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Beepenne. CoeprHeHMs GTOpa B MAABIX AO3aX, HO IIPU AAUTEABHOM BO3AEFCTBUM BBISBIBAIOT PA3AMYHbIC HAPYIIEHHUS B Opra-
HaxX Ha KACTOYHOM M MOAEKYASPHOM yPOBHSX. BaXXHYI0 POAD B IIOBPEXAQAIOIEM ACHCTBUH GTOPHAOB UTPAET AKTUBALIUS CBO-
60AHOPAAMKAABHBIX IIPOLieccoB. I10aTOMY OAHMM U3 HanboAee 3¢ PeKTUBHBIX ITyTell OrpaHUIEHUs GpTOP-HHAYLIPOBAHHBIX
IIOBPEXXAEHHIT SIBASETCS HEIIOCPEACTBEHHOE BO3AEHCTBHE Ha CBOOOAHOPAAMKAABHbIE IIPOLIECCHI C IIOMOIIbIO PACTHTEABHBIX
IIpenaparoB, 00AAAAIOIINX AHTUOKCHAAHTHBIME CBOMCTBAMH.

ITeAb HCCAGAOBAHMST — HM3YIUTb BAUSIHIE [IPENapaTa Ha OCHOBE AUTHAPOKBEpIIETHHA Ha aKTUBHOCTb CBOOOAHOPAAMKAABHBIX
IIPOLECCOB B TKAHHM TOAOBHOTO MOBIa MK CyOXPOHMYECKOM Bo3aeiicTun ¢propupa Harpus (NaF).

Marepnaan: 1 MeToABI. PaboTa mpoBeseHa Ha GeAbIX AAOOPATOPHBIX KpbIcax-camiax Maccoit 200-250 r. Kpoicst 6b1au pasae-
AeHBI Ha 3 rpynmbl: 1 — KOHTPOABHbIE; 2 — KPBICHI C XPOHHYECKUM BopeiicTBreM ¢propupa Harpus (NaF) B Tevenue 9 ue-
AeAb; 3 — KpBICHI, ToAy4aBmie pactBop NaF ¢ oAHOBpeMeHHBIM BBeAeHEeM KOMIIAEKCHOTO IIperapaTa Ha OCHOBE AUTHAPOK-
BepLEeTHHA B A03€ 3 MI/Kr Macchl B 1% KpaxMaAbHOM reae B TedeHue 3, 6 1 9 HepeAb. B Kope roaoBHOro Mo3ra OIpeAeAsAaCh
AKTHBHOCTb CBOGOAHOPAAMKAABHOTO OKHCACHHS M pepPMEHTOB aHTHOKCUAAHTHOI 3aIUThl — cymepokcuaancmyTasst (COA)
H KaTaAa3bl. B [UTO30AbHOM GpaKIMH TKAHH MO3Ta OTIPEACASIACS YPOBEHb IKCIIPeCCuH $paKTOpa TPAHCKPHIIIUY, HHAYLHpYe-
moro rumnokcueit HIF-1a, naaynu6easnsix ¢opm b6eakos — HSP72 u HSP32.

Pesyabrarsl. Ha paHHuX cpokax cy6xpoHudeckoro gpropucroro Bospeiictsus (1-3 HeaeAn) B KOpe TOAOBHOTO MO3Ta KpbIC
IIOKa3aHa aKcrpeccus 3amuTHbix 6eakos HIF-1a, HSP72, HSP32 u kaTaassl, B pe3yAbTaTe 4ero aKTHBHOCTb CBOOOAHOPAAH-
KAABHbIX IIPOIECCOB NMOAAEPKUBAAACH HA KOHTPOABHOM YPOBHE. YBeAHUeHHE CPOKOB IIOCTYNACHUS PTOPHUAOB B OPTAHH3M AO 9
HeAeAb IPUBOAUAO K CHIDKEHHUIO aHTHOKCHAQHTHOM 3aIHTHI U 3HAYUTEABHO AKTHBAIIUU CBOOOAHOPAAUKAABHOTO OKHCAEHHS
B TKaHU Mo3ra. ExxepAHeBHOe BBeAeHHE KOMITAGKCHOTO ITPeriapaTa ¢ AUTHAPOKBEPLIeTUHOM B TedyeHHe 3, 6 U 9 HepeAb KpbicaM
C Cy6XpOHMYECKUM GTOPHUCTHIM BO3AEHCTBHEM IIPHBOAMAO K CHIDKEHHIO BBIPRXKEHHOCTH HApyIIEHUI [PO- 1 aHTHOKCUAAHT-
HOro 0aAaHCa B KOpe FOAOBHOTO MO3ra. IIpy 9TOM HambOABIIMI 3AIUTHBIA 9QPeKT AUTHAPOKBEPLIETUHA TIPH $TOPUCTOM
BO3AEHCTBUM MPOSIBASACS K 9-1 HeAeAe eT0 BBEACHHA.

BriBoasL. [Ipu cybxponuueciom nocmynienuu ¢mopudos 6 op2aHu3m npenapam Ha ocHose duzudpoksepyemuna okasviéaem
Heliponpomekmoproe deiicmatie, KOMOpPoe NPOSBALEMCS NOBbIULEHUEM GKIMUBHOCHIU GHMUOKCUOAHMHDLX Pepmennios c60000HO-
PAOUKANLHO20 OKUCACHUS U KAMAAA3DL U PESUCHIERMHOCTU KOPbL MO324. K UHOYYUPOBAHHOMY CB0000HOPAOUKAALHOMY OKUCAEHUIO.
Karouesbie caoBa: cybxponuueckoe gmopucmoe s03desicmeue; kopa 204081020 mosea; HIF-1a; beaxu cemesicmea HSP; adanmo-
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Introduction. Fluorine compounds in small doses, but with prolonged exposure, cause various disorders in organs at the
cellular and molecular levels. Activation of free-radical processes plays an important role in the damaging effect of fluorides.
Therefore, one of the most effective ways to limit fluorine-induced damage is to directly affect free-radical processes using
herbal preparations with antioxidant properties.

