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2PI'BYH «MHCTHTYT GU3HONOTHYeCKH aKTHBHBIX BElecTB Poccuiickoii akageMuu HayK»
UYepnoronoska, Poccust

AHHOTaANUA

Bgenenue. [IpoGiieMa OHKOJIOTHYECKUX 3a00JI€BaHNI HA CETOHSIIHUIN JICHb SBISIETCSI IPUOPUTETHOM [UIsl MEAULMHBI 1
yenoBedyecTBa. 13BeCTHO, 4TO BRICOKONEPCHEKTHBHBIMY MPOTHBOOIYXOJIEBBIMH TIpEeapaTaMu SBISIOTCS IIPOM3BOIHBIE
oemsumunazona. Lleab ucciaenoBaHusi — H3yueHUE OHMONOTMUYECKOW AKTUBHOCTH MPOW3BOAHBIX OEH3MMMIIA30J1a.
MaTtepuan u Metoabl. boutn nccienoBanbl 6eH3MMUIA300 U 12 €ro HOBBIX NMTPOU3BOJHBIX. M3ydeHa aHTHOKCHIaHTHAS
AKTUBHOCTh, MEXAHMU3MBI €€ JEHCTBHS, NMPOTHBOOIYXOJIEBas aKTUBHOCTh, BIIMSHUC BEIICCTB Ha TPaHCMEMOpPaHHBIN
MOTEHIMA MHUTOXOHIPUHA W CKaYOK MHUTOXOHApuanbHOW mponunaemoctu (CMII). PesyabTatel. Vccienyemsbie
coequHeHUs dpQexTBHO uHrHompoBanmu mporecc I[IOJI (mepekrcHOE OKHCIGHHE JHIUAOB), IpenoTBpamas
00pa3oBaHUE KAaHIIEPOTCHHBIX areHTOB B KiIEeTKe. MeXaHHM3MOM aHTHOKCHIAHTHOTO IEHCTBHS Ui BemecTB 5 u 13
SIBIISUTACH TIPSIMast aHTHPaIuKaNbHas akTHBHOCTE. CoenuHeHus 4, 6, 7, 8 CHIIBHO IENOApU30BaId MeMOpaHy, IPUBOIS K
MMOJTHOMY WHTHOMPOBAaHWIO HaOyXaHWS MHUTOXOHApHi. HamOombmmed TUTOTOKCHYECKOH aKTHBHOCTBIO OO0Najgau
coemunenus 4 U 13, CHIDKAIOIINE BBDKHBAEMOCTh KIICTOUHBIX JHHUHA Herpobnactombel (SH-SY5Y), aneHokapiuHOMB
ureiikn matku (Hela), terpakapimnomsr simaankoB (PA-1) u mouku smOpuona uemoBeka (Hek-293). BoiBoabl.
[posiBieHue HaKOObINEH AHTUOKCHIAHTHOW aKTUBHOCTH HAOJIIOAI0Ch y BEIIECTBA 2, YTO MOXET OBITh 00YCIOBICHO
HAIMYMEM METHJIBHOTO pajJuKana B CTIPyKType wucciuenyemoro BemectBa. CoemumHeHus 5 u 13 sgBusgrorcs
AQHTHOKCHIaHTAMH IIPSIMOTO EHCTBHSL, CIIOCOOHBIMH CBS3BIBATH CBOOOIHBIE PaUKaibl C 00pa30BaHUEM MEHEE aKTHBHBIX
WIM HEAaKTUBHBIX PaJUKaNIOB. AHTHPAJAMKAIbHOE IEUCTBUE, BO3MOXKHO, CBSI3aHO C MPUCYTCTBUEM AMMHOTPYMIBI U
TPUPTOPMETIIIEHOTO 3aMECTHUTEIS B CTPYKTYpe BelecTB. Tpu(TOPMETHIEHBIN paJvKal B COUSTaHUH C raJlor€HaM1 WIn
HUTPOTPYNIIONW 0OJerdaer TpaHCIIOPT HCCIETYyEeMBIX COCIMHEHHMH depe3 OMojornuecKkre MeMOpaHbl U IPUBOJMT K
CHJIBHOM JIETIONSIpU3allil MUTOXOHAPHAJIbHOW MeMOpaHBl, NOjaBisis HaOyxaHue MHTOXOHIpuil. HaumbGonbmien
IUTOTOKCHYECKOH aKTHBHOCTBHIO O0JIaJaiy coequHeHus 4 u 13, ¢ pa3nimyHBIMU MEXaHU3MaMu JeicTBus. Bemectso 4
MOXET OBITh PEKOMEHJIOBAaHO K JAJbHEHIIUM HCCIEJOBaHUAM IPOTHBOOIYXOJICBOH AKTUBHOCTH BBHIY €T0
0€30IacHOCTH TSI 3I0POBBIX KJIETOK YEIOBEKa.

