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VY crarTi HaBeIEHO Pe3yIbTaTH aHaJi3y KOPEJsLii “CTpyKTypH-010J10Ti4HOT aKTHBHOCTI” MOXITHUX XIHOJIHY
Ta nipposio[ 1,2-a]xiHoniny MeTogamu xemoindopmarnku. OCHOBHHMH 3aBAaHHSIMH [[bOTO JOCIIJDKEHHS OyiIu
pO3paxyHOK, CHUCTeMaTH3allisi Ta aHalli3 OTPHUMAaHOTO MAaCHBY MJAaHMX, SKi CIIBBIIHOCATBCS 3 PI3HUMH
OiomoriyanMu edekxtamMu. Pesynbratn oTpuMmaHi nusixoMm in silico pospaxyHkiB QSAR kopemsmiit s
MOJTAJTBITIOTO PAIiOHATFHOTO AW3alHY JTIKapChKUX MpenapaTis.

Bu3HaueHO 3aneXHOCTI “‘CTPYKTYpa-TOKCHYHICTH” MO0 BIPOTIZHOTO BIUIMBY (i3UKO-XIMIYHHX Ta
CTPYKTYPHHX OCOOIMBOCTEH MOCHi/KYBaHHUX CIIOJIyK Ha iXHIO OiojoriyHy axTHBHICTh. HaBenmeHo
MaTeMaTHYHI PiBHAHHS IEBHUX 3aJICKHOCTEH.

Knouosi crosa: xinonin, nipponofl1,2-alxinonin, memoou xemoingpopmamuxu, OSAR ananis, moxcuunicme.

3asropomumii M. I1., bpaxko E. A., Epmamr A. C., Abakymer; O. H., Bopucenko /1. P., Crpensbunkas C. A.,
Tonosaus M. E.,  Bpaxko A. A.  AHAJIM3 TIOKA3ATEJIEM BUOJIOTMYECKOM AKTHMBHOCTU
[MPOM3BOJHBIX XMHOJIMHA U ITNPpOJIO[1,2-A]XMHOJIMHA METOAAMU XEMOWH®OPMATHUKN /
3anopoKCcKui HallMOHAIBHBIN yHUBepcuTeT, 69600, YkpanHa, 3anopoxbe, yi. XKykoBckoro, 66

B crarbe mnpencTaBieHBl pe3yJbTaThl aHAIU3a KOPPESIIMH  “‘CTPYKTypa-OMoJornueckas aKTHBHOCTH
MIPOM3BOJIHBIX XMHOJHMHA U TTHPpoJo[ 1,2-a]xuHonHa MeToamMu xeMonHpopMaTuku. OCHOBHBIMH 3a/ja4aMu
JTAHHOTO MCCJIEJIOBAaHUS OBLIM pacyeT, CHCTeMaTU3alUsl U aHaJIU3 MOJTy4€HHOTO MAacCHBa JAaHHBIX, KOTOpHIE
COOTHOCSITCSI C pa3IMuHBIMU OHosTornueckuMu 3¢ dextamu. Pe3ynbpraThl MojydeHsl myTeM in silico pac4yeToB
QSAR xoppemsiuuii A1 JaJbHEHIIETro palloHaIbHOTO qu3aifHa JeKapCTBEHHBIX MIPENapaToB.

bbbt onperienieHbl 3aBUCUMOCTH “‘CTPYKTYpa-TOKCUYHOCTH” OTHOCUTENBHO BIMSHUS (PU3MKO-XMMHUUYECKHUX H
CTPYKTYPHBIX OCOOEHHOCTEH HCCIEAYeMBIX COCIMHEHMWH Ha WX OMOJIOTMYECKYI0 aKTHBHOCTbH. lIpuBeneHsI
MaTEMAaTHYECKUE YPAaBHEHHS ONPEIENIEHHBIX 3aBUCUMOCTEN.

Knrouesvie cnosa: xunonun, nupponof1,2-aJxunonun, memoowvt xemoungpopmamuxu, QSAR ananus, mokcuyHoOCMmb».

Zavgorodniy M. P., Brazhko E. A., Yevlash A. S., Abakumets E. M., Borysenko D. R, Strelbitskaya S. O.,
Holovan M. E., Brazhko O. A. ANALYSIS BY CHEMOINFORMATICS METHODS BIOLOGICAL
ACTIVITY INDICATORS OF QUINOLINE AND PYRROLE[1,2-A]JQUINOLINE DERIVATIVES /
Zaporizhzhya national university, 69600, Ukraine, Zaporizhzhya, Zhukovsky str., 66

For conducting a computer experiment was used new software tool called QuS (read as “k’us”, abbrev. QSAR
Server). One of it’s tasks is to integrate and coordinate the work of other software that performs individual
stages of analysis. This development consists of two parts: user interface in form of a webpage and a web-
server. Program management (web-server) is carried out through a webpage where are located nessessary tools
and the results of the analysis are displayed. This software development is written in the programming language
Object Pascal (Web-Server) and JavaScript (User Interface) using Ready-made classes and libraries (Ararat
Synapse, LCLBase, SynEdit) with open source code. To perform individual stages of QSAR analysis were
used different software tools such as: PaDEL-Descriptor, McQSAR and some others. Verification of the
correctness of the program was carried out by conducting QSAR analysis based on existing QSAR results
analysis from publication in relevant scientific journals. A number of analyzes were held for obtaining
correlation models using genetic algorithm. The statistical characteristic of the obtained equations was
compared with the corresponding statistical characteristic of QSAR equations of models with selected for
review of publications. The total size of sample that was used for the computer calculations — 64 compounds.

