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Pestome. I]ens uccneoosanus. ONeHATDH BRIPAKEHHOCTH MTPOIECCOB CBOOOTHOPAINKATHLHOTO OKUCIIEHHUS, aKTHBHOCTh
KOMITOHEHTOB (DepMEHTAaTHBHOTO 3B€HA aHTHOKCHUIAHTHOM CUCTEMBI TKaHEH B YCIIOBUSX HOTHOW HEIOCTATOYHOCTH IPHU
AKCIIEPUMEHTAIIEHOM TUIIOTUPE03€ B U3YUUTh IPPEKTUBHOCTD IMOCIIEYIOIIETO ASHCTBUS HOBOTO HOICaxapUHOTO KOM-
IIeKca Ha ocHOBe pedaynnosuna «A». Memoowst. CocTosiHIE TPOOKCHAHTHON CHCTEMbI M3y4Yalld METOAOM YKeJIe301H-
JYLIUPOBAHHOW XEMHUIIFOMUHECICHIIMH U 10 COACPKAHUIO B TKAHSX MPOAYKTOB, pearupyroIux ¢ 2-Tuo0apOuTypoBoit
kuciotot (TBK). Onpenensinu aktuBHOCTH cyniepokcuanucmyTtassl (CO/), mmyratnonnepokxcuaassl (I'TIO) n katana-
3p1. Mo0eUIUUTHBIH THIOTHPEO3 MOJICIMNPOBAIH Y HOMOBO3PEIIBIX CAMIIOB OENbIX GECIIOPOIHBIX KPBIC BHYTPHIKE-
JyIOYHBIM BBEJICHHEM THaMo030Jja (MepKa3oimia) B Tederne 21 cytok u3 pacuera 2,5 Mkr/100r maccel Tena. Pazputue
TUIIOTHPE03a KOHTPOIUPOBAIIU OIIPEICIICHUEM B TIa3Me KPOBH cojiepxkanus TupeorporHoro ropmona (TTI) u cBobon-
Horo Tupokcuna (cTs). Pezynomamet. Pa3BuTie THIOTHPEO3a COMPOBOKAAIOCH YCHICHHEM B TKaHSX (TOJIOBHON MO3T,
MeYCHb, MMOYKU) MOKa3aTesicii 0a3anbHOM KeJIC30MHIYyIIMPOBAHHON aKTUBHOCTH PaMKaI000pa30BaHUs, CTaTHCTHYC-
CKH{ 3HAUNMBIM yBenndeHrneM ypoBHs TBK-akTHBHBIX coemuHeHni, XapaKTepu3ys pa3BUTHE OKUCINUTEIBHOTO CTpecca.
OnHOBpEeMeHHO HaOmomanochk BeipakeHHOe cHIbkeHue akTuBHOCcTH COJl, I'TIO m karamassl. Mcmonb30Banue B BOC-
CTaHOBUTEJIEHOM TIEPUOJIE MOCIE MPEKPAIICHUS WHTOKCUKAIIMHA THPEOCTATUKOM HOICTEBUOIIIIMKO3MIa pedayano3nia
«A» B no3e 2-3 Mkr Hoga/100 T Macchl KpBIC €KeHEBHO B TeueHHe 30 CyTOK MOBBIIAIO (PYHKIIMOHATLHOE COCTOSHUE
IIUTOBUIHOM JKeJie3bl, CIIOCOOCTBOBAJIO YCUJICHUIO aKTUBHOCTH ()EPMEHTOB aHTHOKCHUJIAHTHOW 3allIUThl U CHIKECHUIO
110 PU3NOIOTHUECKOTO YPOBHS TEUSHUS IIPOIIECCOB CBOOOTHOPAANKAIHHOTO OKCHIICHHUS.
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Bonee nByx Tperell aIlMUHHUCTPATHBHBIX TeppUTOpUil Poccun oTHOCATCS K 30HAM OMOTCOXMMHUYECKUX MPOBUHIINN
HomoaeuImTa. AKTyaJIbHOCTD MPOOJIeMbl HOAHON HETOCTATOYHOCTH ONPEACIIACTCS U HU3KOH 3(PPEKTUBHOCTHIO Mac-
COBOM IpOo(hUITAKTHKH: MEANaHa HOIypHuH Y POCCHUSH B cpemHeM cocTapiseT 82,2 Mxr/im (Hopma 150-200 mxr/m) [1]. Ilpu
TUIIOTHPE03€, BEI3BAHHOM HHU3KUM MOTPEONIeHHEeM Hojla U IPYTUMHE TPHYUHAMH, TIOPAKAIOTCS OONBIITMHCTBO OPTraHOB U
CUCTEM, yCHIIUBAETCS 00pa30BaHKe aKTUBHBIX (DOPM KHCIOPOA, YPOBEHb MPOIYKTOB JIMITOTICPOKCHIAINH, PA3BUBALT-
Csl OKUCITUTEIIbHBIN CTpecC, CHUKaeTCs 3(P(HEKTUBHOCTh (PEPMEHTATUBHOTO U HE()EPMEHTATUBHOTO 3BEHLEB aHTHOKCH-
JAHTHOM cucTeMHI [2, 3, 4].
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MaccoBas npodunakTuka HogHoro aeduuuTa, pekomeHgoBanHas sxcrnepramu BO3, naunbonee 3¢ GeKTHBHBIN U KO-
HOMHYHBIH METO/I BOCIIOJTHEHHSI HEJOCTATOYHOI0 MOCTYIJICHHS 012 B MOMYJISIIIMY, KOTOPBIA TOCTUTaeTCsl BBEIEHUEM
tiona (Momuma wian Homarta Kajaus) B TMHUIIEBYIO COJIb, UCIIOJIB3YEMYIO B TOMOXO3SMCTBAX WM MUIIEBON MPOMBIIIICH-
HoctH [5]. bomee 120 cTpan Mupa B KaueCTBE HAITMOHAIBHON CTPATETHH TPEOIOJICHN Me(UnnTa Homa BEIOpaIn Homau-
POBaHME COJM U NPUHSIIM COOTBETCTBYIOLINE 3aKOHOAATEIbHbIE aKkThl. [IpeaArnpruHaTbIe MEPBI U PE3YNIbTaThl BHEAPEHUS
JAHHOW CTpaTeruu MO3BOJMIM MeXIyHapOJHOMY KOMUTETY IO KOHTPOJIIO 32 HOm0Ae(UUUTHBIMU 3a00JICBAaHUAMHU H
100aJIbHOM CeTH MO HOAY BKIIIOUYUTH OONBIIMHCTBO CTPaH B IEPEUCHb ETEBbIX YPOBHEH 00ecTieueH s TUTaHus HOZOM
[6]. BmecTe ¢ TeM, nosiBIIsieTCs Bce O0JbIle COOOMIEHUH 0 MOOOYHBIX dPPEeKTax MCIOIH30BAHMS HOIUPOBAHHON COJH
(pa3BuUTHE HHIYIIMPOBAHHOTO HOIOM THIIEPTHPEO3a, ayTOMMMYHHOTO THPHOANTA, 300a) [7, 8, 9]. 'unepitogn3anms pas-
BHBAETCSA B Pe3ylIbTaTe OBICTPOTO BCACHIBAHHS HOMIa, M3GBITOUHO MOCTYTIAIOMIETO C TIOBAPEHHOH combio. Momma mpu
3TOM U3MEHSIET METa0ONINYECKHE POLECCHl B KIETKAaX (POJUIMKY/ LIMTOBHIHOM JKEJIE3bl, OKa3bIBas BIUSHUE HAa KACKal
curHanbpHbIX nepeaad TAM® u Ca*-unozutontpudocdarusv myTam [7]. Jluua, Haxogusimecs: panHee B Homonedu-
LUTHOM COCTOSTHHHM, 00Jiee YyBCTBHUTENILHBI K MOBBILICHUIO COJEPKAHUS HOMa, y HUX Yallle BBIBISIIOTCS HAPYIICHHS
(YHKIMH OIMTOBUIHOM >Kele3bl MPU YBEIMYSHUH TMOCTYIUICHUST MUKPOAJIEMEHTa Jlake 10 (PU3HOIOTHYECKOT YPOBHS
[10].

ITonoxxutenbHbIH 2(h(HEKT HAa COCTOSHHE IIMTOBUIHON KeJIe3bI OTMEUCH IIPH MOTPEOJICHUH HOMUPOBAHHBIX Yasi, MO-
JIOKa ¥ MOJIOYHBIX IPOJYKTOB, Xjeba U XJ1eO00YIOUHbIX M3IENUH, ULl U IPYTUX NPOAYKTOB IMOBCEIHEBHOIO CIIPOCA,
a TaKXKe MOPEMpPOAYKTOB U MOPCKUX Bogopocieit [7, 8, 11, 12, 13]. B omnuune ot loaupoBaHHOM coyu HoJ B HUX CTa-
OMIM3UPOBAH OPTaHMUYECKON MaTpHUIIEH, 4TO 00eCeunBaeT CTA0MILHOCTh MUKPOIJIEMEHTA B BEPXHUX OTJIENIaX JKeIly-
JIOYHO- KUIIIEYHOTO TPaKTa, CocOOCTBYeT OoJiee paBHOMEPHOMY BO BPEMEHH €TI0 YCBOCHUIO, NIPEOTBpAIliasi Pa3BUTHE
st dexra Bonbda-Yaiikosa [3, 7].

Jist pacimpeHus accopTUMEHTa Hoaconepxkamux GopTUPHULINPOBAHHBIX IIPOLYKTOB 0CO00€ BHUMAaHNE NPUBICKAIOT
[IPUMEHsIEMBbIE B TIMIIECBOI MPOMBILIICHHOCTH YIJIEBOAHbIE CTPYKTYPbI (IIEKTHUHBI, HHCYJIMHBI), 001aJat011e aIbIOBAHT-
HBIMH CBOMCTBaMHM B OTHOIIeHWH Hoxa [12, 13].

Leabro nccienoBanns ABUIACH OIIEHKA BRIPAYKEHHOCTH MIPOIIECCOB CBOOOTHOPAANKAIILHOTO OKUCIICHHSI, aKTHBHOCTH
(hepMeHTAaTHBHOTO 3B€HA AaHTHOKCHAHTHOM CHCTEMBI TKAaHEH B YCIOBHUSAX HOTHOW HETOCTATOYHOCTH MPH IKCTIEPUMEH-
TaJHHOM THITOTHPeOo3e u 3(P(PEKTUBHOCTH MOCIENYIOMIETo AeHCTBAS HOBOTO HOJCAXapHIHOTO KOMITJIEKCa Ha OCHOBE
CTEBUOJIIIIUKO3H/IA peOaynno3ua «Ay.

MarepuaJjbl 1 METOAbI HCCJIEAOBAHUS

WccnenoBanus MpoBeZeHBI HA HEMMHEHHBIX O0embIx Kpbicax-camiax 190-230 1, comeprkaniuxcsi B yCIOBUSX BUBApHUs
Ha cOamaHCUPOBAHHOM MUTAHWUU (KOMOWKOPM ISl 1ab0paTOpHBIX KUBOTHRIX 3AO «AccopTuMeHT —ATpo», Poccwst)
co cBOOOIHBIM IOCTYNOM K Boze. [IpoBeneHne SKCIepUMEHTOB OCYILECTBICHO ¢ COONIOACHHEM ITHYECKHX HOPM U
PEKOMEHAALUH 110 TYMaHHOMY OOpaIlleHHIO ¢ J1a0OpaTOPHBIMU KMBOTHBIMU (mipuka3 Munsnpasa Poccun Nel99u ot
01.04.2016 1. «O6 ytBepxnenun IlpaBun Hagiexamneld 1abopaTropHON MPAKTUKWY). 32001 KUBOTHBIX MPOBEICH O]
JIerKUM 3(UPHBIM HAPKO30M.

JKHBOTHBIC GBUIM pa3/ielIeHbl Ha 4 TPy HEpBYIO (KOHTPONBHYIO) COCTABUIN HHTAKTHBIC. MOM0MepUIUT Y KpbIC
BTOPOH, TPETHE U YETBEPTOU TPYIIT MOJAECIMPOBAIN BHYTPHKEIYIOUHBIM BBEACHUEM B TeueHue 21 cyTok Thamaszoia
B 03¢ 2,5 mMr/100 T Macchl Tena exeaHeBHO. JKHBOTHBIX MepBOH (KOHTPOIIBHOW) U BTOPO# (OMBITHOW) TPYI 3a0MBaTi
Ha 22-e CYyTKH, a KpbIC TpeThel (cpaBHEHUs ) U YeTBepTol (0CHOBHOM) rpymin — uepe3 30 aHel mocie nmocieaHero BBe-
JIEHHsI TUPEOCTaTHKa. B BOCCTaHOBUTEIBHOM TEpHOJIe KPBICHI TPEThEeH TPYIbl HAXOAWINCh Ha BUBAPHOM NHUTAHUH, a
YEeTBEPTON — JIOTIOIHUTEIHHO MTEPOPaIbHO TOTyYalld pacTBOP HOBOTO HOJCaXapHIHOTO KOMILJIEKCA U3 pacdeTa 2-3 MKT
tiona Ha 100 r Maccel exxeqHeBHO [14]. Pebaynmnosnnm «A» BeimeneH u3 pacteHus Stevia rebaudiana Bertani, ucomns3y-
€TCs B MUIIEBOI MPOMBITINICHHOCTH KaK O0€30TacHbIN MOICIaCcTUTENb, 3aMEHSIONNI caxaposy. OH yCTOHYMB MpH Xpa-
HEHHMH, COBMECTHM C IHUILEBBIMU TEXHOJIOTUAMH, OMOpa3iaraeM, OKa3blBaeT THIIOTEH3UBHOE M THIIOIUINICMHUYECKOE
JeiiCTBUE U IPUMEHSIETCS B IPOLIECCE JICUCHUSI OKUPEHUS U CHIKEHUH U30BITOUHOTO Beca [15].

B mutazme kpoBu KHMBOTHBIX onpenessiin coaepkanue TTI u ¢cTs MmeTogoM nMMyHO(EpPMEHTHOTO aHaIM3a Ha aHaAJHU-
3arope StatFox-2100 (CIIA) ¢ ucnosnb3oBannem HabopoB pearentoB DRG Diagnosties GmbH (I'epmanust) u T4 cBoOOI-
Hb1ii — NDA-bect (3A0 «BekTop bect», Poccust). B romorenarax Tkanei (ToJIOBHOW MO3T, TICUEHbB, ITOYKH ) OTICHIUBATH
po1ecchl cCBOOOJHOPAANKAIBHOTO OKUCICHNSI METOIOM XeMHIIOMUHecHeHIuH (xemumomuHomeTp XJI-03, Poccust) ¢
00paboTKOM Pe3yNbTaTOB B aBTOMAaTHYECKOM pekume. VHaynrpoBanue cBOOOAHOPAINKAIEHOTO OKUCICHHUS OCYILECT-
BJISUTM PacTBOPOM COJIM JBYXBAJIEHTHOTO Xkele3a. B roMoreHarax TkaHel Takyke ONpeAessiiii CofepKaHue COEAMHEHNH,
pearupyomux ¢ 2-tuodapoutypoBoii kucnotol, (pearearst OO0 «Arar-Meny, Poccnst), akTuBHOCTB Kartanassl [16],
CYTIEpOKCHIIUCMYTA3bl M TITyTaTHOHTIepoKcHu1asbl (peareHTH! Radox Laboratories Ltd, Jlarwst).

Craructrdeckyro 00padoTKy pe3ybTaToB IMPOBOIMIN C UCTIONB30BaHUEM ITporpaMMebI Statistica 8.0 ¢ pacueTom cpej-
HUX 3HaYE€HUH U CPEAHEKBAAPATUUHBIX OTKIOHEHHH (M+0), naHHble 00padaThiBaiy C UCIOIB30BaHUEM OAHO(AKTOP-
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Horo gucnepcuontoro ananuza ANOVA. JI7st anocTepruopHbIX CpaBHEHUH UCTIONB30Bau post-hoc ananus u tect bon-
(dbeppoHu.

Pe3ynbTathl u o0cy:kaeHne

BBenenne TMama3osa, HHrHOMPYIOIETO MPOLECChl HOANPOBAHUS PAJUKAJIOB TUPO3UHA B COCTaBE TUPENIOOYIMHA,
COIIPOBOXKJAJIOCH Y KPBIC OIBITHOM I'PYIIbl CHUKEHUEM COAEPIKAHMS B IJIa3Me KPOBU CBOOOIHOIO TUPOKCHHA U TIOBBI-
LIEHUEM TUPEOTPOIHNHA, YTO XapaKTEPHO AJIsl COCTOSIHUS THIIOTUpeo3a (Tabnuua 1). Y )KUBOTHBIX TPYNIbI CPAaBHEHUS,
HaXOJUBIINXCS Ha BUBAPHOM MHUTAHWU B BOCCTAHOBUTEIBHOM NepHoie B TedeHue 30 CyToK, Mocie MpeKpalieHus BBe-
JICHUSI TUPEOCTAaTHKA TUITOQYHKIHSI IIIUTOBUIHON JKelle3bl TPOI0IIKAIa COXPAHAThHCS. B 4eTBepTOl OCHOBHOH TpyIiie
KPBIC, TOJYYaBIIMX B BOCCTAHOBUTEIBHOM IIEpHOE HOACTEBUONIINKO3U peOayano3us «Ay, HaOl0na10Cch CHUKEHUE
TTI" u noBeienue cT4 10 yPOBHS 3HaUEHUH KOHTPOJIIBHOW I'PYIIIBI, YTO CBUIETEIBCTBYET O HOPMaIU3alMU THUIIO(H-
3apHO-TUPEOUTHOTO CTaTyca.

Tabnuna 1.
M3menenus runodu3apHO-TUPEOUITHOTO CTATyca MTPU HHTOKCUKAITUN KPBIC THAMA30JIOM U TIOCIICAYIONIeH peadbumnTa-
MW HoJIcaXxapyuIHBIM KOMIUIEKCOM, M0

I'pynna xxuBoTHbIX, N=10
T'opmonsbt
KontponbHas OnbiTHas CpaBHeHust OcHoBHas
1,08+0,2
1,96+0,18 1,34x0,30 pfg 9(;’457
TTT mMe/n 1,11+0,26 P p=0,0588 7
p=0,0001 ~0.0016 p:=0,0010
P, =0,0296
17,8+2,82
12,642,11 O
cTa, iMoITB/N1 16,2+1,71 l’ggﬁ’m p=0,0038 p—_0,7526
p=0,0002 ~0.0613 p:=0,0001
P, p=0,0067

[Tpumeyanusi: B 1aHHON M MOCIEAYIOMNX TAOMUIAX CTATHCTUYECKAs 3HAUUMOCTb PA3IMYMA p — C KOHTPOJIBHON
IPYIIIOHN, p1 — C ONBITHOH U p2 — ¢ rpynnoi cpasaenus. ANOVA , trect bondepponu.

M'mmogyHKIMS IUTOBHIHOM KeJIe3bl PH HoaoaeGuuTe conpoBoKIaiach M3MEHEHHSIMH TPO- U aHTUOKCHIAHTHBIX
cucteM. Y KPBIC OTBITHOW TPYIIIBI B TKAHSIX CTATUCTHYCCKHM 3HAYMMO IMOBBIIIATACH CIIOHTAHHAS CBETUMOCTH, XapaK-
TepHu3yroIas 0a3aabHyI0 aKTHBHOCTH paankanooOpa3oBaHus (Tadbmuia 2). B roMmoreHarax roJloBHOTO MO3Tra CITIOHTaH-
Hasi CBETUMOCTb IIPH THUIIOTHPEo3e Oblia BBIIIE, YeM Y MHTAKTHBIX Kpbic Ha 51,2% (p=0,0007), B neuenn Ha 82,6%
(p=0,0001), B moukax Ha 45,6% (p=0,0008). AMmuTyaa OBICTPO BCHBILIKH, KOTOPask OTOOpaskaeT BEIPAKEHHOCTD pa-
JMKanoo0pa3oBaHusl MOCIe HHAYIUPOBAHMS MPOLEcca HOHAMHU JIBYXBaJICHTHOTO JKejle3a, TakKe MOBbIIIaiach, HO J0-
CTHTaJla CTATUCTUYECKN 3HAUUMBIX Pa3InYMi TOJNBKO B MIEYeHU. MakcHMaibHasi CBETUMOCTh U CBETOCYMMA SIBIISIFOTCS
TTOKA3aTeIIsIMHU, CBHICTEIHCTBYIOMUMA O CIIOCOOHOCTH TCUCHUS CBOOOTHOPATMKATLHBIX MPOIECCOB B OmocyOcTpare
[IPY MHULMALUHY UX HOHAMU METAJIJIOB IIEPEMEHHOM BaJEHTHOCTH. Y )KUBOTHBIX C HOAIE(DUIMTHBIM THIIOTHPEO30M 3TH
[IOKA3aTeNN B TKAHIX TAaKXKe OBbLIIM I0CTOBEPHO 00JIee BHICOKUMHU. Y KUBOTHBIX I'PYIIITBI CPABHEHHSI IOKA3aTEIN CBOOOI-
HOPaJMKaJILHOTO OKHCIICHUS! CHUXKAINCh, OAHAKO CIIOHTAHHAs CBETUMOCTb BO BCEX HCCIIEAYEMbIX TKaHSIX OCTaBalach
MOBBIILICHHOM, XapaKTepu3ys MPOJOIDKAIONIYIOCS MHTEHCH(DUKAIIMIO paluKaiooOpa3oBaHus. B ToJIOBHOM MoO3re 3Toi
IPYIIIBI KPbIC Ha OoJiee BBICOKOM YPOBHE, UeM Y KMBOTHBIX KOHTPOJILHOW TPYTIIbI, COXPAHSIIaCh MaKCUMallbHasl CBETH-
MOCTb, B TICUCHH U TTOYKAX — aMIUIATYyAa OBICTPOI BCIBIMKH B cBeTocymma (p<0,02).

Y KpbIC OCHOBHOH T'PYHIIbI, MOJYYUBIIMNX B BOCCTAHOBUTEIBHOM IIE€pUOZC HOACAXAPUIHBIA KOMILIEKC, IIOKa3aTeln
XEMUJIIOMHUHECLEHIINN CHI)KAJIUCh M CTATUCTUYECKH 3HAYMMO HE OTIIMYAINCH OT JaHHBIX KOHTPOJIBHOMN IPYIIIIBL.

Pesynbrarel n3ydeHus: copep)KaHus B TKaHSIX KPbHIC BELIECTB, Pearupyromux ¢ THOOApOUTYpOBOM KHCIOTOH, SIBIIsI-
IOLIMXCSl TIPEUMYIIECTBEHHO BTOPUYHBIMHU MTPOIYKTaMH MEPEKUCHOTO OKHMCICHUS JTUMUA0B (MAJIOHOBBIN JUAbACTH]I,
4-ruJIpOoKCH-2-HOHEHAb ¥ IPYTHE JIbJIETH/IbI M KETOHBI), HE IPOTUBOPEYAT JaHHBIM UCCIIEIOBaHUSI TIPOLIECCOB CBOOOI-
HOPaJUKaJIBHOIO OKUCICHNUS METOAOM XEMHIIIOMUHECLEHIUH (Tabnuna 3). Y KpbIC ONBITHOM I'PYIIIbI yPOBEHb IPOLYK-
TOB JIMIIONIEPOKCHIALNH OBIJI MOBBIICHHBIM, Y )KUBOTHBIX OCHOBHOM I'PYIIIBI MX COIEPYKAHUE PE3KO CHUKAJIOCh, HO HE
JOCTHUraJI0 KOHTPOJIBHOTO, XOTS B TKAHSIX T'OJIOBHOTO MO3Ta U IIEYEHU OBUIO TOCTOBEPHO HIIKE, YEM B TPYIIIIEC CPABHEHUSL.
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Tabmuua 2

MHTEHCUBHOCTH XEMUIIIOMUHECLIEHIIMM TOMOTEHATOB TKaHEN KPbIC IIPU HKCIIEPUMEHTAIBbHOM TMIIOTUPEO3E U MOCIIE-
JYIOIIEH KOPPEKIUH HomoaeuIuTa HoacaxapiIHbIM KOMIUIEKCOM, M£d

[Tokazareny XeMUITIOMUHECIICHIINH, YCII. 1.
I'pynna >kxuBOTHBIX,
Tranu _ CroHTaHHas CBe- AwmruaTyna ObI- MakcumanbHast
n=10 . Cserocymma
TUMOCTb CTPOM BCITBIIIKA CBETUMOCTD
Konrtponbhas 1,25+0,14 4,40+0,54 2,53+0,40 7,62+0,82
OnbITHAs 1,89+0,30 4,96+0,70 3,64+0,45 9,22+0,59
p=0,0007 p=0,8602 p=0,0006 p=0,0007
1,74+0,33 3,58+0,45 8,72+0,53
s s 4,72 0 30 s B} s s
TOOBHOM MO3T CpaBHeHus p=0,0066 p=ii 0 p=0,0011 p=0,0657
pi=1,01 pi=1,0 pi=1,0 p:1=0,7341
1,27+0,17 4,39+053 2,88+0,55 7,39+0,87
p=1,0 p=L,0 p=L1,0 p=L1,0
Ocrosraz p1=0,0038 pi=1,0 p1=0,0323 p1=0,0002
p==0,0278 p2=0,9416 p2=0,0498 p==0,0278
KouTponbHast 1,44+0,11 6,09+0,38 9,58+0,73 16,89+0,86
Onbrrias 2,63+0,23 8,194+0,55 10,86+0,92 19,87+0,96
p=0,0001 p=0,0385 p=0,0002 p=0,0015
1,97+0,27 8,94+0,45 10,35+0,61 19,41+0,82
euens CpaBHeHus p=0,0199 p=0,0019 p=0,3132 p=0,0124
p1=0,0452 p1=0,9084 p=10 pi=1,0
1,45+0,14 5,78+0,52 9,01+0,67 16,1+0,72
p=1,0 p=1,0 p=1,0 p=1,0
Ocnopias 1=0,0002 1=0,0029 p1=0,0034 p1=0,0003
p==0,0226 p2=0,0005 p2=0,0145 p2=0,0004
KouTposnbHast 1,80+0,11 6,58+0,72 5,69+0,81 12,67+0,68
OnbrTHas 2,62+0,33 7,69+0,43 7,94+0,49 16,49+1,18
p=0,0008 p=0,0657 p=0,0001 p=0,0017
2,32+0,29 8,0+0,42 6,25+0,35 16,1+0,72
ouku CpaBHeHus p=0,0079 p=0,0026 p=0,4707 p=0,0046
pi=1,0 p=1,0 p1=0,0613 p=1,0
1,88+0,16 5,97+0,59 5,61+0,28 12,27+0,50
p=1,0 p=0,8914 p=1,0 p=1,0
Ocrosras p1=0,0053 p1=0,0017 p1=0,0003 p1=0,0001
p==0,0323 p==0,0002 p==0,2498 p==0,0004
Tabmuia 3

MHTEeHCUBHOCTH MPOLIECCOB JHUIMONEPOKCHIAIMN 10 YPOBHIO HAKOILJICHUS! MPOJAYKTOB, PEarupylomux ¢ THoOapOH-
TypPOBOI KHMCIIOTOH, B TOMOT€HAaTaX TKAHEW KPbIC IIPU SKCIEPUMEHTAIBHOM I'MIIOTUPEO3€E U MOCIENYIOEH KOPPEKIIUU
HononedumuTa HoacaxapuaHBIM KOMITTIEKCOM, M=+0

T I'pynna xxuBoTHBIX, N=10
KaHH
Kontponbnas OnblITHAA CpaBHeHus OcHoBHas
2,82+0,23
TonoBHO# MO3T 3,93+0,32 3’_24i0’17 p=0,7354
2,56+0,27 i p=0,0001 _
MMOJIB/JT p=0,0002 ~0.0012 p1=0,0021
Py, p-=0,0002
+
5.4140,32 4,3120,32 i’:gé o1t
Ileuens MMOJIB/IT 3,51+0,21 P p=0,0002 DY
p=0,0001 ~0.0002 p1=0,0001
Py, p>=0,0005
2,19+0,13
2,37+0,26 PN
TTouKH MMOTH/T 1,9940,11 3,16+0,28 p=0,0069 p=0,0344
p=0,0002 —0.0001 p1=0,0001
Py, p-=0,0651
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Tabmuua 4
AKTHUBHOCTD q)CpMeHTOB aHTHOKCHI[aHTHOfI 3alllUThI B TKAHAX KPbIC C SKCIICPUMEHTAJIbHBIM THIIOTHUPEO30M U IIPHU I10-
CIIEYIONICH ero KOPPEKIIMHU HoacaxapuaHbIM KOMILIEKCOM, M+0

['pynmer xuBOTHBIX, n=10
TkaHu DepMeHTHI
Kontponbhas OnbiTHas CpaBHeHus OcHoBHas
0.8940.2 1,19+0,21
CO/1 En/mr Genka 1,24+0,27 084+0,09 p=0,0007 p=0,0015 5;%%%31%7
p=0,6175 Dr0.0023
0,44+0,07
) 0.29£0,08 0,40£0,10 p=0,6263
TonoBHOI MO3T I'TIO E/mr Genka 0,46+0,08 - p=0,2898 B
p=0,0004 00350 p1=0,0006
Pt p>=0,3066
0,88+0,13
Karanasa Mxmoss/ 3,9340,08 0,80+0,14 p=0,8933
0,87+0,19 7 p=0,3212 B
MHHXMT O€eJIKa p=0,0004 ~0.8001 p:1=0,0098
P p:=0,4956
22,42+1,86
1827126 19,12+2,22 p=0,0654
CO/1 En/mr Genka 20,84+1,96 > p=0,0458 B
p=0,0105 03133 p=0,0002
P p>=0,0010
0.6340.07 0,94+0,14
Teuens TTIO E/ur Genka 0.86£0,00 | 0,58£009 p=0,0001 p=0,0001 52:%%%92
p1=0.2779 p2=0,0003
8,85+0,45
Karanasa Mkmosts/ 3,1840,88 4,1820,32 p=0,1821
5,12+0,17 » p=0,0443 B
MHHX MT OelKa p=0,0001 ~0.0576 p:=0,0002
Py p-=0,0003
1,42+0,13
7,78+0,47 gy
COJL Ex/mr Genka 8.2740,62 7,09£0,54 p=0,0001 p=0,0007
p=0,0002 04576 pi=0,0002
Py, p>-=0,0109
13,98+1,01
12,79+0,70 12,720,72 p=0,55,03
Tlouku I'TIO E/mr Genka 14,24+1,32 . p=0,0055 -
p=0,0052 08350 p=0,0091
Py, p-=0,0144
1,3840,22
Karanasa Mxmors/ 0,97+0,18 1,06£0,17 p=0,3707
1,46+0,23 "~ p=0,0004 -
MHHX MT OeJIKa p=0,0002 ~0.3159 p1=0,0003
Py, p>=0,0015

TakuMm 00pa3oM, pe3yJbTaThl U3yUSHHS MPOIIECCOB CBOOOTHOPATUKAILHOTO OKUCICHHS B TKAHAX MOKA3bIBAIOT, YTO
[IPU pa3BUTHU HOAOAE(UIIMTHOTO THIIOTUPEO3a HAOIIOOACTCSl YCUIICHNE OKHCIUTENIBHBIX IPOLIECCOB ¢ Pa3BUTHEM OK-
CUIAaTUBHOI'O CTPECCA, BBIPAKCHHOI'O B PA3HBIX OpraHax C pa3n1/111H0171 HUHTCHCHUBHOCTBIO. HpI/IMCHeHI/IC B IIOCJICAYIO-
IIeM HOBOTO HOJCO/IEpIKAIETO KOMILIEKCa Ha OCHOBE pedayruo3naa «A» B BOCCTAHOBUTEIFHOM TIEPHOJIE IPUBOAUT K
CHIDKCHHIO W HOPMAJIM3AITUH MIPOIIECCOB CBOOOTHOPAIUKAIBHOTO OKHUCIICHUS Ha (JOHE YIyUIIeHHs (QyHKITMOHAITHHOTO
COCTOSTHUSI IIIUTOBUHOM MKeJIe3bl U JIOCTHKEHHS (PU3UOIOTHIECKOTO YPOBHSI CEKPEIIUH TUPEOTPOIIHHA.

OpHaKo 10 HACTOAIIETO BPEMEHH HET €IMHOTO MHEHHSI O MEXaHW3MaX BIHSHHS WOTUPOBAHHBIX THPEOUIHBIX TOP-
MOHOB Ha MPOLECCH cBOOOIHOPAANKAIBHOTO OKHUCIeHus. [Ipu o0cyKaeHn MEeXaHU3MOB Pa3BUTUSI OKUCIUTEIBLHOTO
cTpecca npH AUCHYHKIUH IUTOBHIHOH JKeJe3bl AUCKYTUPYETCS CIIOCOOHOCTh TUPEOHTHBIX TOPMOHOB MOJIYIMPOBATh
MUTOXOHJIPHAIbHYIO QYHKIIHIO (MacCy MHUTOXOHJPHUH, TEUCHNE OKUCIUTENHLHOTO (POoChOpHIMpOBaHUs, HHTCHCHBHOCTD
OMOCHHTE3a MUTOXOHIPHAIBHEIX OekoB, Goodomumunos, JTHK) u, kak cieacTeue, n3MeHEHNE YPOBHSI M aKTHBHOCTH
MPOOKCUIAHTOB, PA3BUTHE U BBIPAKEHHOCTh CBOOOTHOPAIUKAIBHBIX MporieccoB [4, 16], a Takke CABUIH CTCIICHU Ha-
CBILIICHHOCTH YKUPHBIX KACJIOT KaK OCHOBHBIX OOBEKTOB MEPEKUCHOTO OKUCICHUS JIMTUIOB OMOJIOTHYECKUX MEMOpaH,
HW3MEHEHHUE YPOBHSI PELENTOPOB, MOBBIIIEHNE YYBCTBUTEIBHOCTU K KaTexojJaMWHAM M ApYrHe MexaHusmsl [2, 3, 17,
18]. Jucbananc B cucreMe Mpo- ¥ aHTUOKCUIAHTOB MPU THIOPYHKIMK IIUTOBUIHOMN kKeJe3bl MOXKET OBITh CBSI3aH CO
CHIDKCHHEM aKTUBHOCTH aHTHOKCHUJIAHTHOM CHCTEMBI, KOTOpasi pa3BUBaeTCs Ha (DOHE YCHIICHUSI MPOIECCOB CBOOOIHO-
pagukagpHOTO OKUCHeHM [2, 3, 19]. OqHako o JaHHBIM APYTUX aBTOPOB [20], IpH 3KCTIEpUMEHTATEHOM THIIOTHPEO3E,
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BBI3BAHHOM BBEICHHEM THPEOCTATHKA, MHTCHCU(HUKALNS EPEKUCHOTO OKHCIICHUS JIMIHUIOB COMPOBOXKAACTCS MOBbI-
LICHUEM aKTUBHOCTH ()EPMEHTOB aHTHOKCHUIAHTHOH 3aIl[UThI.

B 91011 cBsI3M B TKaHAX OBLIO MPOBEACHO ONpe/ielieHHe aKTHBHOCTH OCHOBHBIX (DePMEHTOB aHTHOKCHUIAHTHON CHCTE-
MBI — cymiepokcuaaucmyTassl (COJ), mmyrarnonnepekcunassl (I'TIO) u xatamassr (Tabmura 4).

Pa3BuTHe rUNOTHPEO3a Y dKUBOTHBIX ONBITHOM IPYIIIBI CONPOBOKIANOCH CTATUCTHYECKH 3HAYMMBIM CHIKEHHEM aK-
TUBHOCTH AaHTHOKCHUIAHTHBIX ()EPMEHTOB. Y KPBIC IPYIIIbI cpaBHEHUS: nocie 30-THEBHOTO BOCCTAHOBUTEIBHOTO MEPH-
07la aKTUBHOCThH (DEPMEHTOB HECKOJIbKO BOCCTAaHABIMBalach, HO akTuBHOCTE COJ] coxpaHsiach JOCTOBEPHO CHIKEH-
HOU BO BCEX TKaHsX, akTUBHOCTH [ TIO 1 karanasbl Oblila 3HAYUTEILHO HUKE, Y€M B KOHTPOJIBHOM TPYIIE B MEYECHH H
MoYyKax. Y KUBOTHBIX, HAXOIMBIINXCS Ha H010000TaleHHOM MTUTaHUK (OCHOBHAS I'PYyTIa), K KOHIY BOCCTAHOBUTEIb-
HOTO IIepHO/ia B OTJIMYME OT KPbIC IPYIIIbl CPABHEHUS HAOIIOAAJICS CTAaTUCTUYECKH 00Jiee BEICOKUM YPOBEHb AaKTHBHO-
CTH aHTUOKCHJIAHTHBIX (DEPMEHTOB B TKaHSIX. DTU U3MEHEHUS [T0Ka3areeil (pepMeHTaTUBHOIO 3B€Ha aHTHOKCHIAaHTHON
CHCTEMBI POUCXOAMIN Ha (POHE HOPMAJTU3ALMY COIEPKAHUS B KPOBH TUPEOTPONHMHA U CBOOOIHOTO THPOKCHHA.

[Tonmy4eHnnble pe3ynbTaThl MOAYEPKHUBAIOT, YTO META0OIMYECKNE CIBUTH MIPO- U aHTUOKCHUAAHTHBIX CHCTEM B TKaHSX,
YCTaHOBJICHHBIX Y JKUBOTHBIX, CBS3aHbI C U3MEHEHUSAMHU (PYHKIIMOHAIBHOTO COCTOSIHUS IIUTOBHTHOM JKEJIE3bI U yKa3bl-
BaioT Ha 9(pPEKTUBHOCTH BIUSHIS HA 3TH MPOIECCHI HOBOTO HOACaXapruHOTO KOMITJIEKCa Ha OCHOBE CTEBHOJITIIMKO3UIA
pebaymno3ug «A.

3akJirouenue

OKCHEePUMEHTANbHBIN TUIIOTHPEO3, BBI3BAHHLIN €KEIHEBHBIM BBEACHHEM THaMa3oja (MepKas3oimwia) B go3e 2,5
MI‘/IOO T MacCChbl )KUBOTHOI'O B TCUHCHUC TPEX HEAC/Ib, IIPUBOJAUT K PA3BUTUIO OKUCIIUTCIIBHOTO CTPECCA C NOBBIIICHUEM
B TKAaHAX TOJIOBHOTO MO3Ta, MIEYE€HH U MOYEK WHTCHCHBHOCTH XEMIIIOMUHECIEHIINH, YPOBHS MPOIYKTOB MEPEKUCHOTO
OKHCIICHUS JINTIUOB U CHUKEHNEM aKTUBHOCTH OCHOBHBIX aHTHOKCHJAHTHBIX (DEPMEHTOB — CYMEPOKCHITNCMYTa3bl,
[Ty TaTHOHTIEPOKCHIA3bI M KaTalasbl.

Monoo6oraienye MITaHus )KHUBOTHBIX C THIIOTHPEO30M ITyTEM €XKEIHEBHOTO J0OABICHNS B KOPM HOICAXAPHIHOIO
KOMITJICKCa Ha OCHOBE CTEBHOJITIIMKO3UAa pedayano3us] «A» u3 pacuera 2,5 Mkr roja Ha 100 © Maccel B TedeHUE Me-
CS'YHOT'O BOCCTAHOBHMTEIBHOIO MEPHOA CIIOCOOCTBYET BOCCTAHOBICHHUIO (PYHKIIMOHAIBHOIO COCTOSIHUS IIMTOBHIHOM
JKeJIe3bl, ITOKa3aTesie Mpo- U aHTUOKCUIAHTHOW CUCTEM.
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L.F. Rakhmatullina’, V.N. Kozlov?, G.A. Bayburina’,
D.E. Bayburina’, F.Kh. Kamilov’

THE EFFECT OF IODOSTEVIOL GLYCOSIDE REBAUDIOSIDE «A» ON
THE PRO- AND ANTIOXIDANT SYSTEMS OF TISSUES
IN EXPERIMENTAL HYPOTHYROIDISM

' FSBEI HE Bashkir State Medical University of the Ministry of Health of Russia,
Ufa, Russian Federation;
2 FSBEI HE «K.G. Razumovsky Moscow State University of Technologies and Management
(FCU)», Bashkir Institute of Technologies and Management, Meleuz, Russian Federation

Abstract. Purpose of the study. To assess the severity of free radical oxidation processes, the activity of the components of
the enzymatic link and the antioxidant system of tissues in conditions of iodine deficiency in experimental hypothyroidism
and to study the effectiveness of the subsequent action of the new iodosaccharide complex based on rebaudioside «A».
Methods. The state of the prooxidant system was studied by the method of iron-induced chemiluminescence and by the
content of products in tissues that react with 2-thiobarbituric acid (TBA). The activity of superoxide dismutase (SOD),
glutathione peroxidase (GPO) and catalase was determined. lodine deficiency hypothyroidism was simulated in sexually
mature male white outbred rats by intragastric administration of thiamozole (mercazolil) for 21 days at a rate of 2.5
ug/100g of body weight. The development of hypothyroidism was controlled by determining the content of thyroid-
stimulating hormone (TSH) and free thyrxine (fT4) in blood plasma. Results. The development of hypothyroidism was
accompanied by an increase in the tissues (brain, liver, kidneys) of indicators of the basal iron-induced activity of radical
formation, a statistically significant increase in the level of TBA-active compounds, characterizing the development of
oxidative stress. At the same time, a pronounced decrease in the activity of SOD, GPO and catalase was observed. The
usage in the recovery period after the cessation of intoxication with thyreostatic iodosteviol glycoside rebaudioside
«A» at a dose of 2-3 pg of iodine/100 g body weight of rats daily for 30 days restored the functional state of the thyroid
gland, promoted an increase in the activity of antioxidant defense enzymes and a decrease in the course of free radical
oxidation processes.

Keywords: experimental hypothyroidism, free radical oxidation, superoxide dismutase, glutathione peroxidase,
catalase
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More than two thirds of the administrative territories of Russia belong to the zones of iodine deficiency biogeochemical
provinces. The relevance of the problem of iodine deficiency is also determined by the low efficiency of mass prevention:
the median of ioduria among Russians averages 82.2 ug/l (the norm is 150-200 pg/1) [1]. In hypothyroidism caused by
low iodine consumption and other reasons, most organs and systems are affected, the formation of reactive oxygen
species, the level of lipid peroxidation products increase, oxidative stress develops, and the effectiveness of enzymatic
and non-enzymatic links of the antioxidant system decreases [2, 3, 4].

Mass prevention of iodine deficiency, recommended by WHO experts, is the most effective and economical method of
replenishing insufficient iodine intake in the population, which is achieved by introducing iodine (iodide or potassium
iodate) into table salt used in households or the food industry [5]. More than 120 countries around the world have
chosen salt iodization as a national strategy for overcoming iodine deficiency and have adopted coordinating legislation.
The measures taken and the results of the implementation of this strategy allowed the International Committee for the
Control of lodine Deficiency Diseases and the Global lodine Network to include most countries in the list of target
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levels of iodine nutrition [6]. At the same time, there are more and more reports of the backside effects of iodized salt use
(development of hyperthyroidism induced by iodine, autoimmune thyroiditis, goiter) [7, 8, 9]. Hyperiodization develops
as a result of the rapid absorption of iodine, which is excessively supplied with table salt. At the same time, iodide
alters metabolic processes in the cells of the thyroid follicle, influencing the cascade of signal transmissions of cAMP
and Ca*"-inositol triphosphate pathways [7]. Persons who were early in the iodine deficiency state are more sensitive to
an increase in iodine content, they are more likely to have thyroid dysfunction with an increase in the intake of a trace
element even to a physiological level [10].

A positive effect on the state of the thyroid gland was noted with the consumption of iodized tea, milk and dairy
products, bread and bakery products, eggs and other everyday products, as well as seafood and seaweed [7, 8, 11, 12, 13].
Unlike iodized salt, iodine in them is stabilized by an organic matrix, which ensures the stability of the microelement in
the upper gastrointestinal tract, contributes to its more uniform absorption over time, preventing the development of the
Wolff-Chaikov effect 3, 7].

To expand the range of iodine-containing fortified products, particular attention is drawn to carbohydrate structures
(pectins, insulins) used in the food industry, which have adjuvant properties relate to iodine [12, 13].

The aim of the study was to assess the severity of free radical oxidation processes, the activity of the enzymatic link of
the antioxidant system of tissues in conditions of iodine deficiency in experimental hypothyroidism and the effectiveness
of the subsequent action of a new iodosaccharide complex based on steviol glycoside rebaudioside «A».

Materials and methods

The studies were carried out on nonlinear white male rats of 190-230 g kept in a vivarium on a balanced diet (compound
feed for laboratory animals, CJSC «Assortment-Agro», Russia) with free access to water. The experiments were carried
out in compliance with ethical standards and recommendations for the humane treatment of laboratory animals (order
of the Ministry of Health of Russia No. 199n dated 01.04.2016 «On the approval of the Rules of Good Laboratory
Practice»). The animals were slaughtered under light ether anesthesia.

The animals were divided into 4 groups: the first (control) were intact. lodine deficiency in rats of the second, third
and fourth groups was simulated by intragastric administration of thiamazole for 21 days at a dose of 2.5 mg/100 g
of body weight daily. The animals (second) of the experimental group were killed on the 22nd day, and the rats of the
third (comparison) and fourth (main) groups — 30 days after the last administration of the thyreostatic. In the recovery
period, the rats of the third group were on vivar food, and the fourth group received an additional oral solution of a new
iodosaccharide complex at the rate of 2-3 pg of iodine per 100 g of body weight daily [14]. Rebaudioside «A» is isolated
from the plant Stevia rebaudiana Bertani and is used in the food industry as a safe sweetener replacing sucrose. It is
stable during storage, compatible with food technologies, biodegradable, has hypotensive and hypolipidemic effects, and
is used in the treatment of obesity and reduction of excess weight [15].

In the blood plasma of animals, the content of TSH and ¢T4 was determined by the enzyme-linked immunosorbent
assay on a StatFox-2100 analyzer (USA) using reagent kits DRG Diagnosties GmbH (Germany) and T4 free — IFA-
Best (ZAO «Vector Best», Russia). In tissue homogenates (brain, liver, kidneys), the processes of free radical oxidation
were assessed by the chemiluminescence method (chemiluminometer KhL-03, Russia) with automatic processing of
the results. