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AHHOTOULMSA

BBeageHue. Pabota HanpagneHa Ha uayyeHne apdeKToB TPeX HOBbIX NMPOU3BOAHbLIX a30/10a3MHOB Ha OKUCIUTENbHBIN Me-
Tabonumam rnoKo3bl, YTOObl 0TOGPaTh BELLECTBA C MaKCMMarbHO NPUEMIEMbIMY XapaKTepPUCTUKaMN ANs AarnbHenwero 4o-
KIMMHUYECKOTO U3yYeHUs1 B Ka4eCTBe MOTeHUManbHbIX MPOTMBOOMYXONEBbIX CPEACTB, B TOM YMCre ANns XMMMoTepanum paka
MOJIO4HOW Xene3bl.

Llenb paboThbl: BbisiBUTE MeTabonmyeckme CBOMCTBA HOBbIX MPOU3BOAHbBIX a30J10a3MHOB B YaCcTW UX BNUSHUSA HA MeTabonmam
FIOKO3bl C UCMONb30BaHMEM KynbTypbl onyxonesbix knetok MCF-7 n HeonyxoneBbix kneTok Vero.

MaTepuan u metoabl. B paboTe ncnonb3oBaHbl METOAbI KNETOYHbIX KYNbTYp, BCE TECTUPOBAHHbIE COEAUHEHNSI MPUMEHEHBI
B KOHEYHbIX KOHLEHTpaumsax ot 2,5 mkmonb/n. MNpenapatom cpaBHeHUs Obin annpyOuumH B TON e KoHUeHTpaumu. OcHoB-
Hble BroXxuMmMYeckne MeToOMKM BKIOYanu B cebsa onpeneneHvne npoayKuMn nakrata ¢ MOMOLLbI KOMMepyeckux Habopos
Olvex Diagnosticum u onpegeneHve NOrMoLLeHNst KNeTkamm KMcnopoaa ¢ NoOMOLLbIO aHanuaaTopa KneToyHoro metabonunsma
Seahorse XFe24 Analyzer. PesynbraThl 06paboTaHbl CTaTUCTUYECKM.

Pe3ynbrathl. MNpoaykumsa naktata B kynstypax MCF-7 n Vero npu gencteum umknorekcun-4-okconmmnaaso[s,1-d]-[1,2,3,5]
TeTpasunH-8-N-nunepuanHnn-kapbokcammaa ymeHbluanacb 6onee yem BABoe, a notpebneHue kucnopoga — Ha 19-40%,
YTO ABMANOCH MaKCMMarnbHbIM 3EKTOM Cpean U3yyYeHHbIX MPOM3BOAHBLIX a30510a3nHOB. [lencTBue Anatunosoro admpa
4-amnHommnaaso[5,1-c][1,2,4]TpmasnH-3,8-0ukapOoHOBON KNCMOTbI U 4-AMUHO-8-3TOKCUKapOoHUn-mmmaaso[5,1-c][1,2,4]tpu-
a3uH-3-N-(n-tonywn)-kapbokcammaa no cBonMm metabonuyecknum adpdektam Obinn CXOoAHbI C NpenapaToM CPaBHEHWUS ANu-
pybuumHoM. OHU CHWXKanu NpogyKumio naktarta B Kynetype knetok MCF-7 Ha TpeTb, B KynbType knetok Vero — Ha 21-22%.
MoTtpebnenne kucnopoaa B kynstype knetok MCF-7 cHuxkanock Ha 14—17%, B kynbType knetok Vero — Ha 18—-24%.
3akntouyeHue. MNMonyyeHHble AaHHbIEe NO3BONAT cunTaTth 3-Liuknorekcun-4-okcommuaaso[5,1-d]-[1,2,3,5]teTpasmH-8-N-nune-
puanHun-kapbokcamung Nuaepom cpeamn HOBbIX NMPOU3BOAHbLIX a30M0a3nHOB Y PEKOMEHA0BATL ero Ans AanbHEWLEero AoKu-
HUYECKOro N3y4eHUsi B Ka4eCTBE NOTEHLMANbHOIO NPOTUBOOMYXONEBOro CPEACTBaA.

KnioueBble cnoB.a: UMWMLA30TPUa3vHbl, UMMAA30TETPa3NHbI, MeTabonnyeckasi akTUBHOCTb, NOTpebrneHne kucno-
poaa, knetodHasa nuHua MCF-7, knetodHasa nuHua Vero.
KoHnuKT nHtepecos: aBTOpbl 3aABNSAT 06 OTCYTCTBUM KOHMDNMKTA UHTEPECOB.

Mpo3payHocTb huHaHCOBOWM nccnegoBaHue BbIMOSIHEHO B paMKax OHMKETHOrO hMHaHCUPOBaHUS OpraHn3aunii, B KOTOPbIX

BeATeNnbLHOCTU: paboTatoT aBTOpbI.

OnAa uMTUpOoBaHUS: Xymavpun A.X., Yoyt B.B., CnepaHckunn [.J1., Anb-fazanm M.O., HoBoyagos B.B. BnusHue
HOBbIX MPOW3BOAHBLIX a30M10a3MHOB C MOTEHLUMANbHON NMPOTUBOOMYXONEBOW aKTUBHOCTbIO Ha
3HepreTnyecknii obmeH B Kynbtypax knetok MCF-7 n Vero. Cubupckuli XypHar KuHu4eckou
u akcriepumeHmarsbHoU meduyuHbl. 2022;37(4):139—-148. https://doi.org/10.29001/2073-8552-
2022-37-4-139-148.
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Abstract

Introduction. The work presents the results of studying the effects of three new azoloazine derivatives on oxidative glucose
metabolism in order to select substances with the most acceptable characteristics for further preclinical study as potential
antitumor agents, including for breast cancer chemotherapy.

Aim. The aim of the work is to identify the metabolic properties of new azoloazine derivatives in terms of their effect on glucose
metabolism using a culture of MCF-7 tumor cells and Vero non-tumor cells.

Material and Methods. The testing on cell cultures was the main method used in the work, and all tested compounds were ap-
plied in final concentrations from 2.5 pymol/L. The comparison drug was epirubicin in the same concentration. The biochemical
techniques included the determination of lactate production using commercial Olvex Diagnosticum kits and the determination
of oxygen consumption by cells using the Seahorse XFe24 Analyzer for cellular metabolism. The results were processed
statistically.

Results. Lactate production in MCF-7 and Vero cell cultures decreased by more than half in the presence of 3-Cyclohexyl-
4-oxoimidazo[5,1-d]-[1,2,3,5]tetrazine-8-N-piperidinyl-carboxamide, and oxygen consumption decreased by 19-40%, which
was the maximum effect among the studied azoloazine derivatives. Diethyl ether of 4-aminoimidazo[5,1-c][1,2,4]triazine-3,8-
dicarboxylic acid and 4-Amino-8-ethoxycarbonyl-imidazo[5,1-c][1,2,4]triazine-3-N-(p-toluyl)carboxamide were similar in their
metabolic effects to the comparison drug epirubicin. They reduced lactate production in MCF-7 and Vero cell culture by a
third and by 21-22%, respectively. Oxygen consumption in MCF-7 cell culture decreased by 14-17%, in Vero cell culture it
decreased by 18-24%.