The compounds used as the general sample — derivatives of quinoline and pyrrole[1,2-a]quinolone — are a part
of a longstanding experimental base of the laboratory of biotechnology of physiologically active substances of
Zaporizhzhya National University.
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Investigation was conducted in two stages. The first stage is definition of physico-chemical and toxicity
indicators for selected parameters (water solubility, lipophilicity, LC50 for Fathead minnow, Daphnia magna,
IGC50 Tetrahymena pyriforms, LD50 bioaccumulation factor, total indicator of embryotoxic and teratogenic
activity, an Emmos test). Second — a software algorithm for implementing the developed QSAR methodology
study using derivatives of quinoline and pyrrole[1,2-a]quinoline. In the final conclusion presented results
regarding using of software development QuS. Several thousand different regression equations were
constructed with different statistical reliability and predictive power. First, among them were chosen only those
equations, which have the square coefficient of correlation R? and square coefficient of cross-validation Q?
greater than 0,7, after that was analysed second sample of received models. From the second sample were
selected models that used no more than four DMS, R? and Q* were greater than 0,75, the equation did not
contain specific mathematical functions, which uses in its work the genetic algorithm of McQSAR software
(for example, “minimum” and “maximum” functions). Among the received equations were chosen three, which
were used as finite regression models. Preliminary analysis of physical-and-chemical properties and obtained
values DMS led to the following conclusions about the dependence between structures of the study sample of
compounds and LD50 for mice with intraperitoneal administration:

— the probability of manifestation of the toxic effect increases in case of:
1) the value of molar refraction is less than 70 cm?;
2) the value of lipophilicity (Log P) is greater than one;
3) the total number of atoms is less than 30;

— the probability of manifestation of the toxic effect is lower in compounds that have:
1) 1) bigger amount of free acidic groups (carboxylic);
2) 2) less value of the integral sum of atomic polarizations molecules, including atoms of the Hydrogen;
3) 3) more methyl groups (CH3) and more Oxygen atoms.
In this way, we can assume that aforementioned factors which correlate with an increase of toxicity, may be
related to the best transportation of compounds (which correspond to these factors) through cell membrane:
greater lipophilicity, smaller molecule size, less value of refraction (which characterizes the actual volume of
the molecule) and, accordingly, the less polarization ability.
Key words: quinoline, pyrrole[1,2-a] quinoline, metods of chemoinformatics, toxicity

BCTYII

Mertoau xemoinpopMaTukH, 30kpema QSAR aHaini3, CbOroiHI € OJJHUMHU 3 HAlO1IbII MOMYJIAPHUX Ta
MEPCIEKTUBHUX Taly3edl oOuYucimoBaibHOI XiMmii. [lMM TOSCHIOETBCS akTHBHA pO3poOKa
BIJIMOBIAHOTO CIEIiai30BaHOro MporpamMHoro 3abesneueHHs. [Ipore cepen icHyrOUMX MPOTrPaMHUX
3aco0iB ans po3B’s3aHHA 3amad QSAR aHamizy He iCHye TOTOBHX NPOTPAMHHX KOMIUIEKCIB Y
BUIBHOMY JOCTYIi, sIKi O BIAMOBIJaIM MOMKIJIMBOCTI TNMPOBEACHHS YCIX €TammiB aHajizy B OJHIN
Iporpami: BiJ eTamy BBEJCHHS JaHUX JI0 TeHepauii 3Bity [1, 2].

Ha ocHoBi 11ux BuMor 0OyJio po3po6iieHo HOBUIA TTporpamMHuid 3aci6 mia HazBoro QuS [3]. OxauMm 13
Horo 3aBlaHb € IHTETpyBAaHHS Ta KOOPAMHYBAHHS POOOTH IHIIMX HPOTPaMHUX 3aco0iB, SKi
BUKOHYIOTh OKpeMi eranu aHaiizy. Cepen TIOMOXIIHUX XIHOJIHY Ta mipposo[1,2-a]xiHomiHy icHYy€
3HAYHA KIJIBKICTh 010JI0T1YHO AKTUBHHUX CHOJYK IIUPOKOTO CIIEKTPY Jii, sIKI MOXKYTh CTAaTH OCHOBOIO
JUTsl HOBUX OloperynsaTopis [2, 4]. Jis BUOOPY TakuX CIOJYK BUBYAETHCS CHEKTP IXHOT O10JI0TTYHOT
aKTUBHOCTI, PiBE€Hb MOTEHIINHOT TOKCUYHOCTI, BU3HAUAEThCS ixHS (papmakomunamika. Came mum
MOSICHIOETHCSI TIPAKTUYHA JTOIIJIBHICTh BUKOPUCTAHHS METOIIB XEMOTH()OPMATHKHU.