KiroueBble cjioBa: NMpon3BOAHBIE OCH3MMUIA3051a, OMOJOTHYECKass aKTUBHOCTB, IPOTHBOOITYXOJIEBasi aKTHBHOCTE,
TBK-tect, JI®II-Tect, MTT-Tect, TpaHCMeMOpaHHBIN OTSHIIMAT, HA0YXaHHEe MUTOXOHIPHUH.
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Abstract

Introduction. The problem of oncological diseases is a priority for medicine and humanity today. Benzimidazole
derivatives are known to be highly promising antitumor drugs. The aim of the study is to analyze the biological activity
of benzimidazole derivatives. Material and methods. We investigated benzimidazole and 12 of its new derivatives for
the first time. We studied the antioxidant activity, the mechanisms of its action, antitumor activity, the effect of substances
on the transmembrane potential of mitochondria and the jump in mitochondrial permeability (JMP). Results. The studied
compounds inhibited the process of lipid peroxidation (LP) effectively, preventing the formation of carcinogenic agents
in the cell. direct antiradical activity was a mechanism of antioxidant action for substances 5 and 13. Compounds 4, 6, 7,
8 depolarized the membrane strongly, leading to complete inhibition of mitochondrial swelling. Compounds 4 and 13 had
the highest cytotoxic activity; they reduced the survival of neuroblastoma (SH-SY5Y), cervical adenocarcinoma (Hela),
ovarian tetracarcinoma (PA-1) and human embryo Kidney (Hek-293) cell lines. Conclusion. We observed the
manifestation of the greatest antioxidant activity in substance 2, which may be due to the presence of a methyl radical in
the structure of the substance under study. Compounds 5 and 13 are direct-acting antioxidants that are capable of binding
free radicals to form less active or completely inactive radicals. This is due to the presence of an amino group and a
trifluoromethyl substituent in the structure of substances. The trifluoromethyl radical facilitates the transport of the studied
compounds through biological membranes in combination with halogens or a nitro group, leading to strong depolarization
of the mitochondrial membrane and suppressing mitochondrial swelling. We have determined that compounds 4 and 13
have the highest cytotoxic activity with different mechanisms of action. We recommend substance 4 for further studies
of antitumor activity due to its safety for healthy human cells.

Keywords: benzimidazole derivatives, biological activity, antitumor activity, TBK test, DPH test, MTT test,
transmembrane potential, mitochondrial swelling.

BBEJIEHUE

K mupoko pacnpoCTpaHEHHBIM  OHOJOIMYECKM  aKTUBHBIM  Ie€TEPOLUKIMYECKUM
COCMHEHUSIM OTHOCST OCH3MMHA30J1, KOTOPBIH SBISETCS BaXHEHIIMM (apMakopopoM, U €ro
npou3BojHble. biarogaps pasHooOpa3HbIM BUaM IPOSIBIIEMONM OMOJIOTMYECKOl aKTUBHOCTH, OHU
IIMPOKO MPUMEHSIOTCS B KAa4ECTBE JIEKAPCTBEHHBIX IIpenaparoB. M3BeCTHO, 4TO y MPOU3BOIHBIX
OeH3uMuIa301a OOHApYKUBAIOT CBOMCTBA, MO3BOJISAIOIINE CYUTATh UX MOTEHIIMATBFHO YCHEIIHBIMU B
MIPOTUBOOIYX0JIeBOM Tepanuu. [lonck BemecTs 1t CO3/1aHNs HOBBIX 3(PPEKTUBHBIX MTPENapaToB AJs
XMMHUOTEpAINuu 37J0Ka4eCTBEHHBIX HOBOOOPA30BaHUN U3 MPECTaBUTENIEH JaHHOTO Kilacca sBIseTCs
AKTyaJbHBIM BBICOKOIIEPCIIEKTUBHBIM HAIIPABICHUEM.