The aim of the study is to study the effect of a dihydroquercetin-based drug on the activity of free radical processes in brain
tissue under subchronic exposure to sodium fluoride (NaF).
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Materials and methods. The work was performed on white male laboratory rats weighing 200-250 g. The rats were divided
into 3 groups: 1 — control; 2 — rats with chronic exposure to sodium fluoride (NaF) for 9 weeks; 3 — rats receiving a NAF
solution with simultaneous administration of a complex drug based on dihydroquercetin at a dose of 3 mg/kg in 1% starch
gel for 3, 6 and 9 weeks. The activity of free radical oxidation and antioxidant defense enzymes — superoxide dismutase
(SOD) and catalase-was determined in the cerebral cortex. The level of expression of hypoxia-induced transcription factor
HIF — 1A and inducible forms of proteins HSP72 and HSP32 were determined in the cytosolic fraction of brain tissue.
Results. In the early stages of subchronic fluoride exposure (1-3 weeks), the expression of protective proteins HIF-1a, HSP72,
HSP32 and catalase was shown in the rat cortex, as a result of which the activity of free-radical processes was maintained
at the control level. An increase in the timing of fluoride intake to 9 weeks led to a decrease in antioxidant protection and
significant activation of free radical oxidation in brain tissue. Daily administration of a complex drug with dihydroquercetin
for 3, 6 and 9 weeks to rats with subchronic fluoride exposure led to a decrease in the severity of pro- and antioxidant balance
disorders in the cerebral cortex. At the same time, the greatest protective effect of dihydroquercetin with fluoride exposure
was manifested by the 9th week of its administration.

Conclusions. When subchronic intake of fluorides in the body, the drug based on dihydroquercetin has a neuroprotective effect,
which is manifested by an increase in the activity of antioxidant enzymes of free radical oxidation and catalase and the resistance of
the cortex to induced free radical oxidation.
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Beeaenne. CoepnHeHHs $pTOpa IMHMPOKO PacHpoCTpaHe-
HBI B IIPUPOAE B B OCHOBHOM HCIIOAB3YIOTCS B AAIOMHHHEBOH
IIPOMBINIAEHHOCTH, IPU TOPUPOBAHUU BOABL H AAS IPOPU-
AAKTUKH 3a60AeBaHuil 3y60B U AedeHHs ocTeonoposa [1-3].
IToxa3aHo, YTO B MaABIX KOAMYECTBAX GTOP HEOOXOAUM AASL
HOPMAaABHOTO POCTa U Pa3BUTHS OPIaHMU3MA, TA€ BBIIIOAHSET
CBOIO CIelUPUIeCKyI0 MeTAOOANYECKYIO PYHKIIHIO B KOCTHOM
TKaHH, TIeYeHH, TIOYKAX, MHOKapA€e U HEPBHOI cucreme [2].

B psiae nccaepOBaHMI OBIAO YCTAaHOBAEHO, YTO GTOPUABI B
MaABIX AO32X, HO IIPH AAUTEABHOM BO3AEHCTBHHU, MOTYT B OT-
HOCHTEABHO KOPOTKHE CPOKHU BbI3BIBATh Pa3AMYHbIe Hapylle-
HUS B AETKUX, CepAlle U IleYeHH Ha KAeTOYHOM U MOAEKYASIp-
HOM ypoBHsx [4,5]. Kpome Toro, n3brousoe nocrymaenne
$TOPHAOB B OpPraHU3M OKA3bIBaeT TOKCHUECKOe ACHCTBHE Ha
$YHKIIMH KOPBI TOAOBHOT'O MO3T4, BBI3bIBAsI HEBPOAOTHYECKIIe
¥ KOTHUTHUBHBIE paccTpoiicTsa [6,7].

BaxxHyI0 pOAb B MOBPEXAAIOIIEM ACHCTBHU COEAHMHEHUH
¢TOpa Ha pasAMUHbIe BHYTPUKACTOYHBIE IIPOIIECCHl HI'PAET
[IOBbIIIEHUE YPOBHS aKTUBHBIX GOPM KHCAOPOAA U aKTUBA-
uus cBO60AHOPaAUKaAbHBIX nponeccos [8,9]. TloaTomy oa-
HUM U3 Hanboaee 9QPeKTUBHBIX IIyTell OorpaHudeHus Gprop-
HMHAYLIMPOBAHHBIX IOBPEXAECHUH SBASETCS HEIIOCPEACTBEHHOE
BO3AENCTBUE HA CBOOOAHOPAAUKAABHBIE IIPOLIECCHI C IOMOIIBIO
PACTUTEAbHBIX IIPENAPaTOB, IPOSBASIOIIUX AHTHOKCUAAHTHBIE
cBoticta [10,11]. OAHMM U3 HHX SIBASETCS IIPENAPAT, COAEP-
KAy GAABOHOMA AUTUAPOKBEpIIeTHH (AFK) , 06AaAQOIIHI
AAANTOTEHHBIM M OPTaHOTPOTEKTHBHBIM AeiicTBreM [12,13].

ITeAp mccAeAOBAHHS — M3YYHUTD BAWSHIE Iperapara Ha
OCHOBE AMTHAPOKBEpILIEeTHHA Ha aKTUBHOCTb CBOOOAHOPAAHU-
KAaABHBIX IIPOLIECCOB B TOAOBHOM MOSI€ IPU CYOXPOHUYECKOM
BosAeiicTBum dropupa Harpus (NaF).

Marepuaast 1 MeTOABL. PaboTa mpoBeAeHa Ha HEABIX Aa-
6OpaTOpHBIX KpbIcax-camijax Maccoit 200-250 r. Panpomusa-
LIS XKUBOTHBIX OCYIIECTBASAACh METOAOM CAYYaiHBIX YHCEA.
Kpeicbl 6b1a1 paspeaeHs! Ha 3 rpymisl 1o 15 0cobeit B KaxXAO:
1 — KOHTPOAbHbIE; 2 — KPBIChI C XPOHUYECKUM BO3AEHCTBUEM
NaF B Teuenne 9 Hepeab (e>K6AHeBHO, B CBOOOAHOM AOCTYyIIE
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pacrBop NaF B xonnentparmu 10 MT/A, 4TO mpumepHo B 10
pas mmwxe LD u cooTsercTByet cyTouHo# Aose propa 1,2 mr/
KT Macchl Teaa) [4]; 3 — Kpbichl, moayyasmue pactsop NaF ¢
OAHOBpeMeHHBIM BBeAeHIeM TIpellapaTa Ha OCHOBE AUTUAPOK-
BEpLETHHA B A03€ 3 MI'/KI Macchl B 1% KpaxMaAbHOM IeAe B
Teuenue 3, 6 u 9 Heaeap [ 14]. CopepkaHue, KOPMACHHUE U BbI-
BeAeHHe XIBOTHbIX U3 9KCIIEPHMEeHTa IIPOBOAMAOCH B COOTBET-
crBuu ¢ TpeboBanusimu Ipukaza M3 PO «O6 yreepxpennn
ITpaBua HapAexameit AabopaTopHoit mpakTukh> (N2 1991 ot
01.04.2016 r.) , @ TakoKe PYKOBOACTBOM I10 COAEP>KaHHIO U UC-
TI0AB30BaHMUIO AabOpaTopHbIX xuBoTHBbIX (Guide for the Care
and Use of Laboratory Animals, 1996).