MeToro TOCTiKEHHS € CUCTeMaTH3allisl Ta y3aralbHEeHHS JaHUX, OTPUMAHUX €KCIIEPUMEHTATbHUMU
METOJIaMH JUIsI CTBOPEHHS MOJIYJIBHOTO Oa3ucy, SKui Hamaial Moke OyTH BHKOPUCTAHUHN IS
HATPABJICHOT0 Ta OUIBII CEIEKTUBHOTO MONIYKY O10aKTUBHUX CIIONIYK 13 3aJaHIMH XapaKTEPUCTHKAMH.

MATEPIAJIM TA METOAU JOCIIT)KEHHSA

Crnonmyku, BUKOPUCTaHI SIK FeHepasibHa BHOIpKa — TIONOX1/1H1 X1HOJIIHY Ta mipposio[1,2-a]xiHomiHy, —
CKJIQJIal0Th YacCTHHY OaraTOpi4HOI eKCIepUMEHTalIbHOI 0a3u JyrabopaTtopii  Oi0TEXHOJIOTIT
(b1310710T1YHO aKTUBHUX PEUOBUH 3aIlOpi3bKOT0 HALIOHAIBHOTO YHIBEpCUTETY [2, 4].

JUis TpoBeACHHSI KOMII'IOTEPHOTO E€KCIIEPUMEHTY BHMKOPUCTAaHO HOBUU INpPOrpaMHHUM 3acid mij
Ha3Boro QuS [3]. OxauM i3 #oro 3aBjgaHb € IHTETPYBaHHS Ta KOOPJAWHYBAaHHS POOOTH I1HIIHMX
MPOTPaMHUX 3ac00iB, sSKi BUKOHYIOTh OKpeMi eramu aHamizy. Ll po3poOka ckiagaeTbcsi 3 JBOX
JacTHH: iHTep(deiicy KoprcTyBaua y BUTIISAII BeO-CTOPIHKYU Ta BeO-cepBepy. YIIpaBIiHHS IPOrPaMOI0
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(BeO-cepBepoM) 3AIMCHIOETHCS 4Yepe3 BeO-CTOPIHKY, Ha SKIH PpO3MIILYeEThCS HEOOX1THUMA
IHCTpYMEHTApIl Ta MaHeb Ha SKY BUBOSTHCS PE3YIbTATH aHAIII3Y.

L1s mporpamHa po3poOka HamrcaHa MoBoto mporpamyBanHs Object Pascal (Be6-cepsep) Ta JavaScript
(iHTepdeiic kopucTyBaua) 3 BUKOPHUCTAHHSM TOTOBUX KiaciB Ta 0i0miorek (Ararat Synapse,
LCLBase, SynEdit) 3 BiAKpuTUM BUX1AHUM KOJOM. J{71s1 BUKOHAHHS oKkpeMux etamiB QSAR ananizy
BUKOPHUCTAHO PsJl IporpaMHuX 3aco0iB, Takux sik: PaDEL-Descriptor, McQSAR Ta iH. [5-7].

[epeBipka MpaBUIBHOCTI Ta KOPEKTHOCTI POOOTH MPOrpamMHu 3/1iHCHEHA IUISIXOM MPOBEACHHS aHaTI3y Ha
OCHOBI BXe icHyrounmx pesynbrariB QSAR 3 myOmikamii y BiANIOBIAHMX HAYKOBHX KypHaiax. [l
OTPUMAaHHS KOPEISIIHHUX MOJENICH MPOBEACHO PsiJi aHANI3IB 3 BHUKOPHCTAHHSIM TI'CHETUYHOTO
anroputMy. CTaTUCTUYHA XapaKTEPUCTHKA OTPUMAHUX PIBHSHB TIOPIBHSHA 13 BIIIOBITHOIO CTATHCTUYHOIO
XapakTepucTukoro piBHSHL QSAR Momerneit 3 BimiOpaHux it mepeBipku myodtikamii [8-12]. 3aramsHuit
o0csr BHOIPKH, BAKOPUCTAHOT 1T KOMIT FOTEPHUX PO3PaxyHKiB, — moHas 150 cromyk.

JlocipkeHHs IpoBeIcHO ABoMa eranamu. [leprmwii eran — BU3HaUeHHs (i3MKO-XIMIYHHX TTOKa3HUKIB
Ta MOKA3HUKIB TOKCHYHOI Aii 32 0OpaHuMH rnapameTpaMu (pPO3YMHHICTD Y BOI, JinmodinsHicTs, LC50
s Fathead minnow, Daphnia magna, 1GC50 Tetrahymena pyriforms, LD50 — dakrtop
OiloakyMyIIsIii, CyMapHHUH MOKa3HUK eMOPIOTOKCHYHOI Ta TepaTOreHHoi akTUBHOCTI, TecT Eiimoca).