Conclusion. The data obtained allow us to consider the (3-Cyclohexyl-4-oxoimidazo[5,1-d]-[1,2,3,5]tetrazine-8-N-piperidinyl-
carboxamide as the leader among new azoloazine derivatives and recommend it for further preclinical study as a potential
antitumor agent.

Keywords: azolotriazines, azolotetrazines, metabolic activity, oxygen consumption, MCF-7 cell line, Vero
cell line.
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BBepgeHue

OHkonornyeckasi 3aboneBaemMocTb BO BCEM MUpE Hemnpe-
PbIBHO pacTeT, 3TO COMPOBOXAAETCS MOBbILEHWEM 06LLErO
KonuyecTBa CMepTel OT 3MokavyecTBEHHbIX HOBOOOpa3oBa-
HWIA 1 BO MHOTOM OMNpeaensieT CTPYKTYpy pacxodoB Ha au-
arHoCTUKY, NpoUNaKTUKy N NeYeHne BaKHeMLwux 3abone-
BaHu yvenoseka [1]. o gaHHbIM BcemMupHo opraHusauum
3gpaBooxpaHeHus (BO3), B 2017 r. cMepTHOCTb HaceneHus B
MUPE OT PasnmyHbIX 3NTIOKAYECTBEHHbIX OMYyXOel cocTaBuna
13% oT BCex NpMYnH CMEPTHOCTU, YTO COOTBETCTBYET NOYTU
9 MnH cnyyaeB B roa. [NporHo3upyetcs, YTo 3a nepuoa Ao
2030 r. exxerogHoe Y1Cro cMepTelt OT OHKONorn4yeckux 3abo-
neBaHui B Mmpe Bo3pacTteT 4o 13 MiH [2].

Pak Mono4Hon >xenesbl OTHOCUTCS K Hambonee pacnpo-
CTPaHEHHbIM 1 OMACHbLIM BUAaM 3110Ka4eCTBEHHbIX OMyxonemn
y xeHwwmH. OH cocTaensieT 23% oT obLiero Yncna cryyaes
OHKonoruyeckux 3abonesanuii u 14% cmepTelt OT paka, 4To
Aenaet 4pesBbl4alHO akTyanbHbIMW HayyHble WCCnenoBa-
HWUS B 3TOM 06NacTu Ans NpeofoneHns Kak SKOHOMUYECKMX,
Tak 1 coumanbHbix Npobnem B coBpeMeHHoM obLecTse [3].

Bce nepeudvcneHHoe npegonpenensieT BecbMa 3Hauu-
TenbHbIE YCUNUSI HAy4YHOro CoobLLEeCTBa, HanpaBneHHbIe Ha
norny4eHne HOBbIX MPOTUBOOMYXONEBLIX CPEACTB C BbICOKON
cneundUyeckon aKTUBHOCTbIO B OTHOLUEHWM KOHKPETHBLIX
BMOOB 3II0Ka4YeCTBEHHbIX KMETOK. ViccnegoBaHus Ha kne-
TOYHBIX NIMHUAX SIBNSAKTCS HA CErogHs (Nocrne CKpMHWHra u
COBCTBEHHO CMHTE3a) KINoYEBLIM MOMEHTOM [1151 BbISIBNIEHUSI
noTeHUMarnbHbIX BO3MOXHOCTEN HOBbIX COEQUHEHWI C LieNnblo
NoBbILLEHNS 3 PEKTUBHOCTM NEYEHMS B COBPEMEHHOW OHKO-
norunu [4].

OnyxoneBasi TpaHcopmaLms KNeTok NpeacTaBnsieT co-
0O CrOXHbIA, MHOTOCTYMNEHYaTbI MPOLIECC, KOTOPhIN NPUBO-
OUT K UBMEHEHUIO BCEX CTOPOH KMETOYHOro Metabonuama [5,
6]. B onyxoneBbIx KneTkax NpPOWCXOAUT YCUNEHHbIA 3axBaT
IMOKO3bl U, KaK CNeacTere, NoBbILLEHHOE 06pa3oBaHue nak-
Tata faxe npu BbICOKOM COAEpPXaHUWM Kucrnopoaa B cpeae,
4YTO M3BECTHO Kak adcpekT Bapbypra. OpyrvMu BaxkHbIMU
yepTamMu U3MeHeHuss MeTabonmama B pakoBbIX KreTkax sB-
NSIeTCA aKTUBHOE MCMOMb30BaHWE rMyTaMuHa U CUHTE3 BbIC-
LLMX >XXMPHbIX KMCnoT [7, 8]. OTn MmeTabonuyeckue pasnuuns
MeXay HopMarnbHbIMU U PAKOBLIMU KIIETKaMU MOTYT CIYXUTb
OMOXMMUYECKOW OCHOBOM Ansi pa3paboTky HOBbIX MPOTUBO-
OMyXOrneBbIX NEKAPCTBEHHbIX cpeacTB. MHrmbuposaHue rnu-
Konusa, U3BMeHeHue npoLeccoB MeTtabonuama rnyraMmmHa un
CMHTE3a XKMPHBIX KUCIOT — 3TO TpY BO3MOXHbIX Moaxoda K
meTabonuyeckon npotusoonyxoneson tepanuu [9, 10].

MepcnekTuBHbIMM N 3PPEKTUBHLIMU 0ObEKTAMU U3Y-
YeHUs1 Ha NpPegMEeT BO3MOXHOW NPOTUBOOMYXONEBOW aKTUB-
HOCTW MOTYT OKa3aTbCsl HOBble Mpou3BoAdHble asono[5,1-c]
[1,2,4]TpnasunHoB, KoTOpble OMM3KM MO CTPYKType K U3-
BECTHbIM anKUnupylLwmMM npenapataMm — MUTO30M0Muay
n Temosonomuay [11]. PaHee Mbl Bbiaenunu Tpu HOBbIX
NPOU3BOAHLIX C MaKCUMarbHO BbICOKOW LIMTOTOKCUYECKON
aKTMBHOCTLIO, YTO SIBUNOCb OCHOBaHueM Ansi ux bonee ge-
TanbHOro nsyyexus [12].

Llenb paboTtbl: BbIBUTL MeTabonuyeckme CBOMCTBA HO-
BbIX NMPOU3BOAHbLIX A30/10a3NHOB B YaCTU UX BMMSIHUS HA Me-
Tabonuam rrKo3bl C UCMONb30BaHNEM KyMbTYpbl Onyxorne-
BbIX knetok MCF-7 n HeonyxoneBbix knetok Vero.

MaTtepuan u meToabl

TpyW HOBbIX NPOM3BOAHLIX a3010a3MHOB, TECTUPYEMbIX B
HacTosiLeln paboTe, Bbinn CUHTE3NPOBaHbLI B Yparbckom doe-
AepanbHOM yHUBepcuTeTe MMeHun nepsoro MpeaungeHTta Poc-

Introduction

Oncological morbidity is continuously increasing
worldwide. This situation results in an increase in the total
number of deaths from malignant neoplasms and largely
determines the structure of expenditures for the diagnosis,
prevention, and treatment of major human diseases [1].
According to the World Health Organization (WHO), the
mortality of the world population from various malignant
tumors in 2017 amounted to 13% of all causes of death,
which corresponded to almost nine million cases per year.
The annual number of deaths from cancer in the world is
predicted to increase to 13 million during the period up to
2030 [2].

