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IIpoBeneno KOMII' I0TepHe NPOrHO3YBaHHA dhapmaxosioriuynoi AKTUBHOCTI pany
ek3odyHkuionagizopanux moxigHux 9,10-aHTpaxiHOHY 3 AaMiHOKHCJIOTHMMH Ta Tia30JbHUMH
(pparMenTaMH 3 METOI0 MOUIYKY CHOJYK 3 AaHTHOKCHAAHTHHM e(eKTOM 3a JONOMOIoK mporpam Beo-
pecypcy Way2Drug. 3niiicHeHO eKkcniepuMeHTAJIbHE TeCTYBAHHS BiliOpaHHX MOXiTHUX y TOCJTiIZKEeHHSIX
remaTouuTiB iN Vitro Ha 3aaTHiCTL mepokcuaHoro okucHenns Jimigie (ITOJI) 3 BU3HAYEHHAM BMicCTY
tiodap6itypakTuBuux (TBK-akTuBHHX) mpoaykTiB Ta okucHoi Momudikanii Ginka (OMB) 4epes
KiJTbKicTh yTBOpeHHX qoaatkoBux kapooHiibHux rpyn (KI') y 6iuamx naxHmorax 6inkis. BusiBiaeno
CIIOJIYKHM 3 AHTHOKCHAATHOIO Ji€l0 MOPIBHSAHO 3 KOHTPOJEM Ta B MeKax Ail BITOMOro aHTHOKCHIAHTY
KBEpUEeTHHY 3a JABOMAa MNOKasHMKaMu okcuaatuBHoro crtpecy ITOJI ta OMB cepen mocaimkeHHX
noxiguux 9,10-aHTpaneHioHy, 10 CHPOrHO30BaHi AaHUMHU iN SliCO MPOrHo3y Ta Y3romKyIOTbCs i3
HHMH.

KawuoBi caosa: 9,10-anTpaxiHoH, amiHokuciaora, Tiazoa, in  SliCO nporxosyBaHHs,
eKCIepUMEeHTAIbHE TeCTYBAHHS, AHTHOKCUAAHTHA AKTUBHICTD.
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COMPUTER PREDICTION AND VERIFICATION
OF ANTIOXIDATIVE ACTIVITY OF EXO-FUNCTIONALIZED
DERIVATIVES OF 9,10-ANTRAQUINONE

A computer-aided prediction of the pharmacological activity of a number of exo-functionalized
derivatives of 9, 10-anthraquinone with amino acid and thiazole fragmentsfor the search of compounds
with antioxidant effect using the programs of the web resource Way2Drug was carried out.
Experimental testing of selected derivatives in in vitro hepatocyte studies on the ability of peroxide
oxidation of lipids (POL) was carried out by determining the content of thiobarbituric (TBC-active)
products. The oxidative modification of the protein (OMP) was determined by the number of for med
additional carbonyl groups (CG) in the side chains of proteins. Compounds with antioxidant action in
comparison with the control and within the limits of the known antioxidant quer cetin according to two
indicators of oxidative stress POL and OMP were detected among the studied 9,10-anthraquinone
derivatives. It was predicted using thein silico prediction.

Key words: 9, 10-anthraquinone, amino acid, thiazole, in silico prediction, experimental testing,
antioxidant activity.

Beryn MpHJiIcHa BeJWKa KUTbKicTh pobit. ["omoBHOIO

AHTHOKCHJAHTHA AaKTUBHICTh € OJHIEI0 3 3a]auel0 AHTHOKCHJIAHTA € BIOBIIOBAHHS IIPO-
OCHOBHHX XapaKTepUCTHK pEYOBHH, 30KpeMa IYKTIiB BUIbHOPAJIMKAJIbHHUX TPOLIECIB, SIKI MOXKYTh
JIKApChbKUX ~ CyOCTaHIliM, MOCHIKCHHIO  SIKOT aTaKyBaTH JKUTTEBO HEOOXIMHI MillleHI B JKHBIH
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KIITHHI Ta TPU3BOIUTH JI0 PI3HUX MATOIOTTYHUX
MPOIIECIB, SKIIO MPUPOAHUNA MEXaHi3M He3JIaTHHI
BIIOpaTUCs 3 ix HelTpamizaiiero. OKUCHIOBAIbLHUIA
CTpec, L0 IPHBOAMTH N0 PI3KOI iHTEHCH(IKaIli
BUIBHOpPQIMKAJILHAX TIPOLIECIB B OpraHi3Mi, €
HACJTIJIKOM ITOCHJICHOT'O YTBOPEHHS aAKTUBHUX
¢dopm kucHo (ADK), 10 AKHX BIAHOCATH CHHI-
JICTHUH KHCEHb, CYIEPOKCHIPAaNKal, TiAPOKCHII-
paaMKal, aHiOHpaguKaj, HPOAYKTH HEIOBHOTO
BiJTHOBJICHHSI aTOMapHOTO KHWCHIO, O30H, Iepo-
keuHiTpuT [1]. Ockinbku ADK MmaroTh BHCOKY
peakuiiny BCTYNaOTh y
B3aEMOIIIO 3 PSAIOM KOMIIOHEHTIB KJIITHH, 30KpeMa

30aTHICTb, BOHH

JimigaMy, OUTKaMu, HYKJICTHOBUMH KHCJIOTaMH,
BYTJIEBOJAMH, CTPYKTYpHI  Ta
MeTa0oIIiyHl 3MIHH.

