy HaTpIl0 AUKIO0-
(peHak BCe Lle BM3HAETbCS «30/M0TUM» CTaHOAPTOM
epeKkTUBHOCTI [7]. Takum YMHOM, NpobGIemMa CTBOPEHHS
HOBUX Mpenaparis, WO MatoTb BUCOKY NpoTU3anasibHy
aKTUBHICTb, CENEKTUBHICTb Ta Kpalli napameTpun 6e3ne-
KW, 3aJIMLIAETLCA aKTyasIbHOI0.

MeTol faHoi poboT € [OCAIAKEHHA NpoTM3anaib-
HOT aKTMBHOCTI Ta rOCTPOI TOKCUMYHOCTI OpUriHa/TIbHUX
3-R-7,8-gurigpo-2H-nipono[l,2-a][l,2,4]
TpuasuHo[2,3-c]xiHa3oniH-5a(6H)-ankinkapb6oHoBUX
KMCNOT SIK MOTEHLiAHMX NPOTU3anasibHUX areHTiB.

Martepianu i metogu. [locnigxeHHA npoTusanasib-
HOI Aji Ta NnapameTpiB TOKCMYHOCTI 6y/10 NpoBeAeHO AN
psagy opuriHanbHUX nipono[l,2-aj[1,2,4]TpnasunHo|2,3-c]
XiHa3oniHiB 1-9 (puc. 1), Aki 6y/10 CMHTE30BaHO Ha kade-
Opi opraHivyHoT i GioopraHiyHOI XiMii 3anopi3bKoro gep-
XaBHOIo MeAmuyHoro yHisepcutety (3aB. Kadeppu —
npod., 4. hbapmay,. H. C. |. KoBaneHko). bygosy crnonyk
NigTBEPLKEHO AAHUMU €1eMeHTHOro aHanisy, 14-, H i
BC-AMP-, xpomaTto-Mac-cnekTpis [8].

JocnifxeHHss npoTu3anasibHOl akTMBHOCTI NPOBOAM-
N0Cb Ha 6innx LWypax-camusx NiHii «Bictap» macoto 140
— 220 1, AKi yTpUMyBaUIMCA B YMOBaX BiBapito (3 npupoa-

1. Ri=Me; Ry=H; R3=H; n=0.
2. R1=Ph, R2=F; R3=H, n=0.
3. R;=Ph; Ry=H: Ra=F N=0.
4. R1=4-FC6H4; R2—F, R3=H; n=0.
5. R1 Me, R2=H; R3=H; n=2.
6. R»] Ph, R2=H7 R3=H; n=2.
7. R1=Ph, R2=F; R3=H; n=2.
8. R1=4-FC6H4; R2=H; R3=H’ n=2.
9. R1=4-FC6H4; R2=F; R3=F; n=2.

Puc. 1. Ctpyktypa 3-R-7,8-gurigpo-2H-nipono[1,2-a][1,2,4]tpnasnHo[2,3-c]xiHa3oniH-5a(6H)-ankinkapboHOBUX KUC/IOT.
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HVM PEXMMOM OCBITNIEHHS; NpY TeMnepaTypi 22 — 24 °C
i BiHOCHI BonorocTi noBiTpst 40 — 50 %) Ha cTaHAapT-
HOMY paLioHi 3 BiIbHAM AOCTYNom A0 i Ta Boau. Bci
[OCNifKEHHS Bi4NOBIAAIM YMOBaM «EBPONENCbKOT KOH-
BEHLUIT 3aXUCTy XpebGeTHWX TBapwH, WO BUKOPUCTOBY-
I0TbCSA B €KCNEPUMEHTASIbHUX Ta IHLIMX HAYKOBUX LiISAX»
[9, 10]. EkcnepuMeHTasibHY MOfesb, a caMe «KapareHi-
HOBUIA» HaBPSIK Nanku LWypiB, BUKIUKaIM cybnnaHTap-
HUM BBegeHHAM 0,1 mn 1% BOAHOINO pPO34MHY
A-KapareHiHy B TW/IbHY MOBEPXHIO NpaBoi 3a4HbOi KiH-
LiBKM NiAA0CAIAHNX Ta KOHTPOMbHUX FPyn TBapuH [7, 11].
JocnigpkyBaHi cnonyku y BUINSAA4i cycneHsii BBogun
TBapuHaMm 04HOPAa30BO, BHYTPILLIHbLOLLIYHKOBO 3@ A0M0o-
MOTO TOJIKM 3 6yN1aBoONOAIGHMM MOTOBLLEHHAM Y [03i
25 mr/kr macu (BogHa cycrneHsis cTabinizoBaHa TBi-
Hom 80), HaTwecepLe 3a 1 rof 40 BBeAEHHSA (ONOroreHy.
Mpenapat NOpiBHAHHA HaTpito AvknodeHak (TM «an-
knak» SANDOZ, CnioBeHist) BBOAWAN NOAIGHNM YNHOM Y
[03i 10 mr/kr Mmacu. KOHTposibHa rpyna LypiB oTpumyBa-
Na ekBiBa/IEHTHY KiNIbKICTb (i3i0N0MNYHOro pPo3ynHy 3
TBiHOM 80. OUjiHKY Habpsiky NPOBOAMAN LUMISAXOM BUMI-
ptoBaHHA 06’eMy cTONM [0 BBEAEHHSA (DNIOTOreHy, yepes
[Bi, TPU Ta 4OTMPY FrOAMHM NiCNA Or0 BBEAEHHS 3a [A0-
NMOMOroK NIEeTU3MOMETPY 3ri4HO 3 OnMcaHuMK nigxona-
MK [12]. AHTMEKCydaTVBHa aKTUBHICTb O0CAILKYBaHNX
PEeYoBVH BMU3HAYAETLCA AK 34aTHICTb 3MEHLLYBATU PO3-
BUTOK HabpsiKy Ta 06paxoBY€ETLCS 3a (hOPMY/IOL0:;
A =100% — (MH.A. MM.) x100 ’
MH.K. - MB.K.