Breast cancer is one of the most common and danger-
ous types of malignant tumors in women. It accounts for
23% of the total number of cancer cases and 14% of can-
cer deaths, which makes scientific research in this area
extremely relevant to overcome both economic and social
problems of modern society [3].

All the above predetermines the very significant efforts of
the scientific community to obtain new antitumor agents with
high specific activity against different types of malignant cells.
After primary screening and direct synthesis, the research
using cell lines is currently the key moment for identifying
the potential of new compounds in order to increase the
effectiveness of treatment in modern oncology [4].

Tumor transformation of cells is a complex, multi-stage
process that leads to changes in all aspects of cellular
metabolism [5, 6]. In tumor cells, increased glucose uptake
occurs and, as a result, lactate formation increases even
in the presence of high oxygen content in the medium. Itis
known as the Warburg effect. The active use of glutamine
and synthesis of higher fatty acids are other important
features of metabolic changes in cancer cells [7, 8]. These
metabolic differences between normal and cancer cells
can be a biochemical basis for the development of new
anticancer drugs. So, inhibition of glycolysis, changes
in the processes of glutamine metabolism and fatty
acid synthesis compose three possible approaches to
metabolic antitumor therapy [9, 10].

New derivatives of azolo[5,1-c][1,2,4]triazines, which
are similar in structure to known alkylating drugs as
mitozolomide and temozolomide, may be promising and
effective objects to search for possible antitumor activity
may be [11]. Previously, we identified three new derivatives
with the highest cytotoxic activity, which was the basis for
their more detailed study [12].

The aim of the work was to identify the metabolic
properties of new azoloazine derivatives in terms of their
effect on glucose metabolism using a culture of MCF-7
tumor cells and Vero non-tumor cells.

Material and Methods

Three new azoloazine derivatives tested in this work
were synthesized at the Yeltsin Ural Federal University
[13]. Figure 1 demonstrates that substance 1 is a tetrazine
derivative, and substances 2 and 3 are triazine derivatives.

Epirubicin, or [(8S-cis)-10-[(3-amino-2,3,6-trideoxy-
a-L-arabinohexo-pyranosyl) oxy]-7,8,9,10-tetrahydro-
6,8,11-trihydroxy-8-(hydroxyacetyl)-1-methoxy-5,12-
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cumn B.H. EnbunnHa [13]. PucyHok 1 AeMOHCTpUpyeT, 4To Be-
LwecTBO 1 ABNSETCA NPOM3BOAHBLIM TETPa3nHa, a BellecTsa 2
1 3 — NPOM3BOAHBLIMW TPHasuHa.

MpoussoaHoe 1

[NpoussoaHoe 2

naphthacendion] was used as a comparison drug, a
well-studied compound with antitumor activity including
against human breast cancer cells.

MpoussogHoe 3
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3-Luknorekcun-4-okconmmaaso[5,1-d]-
[1,2,3,5]reTpasnH-8-N-nunepnanHun-
kapbokcamug,
3-Cyclohexyl-4-oxoimidazo[5,1-d]-[1,2,3,5]
tetrazine-8-N-piperidinyl-carboxamide

OnaTtnnosbin acup 4-ammHonmmnaasols,1-cj
[1,2,4]TpuasmnH-3,8-ankap6oOHOBOW KUCMOThI
Diethyl ether of 4-aminoimidazo[5,1-c]
[1,2,4]triazine-3,8-dicarboxylic acid

4-AMMHO-8-3TOKCMKapPBOHUIT-
nmnaaso[5,1-c][1,2,4]rpnasnH-3-N-(n-
Tonywn)kap6okcamug
4-Amino-8-ethoxycarbonyl-imidazo[5,1-c]
[1,2,4]triazine-3-N-(p-toluyl)carboxamide

Puc. 1. O6was XapaKkTepucTuka TeCTupyemMblX BELLECTB — MPOU3BOAHbLIX a30/10a3nHOB

Fig. 1. Structure and nomenclature names of the tested azoloazine derivatives

B kauyectBe npenapata cpaBHeHWs1 Obin MCNONb30BaH
anmpyouumH  —  [(8S-umc)-10-[(3-amnHO-2,3,6-Tpnaesok-
cu-a-L-apabuHorekco-nupaHo3sun)okcul-7,8,9,10 TeTpa-
rmapo-6,8,11-Tpurngpokcu-8-(rugpokcunaneTn)-1-meTok-
cun-5,12-HadTaleHamoH] Kak XOpoLLO U3y4YeHHOe COeaNHEHNE
C MPOTMBOOMYXONEBON aKTMBHOCTbIO, B TOM 4MCre MpOTUB
KNEeTOK paka MOIOYHON Xenesbl YenoBeka.

Memoduku KynbmueupoeaHUA K/1emOK

MCF-7 ncnonb3oBaHa B paboTe Kak OCHOBHas onyxoneBas
KINeToYHas NHUS Ans UccrnefoBaHusa MeTabonmyeckux ad-
hEKTOB M3yYaeMbiX NPON3BOAHbIX a3onoasuHoB [14]. Vero —
nepeBvBaemasi KnetoyHas KynbTypa MOYeYHOro JnuTenus
apukaHCKoW 3eneHor MapThILWKKM, Obina ncnonb3oBaHa Kak
cpaBHuTenbHasa [15].

Mocne pasMopaxvBaHWUsi KNETOK Mbl ABaXAdbl OTMbIBanNu
MX B pacTBope X3HKca, UCMOMb3ys ANs OCaXOEHWUS LeHTpU-
dyrmpoBaHue B TeueHne 5 MuH npu 500 g. dnakoHbl ons
KynbTUBMPOBaHNS eMKocTbio 10 M cogepkanu cTaHgapTHYHO
nonHyto cpeay coctaea MEM/DMEM + 2 mM pactsop L-rny-
TaMuHa + cMmecb 1%-ro ctpentoMuumHa n 1%-ro neHuumn-
nvHa (Bce peakTuBbl npousBoacTea [laHako, Poccus). Ans
knetoyHon kynstypbl MCF-7 ncnons3osanu cpegy MEM, ans
Kynetypbl Vero DMEM. PasmHOXeHWe KNeTok Nponcxoanio
00 nory4veHns HeobxoaMMOro Mx KonmMyecTsa B TepMocCTa-
Te npu Temnepatype 37 °C npu Hannuumn 5% CO, B rasoson
dase. Npn HeobXxoaUMOCTH NPOM3BOAMNN 3aMeEHY nuTaTenb-
HOW cpefpbl, UCMOMb3yA B KayecTBe KpuUTepus pesynbraTbl
onpeaeneHns Xn3HecrnocoOHOCTU KINETOK B TecTe TpunaHo-
BOrO CUMHEro 1 nx Mopdonornm Npy Busyanusaumm B UHBEPTU-
poBaHHOM mukpockone Olympus.

[nsa onpeneneHust Nyt OKUCIEHUS TMHOKO3bl KNeTkamu B
Hayane KINeTouYHble KyNnbTypbl pacceBanu BO onakoHbl U fopa-
LwmBanu 4o MoHocnos. Mpy nepecese Ha NNaHLWeTbl yaansanm
nuTaTenbHyo cpeay 1 4o6aBnsanm B ka4ecTBe Ae3vHTerpaTopa

Cell Culture Technique

In the work, we used MCF-7 cell line as the main
culture to study the metabolic effects of new azoloazine
derivatives [14] and the Vero cell line, known transferable
cell line of African green monkey renal epithelium, for
comparison [15].