CIIPUYUHAIOYU

[ocuiieHHst  BiTbHOPAJMKAIBHOTO — OKHC-
HEHHS B OpPTaHi3Mi CIIOCTEPIraeThcs MpU 0araTbox
xBopoOax. JloBeneHU#l BIUIUB BUIbHOPAIMKATBHUX
MeXaHi3MIB y IIaTorene3i pisHUX BHUJIIB OHKO3aXBO-
pIOBaHb, aTEPOCKIEPO3y 1 HOro TPOMOOHEKPO-
TUYHHUX HACHIIKIB (iH(pApKT, HCYIBT), IYKPOBOT'O
niabery, XpOHIYHHX HecTeln(iTHNX 3aXBOPIOBAHb
JIeTeHb, 3aXBOPIOBAHb PENPOYKTHBHOI CHCTEMH, a
TaKOXX  TPOMEHEBOTO  YpaKeHHs, TeHmaTHTy,
3HMKEHHS KIITUHHOTO 1 TYMOpPajibHOTO IMYHITETY,
IHTOKCHKAIli MeMOpaHHHMH OTpPyTamH, TOLIO.
ToMy B OCTaHHI POKH BEAETHCS MOCTIHHUH TOUIYK
AHTHOKCUIAHTIB — SIK NMPUPOAHUX, TaK 1 CHHTE-
THYHUX, SKI BCE MIMPIIE BXOIATh B KIHIYHY
MPAKTHUKY, 3HAWIIOBIIM 3aCTOCYBaHHS B PI3HUX
cdepax METUIIMHU — BiJI Xipyprii 10 ncuxiarpii.
JocmipkeHHs 010 TIePETBOPEHHS aHTHOK-
CHJIQHTIB Y JKMBHX KIITHHaX B OCHOBHOMY
CTOCYIOTBbCSI TIperapariB, sKi JaBHO BHKOPHCTO-
BYIOTbCS B KJIIHIYHIA TNpPaKTUIll, TaKUX 5K
BiTaMiHH, ()CHONBHI CITONYKH, KapOOHOBI KHCIIOTH,
amiHokucnoTH Ta iH. [2]. Knmacuunum npencras-
HUKOM aHTHOKCHIAHTIB € Tokodepon, sKui
3aCTOCOBYIOTH ISl

CIIPUYMHEHNX ayTOOKHCHEHHSAM (aTepocKiiepos,

JMKyBaHHS 3aXBOPIOBaHb,
IyKpOBUH 1mia0er, OpoHXOJereHeBa IATOJIOrS,
MOPYIIEHHS POOOTH PENpPOAYKTHBHOI CHCTEMH).
Takox IIMPOKE 3aCTOCYBAHHSA Y MEOUIIMHI SK
AHTHOKCHUIAHT Ma€ qubyHo (2,6-aurper-6yTmin-4-
MeTHI-QeHoN),  SKUH  BHKOPHCTOBYIOTH Y
aTEepOCKIIEPO3y,
HACJIIJIKIB TPOMOOHEKPOTHYHUX CTaHIB, a TAKOXK B

Kapaionorii  Juisi  JiKyBaHHS
OHKOJIOTii, 30KpeMa, B Tepamii paKy CeuoBOro
Mixypa. TakoX BiIOMHM aHTHOKCHJAHTOM €
OJIep’)KaHUH CHHTETUYHHM [UISXOM TMPOOYKOI

(ctpyxtypHa moxigHa auOyHony 4,4-(i3ompo-
mineHauTio)-0ic-2,6-murpebytindenon).  Cepen
MPUPOTHUX AHTHOKCUIAHTIB YiIbHE MICIE 3aii-
MaloTh MpernapaTH >KCHBIICHIO Ta €JICyTEePOKOKY,
AKTHBHI KOMIIOHEHTH SIKUX MIJBHILYIOTh CTIHKICTh
opra”iamy 70 neperpiBaHHs,
pi3HUX TpaBM, IHTOKCHKaIlili Tomo. AckopOiHOBa

OXOJIOMKEHHS,

KHACIOTa SIK aHTHOKCHUAAHT IIHUPOKO 3aCTOCO-
BYETBCSl y KIIHIYHIA TMpaKTHII Ui JIKyBaHHS
psIly CTOMATOJOTIYHUX MATONOriH (MTapoIOHTHTY,
Kapiecy). PytuH Ta
KBEPIICTHH, K aHTHOKCHJAHTH IPSIMOI i, BUKO-

TIHTIBITY, CTOMATHTY,
PHUCTOBYIOTH IPH PI3HOMAHITHUX KapiONOTi4HUX
3aXBOPIOBAHHAX. [HIIMI mpemapar Takoi K [ii
(moxigHa

E€MOKCHITIH 3-OKCHIIpUANHY) €

epekTHBHUM  TpU  MBUAKOMY  HaJMIpHOMY
HApOCTaHHI BUIBHOPAJAMKAIBHUX IPOIECIB, TOMY
MPHU3HAYAETHCA TPU TOCTPii IPOMEHEBi XBOpoOi,
MiJ 4ac BIUIMBY CBITJIA BHCOKOI IHTEHCHBHOCTI,
MpH 3aXBOPIOBAHHSAX TOPOXHUHHM poTa. Herro-
JABHO OJEpKaHUM CUHTETMYHHM mOpenapar 3
AHTHOKCUJAHTHOI €0 MEKCHAON IIiABHIIYE
PE3UCTEHTHICTh OPTaHi3My J0 KHCHE3aJICKHUX
MATONOTIYHUX CTaHiB (IIOK, TilTOKCis, irmmeMis,
MOPYIIEHHSI MO3KOBOTO KPYroo0iry, iHTOKCHKAITis
aIKOroJieM 1 HeHpolenTUKamMu), TOMY HOro
MPU3HAYAIOTh MIPH CEPIICBO-CYAMHHIN MMATOJIOrIT Ta
3aXBOPIOBAHHSX TEYIHKUA. TiOTpUA30TiH — JaBHO
BIIOMHI CUHTETHYHUI MPOTEKTOpP, AKUU 3aCTOCO-
BYIOTh IIUPOKO y KIIIHIYHIA TPaKTUI[ 3aBISKH
3ATHOCTI aKTUBYBAaTH aHTHOKCHUIAHTHY CHCTEMY
OpraHi3My Ta TajJbMyBaTH MPOIECH IEPEKUCHOTO
OKMCHEHHS JIIMiIIB MPHU TCYIHKOBUX Ta CEPIICBO-
CYJAMHHUX TATOJOTiAX. SIK aHTHOKCHIAHTH HENps-
Moi nii B Tepamii pi3HMX NATOJIOTIYHUX CTaHIB
BUKOPHUCTOBYIOTh JIiMoeBy Kkuciory (6,8-autio-
OKTAQHOBY KHCJIOTY), METIOHIH, METHJIMETiOHiH-
Cynb(OHIN, TPUMETA3UIUH, SKI BUABJISAIOTH aHTH-
OKCHJIAHTHY JIO 1 HOPMaTi3YIOTh JIMIHUH OOMiH.

XiHOimHA cuUcTeMa € CTPYKTYpHUM efie-
MEHTOM 0araTboX MPUPOTHHUX OIOJOTiYHO aKTHB-
HUX MOJIEKyJN, sk Hamnpukian Bitamidie K i E, a
TAKOX CIIONYK, SIKi Oe3MocepeiHbO 3alydcHi B
OKHCHHI MeTtabomi3Mm, Takux sk kopepment QI10.
Bararo 3 aHTHOKCHIAHTIB, 3HAWJCHUX Y XapUOBUX
NPOJYKTaxX, € XiHOHaMH (Harpukiaz, GpiaBoOHOIIH
ta  ¢mnaBonoinu). o CIIOYK
BIZIHOCATBCS TOXiAHI KBepueruHy (y ¢pykrax i
OBOYax), pecBepatposn (y UYEpBOHOMY BHHI),
KaTexiHu Ta emikaTexiH (y IIokomaai Ta 4ai), a

XIHOIJHUX

TaKOX CIIONYKH, OTPUMAaHI 3 aMiHOKUCJIOT, TaKUX



i TtpuntodaH (riAPOKCUTHPO30I,
5-rinpokcurpunrtodad, i, 3BHYAWHO, MiPOJIOXiHO-

SIK  TUPO3UH

niaxiHoH) [3]. T'070BHOIO IepeBaror XiHOHIB €
apoMaTHyHa MpHpoja 0araTh0ox 3 HUX, IO HAJA€
iM XIMIYHY CTaOUIbHICTh, HEOOXIAHY IS (PYHKIIIO-
HYBaHHS B OKHCHIOBAJBHOMY CEpPEIOBHINI, 1
eEKTUBHO OKHCHO-

3ATHICTh BCTyNaTl B

BITHOBHI peakilii. barato mnpupogHUX aHTpa-
XiHOHIB (XpH30IIaHOJ, EMOJIIH, aJl0e-eMOIiH, PEiH,
¢izioHiT, pyopo-
(bycapuH, TOPaXpUCOH 1 TOPATAKTOH), BUAUICHHUX 3

00Ty3iH, aypaHTIOO0TY3HH,
POCIIMH, TPOSIBIISIIOTH AHTUOKCHUIAHTHI BIACTH-
Bocrti [4, 5]. Cepen cunrernynux moxiguunx 9,10-
AHTPAXIHOHY BHSIBJICHI CIOJIYKH 3 aHTHOKCHIAHT-
HAMH BJIACTHBOCTAMH [6-8], a mesxi moximHi
JOCIIPKEH] OJHOYACHO HAa ILMTOTOKCUYHICTH Ta
okcumatuBHuid crpec [9]. Takok mokaszaHo, MIO
KUTBKICTh 1 TOJOXKEHHSI 3aMICHHKIB B aHTPaxiHO-
HOBOMY KUIbI[i MalOTh 3HAYHUI BIJIMB Ha TMPOSB
AQHTHOKCHUIAHTHOI akTHBHOCTI [10-12].

[lincymoByroun BHKJIaJCHE BHIIE, MOXKHA
CKa3aTH, IO B OCTaHHI POKH aKTHBI3yBaJHCS
JOCIT/DKCHHSI 3 TIONIYKY Ta PO3POOJICHHS HOBHX
AQHTHUOKCHJIAHTIB, SIKi O BOJIOJIUTH CyTTEBUM TajlbMy-
I0YMM BIUTMBOM Ha aKTUBHICTh MPOIYKTIB BUTHHO-
palMKabHUX TPOLECiB, SKi MOXYTh CTaTH SK
MyCKOBUM MEXaHi3MOM Y PO3BUTKY 0arathox 3a-
XBOPIOBaHb, TAK i CYNPOBODKYBATH iX mepeoir [13].

Tomy wmemoro poGotu Oya0 MPOBECTH
MOIIYK CHONYK 3 aHTHOKCHJAHTHOI aKTHBHICTIO
cepenl  (PyHKIIIOHAI30BAHUX aMIHOKUCIIOTHHUMHU
Ta  Tia30JdbHUMH  (parMEHTaMH  IOXiJHUX
9,10-aHTpaxiHOHY 3 BHUKOPHCTaHHSM Bepu(ikalrii
pe3yNbTaTiB KOMIT IOTEPHOTO TMPOTHO3YBAHHS Ta
eKCIIEpPUMEHTAIbHOIO TECTYBaHHS T'€MaTOIMTIB N
vitro.

Martepianu Ta MeTOAU AOCTITKEHb

Jnst TpoBeleHHsT KOMIT IOTEPHOTO  IPOr-
HO3YyBaHHsI OIlOJOTiYHOT aKTHBHOCTI OYB BHKO-
puctanuii Bed-ceppic mporpamu PASS Online Beo-
moprany Way2Drug [14]. [Jias  oTpumaHHS
pe3ynbTaTiB mporHo3y Pa y mporpami BBoaMiacs
CTpYKTYpHa (opMyjia pPEYOBMHHM SK BHXIJHA
iHdopmanis, npencrapnena y suriasai MOL a6o
SDF ¢aiina. IlinroroBka Takux ¢aiiniB MmpoBo-
auiacs 3a gornomoroto nporpamu ChemDraw [15].

ExcniepuMeHTallbHEe JTOCIHIPKEHHS  aMiHO-
KHCJIOTHUX MOXigHUX 2-xy10p-N-areraminy 2a-e ta
tiazoniB 3a-x 9,10-anTpaxiHony (puc. 1) mpo-
BOIWIIK iN VitrO Ha remaTonuTax Kypsdol MediHKu
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y KOHIIGHTpaIlil 10° M. Po3MoposkeHi TkaHUHU
Oynu Kamii-pochaTHOMY
oydepi y cmieigmomenni 1:10 (maca: 00'em).

TOMOTEHI30BaHI y

BusHaueHHs 000X IIOKAa3HUKIB OKCHUIATUBHOI'O
CTpecy 3iilicHIOBanmM B ojaHid mpoOi. KimbkicTs
Oitka y mpobax BH3Hayaiu 3a MmeroaoMm Jloypi
[16]. SIx koHTpOJb OYB BHUKOPHCTAHUH DPO3YHH
JAMCO. [ns mopiBHsSHHS Oynu oOpaHi BimoMui
AHTHOKCUIAHT KBepleTHH Ta l-amino-9,10-antpa-
xiHoH 1. [lani gociimkeHb 0OpoOIsUIM CTaTHUC-
THYHO 3 BpPaxXyBaHHSM CEpeIHIX apuPMETUIHUX
BenMuruH M Ta CTaHIapTHOI MOXMOKH CEPEeIHBOrO
apudmerrnaroro m mpu nN=3.

Memoouka  00cnidxsceHHA  NOKA3HUKIG
OKCUOAMUBHO20 cmpecy Y 20MO2eHami Kypauoi
HeYiHKU. NepOKCUOHO020 OKUCHEHHA Jinidie i
okucnoi  moougpikauii  oinkie. o 05t
mopiOHEHOT TKAHWHHU KypsA4Oi TEUiHKH J0aBajIH
5 mn kaniii-pocdarHoro oydepy. Jo 0,3 M onmep-
XKaHoro romoreHaty goxaBanu 0,3 M moOCIHiKy-
BAHHX CIONYK XiHOimHOi cTpyktypu (10°M B
posunni JIMCO), a ms imaykiii TIOJI gomaBaiu
0,3m 2.8% poszunny FeSO, i uepes 10 xB
noxaam 0,3 mn 4 % pozunny HpO, ta iHKyOy-
BasM 2 roj. Peakiiiro 3ynuHsuIy 3a 10MoMororo 1,2
min 40 % TpuxiopoaneraTHoi KHCIIOTH, KOTpa
OJTHOYACHO OCa/DKye OLIKH, TIcIs YOro MpoBO-
i neHtpudyryBands mpotsroM 10 xB  mpu
5000 9. BwusHaueHHs 000X  IOKa3HHKIB
OKCHJIATUBHOI'O CTpeCy 3IIHCHIOBAIM B OJHIH
npobi — BMICT Ti00apOITYpakKTHBHHUX MPOJIYKTIB
BU3HauaK B cynepHaranTi, a KI' —B ocami [17].

Memoouka eusnauenus miodapoimyp-
akmuenux npooykmie (TBEKAII). Y Binidopanux
3pa3kax peakili€l0 MaJOHOBOTO MiallbJeriay 3
TiobapbitypoBoro kucinororo (TBK) BusHauanm
BMmict TBK-aktuBuux mpoaykrie I1IOJI (maro-
HoBuil muanbaerin (MJIA)). Tlpunuun meromy
IpyHTYyeThcst Ha aktuBanii [1OJI iomamu nBo-
BaJICHTHOTO 3aJ1i3a JIO PiBHS, SKHH PEECTPYETHCS
cnektpodoromerpuuHo. Ilpu BHCOKiH Temmepa-
Typi B kuciomy cepenoBunii MJIA pearye 3 TBK,
YTBOPIOIOYH 3a0apBlICHHNH TPUMETHHOBUH KOMII-

JIeKC 3 MakcHMyMoM TorauHauHs | =532 M.
Kinpkicte Oinky y mnpo0ax BH3HAYaJIMd 3a
merogom Jloypi (Lowry, 1951). Jlo 2mn

cynepHatanTy gomasaaud 1,5ma 0,8 % po3umny
TBK B 0,1 M HCI (pH = 2.5) ta inkyOyBanu Ha
95-100 °C
nporssrom 60 xB. Ilicns 0XOJOKEHHS JTOAaBaU
3 M OyraHony, meHTpudyryBanu BrnpoxoBx 10

BO/ASHIA OaHi mpH TeMmeparypi



xguimH nipu 5000 g. BumiproBaHHSI E€KCTHHKIIIT
MPOBOJWIA Y BEPXHBOMY OYTaHOJOBOMY Imapi
npu | =532 am.

Memoouxa eusnavennsn emicmy KI' binkie.
Crynine OMDB BU3HaYaIM 32 KUTBKICTIO YTBOPEHHX
rpyn y  OiuHHX
JIAHIIOraX aMIHOKHCIIOT, BMICT SKWMX BH3HAYAIM B
peakuii 3 24-muHitpodeniiriapazunom [17]. s
Bu3HadeHHs: BMmicty KI' OinkiB 10 onmepikaHHX
ocajiB, TMicHsl UEHTpHDYryBaHHS
nomaBamd 1mn 1% 10MM pozumny 2,4-muHiTpo-

JONATKOBUX  KapOOHUIBHUX

TOMOI'€HATIB,

¢eninrigpazuny vHa 2M HCl. Cymim postupanu i
iHKyOyBamu lrom mpu KiMHATHIH Temreparypi,
micist yoro nentpudyrysamu (10 xB, 5000 g). Ocan
TpU4i TPOMHBAIM 1M CyMillli €TaHONy Ta eTHII-
arerary (1:1) i uentpudyryBamu B morneperHoMy
pexumi. [IpoMuTHii ocaj pPO3UUHSIIN MPOTATOM
45x B 3mi 50% pozunni cewoBuHH. Hepozum-
HEHMH Marepial BUUIUBUIM  [EHTPU(YTYBaHHIM
y TIONEpeIHbOMY peXxuMi. B cynepHaTtaHTax BHU3Ha-
gyamn BMmict K[ OinkiB Ha crekrpodoromerpi
“Specord M-40" mpu noexuni xBumi | =370 Hm
(mornmuHaHHAM CBiTA 2,4-MM(eHUIT i Ipa3oHaMH).

PesynbTraTtu gociaigkeHb Ta iX 00roBopeHHs
bazyrouncr  Ha ~ momepenHIX  JaHUX
MPOrHO3yBaHHsA cepen psny noxigamx 9,10-
aHTpaxinony [18, 19],
aminokucaoTHi 2 [19] ta Tiasonehi 3 [20] cronyku

HamMu Oynu  oOpaHi

K 00'€KTH ISl KOMIT IOTEPHOTO TPOTHO3YBAHHS

(puc.

JIOTIOMOr0K0  O10JI0rTYHUX

1) i Bepudikamii oTpuMaHMX JaHHX 3a
3
BUSIBJICHHSI HOBUX CIIONYK 3 aHTHOKCHJaHTHHM

TECTIB METOIO

epexrom. SK CHONYKH TOpIBHSHHS Oyin B3ATI

OH O
OH
HO ‘ (o) O
OH
KBEpLeTUH OH
1] o
NH_

.C -
O HN R

o

R = CH(Me) (2a); CH(CH,Ph) (26);
CH(CH,CH(Me), (28);

OH

BIIOMHI aHTHOKCHIAHT KBEpTEIWH Ta l-amiHO-
9,10-anTpaxiHoH 1, kWil € BUXIAHOI CIIOIYKOIO
JUTSL OJIepIKaHHS MOXiqHUX 2 1a 3.

Komn' roTepHe mpOrHo3yBaHHs Oi0JOTIYHOT
aKTHUBHOCTI OyJIO TPOBEACHO B PEXKUMI OHIIANH-
nocrymy nporpamoio PASS Online (PASS Online,
2018) i orpumani pe3yiapTaTH OyiaM TMpoaHa-
JIi30BaHI IIOA0 WMOBIPHOCTI MeEXaHI3My aHTH-
okcumaHTHOi mii (Tabm. 1) sk mornumHaya paju-
kamie (Radical Scavenger),
(Antihypoxic), mornunaua (Oxygen
Scavenger), aromicTy  YTBOpPEHHS — paauKaia
(Radical Formation Agonist) Ta crumysstopa
karanasu (Catalase stimulant).

3rigHo 3
MPOrHO30BAaHMX AKTMBHOCTEH ISt IOCIIUKYBAHHX
CIIONYK MaioTh HeBenwki 3Hadenns Pa (Pa>30 %),
MpOTe 1€ € CBiIYEHHSM HOBHM3HH HAIINX CIIOIYK

AHTUTIOKCAHTAa
KUCHIO

maHuMy  Tabn. 1 OuibLIicTh

MOPIBHAHO 3 BIANOBIAHUMHU  (DapMalleBTHIYHUMHU
areHTamMM 3 HaBuaJbHOI BUOipku PASS mio panimre
init: 9,10-
arTpaxinony [19]. 3rigHo 3 omepKaHWMH JaHUMH
JUIL BCIX JIOCHIDKEHUX CIIOJAYK IPOrHO3YETHCS
HMOBIPHICTh Jii SIK aroHIiCTy YTBOPEHHS pajuKaia.

crocTepiraiocs IHIMMX  [TOX1IHMX

HasiBHICTh aMIHOKHMCIIOTHOT'O 3aJIMIIKY MOXKE JICIIO
3HIDKYBATH, a 3aMiHA Ha TETEpPOIMKI — HE3HAYHO
ITokazano, 110
AMIHOKHMCIIOTHOTO ~ (pparMeHTa MOXKe

MiJBUIYBaTH I€H  IOKa3HUK.
BBEJCHHS
CIIPHUATH JCIKOMY MIJBUIICHHIO aHTHOKCUIAHTHOL
AKTHBHOCTI SIK TMOIVIMHA4Ya paJuKaIiB Ta aHTH-
rioKcaHTa, B TOHW Yac sIK IS TETEPOLUKIIYHUX
MOXiMHUX 3 1i aKTUBHOCTI HE MPOTHO3YIOTHCS IIPU
Pa>0,3 ta in Silico 3’ sBseTECSA HMOBIPHUM MEXaHi3M
AQHTHOKCHIAHTHOI [TiT SIK CTUMYJISITOPA KaTallasH.

O NH
o

1
o
s
Me—[N%N)\\Ph
o)

O

R2=
R2=

R* 0 R®
R3=R*= H (3a); R?>=R*= H, R%= NH, (36);
R%= H, R*= NH, (3B);

CH(CH,CH,SMe) (2r); CH,CH, (2a); R?>=R*= H, R3= NHCOPh (3r);

CH,CH; CH, (2e)

R?=

Me, R3=R%=H (3a)

Puc. 1. 06’ exmu ons 6ipmyanvro2o cKpuHiney i 6io102iuHoeo
MeCmy6aHHs AHMUOKCUOAHMHOI AKMUGHOCTIE
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Tabnuys 1
JaHi nporuno3yBaHHsi aHTHOKCHUJAHTHOI AKTUBHOCTI
nporpamoro PASS Online npu Pa>0,3

S 5 9 g S
= > 35 g 20, g
© /e | B & |55 | @
3 2 = o
i g = LR &
= 2 | Y| % :
- O 4 O
KBepPUEeTHH 0,527 0,359 0,380 0,304
1 0,535 | 0,483 | 0,360 -
26 0591 | 0,447 | 0,314 -
2B 0,443 | 0,411 | 0,307
21 0,399 | 0,398 | 0,303 -
2e 0,369 | 0,379 | 0,305 -
23 0,511 | 0,426 | 0,308 -
2i 0,534 | 0,463 | 0,328 -
3a - - 0,377 | 0,375
30 - - 0,384 | 0,364
3B - - 0,384 | 0,364
3r - - 0,381 | 0,384
3n - - 0,369 | 0,363
=" — apmaxonocivnuil egpekm He GusGIEeHUL
npu Pa>0,3.
Jns  kBepleTHMHY MPOrHO3YIOThCSA  BCI
YOTUPU THUIH AHTHOKCHUAAHTHOI aKTHBHOCTI, IO
KOpENoe 3 pe3yiabTaTaMH BIANOBITHUX eKc-

MEPUMEHTANIBHUX JOCIIDKCHb 1Ii€1 aKTHBHOCTI

[21, 22].

TakuM YMHOM, OJepKaHI  PE3yIbTATH
KOMIIT' FOTEPHOT'0 IIPOrHO3YyBaHHS BKa3ylOTh Ha
HEOOXIIHICTh JOCTIIKEHb IUX CIIOJIYK HA aHTH-
OKCHJAHTHUH e(eKT.

s
OKCHJAaHTHOI 1ii o-, B- Ta Y-aMiHOKHUCIOTHHUX
3a-n  (puc. 1)

IIOKa3HUKHW OKCHAATHBHOI'O

eKCIICPUMEHTAILHOI ~ OLIHKK aHTH-
NOXiAHMX 2a-e Ta Tia30iiB
BUKOPHUCTaHI Taki
gk IIOJI depe3 BH3HAYEHHS BMICTY
MPOJYKTiB
tiobapOitypakTuBHuX (TBK-akTHBHUX) MPOIYKTIB

cTpecy,

BTOPUHHUX JITONepOKCHaaIil
[23] Ta OMB dyepe3 KiabKiCTh yTBOPEHHX JOAAT-
koBux KapOonutbHuX Tpyn (KI') y Oiunmx
JaHIorax Ouikis [17].
ExcniepyumenTaibHe

TECTYBaHHA aHTHu-

OKCUJAHTHOI aKTUBHOCT] aMIHOKHUCJIOTHUX TTOXITHUAX
y
nporecax ITOJI mokasamo (puc. 2), 1m0 AOCTiA-
JKyBaHi CITOJIYKH CIPHUYMHSIOTE HE3HAYHE 3POCTAHHS

2-xnop-N-aneraminy  9,10-anTpaxiHony 2a-e

piBas TBK-aktuBaux nponykris (TBKAII), a came
2a, 6 Ha (11,4%£2,4) % Ta (10,6+6,7) % BiamosiaHo, a
2n Ha (16,9+7,5) %. IoxiaHi 2B, T, € Y MOPIBHAHHI 3
KOHTPOJIEM MPOSIBIIIIOTH AHTHOKCHJAHTHI
BJIACTHBOCTI, OCKUIbKA BOHHM BEIYTh JI0 3MCHIIICHHS
YTBOPEHHSI BMICTy TPOAYKTIB BUILHOPAIHKAIHLHOTO
okucHenns mimiaiB Ha (5,8£3,0) %, (24,9£5,6) % ta
(33,3£7,7) % smimmosigHo. Cronyku 2B,

MPOSIBIISIFOTH OUTBII BUPaKEHUH aHTHOKCHIAHTHUM

r, e¢

eexr, HLK BHXigHA cronyka 1, Ta € aKTUBHIIIAMHU
3a KBEPIICTHH.

0.3 115,9:7,5%110 65679
r i- i

= oo 100£7,2% 111,4:2,4 I T 102,54,5 %
£ g 1 96,024,5% L] es213,0%
S = 1 T
s 0.2 75,135,6% —
- E
22 015 I
= =
= 2
z =
=2 01 —
w =
72
= 005 —

0 —

Kontpoas 1 2a 2n 29 2B r 2e  Kaepuernn
PeuornHa

Puc. 2. Buicm TBK-axmusnux npodykmie y 2omozenami

KYpA4oi neuinku 3a ymosu Oii noxionux 2
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227,1+£7,6 %

0.9 J_
5] 188,7+3,7%
E 0.8 I
S o7
= 142,6%5,2%
% 0.6 123,814,8 % +
2 s 10047,7% T
: T
= 04
= 1 68,345,6% 59,317,6 %
§ 0.3
0.2
0.1
0 1
Kontpoan 1 2a 21 26 2B 2r 2¢ KscpnerHH
Peucpuna
Puc. 3. Buicm KI" y eomoeenami Kypsiuoi nedinku 3a ymosu Oii aMiHOKUCIOMHUX NOXIOHUX 2
Hocnimkenns okucHol Moaudikailii Oijaka CBiIYMTh TPO il BHUCOKY aHTHOKCHUIAAHTHY
3a mnokasuukom Bwmicty KI' y romorenari BIIACTUBICTb.

KypsA4ol  TEYiHKH 32 yMOBH BILIUBY
JOCITI/DKYBaHUX TMOXIAHUX 3 aMiHOKMCIOTHUMH
sanmumkamMu 2 (puc. 3) M03BOJMIO BCTAHOBHTH,
mo npu nii nmoximumx 1, 2a, 21, 20 Ta 2r
CIIOCTEPIra€ThCs 3pPOCTaHHS KUTHKOCTI YTBO-
perauss KI' ma (23,8+4,8) %, (127,1+7,6) %,
(88,7+£3,7) %, (42,615,2) %, (21,8+7,6) %,
BiamoBigHo. [l cmoiayku 2B BUSIBJICHA i B
Mexkax KoHTpouto (3+6,9 %), ska mopiBHSAHO 3
KOHTPOJIEM HE BIUIMBA€ Ha IMPOLIECH YTBOPEHHS
BUIBHUX paguKalliB y Oulkax. 3a mil moxigHoi 2e
BinOyBaeThcsi 3MeHIIeHHs BMicty K[y mopis-
HsIHHI 3 KoHTpoJieM Ha 31,7+5,6 %. Brus maHoi
cionykn Ha BMmict KI' y romorenarti kypsuoi

MEYiHKH HaOJIMKAETHCA 1O KBEPIETHUHY, IO

TakuM YHMHOM, EKCIEpUMEHTAJIbHE TECTY-
BaHHS aMIHOKUCJIOTHUX TmoximHux 9,10-anTpa-
LICH/IIOHY 2a-€ BUSBHWJIO CIOIYKA 2B Ta 2e, fKi
MPOSBJISIOTH AHTUOKCHIAHTHI BiacTuBoCTi. Cepen
HUX CIiJ BIAMITUTH TOXIAHY 2e, I SKOi 3a
JIBOMa TIOKa3HMKaAMH OKCHIATHBHOTO CTpPeCy
noka3aHe 3MeHIIeHHa yTBopeHHs TBK-akTuBHHX
npoaykriB Ta KI', 110 € CBiq4eHHSAM 3HUXKCHHS
MPOIIECIB  MEPOKCUIHOIO OKHUCHEHHS JIMIAIB Ta
OokMCHOI Momu@ikarlii Outka. Takok BHU3HAYEHO,
0 3aMiHa (PparMeHTa 0-aMIHOKUCIIOTH 3 po3ra-
MY)KEHUM alKUIbHUM 3aJIHIIKOM Ha Y-aMiHO-
KUCJIOTHHH Bele 10 30UIbIIEHHS aHTUOKCUIAHTHOI
AKTUBHOCTI, 3HIKYIOUHM JOCTIJKEHI MOKa3HUKU

OMSB Ta ITOJI.

03
5 0.25 153,2:8.0%
2 =
;E =
. 121+9,4%
S8 o2
= E I 108+9,0%
=5 100T1-5,5% 96+4,6% I 102,5+4,5 %
== 015 T e
= @
= =
T =
2 = 01
3a)
|
0.05
0
Kontpoar 1 31 30 3B 3r 3a  Keepuerun

Puc. 4. Buicm ThK-axmuenux npodykmis y 2omoceHami Kypsuoi newinku 3a ymosu oii 3a-0
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0.7

226,6%8,5%

0.6

0.5

182,5£7,2% 175 »+4,4%

0.4
10045,6%

HH

117,1+3,5%
T
1

99,618,2%

0.3 —

L
0.2

KT, HMoJb/MT Gillka

0.1

59,317,6 %

KoHTtpoas 1 3n

3

3r 3a  Keepuerun

Puc. 5. Buicm KTy comocenami kypsuoi neuinku 3a ymosu 0ii’ 3a-0

JlocmipkeHHsT  aHTHOKCHIIAHTHOTO eekty
3a yMOB BIUIMBY TiazomiB 9,10-aHTparienaiony 3a-
A Ha 3MiHM KitbkocTi TBK-akTHBHHX TPOIYKTIB
(puc. 4) BCTaHOBWIJIO, IO CHOJAYKH 3a Ta 31
MOPIBHSIHO 3  KOHTPOIIEM  KBEPUETHHOM  Ta
aMIHOAHTPaxiHOHOM 1 CHOPUYUHSIOTE CYTTEBE
migeuineHHss TBKAII, TuM caMuM aKTHBYIOYH
nporecu I10OJI 1 BUKIMKAIOUX HEraTHUBHI 3MIHH Y
KIITHHHOMY MeTtabomizmi. Sk croiyka 3 aHTH-
OKCHJAHTHOIO aKTHBHICTIO 3 BHCOKHM CTYIICHEM
JIOCTOBIPHOCTI BiJ3HaueHa MOXxijHa 3B, IS SKOI
Bmict TBKAIl € MeHImMM 3a KOHTpPOJIb Ha
(16,8+9,4) %, a msa cronyk 30, I 3HAXOIUTHCS B
fioro Mmexax (7-8 %).

Ccroayku 30, I HaOJIMKAIOTHCS JI0 Ail KBEPLETUHY

3a UM DOKa3HHUKOM

(puc. 4). BcraHoBjIeHO, 110 BBEIECHHS aMiHOTPYITH
a00 aIWJIBHOrO 3aJIMIIKY y TonoxeHHs 4 ta 5 1o
AHTPAXIHOHOBOTO KIJbISl MPUBOAUTH IO IIiJIBH-
IICHHS aHTHOKCHUIAHTHOI Jii y TMOpIBHSHHI 3
3a,
MPHUCYTHICTh METHJILHOI TPYNH y MOJOXKEHHi 2

HE3aMIlIeHO TTOXiTHOI0 B TOM dHac SsIK
cnpuunHsie 30inpmenHs Bmicty TBKATIL.
PesynbTati TecTyBaHHS TETEPOIUKIIYHHX
MOXIAHMX 3a-1 Ha BUIBHOPAIUKAJIbHI MPOIECH Yy
OUIKax MoKa3ayid, IO A CHONyK 3a, B, T, 1
crocTepiraeTbes 3pocraHHs mporecis OMB 3a
paxyHOK MiJBUILNEHHS yTBOpeHHS AoaaTtkoBux KI
(puc. 5) y OiuHHMX JaHIFOraX AaMiHOKHCIOT Yy
NopiBHSHHI 3 KoHTposem Ha (75,2+4,4) %,
(126,6£8,5) %,  (82,5t7,2) %, (17,1£3,5) %,
BiANOBIIHO. Bysl0 BU3HAYEHO BIUIMB 3aMICHHUKIB Y
MoJeKyni anTpaxinony Ha BMicT KI' y romorenari
Kypsuoi MMEeYiHKH, KWW M0Ka3aB, 10 MPUCYTHICTH
aMiHOTPYNIM y TIOJNIOKEHHI 4 Beme 0 TMOSBU
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Tomy 3 psany
JIOCHI/DKEHUX CIIONYK 3a MOKAa3HHKOM BILIMBY Ha

AHTHOKCHJAHTHOI ~aKTHUBHOCTI.
yrBoperHs KI' ciain BiAMITHTH JIUIIE Tia30JbHY
noxigHy 30, A SKOi XapakTepHa Jis B MeXax
KOHTPOJIO 33 MOKAa3HHUKOM BMICTY KapOOHUTBHHX
rpyn (0,4 %), B Toii 4ac 5K 32 aHTHOKCHUIAHTHOIO
AKTUBHICTIO JOCJI/DKEHA CIIOJyKa IOCTYHAEThCS
KBEPIICTHHY.

Takox cmi 3ayBaKUTH, IO HAasIBHICTh
aminorpynu y nonoxenti 1 9,10-antpaxinony 1y
mocmigax (puc. 2-5) 1010 MEPOKCHIHOTO OKKC-
HEHHS JIIIAIB Ta OKMCHOI Momudikamii Oitka 3a
nokasaukamu Bmicty TBKAIT ta KI' moctyma-
€THCS KBEPLIETHHY 32 aHTUOKCHIAHTHUM e(EeKTOM,
CIPUYHUHSIOYN TPOOKCHIAHTHY [IiFO0.

BucHoBkH

OtpuMaHi pe3yabTaTH MPOBEACHUX JO-
CIiJDKeHb 3 BHKOpHCTaHHsAM iNn Silico ta in vitro
METO/IB  JTO3BOJIHIIH MEpPCIIEKTUBHI
peuoBuHH, a came noxiaHi 9,10-anTpaxiHOHY 2a,
2B, 2e¢ 3 BHPaXXCHOI0 AHTHOKCHIAHTHOK) aKTHB-
HICTIO 3a [BOMa IIOKa3HUKAMH OKCHIATHBHOI'O
crpecy ITOJI Ta OMbB nopiBHSHO 3 KOHTPOJIEM Ta
it AHTUOKCUIAHTY

kBepieTuHy. ExcriepmenTanpHa Basinaitis in silico

BHSABHUTU

B MeXax BIZIOMOrO
OJICP)KAHUX JAaHUX IMOKA3ye, IO ISl KBEPIETUHY
(Pa=0,527) Ta aMiHOKHCIOTHHX IMOXIAHHUX 2B
(Pa=0,399) ta 2e (Pa=0,534) cmocrepiraerhcs
JIOCUTh BHUCOKa Y3TOJDKEHICTh 13 pe3yibTaTaMu
KOMII' FOTEPHOT'O MIPOTrHO3yBaHHSI, B TOW Yac sIK IS
Tiazony 30 JIOCTIIKEeHa
HEe3HAYHA AaHTHOKCHIAHTHA aKTUBHICTH HE MPOT-
Ho3yBajiacs npu Pa>0,3, npote 11e € CBiTYeHHIM
HOBHM3HH IIMX CTPYKTYp Ui poOodoi BHOIpKH

CKCIICPUMEHTAJIBHO



PASS Online. EkcniepuMeHTalbHO
BH3HaueHO, Mo N-¢dyHKIioHaATI3aIlsS aluIaMiHO-

MporpaMu

KACIOTHUMH  Ta  Tia30JbHHMH  3aJIMIIKaMH
JIO3BOIISIE B JITKUX BUTIQJIKaX 3HU3UTH YTBOPCHHS
akTuBHUX (opm kucHoo (ADK) Ta iHimiioBaHi
HUMH BUTBHOpaJAWKaJbHI Mpolecu. by BcTaHoB-
JICH1 JCSKI 3aJIOKHOCTI MDK CTPYKTYPOIO Ta JI€l0
JOCITI/DKEHUX CIIONyK. 30KpeMa, BHUSBIICHO, IO
moudikanii  aminorpynu  9,10-aHTpa-
LEHII0HY N-anuisHIM (parmMeHTOM 13

3aNUIIKaMH  alaHiny, (QeHinanaHiny, JedIuHy,

npu

METiOHIHY, Y-aMIHOMACJISIHOI KHCJIOTH Ha TPOsB
AHTHOKCHUJAHTHOTO e(EeKTy CYTTEBHM € BILTUB

JIHIAHOCTI aJIKIJIBHOIO JIAHIIOra Ta KIUIBKOCTI

METHJICHOBMX JIAHOK MDK KapOOKCHUJIBHOIO Ta
aMIHOTPYIIOI0 B MOJIEKYJi aMiHOkuciotu. [lepe-
¢dyukuioninanis aminorpynu 9,10-anTpanenuiony
B Tia3oJIbHUM LMK 3a HasBHOCTI NHy-rpymu y
MIOJIOKEHHI 4 Bene 10 IIABUINEHHS AaHTHOKCH-
JMaHTHOrO eQeKTy Ta HaOmmKeHHs 1 mii 110
KBepueTuHy. [IpoBeneHi JOCTiDKEHHS € BaKIH-
BUMH JUISI MEOUYHOI XIMil, OCKUIBKH HO3BOJIAIOTH

BUOKPEMHTH HAWIEPCIIEKTUBHIIII  CIIONYKH 3

BHUPaXCHOI0 aHTHOKCHJIAHTHOI a00 BiJICYTHBOIO
J€r0 Ha MeTa0oJ1i3M KJIITHH Ta OPTaHi3M B ILIOMY.

B cBol depry, HasBHICTh aAHTHOKCHIAAHTHUX

BJIACTMBOCTEH TOCIIIKEHUX CIIONYK TO3BOJISE iX
PO3MJISAATH K MOTEHIIIHHI 00 €KTH JUIs TOAalb-
KX JOCITIKEHb, 30KpeMa K aHTUTPOMOOTHYHUX
Ta MPOTUITYXJIMHHUX CYOCTaHIIIH.
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