A€ A — aHTUekCyaaTVBHa akTUBHICTb, %; M, — Maca
HaGpsiknoi cTonw B gocniai; M, — maca 340poBoi cTonu
B Jocnigi; M, — maca HabpsK/Ioi CTonM B KOHTPO/II;
M,, —Maca 340p0oBOi CTOMNN B KOHTPO/Ii.

MporHo3yBaHHA roCTPOi TOKCUYHOCTI AOCAIMKYBaHNX
CMoNyK NPOBOAMNOCH in Silico 3 BUKOPUCTAHHAM MNpO-
rpamHnx  naketiB  (cepsiciB) GUSAR  (General
Unrestricted Structure-Activity Relationships) [13] i
TEST [14, 15]. EKCnepMeHTa/IbHO rocTpa TOKCUMYHICTb
BCTaHOB/MEHA in ViVO Ha 6innMx 6e3MopogHUX MULLaX
060X cTarein macot 16 — 24 r. TBapuHU YTPUMYBaUTUCh
Ha CTaHZapTHOMY paLjioHi xapyyBaHHA BiBapito [9, 10].
[ocnigpkyBaHi cnonykn BBOAWAW TBapuHam y BUMNAAI
cycneHsii (ctabinizatop TBiH-80) BHYTPILLHbOOYEPEBUH-
HO Y BUrsiAi TOHKOI BOAHOT cycneHsii Ha pisionorivHomy
pO34uHi, B 06’eMi He Ginblie 1 ma. KOHTPOAbHIA rpyni
TBapVH BBOAUAN (i3I0A0rIYHNIA PO34KH i 3 TBiHOM 80 B
TOMy X 06’eMmi, WO i gocnigHum rpynam. KoxHa rpyna
cknaganach 3 8 TBapuH. CnocTepexeHHs 3a TBapuHaMmu
nposogunn npotsarom 2 4i6 nicna ogHOpPa3oBOro BBe-
[EHHS peyoBUH. MNpOoTAroM LpbOro Yacy cnocrepiranm 3a
NOBEAIHKOK TBapWH, CTaHOM TXHbOI LUKIpW Ta C/IM30BUX
060/T0HOK, HEPBOBOK 30YA/IMBICTIO, Ki/IbKICTH XUBUX i
3arnbnux TBapuH. CepefHbonetasibHi gosv (14,,) Bu-
3HavauM 3a metogom B. Mpo3opoBcbkoro [16].

Pesynestatn JoC/imKeHHA onpalboByBan 3rigHO i3
3ara/IbHONPUIAHATUMK Nigxo4amy 3a [AONOMOroK cTa-
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TUCTUYHOrO naketa nporpam «STATISTICA® for
Windows 6.0» (StatSoftInc, NeAXXR712D833214FANS).
HopmasibHICTb  po3nogisly OUiHIOBa/IM 3a  KpUTepiem
Kolmogorov — Smirnov (D) Ta Lilliefors, Shapiro-Wilk
(W). Y Bunaaky posnoginy BiAMIHHOIO Bif, HOPMaslbHOTO
4Yn  aHanisy nopsaLKoBUX 3MIHHMX BUKOPUCTOBYBaUIM
Mann — Whitney U. [ns ABOX HENOB’si3aHUX BUOGIPOK i
Ans 6inbworo uyncna Bubipok — kpuTepii Kruskal —
Wallis H i3 HacTynHum nopiBHAHHAM 3a Games — Howell.
[nsa BCix BMAIB aHaulizy CTaTUCTUYHO 3HAYYyLLMMW BBa-
Xauim BIAMIHHOCTI NpY PiBHI 3HAYYLLLOCTI HE MEHLLE HiX
0,05 [17].