IpousBopnAY 3a00p KPOBH ¥ TKAHU KOPbI TOAOBHOT'O MO3Ta
AASL OHOXMMIYECKHX M MOAEKYASIPHBIX HCCAAOBaHMI Ha 1, 3, 6
1 9-11 HeAeASIX 9KCIIepHMeHTa. [oMoreHU3HpoBaHye TKAHH IIPO-
Boauan B cpeae SO MM tpuc-HCl, 100 MM NaCl (pH 7.2 npu
0° C) B COOTHOIIEHUH TKaHb:cpeaa 1:10 c moMombio roMOreHu-
saTopa TedpaoH:cTekA0 ripy 800 06/muH B Teverne 1 mu. [15].

AKTHBHOCTb $epPMEHTOB AHTHOKCHAAHTHOII 3aIUThI OIIpe-
aeasaacy cnekrpodoromerpudeckn: COA — mo MeToay,
omucaHHOMY B pabore [16], katasasa — Mo KaaccuIeckoMy
metopy Luck. YpoBeHb 3amuTHbIX 6€AKOB — 0-CyObeANHHIIBL
¢$akTOpa TPaHCKPHUIINH, HHAYIIUPYEeMOTO TUIIOKCHeH (HIF—
la), uHAyL6eabHbIx popM b6eaxoB HSP72 ¢ mameponHoit
axTuBHOCTBIO 1 HSP32 g“eM—OKCI/IreHa3a) C AaHTHOKCUAAQHT-
HOIl aKTUBHOCTBIO — OIPEAEASIACS B IIUTO30ABHOM $ppaKIiuu
KOPBI FOAOBHOTO MO3I'a METOAOM BeCTepH-OAOTTHHIA C HC-
[IOAb30BaHUEM IIE€PBBIX CIeNUPUIECKUX MOHOKAOHAABHBIX
anTHTeA (Stressgen) M BTOPBIX aHTHTEA C NIePOKCHAAZHON
metkoit (Jackson Immuno Research). Aerexuus mposoau-
AaCh II0 XeMUAIOMHUHECLIEHIIUN C UCIIOAb30BAHHUEM PEeaKTHBOB
ECL (Amersham) na pentresorpaduueckyro mesky (Kodak).

INospexaatomee pericTBre NaF Ha TKaHb FOAOBHOTO MO3ra
OLIEHUBAAOCE 10 YPOBHIO IIPOAYKTOB CBOOOAHOPAAUKAABHOTO
oxucaenus (CPO), HHAYLIMPOBAHHOTO i Vitro CHCTEMOH, co-
Aepxameit ackopbar (0.2 MM) mpu KoHIeHTpanuu 6eaka 2,5
mr/ma [15]. KoHIneHTparus mpoAyKTOB OKHCASHHS OLleHHBa-



Russian Journal of Occupational Health and Industrial Ecology — 2020; 60 (6)

Aach 1o peakiuu ¢ 2-Trobapburyposoit kucaoroit (TBK) mo
kaaccuaeckomy Meropy Ohkawa B MOAMUKALIIY [17].

B cpiBopoTke KpOBH 9KCIIepHMEHTAAbHBIX KPBIC OIpeAe-
ASIAACh AKTUBHOCTD GyTHpuaxosunacrepasst (BXJ) xume-
THYECKMM METOAOM C IIOMOIIbI0 HabopoB peakTrBoB 3A0
«Bekrop-Becr>» (HoBocubupck).

Crarucrideckas 06paboTKa IIOAYYEHHBIX PE3YABTATOB
IPOBOAMAACH C IIOMOIBIO TaKeTa mporpamm Statistica 6.0.
AaHHbIe IPEACTABACHBI B BUAE MeAMAHBL. AAS CpaBHEHHS
He3aBUCHMBIX BHIOOPOK HCIIOAb30BAH HellapaMeTpHyecKHit
U-xpurepuit MaHHa-YHTHH, AAS CPABHEHHS 3aBHCHMBIX BBIOO-
POK — TecT COTAACOBAHHbIX IMap Buakokcona. Pasauams Mesxay
BBIOOPKAMHM CIMTAAMCh AOCTOBepHbIMH TIpH p<0,0S.

Pesyabrarpl. CoearHenns ¢pTopa B BHICOKUX KOHII@HTpAITU-
SIX U IIPH AAUTEABHOM BO3AEHCTBHI aKTHBUPYIOT CBOOOAHODA-
auxabhble porecchl (CPIT) 1 3HA4UTeABHO CHIDKAIOT ypOBEHb
AHTHOKCHAQHTHO 3aIIMTbI B PA3AMYHbIX TKaHAX [4,8,9,18].

B akcrnepumenTax cybxpoHudeckoe BospeficTare NaF mpu-
BOAMAO K AKTHBAIINH CHHTE3 3AIUTHBIX OEAKOB B KOPE FOAOB-
HOTO Moara ¢ 1-it o 6-10 Hepeato (puc. 1a). BouBaeHo, 4o B
2,5 pasa nossumaacs yposess HIF-1a — 6eaxa, sBasiomerocs
KHCAOPOA-UyBCTBUTEABHOMN CyOBeAMHUIEH TPAHCKPHUIIIUOHHO-
ro ¢pakropa, HHAyIHpyemoro rumokcueit, — HIF-1. Axtusa-
nus cuare3a HIF-1a MoxeT cBHAETEAbCTBOBATb O PAa3BUTHU
B KOpe FOAOBHOTO MO3Ta TUIIOKCHHU B Pe3yAbTaTe CyOXpOHH-
9eCKOTro BO3AEHCTBUA coepuHeHHit ¢pTopa Ha opranusm. Oc-
HoBHOH {yHkimeit HIF-1 SBAseTcs MHAYKIMA TPaHCKPUIIIUH
reHOB, PEIyAUPYIOIIUX KICAOPOAHOE ObecredeHre i AHTHOK-
CHAAHTHBII TOTeHIMaA KaeTok [ 19,20].