Leasb wncciaeqoBaHusi — M3ydyeHUE OMOIOTMYECKOM AaKTUBHOCTH OEH3MMHA30Jla U €ro
IIPOU3BOIHBIX.

MATEPHUAJ U METO/bI

OObexkT wuccnenoBaHus: O€H3UMHUAA30d1 M 12 ero MNpoOU3BOAHBIX C  PA3IUYHBIMU
bapmakodopubiMu (pparmerTamu (Puc. 1). Bce Ouonormueckue 3KCIEpUMEHTH NMPOBEICHBI BO
OI'bYH UHucTuTyTe DM3nonornuecky akTUBHbIX BenlecTB Poccuiickoil akageMun Hayk.
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Puc.1 CtpykTypa O€H3UMH1a3071a U €T0 IPOU3BOTHBIX

Hcxoanslii pacTBOp O€H3MMHK1a3071a U €T0 MPOU3BOIHBIX TOTOBWIIM B IUMETUIICYIb(POKCHIE
B KoHueHTpanuu 100 MxM. HccnenoBanusi OMOJIOTMYECKOM M MPOTUBOOIMYXOJIEBON aKTHBHOCTH
coequHeHni ocymecTBisin B MHctutyre (usmonorndecku aktuBHbix BemiectB (MDAB PAH)
@®I'bYH ®OUL] npobiiem xumudeckoit puzuku n Mmequuackoi xumun PAH.

OKCHEepUMEHThl MO BBISBICHHIO OWOJIOTUYECKON aKTHMBHOCTH MCCIEAYEMBIX BEIECTB
MPOBOJMJIIM HA KJIETKAaX TOJIOBHOTO MO3ra W MHTOXOHJPHUAX II€UYEHH CaAMIIOB HEJIWHEHHBIX
OecrnopoAHbIX KpbIc. Bce MaHUMYIISAIMK € 5KUBOTHBIMU COOTBETCTBOBANIU PEUICHUSIM KOMUCCUU TI0
buostuke U®AB PAH. [lpurorosienue romoreHara Mo3ra 4 BbIIEJIEHHUE MUTOXOHIPUNA IEUYEHU
KpbIC [T MccaenoBanuii mpoBoauwian mo metoay N. R. Sims [1]. AHTHOKCHIAHTHYIO aKTHBHOCTb
coequHeHnil uzydanu Ha mozaenu [1OJI romorenara mosra kpeic. Yposens [1OJI onpenensuin no
Moau(UIIMpOBaHHOMY sl TpoBeaeHus B mameyHoM gopmare TBK-Tecty (Ha ocHOBe peakiuu 2-
THOO0ApOUTYPOBOM KUCIOTHI). J[JIsl OLIEHKH aHTUPaAUKAIHLHOM aKTUBHOCTH UCIIOJIb30BaHA METOIMKA
M3MEpEHUs] KHHETHUKU BOCCTAHOBIICHUS MOJIEKYJ CTa0MIbHOTO cBoOoaHoro pamukara JOII (2,2-
TG eHWI-1-MMKpUITHapa3iil) aHTUOKCUIAHTAMH, OCHOBAaHHAS HAa CIIOCOOHOCTH OTHICIUISATH aTOM
BOJIOPOJIa OT COEAMHEHUN C (DEHONBHBIMU TpymnamMu. TpaHcMeMOpaHHbBIN MOTEHIAT MUTOXOHIPUN
M3MEPSUTH C TIOMOIIBIO OTPEEICHUs] 3aBUCUMOCTU TIOTJIOMICHHUS W (PIyOpecCIeHIIMN MOTEHIall-
3aBHCHMOTO MHAMKaTopa cadpaHuHa A OT dHEpruzaluu MHUTOXOHApuil. VccremoBaHue BIHUSHUS
BemectB  Ha mnpouecc CMII  (HaOyxaHue) OCYIIECTBISIIOCH  METOIAOM  PETHCTpallid
CBETONPOITYCKAHUS CYCIIEH3UU OpraHeIl.