Pe3ynbtatu M 0O6GroBopeHHA. Ha eTani BnpoBa-
[KEHHS NiKapCbKux 3ac06iB O4HUM i3 BaXX/IMBUX KpUTe-
piiB € BCTAHOB/IEHHS MOPOry TOKCUYHOCTI Ta HeLuKigaun-
BOCTi, OGI'pYHTYBaHHA 6e3Mne4HnX PiBHIB BNNBY Ha Op-
raHiam. To6To, Nikapcbki 32C06M NOBUHHI NPOSBAATA HE
TiNIbKU BUCOKY TepaneBTUYHY aKTUBHICTb, ane il He matu
no6iYHOT Aji. 3 BpaxyBaHHSAM TOro, L0 Taki eKkcnepuMeH-
TaUlbHi JOCNIMKEHHSA [,OBONI AOPOri, i KpiM TOro, X no-
CTIiHO KPUTUKYIOTb 3 €TUYHUX MipKyBaHb, Ha CbOrOHi
LUIMPOKO BUKOPUCTOBYIOTLCSA in Silico MeToan BU3HAYEH-
HS TOKCMYHOCTI. BpaxoBytoun 3a3HayeHe, Ans nonepe-
[OHbOrO BCTAHOBJ/IEHHS NapameTpiB 6e3nekn Hamu npo-
BEAEHO MPOrHO3yBaHHA TOKCMYHOCTI 3 BUKOPUCTAHHAM
nporpamHoro 3abesneyeHHs GUSAR 1a TEST [13-15].
Pe3ynbTat po3paxyHkiB rocTpoi TOKCUYHOCTI 3 BUKO-
pucTaHHAM 3a3HadyeHnX CepBiciB Nokasasiu, Lo HOBI No-
XigHi nipono[1,2-a][1,2,4]Tpma3nHo|[2,3-C]xiHa3oniHIB
MOXHa BifjHECTU 40 Ma/IOTOKCUYHMX PEYOBUH (Tabn. 1).
3a3HayeHe Hajano MOX/MBICTb BMbOpaTy 6e3nedHy
003y 4717 NonepesHbOro CKPUHIHIY npoTmu3anasnibHol ak-
TWUBHOCTI.

PaHiwe Hamu nokasaHo, WO CMOJykW, AKi MIiCTATb
TprasnHo[2,3-c]xiHa30MiHOBUIA oparMeHT, € HoCiIMK
npoTtu3anasbHOl akTUBHOCTI. Tak, gnsa 3-(3-R-2-okco-
2H-[1,2,4]TpnasnHo[2,3-c]xiHa30niH-6-in)askinkapboHo-
BUX KMCMOT Ta ix noxigHux [18], a Takox 3'-R-cnipo[(a3a/
okca/Tia)umknoankin-1(3,4),6'-[1,2,4]tpnasnHo[2,3-C]
XiHa3oniH]-2'(7'H)-oHiB [19], onnucaHo aHTUeKCcyLaTUBHY
Lo, sika CyTTEBO nepeBuulyBana eqekT pedepeHc-
npenapaty «Hartpito guknodeHaky». OTxe, nepcnek-
TVBHMUM HanpsiMKOM NOAasIbLLOro MOLLYKY npoTu3anasib-
HUX areHTiB cepes NoXiAHWX 3a3HayYeHOol reTepoLmKIiY-
HOI CUCTEMU € CTPYKTYpHA MoaudikaLis, Lo cnpsimoBa-
Ha Ha aHesloBaHHA No pebpy a niponigMHoBoro dpar-
MEHTY 3 BBEAEHHSAM [0 MOSIOXKEHHS 5a aHrynspHoi kap-
60KCUbHOT ab0 KapboKCHasIKiIbHOT Fpynu.