Iospimenue yposrs HIF-1a B kope roAOBHOTO MO3Ta KpbIC
COTPOBOXAAAOCH IKCIIPECCHI MHAYIIOEABHBIX OEAKOB CeMeli-
crsa HSP — B 3 pasa HSP72 n niowrw B 2 pasa HSP32 (puc. 1a).
Boicoxuit ypoBeHb 9THX HeAKOB MOXET 00eCIIedrBaTh YCTOMIH-
BOCTb TOAOBHOTO MO3T'a K THITOKCHYECKUM TTOBPEXASHUIM IpU
cybxpormieckoM BospericTry NaF. MexaHH3MBI 3a1[UThI Hefi-
ponos ¢ momompbio HSP72 1 HSP32 BKAIOYAIOT: yTHAM3AIMIO 1
PperaparHio MoBPeKACHHBIX OEAKOB, THIMOMPOBAHIIE AIONTO32
u samury ot CPIT [21,22]. Kpome Toro, Ha paHHUX cpoKax cy6-
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XpoHudeckoro BospeitcTsusa NaF B xope roaossOro mosra s 2,5
Pasa yBeAMYMBAAACH AKTHBHOCTD KaTaAa3bl.

IToBbleHre YPOBHS 3AIIUTHBIX OEAKOB COMPOBOXKAAAOCH
CHIDKEHHEeM YPOBHS CBOOOAHOPAAMKAABHOTO OKHCAEHHS KOpe
roaosHoro mosra (puc. 16). Ha 1-it u 6-i Heaeasx $propucroro
BO3AEHCTBIIS CHIDKAACS yPOBEHD CBOOOAHOPAAUKAABHBIX IPOAYK-
T0B Ha 20% 1 40% OT KOHTPOABHbIX 3HAYEHHH COOTBETCTBEHHO.

YBeAnueHHe CpPOKOB AeMCTBUS HM3KMX KOHIIEHTpaluit
¢Topa A0 9 HepeAb IPUBOAMAO K MOBBINIEHHIO TYBCTBUTEAD-
HOCTH KOpbI roaoBHOro Moara k CPII (puc. 2a). Bruasaero,
4TO Ha 9 HepeAe B KOpe Mo3ra B 1,6 pasa yBeAMUMBAACH Ha-
YAABHBIN yPOBEHb CBOOOAHOPAAHUKAABHBIX IIPOAYKTOB M CHHU-
XAAACh PE3UCTEHTHOCTD MeMOPAHHBIX CTPYKTYP K MHAYKIIHH
CBOGOAHopaAI/IKaAbHoro OKHCAEHHUS in vitro (Ha 40% uepes 30
1 60 MUHYT HHAYKIJUH OKHCAHMS, Ha 66% 1yepes 90 MHHyT).
Takoe noBpleHHe YyBCTBUTEABHOCTH KOPBI TOAOBHOT'O MO3Ta
K CPII npoucxoarnao Ha ¢poHe HHIHOUPOBAHMS AKTHBHOCTH
$epMeHTOB aHTHOKCHAAHTHOI 3amuTh! (puc. 26) U cuHTe3a
HIF-1a, HSP72 u HSP32, uro coraacyercs ¢ pesyabTaTaMu
ADPYTHX aBTOPOB, IOAYYEeHHBIMY Ha MOAEAH AAUTEABHOTO AH-
CTBHS BbICOKUX KOHLeHTpanuit NaF [1,23].

B aauHOI paboTe B AMHAMUKE CYOXPOHHIECKOTO GTOPUCTO-
IO BO3AGHCTBHSA B CHIBOPOTKE KPOBH JKCIIEPUMEHTAABHBIX KPBIC
BBIIBAGHO CHIDKEHHe aKTHBHOCTH (pepMeHTa Oy THPHAXOAHMH)-
crepassl (BXJ), y4acTByIoImIero B HHAKTHBALM PA3AHYHBIX TOK-
CHYHBIX coepArHeHuH. Tak, Ha 3-f HepeAe OKCIIepUMeHTa aKTHB-
Hocth BXO 6b1aa HKe KOHTPOABHBIX (411,0) 3HaueHwMil B 2 pasa
(210,6; p<0,001), Ha 6-i1 Hepeae — B 4 pasa (92,4; p<0,001),
a Ha 9-11 Heaeae — B 3 pasa (154,1; ps0,00l). IToxasato, uro
cHkeHue akTUBHOCTH BXO B ChIBOpOTKe KpOBM KOppeAupyer
C IOHIDKEHHON PeaKIiiei Ha CTPecc, 0CAADACHEM HMMyHHUTETa
U Pa3sBUTHEM KOTHUTHBHOTO AeQUIUTA [24,25].

Taxum 06pasoM, Ha PaHHUX CPOKAX GTOPHCTOrO BO3AEH-
crBus (1-3 HepeAM) B KOpe TOAOBHOTO MO3Ta KPBIC YBEAHH-
BaeTCs ypoBeHb 3amuTHbx 6eakoB HIF-1a, HSP72, HSP32 u
KaTaAasbl. B pesyapTare aTOro Ha KOHTPOABHOM YPOBHE IIOA-
Aepxusaercs akTuBHOCTh CPO. YBeAnueHne cpokoB IOCTY-
nAeHHS pTOPUAOB B OPTAHU3M AO 9 HeAeAb IIPUBOAHAO K 3Ha-
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Puc. 1. BAusane CYGXPOHI/I‘ICCKOI‘O (l)TOpPlCTOI‘O BO3AEMCTBHS Ha YPOBEHD 3aIUTHBIX 6eAkoB (a) Hu CBOGOAHOpaAI/IKQAbHOI‘O OKHC-

ACHHUSA (6) B KOp€ TOAOBHOI'0 MO3ra 3KCI€pHUMEHTAADHBIX KPbIC

I[Tpumeuanue: * — pocrosepHocTb oTAMumit (p<0,05) mo cpasrenmuio ¢ kourposem (U-kpurepuit Mansa-Yuruu).
Fig. 1. Influence of subchronic fluoride exposure on the level of protective proteins (a) and free radical oxidation (b) in the cortex of experimental

rats.