N3yuenne mnpoOTHBOOMYXOJIEBOW AKTUBHOCTH OCYIIECTBISUTM Ha KJIETOUYHBIX KYJIbTypax
OMYXOJIEBBIX M IICEBJAOHOPMAJIbHBIX JIMHUM MYyTEM BBISIBJICHUS IIUTOTOKCHYECKUX CBOWCTB
OCH3MMM1a30J1a U €r0 MPOU3BOJAHBIX. bblIa onpeneneHa MUTOXOHJIpUAIbHAST aKTUBHOCTH KIIETOK
MTT-TecToM, OCHOBaHHBIM Ha BOCCTAHOBJIEHHH 3-(4,5-muMerrnTnazon-2-mn)-2,5-mudennn-2H-
terpazonuyma 6pomuaa (MTT) kieTounsiMu (pepMeHTaMU — OKcuAopeaykrazamu [2]. B pesynbraTe
BOCCTAaHOBJICHHSI 00pa30BBIBAJNICS  BOJAOHEPACTBOPUMBIA  (opmazaH, KOIMYECTBO KOTOPOTO
KOPPEIHUPOBAIO C KOJTUIECTBOM >KU3HECTTOCOOHBIX KIIETOK.

Bce okcmepuMeHThl OBUTM TMPOBEACHBI C HWCHOJIB30BAHHUEM CIEKTPOPOTOMETPUU Ha
IUIaHIIeTHRIX aHanu3aropax Victor 3 (Perkin Elmer, USA) u Cytation 3 (BioTek Instruments, USA).

Craructudeckass oOpaOoTKa MaHHBIX BKJIIOYAlla BBIYHCICHUE OMHCATEIbHBIX CTATHUCTUK,
BennunHbl 1Csp, mpoBeeHne OJHO(PAKTOPHOTO TUCTICPCHOHHOTO aHAM3a W TapaMeTPHYECKOTO
tecta JlaHHeTTa AJI cpaBHEHUS MOTyYEHHBIX JaHHBIX C KOHTPOJIEM C MTOMOIIIBI0 porpamm Microsoft
Office Excel 2016 (Microsoft Corp., USA) u GraphPad Prism 5.0 (GraphPad Software, USA).

PE3YJIBTATDBI

beuta onenena aktuBHOCTh [IOJI ¢ mOMONIBI0O KAa4eCTBEHHON peaKUUM HAa MaJOHOBBIM
muanbaerun (MJIA) — KOHEUHBIN TPOAYKT AecTPYKIUK TunuaoB MeMOpan (Puc. 2). Coenunenus 2,
5 8,9 10, 12, 13 >ddexruBro maTHOMpOBanm mporecc [10JI, mpemoTBpamias oOpazoBaHHE
KaHIIEPOTE€HHBIX ar€HTOB B KJIETKE.
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Puc. 2 Cpennue 3nauenns Fe(Il)-uanynuposannoro I10OJI romorenara Mo3ra KpbIC O CTaHAAPTHON OIIMOKOM MOA
BIIMSIHAEM HMCCIICIYEMBIX coenuHeHn. CTaTUCTUYECKH 3HAYMMBIC OTIMYHsI OTMEUCHHI * - P<0,05; ** - P<0,01; *** -
P<0,001; **** - P<0,0001

Kowrporn1 2 3 4 5 6 7

11

Y npousBogHOro OcH3MMHAA30ja 2 HaOmOAasach HAWOOJBIIAS AHTHOKCHUIAHTHAS
aKTUBHOCTH, B 21 pa3 mpeBblmaBiias KOHTPOJb. [ 6onee yrmyOaeHHOTO U3y4YeHHUs] MEXaHU3Ma,
JIKALIET0 B OCHOBE AHTMOKCHUJIAHTHOT'O JICHCTBUSI UCCIIEyEMbIX BELIECTB, Mbl IPOU3BENIN OLICHKY
MX aHTUPAJUKAJIBbHON aKTUBHOCTH B MOJIEJIbHBIX XUMHUYECKUX CUCTEMAX. DKCIEPUMEHT MTOKa3all, YTO
BeulecTBa 5 u 13, paHee nmoka3aBllie aHTHOKCHJIAHTHBIE CBOMICTBA, MPOSBWIN SPKO BBIPAXKEHHYIO
MPSIMYIO aHTUPAJUKaIbHYI0 akTUBHOCTH 110 JIDIII -Tecty.