[ns ouiHK1 NpoTu3anasibHOT akTUBHOCTI AOCAiAXKyBa-
HUX cnosyk 6yna obpaHa Mofesib KapareHiHoBOro Ha-
6psKy 3a4HbOT any y LypiB SK KnacuyHa mogens Ans
NepPBUHHOI OLiHKM NPOTU3anasibHOI (aHTUEKCYAATUBHOI)
Ai1 HOBMX XiMIYHMX pevyoBWH. 3a pesynstratamu Aoci-
[>KeHb BCTAHOB/IEHO (Tabn. 2), wo noxigHi nipono[l1,2-aj
[1,2,4]TpnasuHo[2,3-c]xiHa3oniHy (1-9) npu BBEAEHHI Y
0031 25 Mr/Kr BUSIBNAKTb BUPaXEHY NpoTusanasibHy Aito.
To6TO, aHentBaHHSA NiPo/iAMHOBOIO UMK/IY A0 Tpuasu-
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Ta6nuuysa 1
IMOBipHa TOKCUYHICTb JOCiAKYBaHUX CMOMYK BiNOBIAHO pe3ynsTartiB JOCiAKeHHS in silico
TEST GUSAR
c MonekynsipHa | MEPOPAIbHE | NEPOpasib- | BHYTPILUHBO- | BHYTPILIHLO- nepopanbHe | niguikipHe
nosnykn BBE[EHHS He BBELEH- | OYepeBUHHE BEHHE
Maca BBEAEHHS BBE[EHHS
-lgna,,, HA 14, BBE[EHHA BBEEHHA AL ke | AL Mk
-lg (Monb/kr) Mr/Kr na,,, mr/kr nao,,, mr/kr 50’ 50’
Harpiio 296,15 * * 383,0 140,6 212,6 479,8
AvknogeHak
1 312,28 2,37 1338,8 1116,0 527,7 1941,0 824,0
2 374,35 2,88 497,0 4479 461,6 2414,000 817,9
3 392,34 2,76 677,1 384,6 416,0 1344,000 995,8
4 410,33 2,43 1517,9 633,4 427,7 1775,000 540,8
5 340,33 2,38 1412,2 1025,0 215,2 1501,000 571,2
6 402,40 3,13 296,8 619,1 293,2 3094,000 666,7
7 420,39 2,83 625,1 804,7 352,5 895,700 605,5
8 420,39 2,62 1011,2 732,2 320,3 1382,000 651,9
9 456,37 2,69 929,2 728,2 420,3 1323,000 531,2

* — NOCTiIKEHHS] HE NMPOBOAWMOCH.

HOXiHa30/1IHOBOT CUCTEMU € BUMpPaBAaHNM Y KOHTEKCTI
MOLUYKY CMOJIyK 3 MpoTM3anasibHo akTMBHICTIO. MpoTe
BBEJiEHHS aHrynapHoOi KapboKCubHOT rpynu A0 noso-
XEeHHA 5a, He B ycCix Bunagkax NpuBOAUTbL A0 BUCOKOI
aKTMBHOCTI. 30Kpema BCTaHOBMEHO, Wo 3-(3-meTu-2,8-
piokco-7,8-gurigpo-2H-nipono[1,2-al[l1,2,4]
TpuasunHo[2,3-c]xiHa3oniH-5a(6H)-in)kapboHoBa KMCAOo-
Ta (1) y 3a3HayeHiil fo3i nocTynanacb HaTpito Aukiodge-
Haky. 3amiHa MeTWU/IbHOT FPyNn Y NOJIOXKEHHA 2 (Cnosyka
1) Ha deHinbHY rpyny (3) Ta fgoaartkoBe BBeLEHHS dony-
opy Y NonoxeHHsA 11 retepoumkny NnpuBoAUTL [0 He3Ha-
YHOrO MiABULLEHHS aKTUMBHOCTI Ha 6,82% i 3a3HaveHa
Cnosiyka Ti/IbKN KOHKYPYE 3 npenapartoM MOPIBHAHHSA
(tabn. 2).

Hali6inbL BupaxeHa npotusanasibHa fis cnocTepira-
nacb Npu BBEAEHHI aHryNspHOT KapboKCMETUIbHOI rpy-