After defrosting the cells, we washed them twice in
Hanks solution using centrifugation for 5 minutes at 500g
for precipitation. The 10 mL culture vessels contained a
standard MEM/DMEM + 2 mM L-glutamine solution + a
mixture of 1% streptomycin and 1% penicillin; all reagents
were manufactured by PanEco, Russia. MEM medium
was used for MCF-7 cell culture, DMEM was used for the
Vero cells. The cells multiplied until the required amount
was obtained in the thermostat at a temperature of 37 °C
in the presence of 5% CO, in the gas phase. If necessary,
we replaced the nutrient medium using the results of
assessing the viability of cells in the Trypan blue test and
their morphology when visualized by an inverted Olympus
microscope as criterion.

Determination of Glucose Oxidation Pathway in Cell
Cultures. To determine the metabolic activity, we initially
seeded cells into vessels and grew them to a monolayer.
Replating the cells onto tablets consisted in sequential
removing the nutrient medium, adding 0.25% trypsin-
EDTA as a disintegrator, and centrifuging for 5 min at
1000g. Then, we resuspended the cells in 2 mL of a
complete nutrient medium of the following composition:
MEM /DMEM + fetal calf serum (FCS) + 2 mM L-glutamine
solution + a mixture of 1% streptomycin and 1% penicillin
to prepare a suspension at the rate of 10° cells per 1 mL
of medium. Each hole of the tablet contained 100 mL of
suspension with 10* cells, and the final concentration
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TpuncuH-EDTA 0,25%, nocne yero ueHTpudyrnposanm 5 MuH
npu 1000 g. Ocapok pecycneHavpoBany B 2 M MOMHON nuTa-
TenbHOM cpeapbl coctaBa MEM/DMEM + cbeTanbHas Tensybs
cbiBopoTka (FCS) + 2 mM pactBop L-rmytamuHa + cmecb 1%-
ro crpentoMmmumHa u 1%-ro NneHMuMnvHa, rotToBunmu CycneH-
3uo 13 pacyeta 10° knetok Ha 1 mMn cpedbl. B kaxayro nyHky
nnadweta nomewany 100 mkn cycneHamm (10* knetok) n go-
6aBnAnu nccnegyeMble BeLLeCTBa B KOHEYHbIX KOHLEHTPpaLMSX
2,5 mkmonb/n. MNMomumo aTtoro hopMmpoBann OTpuLaTenbHbI
KOHTPONb W NOMOXMUTENbHbIN KOHTponb (10% AmmeTuncynb-
okemnpaa). Momewany nnaHwet Ha 14 B CO,-nHky6arop.

KynsTrBupoBaHne nNponcxoamnno Ao Tex rnop, noka B Ka-
XOOW NyHKe He Habroganack KOHM3aHUMA ~ 95%. 3atem
NPoOu3BOAUNN 3aMeHy cpef. KynstuBmpoBanu nnaHweTbl B
TeyeHune 24 4. o ncTeveHnmn 3Toro BpeMeHy oTomnpanm Kyrb-
TypanbHy0 XUAKOCTb U3 MYHOK, LEeHTpUdyrMpoBanm B Teve-
Hue 3 MuH npu 500 g n npoBoAMnu onpefeneHne nakrara
npu nomoLum kommepyeckoro Habopa Olvex Diagnosticum B
COOTBETCTBUM C MPOTOKOSIOM NPOU3BOAUTENS Ha CneKkTpodo-
TomeTpe Olvex Diagnosticum npoTuB xomnoctow npobbl npu
anuHe BorHbl 505 HM. KoHUEHTpaumo MOMOYHOM KUCNOThI
BbIpaXkanu Kak

C=33EJE,mM,

roe E, v E_— onTyyeckne nioTHOCTW OMbITHON W Kanubpo-
BOYHOM Npo6 COOTBETCTBEHHO. KNeTkn cHMManu ¢ nyHok, B
KOTOPbIX OHW HaxOAMIUCb, Y MPOBOAMIN CreayrLWuUn aTtan
nuccnegoBaHus.

OnpedeneHue noznoweHuUsi Kucropoda Kremkamu oLe-
HMBaNM C NomoLLb0 MeToga nonsporpacum [16]. Mamepe-
HVe NPOBOAMMM C MOMOLLbK aHanuaaTopa KIeTo4HOro MeTa-
oonuama Seahorse XFe24 Analyzer (Agilent Technologies).
BHavane nHkyGupoBanu cpegy Ansa nonsiporpadun coctaBa
1 mM EDTA + 1,2 mM MgCl, + 1 M taypuH + 5 mM KH,PO, +
20 mM HEPES 6ydep + 100 mM caxaposa (pH 7,4) B Boas-
HoMm TepMocTaTe npu Temnepatype 33 °C B TeyeHre 10 MuH.
Hanee nomewanu 1 Mmn cpeabl, cogepxatlen 2 x 108 knetok
MCF-7/Vero, B nonsiporpacmyeckyto ss4eriky.

[MocnepoBatenbHO perncTpyMpoBany CKOpPOCTb  AblXaHWs
npy TakOM COCTaBe COAEPXKMMOrO SYENKW Mocrne BHeCEeHUs
100 mMKn onMromuumHa kak uHrmbmtopa AT®-cuHTasbl, 100 mkn
poTeHOHa Ans MHrnbuposaHusa | komnnekca n 100 mkn 2,4-
AMHUTpodeHona. KnetoyHoe AbixaHve B KaaoM cryyae peru-
CTpMpOBanu B TeYeHVEe 3 MUH.

Cmamucmuyeckuli aHanu3 pe3ynbTaToB 3KCNepuMeHTa
npoeoauncsa B nakete STATISTICA 10.0 n npegycmatpusan
CpaBHeHMWe nokasaTenen KaKaon KrNeToOYHON NUHUM B ONbIT-
HOW U KOHTPOmbHOW rpynnax. KonnyecTBeHHble nokasartenu
OnMCbIBaNnCb MeguaHamm u MEeXKBapTUITbHbIMY Anana3oHa-
M Me [Q,+Q,]. BHyTpUrpynnoBow CpaBHUTENbHBIN aHanm3
BO3[ENCTBUS TPEX MPOM3BOAHBLIX a30r10a3nMHOB U anMpyou-
UMHa U KOHTPOMbHOM MOArpynnbl CO CTaHOAPTHOW MOSHON
cpepon ocylecTBnAncs no kputeputo Kpackena — Yonnuca c
anocTepuopHbLIMU CPaBHEHNSIMU MO kpuTepuio [aHHa. Cpas-
HEeHWe KONMMYEeCTBEHHbIX MoKa3aTernen B AByX He3aBUCUMbIX
rpynnax KynbTyp KNeTOYHbIX JIMHWIA NPOBOAUIIOCH MO KpUTe-
puto MaHHa — YuUTHU. [1oporoBbIN YpOBEHb CTAaTUCTUYECKON
3HA4YMMOCTVM NPU NPOBEPKE MMNOoTE3bl O PA3NUYUSAX NokasaTte-
nen B rpynnax coctaensan 0,05.