B skcnepuMeHTax ¢ MUTOXOHAPUSIMHU II€YEHH KpbIC coenuHeHus 4, 7, 8 B konuenTpauuu 10
MKM u 6 B koHueHTpauuu 100 MKM, npuBOAWIM K Jerpajallid MUTOXOHAPHUM 3a CUET CUIILHOU
JETIoNApU3alMd  MeMOpaHbl, MHTrHOUpYs HaOyxaHue opradeul. OcTalbHbIE TPOM3BOJHBIC HE
nenoispusoBanu Memopany u He nogasisuin CMIT MuToxoHpuid.

B nocnennem skcnepuMmeHTE ObUIO HCCIIEOBAaHO BIIMSHHUE BEIIECTB Ha BBIKMBAEMOCTH
KJIIETOYHBIX KYJBTYp pa3JIMYHOIO IPOUCXOXKIAeHUsA. llepCrieKTMBHBIMU IPOTHBOOIYXOJIEBBIMHU
areHTaMu okazayuch coequHeHus 4 u 13. OcTtanbHble HE pacCMaTPUBAIIUCH B KAUECTBE TAKOBbIX, TaK
Kak mokazaHHble UMK 3HaueHusi |Cso > 100 MKM cumMTarOTCs CIAMIIKOM BBICOKMMH BBHJY CBOEH
BO3MO>KHOM TOKCUYHOCTH JJI OpraHu3Ma B IIEJIOM.

Tab6muna 1.
ICs0™ OeH3uMmIa30Ia M ero MPOU3BOTHBIX
[{MTOTOKCHUYHOCTh
Ne Hep-2 A-549 SH-SY5Y Hela PA-1 MCEF-7 Hek-293
BE . AnleHoKapIu- AneHokapiu- ITouxka
Kapmmaoma | Kaprmraoma | HeiipoGnac- . Terpakapuu- o
- i HOMa IIeHKH HOMa MOJIOYHOH | 3MOpHOH
rOpTaHu JETKOTO TOMa HOMa SIMYHHKA
Ba MaTK{ KeJe3bl a
YeJ0BeKa YeJIoBeKa YeJIoBeKa YeJIoBeKa
YeJI0BeKa YeJI0BeKa YeJI0BeKa
4 >100 >100 22,50+0,15 72,28+0,65 >100 >100 >100
13 | 66,75+0,06 46,29+0,16 52,39+0,52 24,86+0,09 28,92+0,07 59,22+0,04 68%?:0’

IMpumeuanue: *1Csp MKM — 3HaYEeHNE KOHIIEHTPAIMH, BbI3bIBaroniee 50% MHrHOMpOBaHUE pOCTa KIETOYHON
nomynsuud. [Tokazarenu ICsp yka3aHbl co CTaHAAPTHBIM OTKIOHEHHEM.

OBCYXJIEHUE

Pesynbrarsl

l'IpOBCI[éHHBIX 9KCIICPUMCHTOB IIOKa3aJiu,

4yro BeELIeCTBO 2 Hauboljee

s dextuBro momarisuio mporecce [TOJI. BepositHo, 3TO CBs3aHO ¢ TeM, YTO B €r0 CTPYKType
HAXOJUTCSI METUJI-PAJAMKAI, YIydIIalOIIMi CBA3BIBAEMOCTh C OMOpEIENnTOpaMu 3a CueT BaH-Iep-
BaaJIbCOBBIX CUII [3]. MexaHn3MOM aHTHOKCHIAHTHOTO JIEHCTBHS U1 COeAUHEeHMM 5 1 13 sBnsercs
aHTHpaJUKaibHas aKTUBHOCTh. JIaHHBIH MexaHU3M Kiaccu(pUIMpyeT OSTH BeIIecTBa Kak
AHTUOKCHUJIAHTHI MPSIMOTO JIEHCTBHUSI, CIIOCOOHBIE CBA3BIBATH CBOOOIHBIE panukaisl [4]. [IposBienue
AHTHPAJNKATBHBIX CBOWCTB MPEANOIOKHUTEILHO OOYCIOBIEHO HATUYMEM TPUPTOPMETHILHOTO
3aMECTHUTEISI © aMHUHOTPYTIIIHI.
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MUTOXOHIpUH, HECOMHEHHO, UIPAIOT KIIIOYEBYIO POJIb B allONTO3€ KIETKU, B PETYJSALUU
KaJILIIMEBOTO TOMEOCTa3a U B 00ECNEUYeHUH KJIETKU dHeprueil. Takum oOpa3om, OlleHKa BIUSHUS
UCCIIETyeMbIX COeIMHEHUN Ha TPaHCMEMOpPAHHBII MOTeHIMAl U Ha0yxaHHe MUTOXOHJIPHUI KpaiiHe
BaXXHBI JJI1 0TOOpa MOTEHLIMAIBHBIX MPOTUBOOIYXOJEBBIX npenaparoB. Coenunenus 4, 6, 7 u 8
MPEMSTCTBYIOT B3aUMOACHCTBUIO KaJbIHs ¢ KOMIIOHEHTAMU MUTOXOHIPUATbHOU MOPBI, IPUBOJIS K
MOJTHOMY HWHTHOMpPOBaHMIO HaOyxaHusi MHUTOXOHApUHA. OHHM HUMEIOT 0O0mIMe 3aKOHOMEPHOCTHU
CTpPOCHHS: B CTPYKTypE€ MPUCYTCTBYET TPU(MTOPMETHIIBHBIN pajuKai, KOTOpBI obecriednBaeT
TUNOo(GUILHOCTD U 00JIETYEHHOE TPOXOXKICHHUE Yepe3 MeMOpaHs! [5]. Hanndrue aTOMOB TajloreHOB U
HUTPOTPYMIIBl YCUIUBAET OMOJIOTMYECKYI0 aKTUBHOCTD BELIECTB [6].