nn (cnonykn 5, 8, 9) A0 NOMIOXEHHA 5a retepouukny.
Tak, 3-(3-meTtun-2,8-giokco-7,8-gurigpo-2H-
nipono[1,2-a][1,2,4]tpnasnHol2,3-c]xiHasoniH-5a(6H)-
in)nponaHoBa kucnota (5) nposBisfa akTUBHICTb, ska
nepesyLLlyBana akTUBHICTb HaTpili AukiodeHaky Ha
20,16 %. [logaTkoBa Moguduikalis MOMNEKYIN LUIAXOM
3aMiHN MEeTUNBLHOI rpynu (cnonyka 5) nonoxeHHsa 3 Ha
4-cpnyopodpeHinbHy (8, 9) abo JopaTkoBe BBEAEHHS
donyopy y nonoxeHHs 10, 11 (9) retepouukny He npu-
BOAMWTb A0 MOCWU/IEHHSA aKTUBHOCTI. MNpoTe, cnonykn 8 Ta
9 nepeBuLLYIOTb aKTUBHICTb Mpenapary NopiBHAHHA Ha
9,06 % Ta 19,57 %, BignosigHo. BcTtaHoBneHo, WO
3-R-7,8-gurigpo-2H-nipono[l,2-a][l,2,4]
TpuasnHo[2,3-c]xiHazoniH-5a(6H)-nponaHoBi KUCNOTK €
NepCrneKTUBHOK rPynol NpoTU3anasibHUX areHTiB 415
NpOBeAEeHHA MNOA/ILLLOTO CNPAMOBAHOIO CUHTE3Y |

Tabnuus 2
MpoTusanasibHa akTUBHICTb Ta rocTpa TOKCUYHICTb AOCNIAKYBaHWUX CNOYK in vivo (n=8)
Cnonyku [o3a, mr/kr A, % NnAo,,, mr/kr Knac . CTyniHb TOKCUYHOCTI
TOKCUYHOCTI
Harpito i Vi
AMKNOtbeHaK 10,0 61,09 53* 1 [TOMipHO TOKCUYHWIA
1 25,0 57,90 >1500 Vv MpakTUYHO HETOKCUYHI
3 25,0 64,72 >1500 \% MpakTNYHO HETOKCUYHI
4 25,0 75,77 770+122 v MaJ10TOKCUYHI
5 25,0 81,25 >1500 \% MpaKTUYHO HETOKCUYHI
8 25,0 69,15 714+56 \ MasioTOKCUYHiI
9 25,0 79,66 624+83 v Ma10TOKCUYHI

* — 3rigHo 3 faHumMu nitepatypu [21].
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hapMakosioriYHOro CKPUHIHTY 3 METOK CTBOPEHHS Ha iX
OCHOBI HoBMX HIM33.

Pe3ynbTaTn ekcnepumMeHTasIbHOro  A0CNIAKEHHS
roCTPOT TOKCUYHOCTI cnosiyk 1-9 npu BHYTPiLLIHbOOYE-
pPEBMHHOMY BBEAEHHI MuLaM HaBefeHO B Tabnuui 2.
BcraHosneHo, wo /14, opuriHasibHux niposno[l,2-a]
[1,2,4]TpnasnHo[2,3-c]xiHa3oniHiB (1-9) 3HaxoAnTbCS
y iHTepBanax 624 — >1500 wmr/kr. OgepxaHi gaHi go-
3BOJIAOTb BiAHECTU X [0 NPakTUYHO HETOKCUYHUX
abo manotokcuyHux cnonyk (IV-V knac) [21]. Cnig,
TakKOX 3a3HaunTW, L0 PI3HULSA MK NOKa3HWKamu ro-
CTPOT TOKCUYHOCTI, AKi po3paxoBaHi sk in silico, Tak i
pocnigxeHi in vivo metogamu (Tabn. 1 Ta 2), kopento-
I0Tb MiXX c0o6010. Lle BKasye Ha nNepcrnekTUBHICTb BU-
KOpPUCTaHHA KOMM'IOTEPHOr0 MPOrHO3y rOCTPOi TOK-
CUYHOCTI Npu noganblUNX AOCMIMKEHHAX Ta AU3aiiHi
HOBWX 6I0N0MYHO aKTUBHUX CMOSYK.

AHasi3 gaHnx B3aEMO3B’A3KY «CTPYKTypa — roctpa
TOKCUYHICTb» MOKasaBs, WO 3amiHa KapOOKCUbHOT
rpynun B NOMOXEHHI 5a Ha eTunkapbokcunbHuiA hpar-
MEHT MPaKTUYHO He BMN/IMBAE Ha MOKA3HWKW rOCTPOl
TOKCMYHOCTI, X04a npu LbOMYy Yy psAgi BUNagkis sene
[0 CYTTEBOrO NiABULLEHHA NpoTM3anasnbHol Ail. Boa-
HoYac MokasaHo, WO CMOJyKW, AKi MICTATb B MOJO-
XeHHI 3 4-chbnyopoheHinbHU hparmeHT, NposiBis-
I0Tb 3HAYHO BULLY TOCTPY TOKCUYHICTb MOPIBHAHO 3
iHLWIMMK pevyoBUHaMU.