Jpyruii — mporpamMHHiA aITOPUTM BUKOHAHHS po3po0sieHoi MeToauku mpoBeaeHHss QSAR mocmimkeHHs
13 TIONOXIJTHUMU X1HOJIHY Ta mippoio[ 1,2-a]xiHomiHy. [3 BUKOprCcTaHHSM BIIACHOI IPOrPaMHOT pO3pOOKH
QuS noOynoBaHO KibKa THUCAY PErPECIHHUX PIBHSIHb 13 PI3HOIO CTATUCTUYHOKO HAIIMHICTIO Ta
MPOrHOCTHYHOIO cujIot0. CrodaTky cepelt Hux Oys0 BifiOpaHo Juile Ti piBHSAHHS, KBAIpaT KoedilieHTa
xopensiii R? Ta kBajgpar koediuienta kpoc-pamiganii Q sxux 6imbme 3a 0,7. ITicis goro Gyio
MPOAHATI30BaHO OTPUMaHy Jpyry BHOIpKY Mozeneil. I3 apyroi BuOipku BifgiOpaHo Mojeni, IO
BUKOPHCTOBYBAJIU He OiNIbIIEe YOTHPHOX JAECKPUNTOPiB MoeKysipHoi crpykTyps (IMC). R? ta Q* 6ynu
Ounbie 3a 0,75, piBHAHHS HE MICTUIIO CIIEHM(pIYHUX MaTEMAaTUYHUX (DYHKIIIH, K1 BUKOPUCTOBYE Y CBOIH
po6oti renernunuii anroput™ [13 McQSAR (nampukinan, ¢yHKUii “miHIMyMy” Ta “MakcumMymy’).
Cepen oTpuMaHuX piBHSIHB BUOPAHO TPH, BUKOPUCTAHI SIK KIHLIEB] perpeciiiHi Moeri.

PE3YJBTATH TA iIX OBTOBOPEHHSI

ITporpamuuii amroput™m 3abe3redye BHKOHAHHS po3poOiieHoi MeToauku mpoBeaeHHs QSAR
JOCJIIKEHH

— mnepenava HajamrtyBaHb QSAR aHamizy pa3oM i3 JaHUMHU MPO OYAOBY CTPYKTYP MOJICKYJ Ta
BiJIOBITHUMHU €KCIIEPUMEHTATIFHUMHU JIAHUMU CEpPBEPA;

—  ONpaIlOBaHHS BXIJIHUX JAaHUX KOPHCTyBada CEPBEPOM Ta CTBOPCHHS BXITHHX JaHHUX JUIS PSIY
oTieparii:

1) momyk eHepreTMYHO BUTITHHX KOH(popmariii monekyn (i3 MiHIMaJbHOIO MOTEHIIIHOIO
EHEPTi€l0);

2) BUpPIBHIOBAHHS CTPYKTYp 3a mabmonom (Structural alignment) — BuOip Takoro mpocTopoBOTO
PO3MIIIEHHS] MOJIEKYJISIPHOT CTPYKTYpH 0€3 3MiH JOBXXKHMH 3B’SI3KIB Ta BaJCHTHHUX KYTIB, 3a
SIKOT'O CTPYKTYPHU MOJIEKYJI MAaKCUMAJIbHO “‘HaKJIaJaloThCs” OJIHA HA OJIHY;

— (¢opMyBaHHS BX1IHUX JaHUX Juisd po3paxyHky JAMC, po3paxynok AMC;

— (¢dopMyBaHHS BXITHUX JaHUX I TOOYJOBH MaTeMaTHYHOI Moieni (Bia0ip Ta 00’ eTHAHHS JaHUX
KOpHCTyBaua pa3oM i3 po3paxoBanumu JJMC), moOyaoBa MaTeMaTHYHUX MOJIEINEH;

— aHa;i3 OTPUMAaHUX PE3yJbTATIiB (COPTYBAHHS MOJIENIEH 3a pelleBaHTHICTIO, TeHepalis (Gopmyi
Ta CTBOPEHHSI KiHIIEBOTO 3BITY);

— BHUJaYa CTATHCTUYHO HAWOUIBII JOCTOBIPHUX MOJeENiell KOpHCTyBadeBi y BeO-Opayszep pa3om
13 3BITOM.
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OpHi€r0 3 TOJOBHUX OCOOTMBOCTEH POOOTH MPOrpaMu € MOXKIUBICTH MEPErjisiay Ta peaaryBaHHS
MPOMDKHUX PE3yJbTaTiB, TOOTO MOXJIMBICTH TIPOBEACHHS aHaIi3y B aBTOMAaTUYHOMY Ta
HaIiBaBTOMAaTUYHOMY pexuMmi. [l BUKOHAHHS 3a7ad po3pobieHo MeTonuky npoBereHHs QSAR
aHaI3y IS TABUIICHHS PIBHS KOHTPOJIO PE3YNIbTAaTiB BUKOHAHHS KOXKHOTO €Tamy Ta TOYHOCTI
pe3ynbTaTiB (puc. 1).
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Web page of the program QuS
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Puc. 1. Intepdeiic kopuctyBaua y BUIJISAI BEO-CTOPIHKU

AJNTOPUTM JTOCTIDKEHHSI BKJIFOYAE MPOMIKHHKA IMIIOPT JOCTI/DKYBAHHX CTPYKTYp Ta BBEICHUX
eKcrepuMeHTanbHuX Aanux y 113 ma po6oru 3 monekynspuumu bJI MDL/ISIS Base ans Oinbin
3py4HOiI pOOOTH 31 CTPYKTYpaMH Ta MOB’A3aHUMH 3 HUMHU JaHUMHU (puc. 2):

1) 3pyuHwmii aHaIi3, pearyBaHHs, COPTYBaHHs JaHUX;
2) reHepalis CHCTeMaTHYHHMX Ha3B 3a HOMeHKiaTypoto [UPAC;
3) ¢opmyBaHHs BUOIPOK MOJEKYISIPHUX CTPYKTYD;

4) moImyK 3a CTPYKTYpHUMH (pparMEeHTaMHU.