Pe3yn bTaTbl UccriegoBaHunsa

MaMeHeHns npoayKumMu nakrara KreToOYHbIMWU KynbTypa-
MU Mocne BBeAEHUs] TECTUPYEMbIX BELLECTB NpeacTaBrieHbl
B Tabnuue 1.

of tested substances was of 2.5 mM. In addition, we
prepared negative control and positive control using 10%
dimethyl sulfoxide. The incubation time was 24 hours. The
plate was placed to CO, chamber for one hour.

Cell culturing continued till reaching ~95% confluence
in each well. After that, the medium was substituted. After
incubation, we pipetted the culture fluid from the vessels,
centrifuged for 3 minutes at 500 g, and determined lactate
concentration using a commercial Olvex Diagnosticum
kit and spectrophotometer in accordance with the
manufacturer’s protocol against a blank sample at a
wavelength of 505 nm. The lactic acid concentration was
calculated as

C=33E/E mM,

where E_ and E_ were the optical densities of the
experimental and calibration samples, respectively. The
cells were removed from the wells where they were and
transferred to the next stage of the study.

Determination of oxygen uptake by cells was
evaluated using the polarography method [16]. We
carried out the measurement using the Seahorse XFe24
Analyzer of cellular metabolism manufactured by Agilent
Technologies. The polarography medium consisted of 1
mM EDTA + 1.2 mM MgCl, + 1 M taurine + 5 mM KN,PO,
+ 20 mM HEPES buffer + 100 mM sucrose and had pH-
value of 7.4. The first step consisted in the incubation of
this medium at a temperature of 33 °C for 10 min in water
thermostat. Next, we put 1 mL of the medium containing 2
x 108 MCF-7/Vero cells into each polarographic cell.

The respiration rate was sequentially recorded
with such a composition of the cell contents, after the
introduction of 100 pL of oligomycin as an ATP synthase
inhibitor, after the introduction of 100 L of rotenone to
inhibit the complex I, and after the introduction of 100 pL of
2,4-dinitrophenol. Record time of each cellular respiration
model lasted for three minutes.

The statistical evaluation of the experimental results
provided the comparison of the indicators of each cell
line in the experimental and control groups. Statistica
10.0 software package was used for this procedure.
The intra-group comparative analysis consisted in the
estimation of Kraskel — Wallis criterion in nonparametric
version of ANOVA, followed by multiple Bonferroni — Dann
comparisons. The comparison between the groups was
carried out according to the Mann — Whitney criterion.
The differences at a confidence level of p < 0.05 were
considered statistically significant.

Results

Table 1 presents changes in lactate production by cell
cultures after administration of the tested substances.

In the control, lactate production by MCF-7 tumor cells
significantly exceeded the value of a similar indicator
when using a culture of non-transformed Vero cells.

Epirubicin caused the suppression of lactate production
in MCF-7 cells by 25%, while the suppression in Vero
cells was only by 8%. This fact reflected the general ability
of antitumor drugs to influence metabolic processes in
transformed cells to a greater extent, in comparison with
non-tumor cells.
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B KoHTpone npogykuusi naktarta KneTkamu OrnyXoreBoW
nunHmum MCF-7 gocTtoBepHO npeBblllana Benu4mMHy aHanorny-
HOro nokasaTens Npu UCMosib30BaHUM KynkTypbl HeTpacdop-
MMPOBaHHbIX KneTok Vero.

Ta6nuua 1. MNpoaykunsa nakrata B kynetype knetok MCF-7 n Vero nocne BBeaeHVs anupyobuumHa u Tpex HOBbIX
NPOM3BOAHbIX azonoasuHos, Me [Q,+Q,], MMonb/n

Table 1. Lactate production in MCF-7 and Vero cell cultures after administration of three new azoloazine
derivatives comparing to epirubicin, Me [Q,+Q,], mM/L

KynbTypa kneTtok
Cell culture

YcnoBus KynbTUBMPOBaHMWS
Cultivation conditions

KonTpons / Control 9,75[9,16 = 10,22] 7,58 * [7,09 + 8,16]

Onupy6uumH / Epirubicin
MpownasogHoe 1/ Derivative 1

7,33 #1[7,00 + 7,71]
4,75 #[4,41 + 5,17
6,24 #[5,89 + 6,47]

6,40 # [6,08 + 6,72]

7,01 [6,63 + 7,40]
3,80 *# [3,46 = 4,02]
5,89 *# [5,53 + 6,24]

5,97 *# [5,60 + 6,33]

lMpounasoaHoe 2 / Derivative 2

MpounasoaHoe 3 / Derivative 3

MpumevaHne: ctatucTuyeckn 3HaunmMble pasnuuus * — mexxay MCF-7 n Vero, # — mexay U3MeHeHHbIMU cpefamm
1 cTaHgapTHOW nonHow cpegon (p < 0,05).

Note: The sigh * expresses statistically significant differences (p < 0,05) between MCF-7 and Vero cell cultures; the
sigh # expressed the analogue differences between control and tested substance action (p < 0.05).

Tabnuua 2. MNokasatenu AbixaHus knetok MCF-7 u Vero nocne BBeAeHVS anMpyouLmHa 1 Npovn3BOAHbIX a305o-

asuHos, Me [Q,+Q,], Hmonb/c/106

Table 2. Respiration rates of MCF-7 and Vero cells after administration of three new azoloazine derivatives
comparing to epirubicin, Me [Q,+Q,], nM/sec/106

YcnoBusi KynbTUBUPOBAHKS
Cultivation conditions

KynbTypa knetok
Cell lines

WHTaKTHbIE KNeTkun
Intact cells

BasoBoe fbixaHue / Base respiration
OnuromuumH / Oligomycin
2,4-pynnTpodberon / 2,4-Dinitrophenol
PoTeHoH / Rotenone

12,05 [10,61 + 13,55]
7,68 [6,80 + 9,72]
12,53 [11,77 + 13,94]
9,15 [8,07 + 9,96]

15,77 [14,48 + 16,70] *

10,30 [9,02 + 11,98] *

16,25 [14,94 + 17,89] *
9,23 (8,25 + 10,47]

AnupyouLmH
Epirubicin

Basosoe gbixaHue / Base respiration
OnwuromuuumH / Oligomycin
2,4-puHnTtpodperon / 2,4-Dinitrophenol
PoteHoH / Rotenone

11,52 [10,30 + 12,76]
7,28 [6,41 + 8,16]
11,95 [10,56 + 13,21]
8,62 [7,82 + 9,47]

14,68 [12,96 + 16,33] *
9,75 8,69 + 10,88] *
15,26 [14,02 + 17,86] *
8,91 (7,82 + 10,15]

MpownssogHoe 1
Derivative 1

BasoBoe abixaHue / Base respiration
OnwuromunuumH / Oligomycin
2,4-pnHnTtpodperon / 2,4-Dinitrophenol
PoteHoH / Rotenone

8,42 (7,15 + 9,92] #
5,35 [4,70 + 6,06] #
9,20 7,96 + 10,38] #
6,94 6,17 = 7,69] #

11,02 [9,86 + 12,25] *#
6,50 [5,71 + 7,34] *#
9,77 8,85 + 10,97] #
7,48 (6,84 + 8,22] #