CuHTe3 6i0JI0TiYHO aKTUBHUX CIIOJIYK
Synthesis of biologically active compounds

BucHoBku. 1. OuiHka aHTMeKCcyaTVBHOI akTUBHOCTI
cepep, Hesigomux nipono[l,2-a][1,2,4]TpnasnHo|2,3-c]
XiHa30/1iHIB Ha MOAEeNi KapareHiHOBOro Habpsiky CTonu B
LLypiB MoKasana HasiBHICTb CYTTEBOI NpPOTM3anasibHOl
aKTMBHOCTI. Haibinblw BupaxeHy A0  nposisuna
3-(3-meTnn-2,8-giokco-7,8-gurigpo-2H-nipono[l,2-aj
[1,2,4]TpnasnHol2,3-c]xiHa3oniH-5a(6H)-in)nponaHoBa
kucnota (5), ika 3MeHLUyBasia eKCnepuMeHTasIbHUI Ka-
pareHiHOBUIA Habpsk Ha 81,25 % i 3a echekTOM nepeBu-
LyBana Aito HaTpito aAvkriogeHaky 6inbLl Hix Ha 20 %.

2. Komnnekc npoBefeHUX OOCNIMKEHb i3 BUBYEHHS
roCTpOi  TOKCMYHOCTI  nmoxigHux nipono[l,2-a][1,2,4]
TpuasnHo[2,3-c]xiHa30MiHiB NoKa3as iXHI0 HEBUCOKY TOK-
CUYHY fjt0 MPY BHYTPILLIHLOOYEPEBUHHOMY LLMSAXY BBE-
OeHHs. 3rigHo i3 knacudikalieo pe4oBUH 3a TOKCUYHIC-
THO OOC/iAKYBaHI CONYKN Hanexarb A0 NPakTUYHO He-
TOKCUYHMX 260 MasioToKCcMyHuX cnonyk (1V-V knac).

3.  OpriHanbHi  3-R-7,8-gurigpo-2H-nipono[1,2-a]
[1,2,4]tpuasuHol[2,3-c]xiHa3oniH-5a(6H)-(ankin-)npona-
HOBI KMCMOTN € NepPCneKTUBHOK TPYyNoK NpoTu3anasib-
HWX areHTiB A1 NPOBEeAEHHS NOAA/IbLLONO CNPSIMOBaHO-
r0 CUHTE3y i nornmbneHnx gapmakonoriyHmx [ochni-
[KEeHb 3 METOK CTBOPEHHS Ha iXHili OCHOBI HOBUX He-
CTEPOIgHNX NPOTU3anasibHNX 3acobiB.
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SUBSTITUTED 3-R-7,8-DIHYDRO-2H-PYRROLO[1,2-a][1,2,4] TRIAZINO[2,3-c]QUINAZOLIN-5a-(6H)-
ALKYL-CARBOXYLIC ACIDS - PROMISING CLASS OF LOW-TOXIC ANTI-INFLAMMATORY AGENTS

V. V. Stavitskiy?, O. Yu. Voskoboinik?, I. S. Nosulenko?, O. O. Klimova?, O. A. Brazhko?, S. |I. Kovalenko*

Zaporizhzhia State Medical University*
Zaporizhzhia National University?

v.v.stavytskyi@gmail.com

The aim of the work. Evaluation of the anti-inflammatory activity and acute toxicity of new 3-R-7,8-dihydro-2H-pyrrolo[1,2-a]
[1,2,4]triazino[2,3-c]quinazolin-5a (6H)-alkyl-carboxylic acids as potential anti-inflammatory agents.

Materials and Methods. The study of anti-inflammatory activity was conducted on a model of carrageenan-induced paw
edema on white male Wistar rats weighing 140-220 g. The tested compounds were administered orally using an atraumatic
probe at a dose of 25 mg/kg, sodium diclofenac was used as reference drug and was administrated in dose 10 mg/kg.
The acute toxicity of the studied compounds was predicted by in silico methods (GUSAR and TEST software packages),
as well, as evaluated experimentally on outbred white mice of both sexes weighing 16—-24 g. The synthesized compounds
were administered intraperitoneally in the form of a fine suspension in physiological saline, which was stabilized by Tween
80. Median lethal doses (LD, ) were determined by the Prozorovsky method. Statistical processing was conducted by
appropriate approaches using the STATISTICA® for Windows 6.0 software (StatSoft Inc, No. AXXR712D833214FANS).
Results and Discussion. The study of the anti-inflammatory activity of pyrrolo[1,2-a][1,2,4]triazino[2,3-c]quinazolines
derivatives showed that the studied compounds are highly active anti-inflammatory agents, that compete or exceed activity
of reference drug “Sodium diclofenac”. The most active was 3-(3-methyl-2,8-dioxo-7,8-dihydro-2H-pyrrolo[1,2-a][1,2,4]
triazino[2,3-c]quinazolin-5a(6H)-yl)propanoic acid (5) which by the level of pharmacological effect exceeded reference
drug by more than 20 %. The results of in silico and in vivo study of the pyrrolo[1,2-a][1,2,4]triazino[2,3-c]quinazoline
derivatives acute toxicity showed their mutual correlation. Intraperitoneal administration of the studied compounds to white
mice at doses of 500 to 1500 mg/kg allowed assigning them to toxicity classes IV and V (low-toxic and practically non-toxic
compounds, respectively, classification of toxicity with parenteral routes of administration).