Note: * — confidence of differences (p<0.05) compared to the control (U-Mann-Whitney test).
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ITpumeuanus: ¥ — aocroBepHOCTb oTAMYHil (p<0,05) 1o cpaBHenuto ¢ kontpoaeM (U-kpurepuit ManHa-YurHu); # — AOCTOBEPHOCTD
otanuuit (p<0,05) Mo CpaBHEHHIO C KpbIcaMy € CYOXPOHHYECKUM PTOPUCTHIM BO3AEHCTBHEM (TecT coraacoBaHHbIX Map Buakokcona).
Fig. 2. Influence of dihydroquercetin on the activity of free radical processes (a) and antioxidant defense enzymes (b) in the rat cortex under

subchronic fluoride exposure.

Notes: * — confidence of differences (p<0.05) compared to the control (U-Mann-Whitney test); # — confidence of differences (p<0.0S) compared

to rats with subchronic fluoride exposure (Wilcoxon matched pairs test).

yureabHOM akTUBaUK CPII U CHIOKEHHMIO aHTHOKCHAAHTHOM
3aIUTBI B KOpe MO3Ta.

B HacTosmee BpeMs aKTYaAbHON sIBASieTCS pobaeMa
IIOUCKA CPEACTB U METOAOB, PETYAHPYIOIIHUX YPOBEHb IpPO-
U aHTHOKCHAQHTHBIX $AKTOPOB B TKAHSIX IIPU PasAHYHBIX
IMOBPEXAAIMHKX BO3AECHCTBUAX [12,26,27]. B pa60Te 6b1A
HCIIOAB30BaH KOMIIAEKCHBIHN Hmpemapar Ha ocHoBe ATK —
CHABHOTO QaHTHOKCHAQHTA, CIIOCOOHOTO YAQASTb CBOOOAHbIE
PAAMKaABI U TTOBBIIATh aKTUBHOCTb AHTHOKCHAAHTHBIX dep-
MeHTOB [27-29].

E>xepneBHOe BBepeHHe KoMmaekcHoro npemnapara ¢ AIK
B TedeHMe 3, 6 1 9 HeAeAb KPbICAM C CYOXPOHMYECKUM GTOpHU-
CTBIM BO3AEHCTBHEM IIPUBOAMAO K CHIDKEHHUIO BBIPaXKEHHOCTH
HapYIIeHHUI IPO- ¥ AHTHOKCHAAHTHOTO 6aAQHCA B KOPE TOAOB-
Horo moara. Hanboasmmit samurssii adpdexr AI'K npu ¢pro-
PHCTOM BO3AEHCTBUY IPOSBASACS K 9-11 HepeAe ero BBeACHHS
(puc. 2). ATK moBbimaA yCTOHIMBOCT KOPbI TOAOBHOTO MO3Ta
x CPII (puc. 2a): CHIXAACS HAYAABHBIH YPOBEHb POAYKTOB
oxucAeHust Ha 20% M ypoBeHb OKHCACHHBIX IPOAYKTOB Yepe3
90 muH. nHKy6Oauy Ha 49%. AauteasHoe BBepenue AT'K mo-
BBIIIAAO AKTUBHOCTb pEePMEHTOB aHTHOKCHAQHTHOH 3aIIIUThI:
COA B 2 pasa u xaTaaassl B 1,5 pasa 1o cpaBHeHHIO C IPYIIION
cybxponuyeckoro ¢propuctoro Bosaeitctsus (puc. 26). Ilo-
AOOHSBII 3amuTHb a¢pexr npenapara ¢ AI'K 6b1a BoisiBaeH
paHee B TKAHH AETKHX Ha 9KCIIEPIMEHTAAbHOM MOAEAH aHTpa-
Kocmaukosa [11].

O6cyxaenne. B 0cHOBe MOAEKYASIPHBIX MEXaHU3MOB Hell-
ponporexropHoro a¢ppexra AI'K aexur ero cnocobrocTs
YAQASITH CBOOOAHBIE PAAUKAABI, CBSI3BIBATH BHYTPUKAETOYHOE
JKeAe30 M IOBBIIIATh AKTUBHOCTb GepMEHTOB aHTHOKCHUAAHT-
Hoii 3amurs! [27,28].

VMeroTcst AQHHbBIE O MOAYAMPYIOIIEM AeHCTBUH (AABOHOHUAOB
HA Pa3AMYHbIE BHYTPUKAETOYHbIE CUTHAAbHBIE ITyTH [28]. Panee
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OBIAO [TOKA3aHO, YTO HAKOIIACHHE TOPHUAOB B TKAHH MO3Ta BBI3bI-
BaeT IIOBPEXAEHHE KACTOYHBIX MeMOPAH HefPOHOB, TIOBBIILIEHIE B
HUX KoHIleHTparmy noHoB Ca** u akrusHocTH MAPK (mitogen-
activated protein kinase), JNK (c-Jun N-terminal kinase) 1 ERK
(extracellular signal-regulated protein kinase) [7].

BpiBoabI:

1. Ha pannux cpokax cybxporu4eckozo ¢mopucmozo 603-
deiicmeus (1-3 Hedew) 6 kKope 201081020 MO324 KPbIC NOKA3AHA
akcnpeccus 3auwumnbix 6eaxos HIF-1a, HSP72, HSP32 u xama-
Ad3bl, 8 pe3yAbIMAmMe He20 aKmusHocmy c80600HOpaduKarbHbIxX
npoyeccos nod0epiuUBAAACH HA KOHMPOALHOM YPOBHeE.

2. YeeAunenue cpokos nocmynaenus. $mopudos 6 opeanusm do 9
HeOeAb NPUBOOUAD K CHUIIEHUIO AHMUOKCUOAHIMHOT 3AUUIMbL U SHAUU-
meAbHOT aKmusayuu c60000HOPAUKALLHO20 OKUCAEHUS 8 KOPE MO32A.

3. Ilpenapam na ocnose AI'K oxasvieaem neiiponpomexmop-
Hoe deticmeaue npu cybxporuseckom nocmynienuu $mopudos 6
0p2aHU3M, KOMopoe NPosBASemcs NosviueHUeM aKMUBHOCMU
Pepmenmos anmuoxcudanmuoti sauumer COA u xamarasvl, a
maxice YCmoiHugocnvio Kopol M032a K UHOYYUPOBAHHOMY CB0-
000HOpAdUKANLHOMY OKUCAEHUIO.