Mpown3soaHoe 2
Derivative 2

BasoBoe AbixaHue / Base respiration
OnuromumumH / Oligomycin
2,4-nuHnTtpodpeHon / 2,4-Dinitrophenol
PoTeHoH / Rotenone

10,04 [8,83 + 11,20] #
6,40 [5,86 + 7,35]
10,46 [9,21 + 11,85] #
7,71 (6,89 + 8,87] #

13,01 [11,65 + 14,45] *
8,23 [7,46 + 9,12] *#
12,53 [11,30 + 13,78] *#
8,76 [7,96 + 9,53]

MpownssoaHoe 3
Derivative 3

BasoBoe abixaHve / Base respiration
OnuromumumH / Oligomycin
2,4-puHnTtpodperon / 2,4-Dinitrophenol
PoteHoH / Rotenone

9,84 [8,60 + 11,03] #
6,28 [5,70 + 7,11] #
10,26 [9,04 + 11,74] #
7,60 [6,77 + 8,66] #

12,80 [11,44 = 14,23] *
8,11 [7,37 + 9,02] *#
12,35 [11,09 + 13,56] "#
8,58 [7,79 + 9,35] *

MpumeyaHue: cTtatTucTuyeckn 3HaunmMble pasnuuus * — mexxagy MCF-7 n Vero, # — mexay U3MeHEHHbIMU cpeaamm
1 cTaHgapTHOW nonHow cpegon (p < 0,05).

Note: the sigh * expresses statistically significant differences (p < 0,05) between MCF-7 and Vero cell cultures; the
sigh # expressed the analogue differences between control and tested substance action (p < 0.05).

Cultivation of MCF-7 in the presence of derivative 1
led to a decrease in lactate production by more than half,
a similar decrease was character for Vero cell culture.
Derivative 2 caused a decrease in lactate production in



Xymaunpu A.X., YayT B.B., Cnepanckun O.J1., Anb-Mazanu M.O., HoBovagos B.B.
BrnuvsiHne HOBbIX MPOU3BOAHbBIX @3010a3MHOB C NOTEHLMANbHON NPOTMBOOMNYXONEBOM aKTUBHOCTLIO Ha 3HepreTuyeckunii obmeH

OnupybrumnH BbI3biBan nogasneHne nNpogyKuMmn nakrara
knetkamu nuHun MCF-7 Ha 25%, knetkamu nuHumn Vero —
TONbKO Ha 8%. 3TO oTpaxano o6Lyt CNOoCOBHOCTbL NPOTU-
BOOMYXONEBbIX NpenapartoB B GonbLuen cTeneHn BAMsTb Ha
meTabonuyeckme npoueccsl B TPaHCHOPMMPOBAHHBIX KMeT-
Kax B CPaBHEHWM C HEOMYXOMNEBbIMU.

KynstnBuposaHne MCF-7 B npucyTCTBAM NPOU3BOAHOIO
1 BbI3bIBANO yMeHbLUEHWEe NPOAyKUMM nakTata bornee yem
BABOE, B KynbType Knetok Vero 3apernctpupoBaHO aHano-
rMyHoe CcHuxeHue. [MponsBogHoe 2 BbI3bIBANO CHUKEHME
npodykumn naktata B Kynetype knetok MCF-7 Ha 36%, B
KyneType knetok Vero — Ha 22%. NpoussBogHoe 3 AeMOH-
CTPUPOBAIo MPUMEPHO TY e MeTabonnyeckyro akTUBHOCTb:
B KynbType krnetok MCF-7 npogykums nakrara cHuxanace Ha
TpeTb, B KynsType knetok Vero — Ha 21%.

PesynbraTbl BMMAHUS TECTMPYEMbIX BELLECTB Ha Nokasa-
Tenu notpebnexusa kucnopopa knetkamv MCF-7 n Vero no-
KasaHbl B Tabnuue 2.

BeeneHune anmpybuumHa B Kynetypy knetok MCF-7 npu-
BOAMIO K CHWKEHWUIO nokasaTtenen 6a3oBoro abixaHusa Ha 5%,
ocTanbHbIX TECTOBbIX NMoka3aTenen (B NpuUCyTCTBUWN ONUIOMM-
uuHa, 2,4- guHnTpodeHona u poteHoHa) — B npeaenax 5-6%.
ToT e npenapat Npv BBEAEHUW B KyrnbTYPY KNeTok Vero Bbi3bl-
Ban CHWXeHne nokasarenen 6asoBoro AbixaHusi, B CpaBHEHNN
C KOHTponem, Ha 7%, ocTanbHbIX nokasatenen — Ha 3—6%.
OT10 oTpaxano obLiee CHWXEeHWe 4Yucna KNeToK, COXpaHuB-
LUMXCS Nocne BO3AENCTBUS NPOTMBOOMNYXONEBOro npenapara,
1 nx metabonuyeckom akTMBHOCTU. B To e Bpems, nony4yeH-
HYI0 AVHaMUKY CriedyeT npusHaTb BeCbMa yMEPEHHOWN.

MpownssogHoe 1 npmBoauno B Kynstype knetok MCF-7 k
CHWXeHuo 6a3oBoro AbixaHusa Ha 30%, noTpebneHusa kucrno-
poaa Ha poHe AencTBuSA onuroMmmumHa — Take Ha 30%, 2,4-
AvHuTpodbeHona — Ha 27%, poTeHoHa — Ha 24%. CHuxeHne
6a30B0ro ApixaHus B KynbType knetok Vero coctasurno 31%,
ocTanbHbIX M3yyaeMbix nokasatenen B npegenax ot 19%
(poTeHoH) 0o 40% (2,4-anHuTpodeHon).

MpownssogHoe 2 npuBoauno B Kynstype knetok MCF-7 k
CHWKeHno B6a3oBoro AbixaHua Ha 14%, notpebneHusa kuc-
nopoga Ha oHe TeCTOBbIX BO3AENCTBUA — B npegenax 16—
17%. B kynbType knetok Vero cHuxeHne 6a30BOro AbiXxaHus
coctaBuno 18%, octanbHbIX U3y4aeMbix nokasaTtenen — B
npegenax ot 19 no 24%.

BeeneHvie nponssogHoro 3 B KynbTypy knetok MCF-7 co-
NPOBOXAANOCh CHWkeHneM 6a3oBoro AbixaHus Ha 18%, no-
TpebneHnst kncnopoga Ha oHe TEeCTOBbIX BO3AENCTBUM — B
npegenax 17—19%. CHmxeHne 6a30BOro AbIXaHUs B KynbType
knetok Vero coctaeuno 19%, npu 4encTasmMm onuroMmmumnHa —
22%, 2,4-gpnHuTtpodeHona — 24%, poTeHOHa — TOnbKO 7%.

O6cyxaeHune

BbinonHsas paboTy, Mbl npegnonaranu, 4To, BO-NepBbIX, Y
OnyXorneBbIX KNEeTOK NpoAyKumsa naktara OyaeT Boille, Yem y
HeonyxorneBbIX B cuny 6onee BbICOKON MHTEHCUBHOCTU METa-
6onnama B Lienom u 3a cyeT acpdekTa Bapbypra. Bo-BTOpSBIX,
Mbl CYMTaNN, YTO LIUTOTOKCUYECKOE U FEHOTOKCUYEcKoe AeWt-
CTBVE NPOU3BOAHbIX a30/10a31HOB MPUBELET K KPUTUHECKAM
N3MEHEHUSIM KIETOYHOro MeTabonuama, B pesynsrare 4ero
CHU3WTCHA NpoAyKuMs nakrtata U notpebneHue kucrnopoga
KrneTkamu B KynbType.