B skcnepuMeHTe ¢ KJIETOYHBIMH KyJIbTYpaMU Mbl HU3YYHJIM TOKCHYHOCTH MCCIIETYEMBIX
coequuennii meroxoM MTT-recra. HauOosplueli IIMTOTOKCHUYECKON AaKTUBHOCTRIO OOJIaIaiIn
coequHeHnss 4 u 13, B CTPYKType KOTOPBIX HaxXOAWICS TPUPTOPMETHIBHBII 3aMECTUTEINb,
MMO3BOJISABIIMNA JIerde MPOHUKATh B KJIETKU [5]. OmHako, 00a MPOW3BOJIHBIX HMENIH Pa3InYHBIC
MexaHu3Mbl JedctBus. BemectBo 13, sBastomieecs aHTHUOKCHAAHTOM € MEXaHU3MOM
aHTHPaNKaIbHON aKTUBHOCTH, OJ1aroapsi aMuHoO- U TpU(TOPMETHIIBHOM IpyIIIe B CBOEM CTPOCHHUU,
OBUIO B pa3HOM CTENMEHM TOKCUYHO I BCEX HMCCIEAYEMBIX OIMYXOJEBBIX W TMCEBIOHOPMATBHBIX
KJIETOYHBIX JTMHUNA. Hanbosbiiee MUTOTOKCHYECKOE EHCTBUE OHO MPOSBISIIO B OTHOUICHUH JIMHUMN
HeLa u PA-1. Coenunenue 4 moka3ajio CEJICKTHBHOE JNCHCTBHE: BBICOKYIO TOKCUYHOCTH it SH-
SY5Y, menbmryto g Hela u oTcyTcTBHE TOKCUYHOCTH AJIsi TMHUHM HOpMallbHBbIX KieTok Hek-293.
[IposiBieHUE UTOTOKCUYECKON AaKTUBHOCTH JAHHOTO BEIIECTBA, BO3ZMOXHO, CBS3aHO C CHJIBHOU
Jenojspuzalrel  MUTOXOHAPHAIBHON  MeMOpaHbl, Hapymarlmeil padoTy  MHUTOXOHIpUN
MOCPEACTBOM HAMYHUS HUTPO- U TPUPTOPMETHIILHOU TPYIIIIHL.

BemectBo 4 Moxer ObITh PEKOMEHJOBAaHO K  JalbHEHINIMM  HCCIEIOBaHUSAM
MIPOTUBOOITYXOJIEBON aKTUBHOCTU BBUY €r0 0€30MaCHOCTH JJIs 3JI0POBBIX KIIETOK YEJIOBEKa.

BBIBO/IbI

1. BbIsiBIIEHO, YTO MPOSIBICHNE HAMOOJbIIEH aHTHOKCUJAHTHOW aKTUBHOCTH HAOJII01aI0Ch Y
BElIeCTBA 2, YTO MOXET OBbITh OOYCJOBIEHO HaJMYMEeM METHJIBHOTO pajauKala B CTPYKType
HCCIIEAYyEeMOr0 BEIleCTBa.