Conclusions. The anti-inflammatory activity and acute toxicity of new pyrrolo[1,2-a][1,2,4]triazino[2,3-c]quinazolines
were studied. It was found that most of the studied compounds exhibit significant anti-inflammatory activity being low-
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CuHTe3 06i0JI0TiYHO aKTUBHHUX CIIOJIYK
Synthesis of biologically active compounds

toxic or practically non-toxic (IV-V class). “Chemical structure — anti-inflammatory activity” relationship analysis showed,
that the introduction of propanoic acid moiety in position 5a may be considered as rational approach for search for new
anti-inflammatory agents. Described compounds are a promising group for further purposeful synthesis and in-depth
pharmacological studies aimed at creating new non-steroidal anti-inflammatory drugs.

Key words: 3-R-7,8-dihydro-2H-pyrrolo[1,2-a][1,2,4]triazino[2,3-c]quinazolin-5a(6H)-alkyl-carboxylic acids; acute toxicity;
carrageenan-induced edema,; anti-inflammatory activity.

3AMELLEHHbIE 3-R-7,8-AUTrNAPO-2H-NMNPPONO[1,2-a][1,2,4]TPUA3UNHO[2,3-c]XUHA3O/VH-
5a(6H)-ANIKUTKAPEOHOBbIE KUCMOTbI - MEPCMEKTUBHBIA KNACC MAJTOTOKCUYHBIX
NPOTUBOBOCMA/UTE/bHbIX ATEHTOB

B. B. CtaBuukuiil, O. 0. Bocko6GoiiHuk?, U. C. HocyneHko?!, E. A. KnumoBa?, A. A. Bpaxko?,
C. . KoBaneHKo!

3arnopoxckul 20cydapcmseHHbIU MeOuyuHCKUl yHusepcumem?
3arnopoxckuli HayuoHas/IbHbIU yHUBepcumem?

v.v.stavytskyi@gmail.com

Lenb pa6oTbl. ViccnefosaHve npoTyBOBOCNANINTENBHON aKTUBHOCTM U OCTPOI TOKCMYHOCTY HOBbIX 3-R-7,8-aurnapo-2H-
nuppono[1,2-a][1,2,4]tpuasnHo[2,3-c]xmHa3onunH-5a(6H)-anknikapboHOBbIX KUC/OT.

Matepuanbl u MeToAbl. ViccrefoBaHne NPOTUBOBOCNA/INTENNbHOM aKTUBHOCTU NPOBOAMAN HA MOLENN KappareHUHOBOro
oTeka nanku 6enbIixX Kpbic-caMuoB NMHUK «BucTtap» maccoii 140 — 220 r. iccnegyeMble cOeUHEHNSI BBOAWIV NEPOPASTLHO
B BUAE cycneHsum (ctabunmnsarop — TBuH 80) C MOMOLLLI0 aTpaBMaTMyeckoro 3oH4a B fo3se 25 mr/kr, HaTpus avknoeHaka
— 10 wmr/kr. TMoka3aTenn OCTPOW TOKCUYHOCTW MWCCNEOBaHHbIX COEAMHEHWUI CNPOrHO3MpOBaHbl MeTodamu in silico
(nporpammMHble naketbl GUSAR 1 TEST), a Takke onpefesneHbl 3KCNepuMeHTasIbHO Ha 6esbiX 6ecnopofHbIX Mblwax
060ux nNonoB BecoM 16 — 24 r. CUHTe3MPOBaHHblEe COEAMHEHUS BBOAUIN BHYTPUOPIOLWMHHO B BUAE TOHKOI CycneH3uu B
tpuznosniornueckom pacteope, kotopas 6bina ctabunmsnposara TenHom 80. CpeaHeneTanbHble 403kl (14,) onpeaensnu
no metoay B. Mpo3oposckoro. CtatncTnyeckyto 06paboTky NpoBOANAN B COOTBETCTBUN C OBLLENPUHATLIMU NOAXO4AaMU C
nomouybto nporpamm «STATISTICA® for Windows 6.0» (StatSoft Inc, Ne AXXR712D833214FANS).