MepBoe NpeanonoxeHne NOATBEPANIOCH, U B HALLUX OMbl-
Tax knetkv nuHun MCF7 gemoHCTpupoBany Npoaykumio nak-
Tarta noYTu Ha TpeTb BonbLUyto, Yem KneTku nuHum Vero. lMo-
nyYeHHble AaHHbIe COormacylTcsi C Teopuel MeTabonmnyeckoro
nepenporpaMMMpoOBaHMs  OMyXOmneBbIX KNeTok (3dhdekTom

MCF-7 cell culture by 36%, and in Vero cell culture by
22%. Derivative 3 showed approximately the same
metabolic activity; in MCF-7 cell culture the lactate
production decreased by a third, in the Vero cell culture it
decreased by 21%.

Table 2 shows the results of the effect of the tested
substances on the oxygen consumption of MCF-7 and
Vero cells.

The introduction of epirubicin into the culture of MCF-
7 cells led to a decrease in basic respiration by 5%, the
remaining test parameters in the presence of oligomycin,
2,4-dinitrophenol and rotenone altered within 5-6%.
The same drug, when injected into the culture of Vero
cells, caused decrease in the monitored indicators of
cell respiration by 7% and other parameters by 3-6%
in comparison with the control. This reflected both a
general decrease in the number of cells preserved after
exposure to antitumor drug and their residual metabolic
activity. At the same time, the resulting dynamics should
be considered very moderate.

Derivative 1 in MCF-7 cell culture resulted in a 30%
decrease in basic respiration, oxygen consumption
against the background of the action of oligomycin also
by 30%. 2,4-dinitrophenol and rotenone decreased
oxygen consumption by 27% and 24%, respectively. The
decrease in basic respiration in Vero cell culture was 31%,
the other studied indicators ranged from 19% (rotenone)
to 40% (2,4-dinitrophenol).

Derivative 2 resulted in a decrease in basic respiration
by 14% in the culture of MCF-7 cells, oxygen consumption
against the background of test effects decreased in the
range of 16—17%. In the culture of Vero cells, the decrease
in basic respiration was 18%, the other studied indicators
diminished from 19% to 24%.

The introduction of derivative 3 into the culture of
MCF-7 cells was accompanied by a decrease in all basic
respiration by 18%. The decrease in respiration in the
presence of test compounds was within 17-19%. Basic
respiration in Vero cell culture decreased by 19%, by 22%
in the presence of oligomycin, by 24% in the presence
of 2,4-dinitrophenol, and only by 7% in the presence of
rotenone.

Discussion

While doing the work, we assumed that, firstly, the
production of lactate in tumor cells would be higher
than in non-tumor cells due to the higher intensity
of metabolism in general and due to the Warburg
effect. Secondly, we believed that the cytotoxic and
genotoxic effects of azoloazine derivatives would lead
to critical changes in cellular metabolism, resulting in
reduced lactate production and oxygen consumption by
cultured cells.

The first our assumption was confirmed, and in these
experiments, the cells of the MCF 7 line demonstrated
lactate production almost a third greater than the cells
of the Vero line. The data obtained are consistent with
the theory of metabolic reprogramming of tumor cells
known as the Warburg effect, characterized primarily
by a shift in energy supply from mitochondrial oxidative
phosphorylation to aerobic glycolysis [17]. The principles
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BapOypra), xapaktepuayoLLlencsi, B NepByt0 ovepenb, COBU-
rom B 3HeproobecrneyeHnnm OT MUTOXOHOPWANbHOTO OKWUCIU-
TenbHOro hocdopunupoBaHus kK aapobHomy rmukonuay [17].
MpYHUMMBI, perynupyroLwmne rMmMKONUTUYECKYI0 PErynauuio B
pakoBbIX KneTkax, NoapobHO paccMoTpeHbl B 063ope [18].

BeeaeHve anupybuumMHa NpuBOAMMO MULb K HE3Hauu-
TENbHOMY CHVXEHWIO MPOAYKUMM nakTata Krnetkamu NUMHUNA
MCEF-7 n Vero. NponssoaHoe 1 Bbi3biBano yMeHbLLEeHne npo-
Aykuun naktata 6onee 4yem BaBoe B 06eux Kynstypax. [1po-
n3BoaHble 2 1 3 obnagany cXogHbIMKU, HO MEHbLUMMK MO aM-
nnutyae adpdektammn. 1o oTpaxano oLy CnocoBHOCTb
NPOTMBOOMYXOMNEBLIX NpenapaTtoB B GomMbLUel CTeNeHn BNu-
ATb Ha MeTabornuyeckme npouecchl B TpaHCHOPMMPOBAHHBLIX
KrneTkax B CpaBHEHUWN C HEOMYXOMNeBbIMMU.

Ecnu npoaHanuampoBaTb NonyyYeHHble pe3ynbraTtbl, UCXo-
A1 U3 COBPEMEHHbIX NpeACTaBMNeHnn 0 MeXyTO4HOM obmeHe
B OMyXOMeBOW KMNeTKe, TO UM MOXHO HalWTu 1 gpyroe oobsic-
HeHune. Ecnn paHee cunTanocb, 4TO Npu 3rMoKa4eCTBEHHON
TpaHcdopmaLnm KneTka NoOMMMO FIIOKO3bl COXpaHSAET BeCbMa
OrpaHNYeHHOE KONMMYECTBO AHEPreTUYECKNX N CUHTETUYECKNX
cybcTpaToB, TO B HACTOSILLEE BPEMS 9Ta KOHLeNums noasep-
raetcsa cuctemartnyeckon kputuke. dd ekt Bapbypra npuso-
OVT K HaKOMMEHWIo NMPOMEXYTOYHbIX MeTabonuToB, akTUBHO
MCMOMb3YILLMXCA PAKOBOW KMNETKOW ANA CUMHTe3a NMUNWAOB,
aMWHOKMCIOT U HYKNeoTnAoB. B kayecTBe NCTOYHMKOB 3HEP-
M1 B MUTOXOHAPUANbHOM OKVUCIIEHUN aKTUBHO NMPUMEHSIOTCS
aueTaT 1 Apyrvue XXupHble KUCNOTbI, NakTaT, aMMHOKUCNOTbI C
pa3BETBMNEHHOW LieNbio, CEPVH U MULUH. TN NpeaLlecTBeH-
HVKW JONOMHAIOT MeTabonuTbl-NpeawecTBEHHUKN rvKonuaa
1 HeoOXoaMMbI Anst nogaepku nponudepaumm [8, 10].

CpaBHeHue onyxoneBbIX U HenogBePXEeHHbIX TpaHcopma-
LK KNeToK nokasano oTHocMTenbHO 6onee HM3koe noTpebne-
HVe K1crnopoaa B KynbType C OnyxoneBou TpaHcdopmaumen B
cpegHem Ha 10-20%. 310 cornacyeTcs ¢ nNpefcTaBneHnsmu
O MPEenMyLLECTBEHHO aHa3pOOHOM SHepreTM4ecKoM NoToKe B
OMyXOmneBbIX KMeTKax v ABNAETCA NOATBEPXAEHUEM afeKBarT-
HOCTW NMPYMEHEHHBIX KNEeTOo4YHbIX Mogenen [19].