& A :
€ o DI ) [T

Window for opening the
compound database in the
format .sdf

Puc. 2. [IpoMibKHUN IMIIOPT AOCHIIKYBAaHUX CTPYKTYpP
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Jlnst reHepartii KoH(popMepiB 3 HaMEHIIIOK MOTEeHIIHHO eHeprieto Bukopucrano [13 Ballon [9, 13].
Omxe, copmoBaHO dUITKMA anroput™M mnpoBeacHHS QSAR anamizy, pe3ynbTyrdl MOACII SKUX
MOXHa JIETKO MOPIBHIOBATH OJIHA 3 OJTHOIO.

[TinOip xoH(OpMEpiB [ OCTIKYBAaHMX CHOJYK BHKOHaHUM 3a nomomoroio [I3  Ballon.
Minimi3anis eHeprii MpoxoJausia METOAOM MOJIEKYISPHOI MEXaHIKM 13 PO3CTaBJIEHHSIM CHUIOBHX
napameTpiB Ha atoMax y cunoBomy nosi MMFF94. Cepenne po3paxoBaHe 3Ha4€HHS MOTEHIIAHOT
eHeprii oTpuMaHUX KOH(OpMAIiNl MOCHIIKYBaHUX CHONYK ckjiano Omusbko 140 xJ[x/Momb, 110
CBIIYUTH TPO TapHy MiHIMI3alil0 MPOCTOPOBOI reomerpii. BUpiBHIOBaHHS CIIONYK MPOBEICHO 3
BukopucranHsam nporpamu OBFIT, ska Bxoauts 10 ckiaxy mporpamHoro komiuiekcy OpenBabel.
BupiBHIOBaHHS CITOJYK TPOBEACHO 3 BHKOpUCTaHHSAM nporpamu OBFIT, skxa BXOAWTH 10 CKIamy
nporpamMHoro komiuiekcy OpenBabel. Pe3ynbTyroui BUpiBHSIHI CTPYKTYpH 300paxkeHi Ha puc. 3.

3Ha4YeHHS CEPeHBOKBAPATUYHOTO BIAXWIEHHA aroMHUX mno3unidi RMSD  (root-mean-square
deviation) [ist BUPIBHSHUX CTPYKTYp CKJIaio B cepenHbomy 0,26, 10 TaKOXK € MOKa3HUKOM TapHOTO
BUPIBHIOBAHHS CTPYKTYP, 3BAKAIOUYM Ha JOCUTh 3HAYHY BIIMIHHICTB Y JIOBKMHI KapOOHOBOTO LUKITY
Ta CTYNEHI pO3ray)KeHOCTI 3aMICHUKIB. [HIeKc reomerpuvHoi momioHocTi (shape similarity index)
JUIE  HEUTpPaJIbHUX CHONyK (TOOTO 3a BHUHSATKOM cojieil) ckiaB y cepenabomy 0,77. IHmexc
reoMeTpuyHOi MoaiOHOCTI, 3BakeHMX 3a 3apsgamu (charge weighted shape similarity), ckmaB y
cepenaboMy 0,58, 1m0 CBITUUTH MPO 3HAYHY PI3HULIO Yy JOKAMi3allii €JeKTPOHHOI T'YCTMHH Ha
BIJIMOBIAHUX (PYHKIIIOHAILHUX TpymHax cepell MOCHIKYBAaHUX CIOIYK.

Puc. 3. IIpocropoBi koH(poOpMaIii AOCTIIKEHUX CTPYKTYp (CTpUKHEBA MOJIENb BIIOOPAKEHHS)

AHaniz (i3UKO-XIMIYHHUX BJIACTHBOCTEH Ta OTpuMaHuX 3HaueHb JIMC mpuBiB 10 BHUCHOBKIB OO
3IEKHOCTI MIDK CTPYKTypamMH JOCHIDKyBaHOro Habopy cmonyk Ta LDS50 mms mumeit npu
BHYTPIITHLOOYEPEBHOMY CIIOCO01 BBEICHHS:

—  BIPOTIIHICTH MPOSBY TOKCHYHOTO €(heKTy 3pocTae, SKIIO:
*  3HaueHHs MOJAPHOI pedpakiii ck1anae menmre 70 cm;
*  3HaueHHs ginodiuieHOCcT (Log P) Gubiie 3a oauHMIIIO;
* CcyMapHa KUIbKICTh aTOMiB MeHIIa 3a 30;
—  BIPOTIJHICTH IPOSIBY TOKCUYHOTO €EKTY MEHIIA Y CIOJYK, 110 MAalOTh:
e OinblIy KUTBKICTh BUTBHUX KUCIOTHUX TPYH (KapOOKCUIIBHUX);