Pe3synbratbl U o6cyxaeHue. VccnegoBaHve NpoTMBOBOCNANINTENbHON akTMBHOCTY NPOM3BOAHBLIX NMPPono[l,2-a]
[1,2,4]TpnasnHo[2,3-C]XMHA30/IMHOB NOKa3asio, 4YTO WCC/efyeMble COEAVHEHUSA ABMAAITCA BbICOKOAKTUBHbLIMU
NPOTUBOBOCNA/INTENIbHLIMU areHTamMu, KOTOopble MO YPOBHIO (hapMakonormyeckoro adypekta KOHKYpPUPYHT wun
npeBbIWAOT NpenapaT CpaBHEHNA HaTpuA AuknodeHak. Hanbonee akTMBHbIM cOeMHEHMEM OKa3anach 3-(3-meTun-
2,8-anokco-7,8-agurnapo-2H-nuppono[l,2-aj[1,2,4]tpnasnHo[2,3-c]xmHasonun-5a(6H)-nn)nponaHosas kucnorta (5),
KoTopasi No ypoBHI0 hapMakosiornyeckoro adppekTa npesbiliana npenapart cpaBHeHus 6oee yem Ha 20 %. PesynbtaTthl
M3yYeHUs OCTPO/ TOKCMYHOCTU MPOM3BOAHbLIX Nuppono[l,2-a][l,2,4]TpnasnHo[2,3-c]xnHa3onuHa, npoBeAeHHbIX
meTofamu in silico v in vivo, KOPPenupyT Mexay co60i. BHYTpubpoWMHHOE BBeAEHME UCCeAyeMbIX COefUHEHN
6enbiM 6ecnopofHbiM MbiwaM B go3ax 500 go 1500 mr/kr no3BosnMao oTHecTn ux K IV u V knaccy TOKCUYHOCTH
(ManoToKCUYHblE U MPaKTUYECKN HETOKCUYHbIE COELMHEHWUs, COOTBETCTBEHHO Knaccuukauum TOKCUYHOCTU Npwu
napeHTepasibHbIX CNocobax BBeAEHUS).

BbiBoAbI. ViccnenoBaHo NPOTYBOBOCMANNTENbHYIO aKTUBHOCTb M OCTPYH) TOKCUYHOCTb OPUTMHAasIbHBIX NMUPPono[l,2-a)
[1,2,4]TpnasnHo[2,3-C]XMHA30/IMHOB M YCTAHOB/IEHO, YTO OOMLLUMHCTBO W3 WCCEAyeMblX COEeAMHEHWUA NPOSBASAOT
BbIP&XKEHHYIO NPOTVBOBOCMAINTE/TbHYIO aKTUBHOCTb MPU BHYTPWXENYLAOYHOM BBEAEHUM N OTHOCATCH K MaSIOTOKCUYHBIM
N NPaKTUYECKN HETOKCUYHbIM coefmHeHusaMm (IV-V knacc). B pamkax aHanmsa B3aMMOCBA3W «XMMUYecKas CTPyKTypa-
NPOTYBOBOCNANNTE/NIbHAA aKTMBHOCTb» MOKa3aHO, YTO BBEAEHME B MOMOXeHWe 5a ocTaTtka MponaHoBON KWUCMOTbI
[0 OTMEYEHHOI CUCTEMbI SIBNSIETCA OMNpaBAaHHbIM B KOHTEKCTE MOMCKa HOBbIX MPOTUMBOBOCNA/IUTE/bHLIX areHToB, a
OnMMcaHHble CoeAVHEHNs ABNAIOTCSA NEePCNeKTUBHON rPynnoi A5 NpOBeAeHNs AasibHELLIEro HanpaB1eHHOro CUHTEe3a 1
hapMakonorMyeckoro CKPUHUHra € Liesibio CO34aHNs HOBbIX HECTEPOUAHBIX MPOTUBOBOCNA/IUTENBHbLIX CPEACTB.

KnwoueBble cnoBa: 3-R-7,8-gurngpo-2H-nuppono[l1,2-a][1,2,4]tpnasunHo[2,3-c]xuHasonvH-5a(6H)-anknnkap6oHoBble

KNCNOTbI; OCTpasd TOKCUYHOCTb, KappaFEHMHOBbIVI OTeK; NnpoTnBoBoCna/INTEIbHaA akTUBHOCTb.
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