CITMCOK AUTEPATYPBI

1. Chouhan S., Lomash V., Flora S.J.S. Fluoride-induced
changes in haem biosynthesis pathway, neurological variables and
tissue histopathology of rats. J. Appl. Toxicol. 2010; (30): 63-73.
DOI: 10.1002/jat. 1474

2. Araaaxosa H.M,, I'yces I'I1. BausiHue HeopraHmieckux co-
eAMHEHHI (TOpA Ha XKUBbIE OPTAHU3MBI PABAHYHOTO QHAOreHeTH-
4eCKOro ypOBHSL. JKypHaA 960A04UOHHOT GUOXUMUL U PUIUOAOZUL.
2011; 47(5): 337-47.

3. Araaakosa H.W,, Ilerposa T, I'yces I.I1. Axrusanus FAS
PeLienTopoB, KacIasbl-8 ¥ Kacmassl-3 MOHAMH GTOpa B IPUTPOLIU-



Russian Journal of Occupational Health and Industrial Ecology — 2020; 60 (6)

Tax KpICHI in vitro. JKypHas asostoyuonnoii buoxumuy u Gusuorozu.
2019; 55 (2): 90-6. DOI: 10.1134/50044452919020013

4. Aaexuna A.A., Xykosa A.I', Cazonrosa T.I. Bausnue
MAABIX A03 HEOPraHMYECKHX COEAUHEHUIT $TOpa Ha YPOBEHb CBO-
6OAHOPAAMKAABHOTO OKUCAEHUS M BHYTPUKACTOYHBIX 3aIUTHBIX
CHCTeM B CepAlle, ACTKUX ¥ IedeHn. TexHOA02UU HCUBLIX CUCHIEM.
2016; 13(6): 49-56.

S. Taipam A.A., Amyea B, MBuenko E.B. YasTpacTpyxry-
pa KapAMOMHUOLIUTOB IIPY ACMICTBHH MAABIX A03 gTOpa. Becmuux
Poccuiickoti soenno-meduyunckoii axademuu. 2016; 2 (54): 138-4S.

6. Hapent O.B., Coxoaosa T.B., Araraxkosa H./. Bausguue no-
HOB $TOpa Ha HEHPOHBI KOPHI TOAOBHOTO MO3ra Kpsic. Mopdorozus.
2019; 155 (2): 209.

7. Dec K., Lukomska A., Maciejewska D., Jakubczyk K.,
Baranowska-Bosiacka I. et al. The Influence of Fluorine on the
Disturbances of Homeostasis in the Central Nervous System.
Biological Trace Element Research. 2017; (177): 224-34. DOL:
10.1007/s12011-016-0871-4

8. Garcia-Montalvo E.A., Reyes-Pérez H., Del Razo L.M.
Fluoride exposure impairs glucose tolerance via decreased insulin
expression and oxidative stress. Toxicology. 2009; 263(2-3): 75-83.
DOI: 10.1016/j.t0x.2009.06.008

9. Barbier O., Arreola-Mendoza L., Del Razo L.M. Molecular
mechanisms of fluoride toxicity. Chem Biol Interact. 2010; 188(2):
319-33.DOI: 10.1016/j. cbi.2010.07.011

10. Muxaitaosa H.H., XKyxosa A.I', [opoxosa A.I', byraesa
M.C,, Aapikuna TK., Kuceaesa A.B. Onenxka adpdekTuBHOCTH IpO-
QHAAKTUKY XPOHUYECKON GTOPUCTON MHTOKCUKALIAA AAALITOTEHOM
Rhodiola rosea L. Tuzuena u canumapus. 2019; 98(7): 744-7. DOL:
10.18821/0016-9900-2019-98-7-744-747

11. Zhukova A.G., Mikhailova N.N., Sazontova T.G., Zhdanova
N.N,, Kazitskaya A.S., Bugaeva M.S. et al. Participation of free-
radical processes in structural and metabolic disordes of lung tissues
in the dynamics of coal-rock dust exposure and the adaptogenic
correction. Bulletin of experimental biology and medicine. 2020;
168(4): 439-43. DOI: 10.1007/s10517-020-04727-7

12. Baapumupos I0.A., IIpockypruna E.B., Aemun E.M., Mar-
Beesa H.C., Arobunxuit O.B., Houkos A.A. u Ap. AUruapoxsep-
eruH (TakcHOAMH) U ApyTHe PAABOHOMABL KaK HHIUOUTOPBI 06-
Pa3sOBaHKS CBOGOAHBIX PAAUKAAOB Ha KAIOUEBbIX CTAAUSX AIIONITO3a.
Buoxumus. 2009; 74 (3): 372-79.

13. Porosckwuit B.C., Matromus A .., Tumanosckuit H.A., Ce-
meitkun A.B., Kyxapesa T.C., Kopotee A.M u Ap. AHTHIIpOAN(EpA-
TUBHAS U AaHTHOKCHAQHTHAS aKTUBHOCTD HOBBIX [P OM3BOAHBIX AUIY-
ApPOKBepIleTHHA. JKcnepum. u Kaun. dapmaxoa. 2010; 73(9): 39-42.

14. 3axapenxos B.B, Muxaitrosa H.H.,, Topoxosa A.I', Pomanenko
A.B, XKyxosa AL, Byraesa M.C. 1 ap. Cnocob npogusaxmuku anmpaxo-
CUAUKO30 1ipU MODeAUpOBanUY 6 kcnepumerime: Tat. N© 2611935 P®; 2017.

1S. Apxunenxo IO.B., Aupenxo B.B., Casonrosa T.I', Meep-
con 0.3. CpaBHHuTeAbHAS OLJEHKA BAMSHUS MMMOOUAM3AIIOHHOTO
CTpecca Ha AUHAMUKY YCTOMYMBOCTU K MHAYKI[UH IIEPEKUCHOIO
OKHUCACHISI AUIIUAOB BHYTPEHHIX OPraHOB M TOAOBHOTO Mo3ra. Ao-
xaader AH CCCP. 1989; 304 (6): 1500-03.

16. Fridovich 1., Liochev S.I. An essay on superoxide
dismutase, 2-methoxyestradiol, and the proper uses of
scientific methods. Amino Acids. 2015; 47 (8): 1605-1606.
DOI: 10.1007/s00726-015-1996-z

17. Kikugava K., Kojima T., Yamaki S. et al. Interpreta-
tion of the thiobarbituric acid reactivity of rat liver and brain
homogenates in the presence of ferric ion and ethylenediami-
netetraacetic acid. Anal. Biochem. 1992; 202: 249-55. DOI:
10.1016/0003-2697(92)90102-d

18. Zhukova A.G., Gorokhova L.G., Mikhailova N.N,,
Alekhina D.A., Prokop’ev Y.A., Sazontova T.G. et al. Mechanisms
of intracellular defense and activity of free radical oxidation in

Original articles

rat myocardium in the dynamics of chronic fluorine intoxication.
Bulletin of experimental biology and medicine. 2013; 156 (2): 224-7.
DOI: 10.1007/s10517-013-2316-9

19. Berom A.H. BuyTpukaeTouHble MeXaHU3MbI YYBCTBH-
TeABHOCTH K KHCAOPOAY. Buoxumus. 2020; 85 (1): 49-63. DOL:
10.31857/50320972520010042

20. Semenza G.L. Hypoxia-inducible factor 1 (HIF-1)
pathway. Science’s STKE. 2007; 2007 (407): cm8. DOI: 10.1126/
stke.4072007cm8

21. Christians E., Yan L.-J., Benjamin I. Heat shock factor 1 and
heat shock proteins: critical partners in protection against acute cell
injury. Crit. Care Med. 2002; 30 (1): 43-50.

22. Zhukova A.G,, Sazontova T.G. Hemeoxygenase: function,
regulation, biological role. Hypoxia Medical Journal. 2004; 12 (3): 30-43.

23. Chen Q, Wang Z., Xiong Y., Xue W,, Kao X., Gao Y. et al.
Selenium increases expression of HSP70 and antioxidant enzymes
to lesser oxidative damage in Fincoal-type fluorosis. J. Toxicol. Sci.
2009; 34(4): 399-40S.

24. Muller L., Pawelec G. Aging and immunity — impact of
behavioral intervention. Brain Behav. Immun. 2014; 39: 8-22. DOI:
10.1016/j. bbi. 2013.11.015

25. Koaaosa A.M., Koukuna E.I, Ay6posckas H.M., XKXypasun
W.A., Haausaesa H.H. Bausnue npeHnaTaAbHOM IUIIOKCHH HA aKTHB-
HOCTDb XOAMH3CTepa3 B ChIBOPOTKe KpoBH Kpsic. Heiipoxumus. 2018;
35 (2): 160-9. DOI: 10.7868/51027813318020097

26. Xyxosa A.I, CasonTosa T.I, Apkapvesa 11.B., Mopos B.B.
Moayaupyromee AeficTBue IeppTOpaHa HA COOTHOLIEHHUE LIPO- U
AHTHOKCHUAAHTHBIX CHCTEM B pasHbIxX oprasax. Obujas peanumamo-
Ao02us. 2006; 11 (1): 47-50.

27. Spencer J.P.E. Flavonoids: modulators of brain function?
British Journal of Nutrition. 2008; 99 (E-Suppl. 1): ES60-ES77.
DOI: 10.1017/S0007114508965776

28. Mansuri M.L., Parihar P,, Solanki L., Parihar M.S. Flavonoids
in modulation of cell survival signalling pathways. Genes Nutr. 2014;
9: 400-9. DOI: 10.1007/s12263-014-0400-z

29. Tepexos P.II., Ceaunanosa 1.A. MoaekyasipHOe MOAGAH-
PpOBaHIe B3aNMOAEHCTBI AUTHAPOKBEPLIETHHA U €TI0 META6OAUTOB
C IIUKAOOKCHUTeHa301-2. Broasemens cubupcroii meduyunsi. 2019; 18
(3): 101-6. DOI: 10.20538/1682-0363-2019-3-101-106

REFERENCES

1. Chouhan S., Lomash V., Flora SJ.S. Fluoride-induced chang-
es in haem biosynthesis pathway, neurological variables and tissue
histopathology of rats. J. Appl. Toxicol. 2010; (30): 63-73. DOI:
10.1002/jat.1474

2. Agalakova N.I, Gusev G.P. Effect of inorganic fluoride on liv-
ing organisms of different phylogenetic level. Zhurnal evolyutsionnoy
biokhimii i fiziologii. 2011; 47(5): 337-47 (in Russian).

3. Agalakova N.A,, Petrova T.I, Gusev G.P. Activation of Fas
receptors, caspase-8 and caspase-3 by fluoride ionsin rat erythro-
cytes in vitro. Zhurnal evolyutsionnoy biokhimii i fiziologii. 2019;
55 (2): 90-96. DOL: 10.1134/S0044452919020013 (in Russian).

4. Alekhina D.A., Zhukova A.G., Sazontova T.G. Low dose of
fluoride influences to free radical oxidation and intracellular pro-
tective systems in heart, lung and liver. Tekhnologii zhivykh sistem.
2016; 13(6): 49-56. (in Russian).

S. Gaidash A.A., Apchel VYa,, Ivchenko EV. Cardiomyocytes
ultrastructure in course of fluorine action. Vestnik Rossiyskoy voy-
enno-meditsinskoy akademii. 2016; 2 (54): 138-45 (in Russian).

6. Nadey OV,, Sokolova TV., Agalakova N.L Influence of fluo-
ride ions on cortical neurons of rat brain. Morfologiya. 2019; 155
(2): 209 (in Russian).

7. Dec K., Lukomska A., Maciejewska D., Jakubczyk K., Ba-
ranowska-Bosiacka L. et al. The Influence of Fluorine on the Dis-

385



MeaunuHa TPyAQ U IPOMBIIAeHHAS dKororus — 2020; 60 (6)

OpI/II'I/IHaAbeIe CTaTbU

turbances of Homeostasis in the Central Nervous System. Biologi-
cal Trace Element Research. 2017; (177): 224-234. DOI: 10.1007/
s12011-016-0871-4

8. Garcia-Montalvo E.A., Reyes-Pérez H., Del Razo L.M. Fluo-
ride exposure impairs glucose tolerance via decreased insulin ex-
pression and oxidative stress. Toxicology. 2009; 263(2-3): 75-83.
DOI: 10.1016/j.tox.2009.06.008

9. Barbier O., Arreola-Mendoza L., Del Razo L.M. Molecular
mechanisms of fluoride toxicity. Chem Biol Interact. 2010; 188(2):
319-33. DOLI: 10.1016/.cbi.2010.07.011

10. Mikhailova N.N., Zhukova A.G., Gorokhova L.G., Bugaeva
M.S,, Yadykina T.K., Kiseleva A V. Assessment of the efficiency of
prevention of chronic fluorine intoxication with Rhodiola Rosea
L. adaptogen. Gigiena i Sanitaria (Hygiene and Sanitation, Russian
journal) 2019; 98(7): 744-747.DOLI: 10.18821/0016-9900-2019-
98-7-744-747 (in Russian).

11. Zhukova A.G., Mikhailova N.N,, Sazontova T.G., Zhdanova
N.N,, Kazitskaya A.S., Bugaeva M.S. et al. Participation of free-radi-
cal processes in structural and metabolic disordes of lung tissues in
the dynamics of coal-rock dust exposure and the adaptogenic cor-
rection. Bulletin of experimental biology and medicine. 2020; 168(4):
439-43. DOI: 10.1007/s10517-020-04727-7

12. Vladimirov Yu.A., Proskurnina EV,, Demin E.M., Matveeva
N.S., Lubitskiy O.B., Novikov A.A. et al. Dihydroquercetin (taxifo-
lin) and other flavonoids as inhibitors of free radical formation at key
stages of apoptosis. Biokhimiya. 2009; 74(3): 37279 (in Russian).

13. Rogovskii V.S., Matyushin A I, Shimanovskii N.L., Semeikin
AYV, Kukhareva T.S., Koroteev A.M. et al. Antiproliferative and antioxi-
dant activity of new dihydroquercetin derivatives. Eksperimental'naya i
klinicheskaya farmakologiya. 2010; 73(9): 39-42 (in Russian).

14. Zakharenkov VV.,, Mikhailova N.N., Gorokhova L.G., Ro-
manenko DV, Zhukova A.G., Bugaeva M.S. et al. Method of pre-
vention of anthracosilicosis in simulation in the experiment. Patent No
2611935; 2017. (in Russian).

15. Archipenko Yu.V,, Didenko VV,, Sazontova T.G., Meerson
E.Z. Comparative evaluation of the effect of immobilization stress
on the dynamics of resistance to induction of lipid peroxidation
of internal organs and brain. Doklady AN SSSR. 1989; 304 (6):
1500-503 (in Russian).

16. Fridovich I, Liochev S.I. An essay on superoxide dismutase,
2-methoxyestradiol, and the proper uses of scientific methods. Amino
Acids. 2015; 47 (8): 1605-6. DOI: 10.1007/500726-015-1996-z

17. Kikugava K., Kojima T., Yamaki S. et al. Interpretation of the
thiobarbituric acid reactivity of rat liver and brain homogenates in

386

the presence of ferric ion and ethylenediaminetetraacetic acid. Anal.
Biochem. 1992; 202: 249-55. DOI: 10.1016/0003-2697(92)90102-d

18. Zhukova A.G., Gorokhova L.G., Mikhailova N.N., Alekhina
D.A., Prokop'ev Y.A,, Sazontova T.G. et al. Mechanisms of intra-
cellular defense and activity of free radical oxidation in rat myo-
cardium in the dynamics of chronic fluorine intoxication. Bulletin
of experimental biology and medicine. 2013; 156 (2): 224-7. DOL
10.1007/s10517-013-2316-9

19. Vjotosh A.N. Intracellular mechanisms of oxygen
sensing. Biokhimiya. 2020; 85 (1): 49-63. DOI: 10.31857/
$0320972520010042 (in Russian).

20. Semenza G.L. Hypoxia-inducible factor 1 (HIF-1) path-
way. Science’s STKE. 2007; 2007 (407): cm8. DOI: 10.1126/stke.
4072007cm8

21. Christians E., Yan L.-J., Benjamin I. Heat shock factor 1 and
heat shock proteins: critical partners in protection against acute cell
injury. Crit. Care Med. 2002; 30 (1): 43-50.

22. Zhukova A.G,, Sazontova T.G. Hemeoxygenase: function, regu-
lation, biological role. Hypoxia Medical Journal. 2004; 12 (3): 30-43.

23. Chen Q,, Wang Z., Xiong Y., Xue W, Kao X, Gao Y. et al.
Selenium increases expression of HSP70 and antioxidant enzymes
to lesser oxidative damage in Fincoal-type fluorosis. J. Toxicol. Sci.
2009; 34(4): 399-405.

24. Muller L., Pawelec G. Aging and immunity — impact of
behavioral intervention. Brain Behav. Immun. 2014; 39: 8-22. DOI:
10.1016/j. bbi. 2013.11.015

25. Kozlova D.I., Kochkina E.G., Dubrovskaya N.M., Zhuravin
I.A., Nalivaeva N.N. The effect of prenatal hypoxia on cholinester-
ase activity in blood serum of rats. Neyrokhimiya. 2018; 35 (2):
160-9. DOI: 10.7868/51027813318020097 (in Russian).

26. Zhukova A.G., Sazontova T.G., Arkadyeva LV.,, Moroz VV.
The Modulating Effect of Perfluorane on the Ratio of Pro- to Anti-
oxidative Systems in Different Organs. Obshchaya reanimatologiya.
2006; 11 (1): 47-50 (in Russian).

27. Spencer J.P.E. Flavonoids: modulators of brain function?
British Journal of Nutrition. 2008; 99 (E-Suppl. 1): ES60-ES77.
DOI: 10.1017/S0007114508965776

28. Mansuri M.L., Parihar P,, Solanki I., Parihar M.S. Flavonoids
in modulation of cell survival signalling pathways. Genes Nutr. 2014;
9:400-9. DOLI: 10.1007/s12263-014-0400-z

29. Terekhov R.P,, Selivanova I.A. Molecular modeling of the
interaction of the dihydroquercetin and its metabolites with cy-
clooxygenase-2. Bulletin of Siberian Medicine. 2019; 18 (3): 101-6.
DOI: 10.20538/1682-0363-2019-3-101-106 (in Russian).