2. CoenuHenuss 5 u 13 SABIAIOTCS aHTHOKCHUIAHTAMHU IPSMOIO JICUCTBHS, CIOCOOHBIMHU
CBS3BIBaTh CBOOOJIHBIC paaUKallbl C 00pa30BaHWEM MEHEE aKTHBHBIX WM HEAKTHUBHBIX PaJHKaJIOB.
AHTHpaaUKallbHOE JIEHCTBHE, BO3MOXKHO, CBA3aHO C HPHUCYTCTBHEM aMUHOTPYNIBl H
TPpUDTOPMETHUIIHHOTO 3aMECTUTENS B CTPYKTYpE BEIIECTB.

3. IIpousBoanbie O6eH3umuaanosa 4, 6, 7, 8§ CUIbHO IENOISAPU30BATH MUTOXOHIPHATEHYIO
MeMOpaHy, TOJIHOCThIO TOAaBisAsl HaOyxaHWE MHUTOXOHAPUNM U TPENATCTBYS amomnTo3y. ITo,
BEPOATHO, OBUIO OOYCIOBJICHO NPUCYTCTBHEM B MOJEKYJIe TPUPTOPMETHIHLHOTO paJHKaa,
TaJIOT€HOB WJIM HUTPOTPYTIIIHI.

4. HanbGonpIieil MUTOTOKCHYECKOW aKTUBHOCTBIO O0saganu coequHeHus 4 u 13, umeromiue
pazuyHble MEXaHM3MbI JelcTBUs. HanOosiee mepcreKTHBHBIM SIBISIETCS BEIIECTBO 4, KOTOpOE
MOXKET OBITb PEKOMEHJOBAaHO K JajbHEWIIUM uccieqoBaHusIM 3((HEKTHBHOCTH B KadecTBe
MIPOTHBOOITYXOJIEBOTO TIpenapara.
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OLIEHKA TOTPEBMTEJIbCKHX NPEANOYTEHWH IIPH BBIGOPE BUTAMHMHOB
Conomguenko Bukropust AnekcanapoBna, CtenanoBa [lonuna CsitociaBoBHa, MenbHUKOBa OJbra
AnekcanapoBHa

Kadenpa papmanmm

®I'bOY BO «Ypanbckuii rocy1apcTBEHHbIN MEIULIMHCKUN YHUBEpCUTET» Mun3apasa Poccun
ExarepunOypr, Poccus

AHHOTAIUA

Beenenne. BuramMuHbl HEOOXOJUMBI OPraHU3MY A1 HOPMAJIbHOTO MPOTEKaHU XMMUYeCcKUX peakiuil. HenrocraTounoe
MOCTYIUICHWE BUTAMUHOB C THUILNEH NMPUBOIUT K PAa3BUTHIO I'MIIOBUTAMHUHO30B. VX TpH3HaKaMu MOTYT OBITH Takue
HecTenu(UIECKUe CHUMIITOMBI, KaK OBICTpas yTOMIIIEMOCTh, 0o0mIas cmabocTh, CHIKCHHUE KOHIICHTPALMH BHUMAaHWSA,
MMOHMKCHHAsT PabOTOCTIOCOOHOCTh, IUIOXas COIMPOTHBIIEMOCTh WH(MEKIUSIM, ITOBBIIICHHAS pa3gpakUTEIbHOCTB,
W3MEHCHHS COCTOSHUS KOXKH U CIU3UCTHIX 00onouek. Lleas mcceaemoBaHusA — ONCHUTH MPEINOYTCHUS MOTpeOnTeneit
IpH BEIOOpE MTperapaToB BUTaMUHOB. MaTepuas u MeToabl. [IpoBeieH aHa3 TOTPEOUTENECKAX TIPEATTOYTCHAN B BHIIE
AHKETHPOBAHUS PA3HBIX TPYIII JIFOJCH, IPOKUBAIOMINX B Topoae ExarepunOypr. Pe3yasTaTsl. Beero B ankeTHpoBaHHA
MIPUHSUIIO y9acThe 52 pecroHaeHTa. bpiio BeIABICHO, 9TO 61,5% (32) cunTaroT Hy>KHBIM IIPUEM BHTAMHUHOB, 36,5% (19)
CYMUTAIOT MPUHUMATh TOJIBKO OJHY TPYIILy BUTAMUHOB, 1 TUIIb 1,9% (1) pecCIOHAEHTOB CUNTAIOT, YTO MOYKHO IOIYy4UTh
BCE HEOOXOJMMBIC BUTAMMHBI C THIIEH. BbUIO clielaHo NpearnosiokeHWe, 4TO OMNPOLICHHAs TIpyIa eXeIHEBHO
UCTIBITHIBAET OOJIBIIYIO HATPY3KY HA OPTaHU3M U CUHUTAET, YTO O€3 JIOMOIHUTEIBHOTO TpUeMa OpraHu3My OyIeT ClIoXKHee
CHPaBISITHCSL C BBICOKOH Harpy3kod. Cpenu NPUHMMAIONIMX BUTAMHUHBI OOJIBIIMM CHPOCOM TIOJIB3YETCSl BUTAMUH D
(65,4%), menee momynsapeH ButamuH C (55,8%). Buramuuel rpynnsl B mpunumatror 24 uenoseka (46,2%). A
HaMMEHBIIIUM CIIPOCOM TOJIB3YIOTCS BUTaMuHbI E 1 A: ux gomu coctaBisitoT 21,2% u 25% cootBercTBeHHO. bonbmias
9acTh OMPOIICHHBIX 5,8% (29) pemriia npuHIMAaTh BUTAMUAHBI CAMOCTOSTEIIFHO, YTO COCTABIUIO OOIBITHHCTBO. JInmb §
genmoBek (15,4%) mpUHMMAIOT BUTaMUHBI COTJIACHO HA3HAYCHHUIO Bpada. BbIBOABI. BOJBIIMHCTBO OMPOIICHHBIX
OTMEYAOT yIyYIlIEHUE COCTOSIHUS 3[JOPOBbS NIPU NpHUEeMe BUTAMHUHOB. Hanbosee momymsipHeIM BEIOOPOM PECIIOHICHTOB
okazanuchk BuTaMuHbl D 1 C. Bosbpas 4acTh ONpONICHHBIX Havaia MPUHUMATh BUTAMHHEI O0e3 Ha3HaueHHs Bpada. [Ipu
9TOM OOJIbIIast YacTh PECIIOHICHTOB CUUTAET OJUHAKOBO 3(PPEKTUBHBIM ITPHEM KaK JICKapCTBESHHBIX MPENapaToB, TaK U
BAJloB, conepxkaliyux BUTAMHUHBI.

KiroueBble cj10Ba: BUTaMHHBI, MOHOBUTAMUHBI, TOJTUBUTAMUHBI, TOTpeduTenn, BA /I, MUKPOAIEMEHTHI.

ASSESSING CONSUMER PREFERENCES WHEN CHOOSING VITAMINS

Solodchenko Viktoria Aleksandrovna, Stepanova Polina Svyatoslavovna, Olga Aleksandrovna
Melnikova

Department of Pharmacy

Ural State Medical University

Yekaterinburg, Russia

Abstract

Introduction. Vitamins are necessary for the body to carry out normal chemical reactions. Insufficient intake of vitamins
from food leads to the development of hypovitaminosis. Their signs may include such nonspecific symptoms as fatigue,
general weakness, decreased concentration, decreased performance, poor resistance to infections, increased irritability,
changes in the condition of the skin and mucous membranes. The aim of the study is to assess consumer preferences
when choosing vitamin preparations. Material and methods. An analysis of consumer preferences was carried out in the
form of a survey of different groups of people living in the city of Yekaterinburg. Results. A total of 52 respondents took
part in the survey. It was found that 61.5% (32) consider it necessary to take vitamins, 36.5% (19) consider taking only
one group of vitamins, and only 1.9% (1) of respondents believe that you can get all the necessary vitamins from food. It
was assumed that the surveyed group experienced a large load on the body every day and believed that without additional
intake it would be more difficult for the body to cope with the high load. Among those taking vitamins, vitamin D is in
great demand (65.4%), while vitamin C is less popular (55.8%). 24 people (46.2%) take B vitamins. And vitamins E and
A are in the least demand: their shares are 21.2% and 25%, respectively. Most of the respondents, 5.8% (29), decided to
take vitamins on their own, which was the majority. Only 8 people (15.4%) take vitamins as prescribed by their doctor.
Conclusion. Most respondents noted an improvement in their health when taking vitamins. The most popular choice of
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