*  MCHIIE 3HAYEHHS IHTErpaibHOI CyMH aTOMHUX TTOJIIPU3ALiii MOJIEKYJIH, BKIFOYAI0UYM aTOMHU
INpporeny;

*  OUTBIIY KUJTBKICTh METUIIBHUX TPyl Ta/ab0 aToMiB OKCUTEHY.
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Omxe, MOXHa 3pOOMTH TPHUITYLIEHHS, IO HaBeleHI (AKTOpH, SKI KOPENIOIOTh 13 30UIBLIEHHSIM
PIBHSI TOKCHYHOCTI, MOXKYTh OYTH TIOB’s3aH1 3 KpallliM TPaHCIIOPTYBAaHHSAM CIOJYK (BiAMOBIIAIOTH UM
YUHHHUKAM) Kpi3b MEMOPaHU KJITUH: OLTBIIA JIMOMUTBHICTH, MEHILIMI PO3MIp MOJIEKYITH, 3HAUEHHS MOJIIPHOL
pedpakii (xapakTepusye JIHCHHUI 00’ €M MOJIEKYIHN) |, BIATIOBIIHO, MEHIIY 3aTHICTh /10 MOJISIpU3aLlii.

Amnauniz, nposenenuii y [13 DMax Chemistry Assistant, 6111100 MipOtO HiATBEPIUB ICHYBaHHS JIBOX
3aKOHOMIpHOCTEH 3MeHIIeHHs 3HaueHHs: LD50:

— S CTPYKTYp, SIKI BIAPI3HAIOTHCS TUTBKA aTOMOM TaJlOTeHY B 6-MY MOJIOKEHHI XiHOJIHOBOTO
UKy, TOKCHYHICTB cnianae B psii Br > Cl > H, F;

— SKIIO 3aMilIeHHIO IMMIJA€Tbcs MeEpKanTorpyna B 4-My TIOJOKEHHI XIHOMHY (5-My s
nipposo[ 1,2-a]xiHoMiHY), TO TOKCHYHICTh TaKUX CIIOPIAHEHHUX CHOJYK CHajiae i3 30UIbLICHHSIM
JIOBXKMHU Ta CTYIEHS HACHYEHOCTI KapOOHOBOTO JIAHITIOTa 3aMiCHUKA.

Opnak i pizHUX (Di3UKO-XiMIYHHX TOKa3HHUKIB Ta JIMC nesiki CHoNyKu He MianagaroTh Mg IO
TEHJICHITI}0, 110 CBIAYUTH TPO OUTBII CKJIAJHUN XapakTep 3B’sI3Ky TOKCHYHOI Jii Ta MeTabomi3My
CIIOJIYK Yy JKMBOMY opraHismi 1 BiamoBimaux JIMC. BukopucroByroun KokeH 3 oOpanux [13,
po3paxoBaHo TporHo3oBaHe 3HaueHHs LD50 3 BukopuctanasM HoBuX modynoBanux QSAR mopeneit
a00 Ha OCHOBI BXK€ ICHYIOUMX MOJIEIICH.

Haiikpamii pe3ynabTaTé ofep)KaHO NMPH BHUKOPUCTaHHI PO3IMIMPEHOro BapiaHTa npoBeneHHs QSAR
aHami3zy B mporpami QusS.

ABTOpH OTpUMAIIH TaKy pPerpeciiiny Moaesb:

-log(ICso) = 115.6581 « most ¢ potential + (-0,1763) » Q2 + (-6.094) * %" + 0.0058 » 1)
SK (hydrophobic area) — 5.1891 R?=0.8467 ,Q*=0.745

BukopuctoBytoun po3pobneHuil mnporpamuHuii 3acid QuS, oTpumanu psaa Mopeneid, cepen sIKuxX
MOKHa BUIUTUTH JIBa HEJIIHIMHI pIBHSHHSA (B OCHOBI SIKMX JISKHUTH po3noaur ['aycca):

—[RDF40m-2.4726]2 —[ATSC6¢+0.0735585]%
ICsp = 86.0001 e e 2001373517 4 158536 e 2:[-0000116416]7 4 7.14676 « 1078 o
—[minHCsats+19.943]% —[ATSC8e+0.367634]% —[ATSC7e+0.368691]2% (2)

e 2¢[-1.77109]2 4+ 39.1001 e e 2°[-0.00388236]2 4 32 53871 e @ 2°[-0.0037202]?
R?=10.993323, Q> = 0.990805

—[BCUTp-11-5.5998]2 —[BCUTp-11-5.66103]2%
ICsp = 156.35ee 210007508127 4+ 81,5964 e ¢ 2:0000250681% 4 10,2161 o
—[nAtomLC—0.0112086]% (3)
e  2:[-00854556] R?=0.927005, Q> =0.932162

[lepiie piBHAHHA Ma€ HAMOUIBITY IPOTHOCTHYHY CHITY, Y IPYTOMY — BUKOPHCTOBYIOTHCS JIUIIE J1BA /|
MIPH BUCOKI# IPOTHOCTUYHIN CHJII. 3HAYEeHHs ToKa3HUKIB jtinoduibHOCTI (Log P) nocnimkyBaHux cromyk
3HAXOAAThCA Y Jiana3oHi Big -0,67 1o 4,84. Ilpu 1ipomy cepeiHiii MOKa3HUK CKIIaaae OIM3bKo 2,5.

BcranosieHo, 1110 crosryku, ToJI0BHOO (DyHKITIOHATBHOIO TPYIIOO SKUX € 3AIUIIOK IPOITAHOBOI KHCIIOTH
13 aMIHOTPYIOIO y 2-My TMOJIOXKEHH]I, MalOTh 3HaYHE BIAXHWJICHHS BiJ cepeqHboro 3HaueHHs Log Py
Bi1’eMHY oOunactb. [Ipu 1ipomMy yckiiaaHeHHs a0o 3aMillleHHs aMIHOTpyINHy 30u1blnye nokasHuk Log P.
MaxkcumanbHe 3Ha4eHHs1 Log P Mae crionyka, 1o XxapakTepu3yeThesl HasIBHICTIO (DEHILTBHOTO pauKaa.
[Mokasnuk pozunnHOCTI (Log S) nexuts y mianmaszoni Bix -5.88 mo -3.27. CepenHe 3HaueHHS CKIIaae
npubnu3HO -4.20, 1110 30iracThes 3 IHTEpPBaJIOM 0araTboX BiIOMHUX JIIKAPCHKUX 3aC00iB [2].

OTtpumaHni pe3ynbTaTH MEPEBIPKU CBIAYATh MPO MOXKIUBICTH BUKOPUCTAHHS I[HOTO IMPOTPAMHOTO
pimenHs ais nposeaeHHss QSAR aHanizy, BiIHOCHY ONTUMaIbHICTh BUOPAHOTO HAOOPY CTOPOHHIX
MpOTpaMHUX 3ac00iB Ta 3arajabHOi BUOpaHoi MeToauku nposeneHHss QSAR ananizy nporpamoro, six
MIHIMYM, y M&XaX 3p00JICHUX IePEBIPOK BITHOCHO Pe3yJIbTaTiB 00paHUX JIJIs arpoOarlii myOorKaItin.
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BUCHOBKHA

[IpoananizoBaHo Ta CHCTEMaTH30BaHO JaHl MPO OCHOBHI TOKCHUKOJIOTIYHI, (i3MKO-XIMIYHI
BJIACTUBOCTI TIOMOXIAHUX X1HOMIHY Ta mipposo[1,2-a]xiHomiHy.

Po3pob6iieno Ta anpoboBano metoauky QSAR anamizy st ITOCHIIKEHHS TOKCHKOJIOTTYHHUX
BJIACTUBOCTEH opraHiyHux croiayk. CTBOpeHO HOBe MporpamHe 3abesneueHHs QuS ams
npoBeJieHHs aBToMaTu3zoBaHoro QSAR ananizy.

[TobynoBano Ta ampoOOBaHO HOBI MaTeMaTHYHI MOJAET “‘CTPYKTYpa-TOKCUYHICTB IS
NPOTHO3YBAaHHS  3HAYCHb  BEJIMYMHU  HAMIBICTAILHOI  JO3M  TIOMOXIIHUX  XIHOJIHY
1 mippoJo[ 1,2-a]xiHoiHy.

JITEPATYPA

bo6kosa JI. C., Uekman 1. C., SABopoBcbkuii O. I1. 3acrocyBanns merony QSAR B TOKCHKOJIOTTI.
Cospemennvie npobiemvl moxkcukonoeuu. 2008. Ne 2. C. 78-86.

bpaxko O. A. biosoriuHo aKTHUBHI MOXiAHI XIHOMIHY Ta aKpHAUHY 3 a30TO- Ta CIPKOBMICHHUMH
(GYHKIIOHATTBHUMU TPyNaMu: AuC. ... A-pa 6ion. Hayk: 02.00.10 / InctutyTt GioopranigyHOi Ximii
ta Hadroximii HAH VYkpaiau. Kuis, 2005. 456 c.

Zavgorodniy M. P., Brazhko A. A., Veselkov A. V. QuS: A Software for Automated QSAR analysis
of Biologically Active Compounds. Chemistry of Nitrogen Containing Heterocycles, CNCH-2015:
VII Intern. Conf., 9-13 November, 2015. Book Abstr, Kharkiv: Ekskluziv Publ., 2015. P 26.

Zefirov N. S., Palyulin V. A. Fragmental Approach in QSPR. J. Chem. Inf. Comput. Sci. 2002.
Vol. 42 (5). P. 1112-1122.

Arakawa M., Hasegawa K., Funatsu K. The recent trend in QSAR modeling- variable selection
and 3D-QSAR methods. Current Computer-Aided Drug Design. 2007. Vol. 3. P. 254-262. DOLI:
10.2174/ 157340907782799417

Bpaxko A. A. CunTes, cBolicTBa U OUONOrMYECKas aKTUBHOCTh 2-THO- U 4-THO, 2-THIpa3uHO- U
4-rupa3sMHOXMHOIMHOB M UX MTPOU3BOHBIX: aBTOped. auc. ... K.¢.H.: 15.00.02 / HanionansHuit
yHiBepcuteTe “JIpBiBChKa mosmiTexHika”. JIpBiB, 1989. — 20 c.

Gaikwad J. V. Application of chemoinformatics for innovative drug discovery. International
Journal of Chemical Sciences and Applications. 2010. Vol. 1. P. 16-24.

Martin T. M. Toxicity Estimation Software Tool (TEST). U.S. Environmental Protection
Agency: Washington DC, 2016. (inctpymeHnT mporpamHoro 3abe3nedenHs) URL:
https://www.epa.gov/chemical-research/toxicity-estimation-software-tool-test

Tetko I.V. et all. Virtual computational chemistry laboratory - design and description J. Comput.
Aid. Mol. Des / Tetko 1.V. et all. 2005. Vol. 19. P. 453-464.

Mikko J. Vainio, Mark S. Johnson. McQSAR: A Multiconformational Quantitative Structure-
Activity Relationship Engine Driven by Genetic Algorithms. J. Chem. Inf. Model. 2005. Vol. 45.
P. 1953-1961.

Prajapati K., Singh S., Pathak A. K., Meht P. QSAR analysis on some 8-methoxyquinoline
derivatives as H37RV inhibitors. Int. J. Chem Tech Res. 2011. Vol. 193. P. 408-422.

Abhinav P. M. 2D-QSAR study of 2,5-dihydropyrazolo[4,3-c]quinoline-3-one a novel series of
PDE-4-inhibitors. Int. J. Pharmaceutical and Biomedical Sci. 2012. Vol. 3(1). P. 105-111.

Abolghasem J., Mohammad A.F. Experimental and Computational Methods Pertaining to Drug
Solubility. Toxicity and Drug Testing. 2012. P. 187-197.

Bionoziuni nayku



10.

11.

12.

13.

111

REFERENCE

Bobkova L. S., Chekman I. S., Javorovs’kij O. P. Zastosuvannja metodu QSAR v toksikologii. Sovremennye
problemy toksikologii. 2008. Ne 2. S. 78-86.

Brazhko O. A. Biologichno aktivni pohidni hinolinu ta akridinu z azoto- ta sirkovmisnimi funkcional nimi grupami:
dis. ... d-ra biol. nauk: 02.00.10 / Institut bioorganichnoyi himiyi ta naftohimii NAN Ukrayini. Kiyiv, 2005. 456 s.
Zavgorodniy M. P., Brazhko A. A., Veselkov A. V. QuS: A Software for Automated QSAR analysis
of Biologically Active Compounds. Chemistry of Nitrogen Containing Heterocycles, CNCH-2015: VII Intern.
Conf., 9-13 November, 2015. Book Abstr, Kharkiv: Ekskluziv Publ., 2015. P 26.

Zefirov N. S., Palyulin V. A. Fragmental Approach in QSPR. J. Chem. Inf- Comput. Sci. 2002. Vol. 42 (5). P. 1112-
1122.

Arakawa M., Hasegawa K., Funatsu K. The recent trend in QSAR modeling- variable selection and 3D-QSAR
methods. Current Computer-Aided Drug Design. 2007. Vol. 3. P. 254-262. DOI: 10.2174/ 157340907782799417
Brazhko A. A. Sintez, svojstva i biologicheskaja aktivnost’ 2-tio- i 4-tio, 2-gidrazino- i 4-gidrazinohinolinov i ih
proizvodnyh: avtoref. dis. ... k.f.n.: 15.00.02 / Nacional'nij universitete “L’vivs’ka politehnika”. L’viv, 1989. — 20 s.
Gaikwad J. V. Application of chemoinformatics for innovative drug discovery. International Journal of Chemical
Sciences and Applications. 2010. Vol. 1. P. 16-24.

Martin T. M. Toxicity Estimation Software Tool (TEST). U.S. Environmental Protection Agency: Washington DC,
2016. (instrument programnogo zabezpechennya) URL: https://www.epa.gov/chemical-research/toxicity-
estimation-software-tool-test

Tetko I. V. et all. Virtual computational chemistry laboratory - design and description J. Comput. Aid. Mol. Des /
Tetko I. V. etall. 2005. Vol. 19. P. 453-464.

Mikko J. Vainio, Mark S. Johnson. McQSAR: A Multiconformational Quantitative Structure-Activity Relationship
Engine Driven by Genetic Algorithms. J. Chem. Inf. Model. 2005. Vol. 45. P. 1953-1961.

Prajapati K., Singh S., Pathak A.K., Meht P. QSAR analysis on some 8-methoxyquinoline derivatives as H37RV
inhibitors. Int. J. Chem Tech Res. 2011. Vol. 193. P. 408-422.

Abhinav P. M. 2D-QSAR study of 2,5-dihydropyrazolo[4,3-c]quinoline-3-one a novel series of PDE-4-inhibitors.
Int. J. Pharmaceutical and Biomedical Sci. 2012. Vol. 3(1). P. 105-111.

Abolghasem J., Mohammad A. F. Experimental and Computational Methods Pertaining to Drug Solubility. Toxicity
and Drug Testing. 2012. P. 187-197.

Bichuk 3anopizvbkozo nayionansnozo ynieepcumenty Ne 2, 2017