[anee 6bino BbIABNEHO, YTO 6a30BOE AbixaHWe onyxore-
BbIX KNETOK JOCTATOYHO YMEPEHHO CHIDKAETCH NP BBEAEHWN
B KyNnbTypy TECTUPYEMbIX COEAMHEHUA. DTO MOXET cBuae-
TenbCTBOBAaTb O TOM, YTO KynbTypa MCF-7 ncnonbsyet BHy-
TPEHHUE MeXaHW3Mbl AMA NepeknoYeHns MeTabonmyecknx
nyTer B 3aBUCUMOCTU OT YCIOBUIA OKpyKatoLen cpebl [20].

Mony4yeHHble HaMu OaHHble MOryT ObiTb MOMOXEHbI B
OCHOBY HOBbIX MCCMNeAOBaHWN, HaMpaBiieHHbIX Ha N3yyYeHne
MEexaHU3MoB MeTabonuyeckon nepecTponKM OnyxoneBbiX
KNETOYHbIX NMHUIA NPU U3MEHEHUWN KOHUEeHTpauui 6a3oBbix
MeTabonuToB B KynbTypanbHoW cpeae, K npuMmepy, nceneno-
BaHWs UHIMOUTOPOB OCHOBHBLIX MeTabonuyecknx nyTen ¢ nc-
nornb3oBaHWeM 2-4ervaporniokossl, 3-6pomnupysata, amu-
HoTpaHcdepas u T. N. MNMonyvyeHHble AaHHblE TakkKe MOXHO
MCMNOnNb30BaTh AN YNPaBneHns CUCTEMOW KynbsTUBUPOBaHNS
1 Bepudukaunum Metabonmyecknx M3MeHeHn npu ucnbita-
HWM HOBbIX NMPOTMBOOMYXONEBLIX CPEACTB in Vitro.

3akno4yeHue

Mony4yeHHble pesynbTaTbl CBUAETENLCTBYIOT, Kak MWHU-
MyM, O AByX dhakTax. Bo-nepsbix, BO3AENCTBUE TECTUPYEMbIX
coeauHeHUi Ha MeTabon3M HeTPaHCAOPMMPOBAHHbIX KIETOK
HECKOMbKO CUIbHEe, YeM Ha ornyxoresble. Bo-BTOpbIX, 13 OTO-
BpaHHbIX NPOM3BOOHLIX a30510a3MHOB HaUBOMbLLUIA 3GAEKT
Ha NPOAYKUMIO NnakTata v notpebneHne Kucnopoga KneTkamu
oKasblBaeT npoussogHoe 1, a Metabonmyeckue addekTbl Npo-
M3BOAHbIX 2 1 3 CXO4HbI N0 aMNnuUTyae U 3ameTHO crnabee.

governing glycolytic regulation in cancer cells are well
discussed in detail in the review [18].

Epirubicin administration caused only a slight decrease
in lactate production by MCF-7 and Vero cells. Derivative
1 caused a reduction in lactate production by more than
half in both cultures. Derivatives 2 and 3 had similar but
smaller amplitude effects. This reflected the general ability
of antitumor drugs to influence metabolic processes in
transformed cells to a greater extent, in comparison with
non-tumor cells.

If we analyze the results obtained based on modern
ideas about the oxygen-dependent metabolism in a
tumor cell, then another explanation can be found for
them. If it was previously believed that during malignant
transformation, the cell, in addition to glucose, retains a
very limited amount of energy and synthetic substrates,
now this concept is being systematically criticized. The
Warburg effect leads to the accumulation of intermediate
metabolites that are actively used by the cancer cell for the
synthesis of lipids, amino acids, and nucleotides. Acetate
and other fatty acids, lactate, branched chain amino acids,
serine, and glycine may actively utilized as energy sources
in mitochondrial oxidation. These precursors complement
glycolysis precursor metabolites and they are necessary
to support proliferation [8, 10].

A comparison of tumor and non-transformed cells
showed a relatively lower oxygen consumption in a culture
with tumor transformation by an average of 10-20%. This
is consistent with the ideas of a predominantly anaerobic
energy flow in tumor cells and is a confirmation of the
adequacy of the applied cellular models [19].

Further, we found that the basic respiration of tumor
cells decreases moderately enough as a result of
introducing the tested compounds into the culture. This
may indicate for MCF-7 culture to use internal mechanisms
for reprogramming metabolic pathways in defense on the
environmental conditions [20].

The data obtained can be used as the basis for
new studies aimed at studying the mechanisms of
metabolic restructuring of tumor cell lines with changes
in the concentrations of basic metabolites in the culture
medium, for example, the study of inhibitors of the
main metabolic pathways using 2-dehydroglucose,
3-brompyruvate, aminotransferases, etc. These data
can also be used to control the cultivation system and
verification of metabolic changes during testing of new
antitumor agents in vitro.

Conclusion

The results obtained indicate at least two facts. Firstly,
the effect of the tested compounds on the metabolism of
untransformed cells is somewhat stronger than on tumor
cells. Secondly, of the selected azoloazine derivatives,
derivative 1 has the greatest effect on lactate production
and oxygen consumption by cells, while the metabolic
effects of derivatives 2 and 3 are similar in amplitude and
noticeably weaker.

Lactate production in MCF-7 and Vero cell cultures
decreased by more than half under the action of derivative
1, and oxygen consumption decreased by 19%-40%,
which was the maximum effect among the studied
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Mpoaykuus naktata B Kynbrypax knetok MCF-7 n Vero
npu AencTBuM npou3BogHoro 1 ymeHbluanacb Gonee yem
BABOe, a notpebneHue kucnopoga — Ha 19-40%, 4TO siB-
NANOCb MakcuMarnbHbIM 3PdEKTOM CPEAn N3YYEHHbIX NPo-
M3BOAHbIX asonoasvHoB. [lpousBogHble 2 U 3 MO CBOMM
meTabonuueckum adpdektam ObinvM CxodHbI C NpenapaTtom
cpaBHeHus anupyouumHoMm. OHU CHWXanu NpoayKuMio nak-
TaTa B Kynetype knetok MCF-7 Ha TpeTb, B KynbType KrneTok
Vero — Ha 21-22%. MNoTtpebneHue kucnopoga B KynbType
knetok MCF-7 cHuxanocb Ha 14—17%, B KynbType KneTok
Vero — Ha 18-24%.

Kak uTor, nony4eHHble AaHHbIE NO3BONSAOT CYMTaTh NpPo-
nssogHoe 1 (3-Uuknorekcun-4-okcommunaaso[s,1-d]-[1,2,3,5]
TeTpasunH-8-N-nunepugnHun-kapbokcamma) nuaepom cpeam
HOBbIX MPOW3BOAHbBIX a30M0a3NHOB N PEKOMEHAOoBaTb €ero
AN fanbHenwero AOKNMHUYECKOrOo M3YyYeHUs B KadvecTBe
noTeHUMansLHOro NPoOTMBOOMYXONEBOro CpeacTaa.
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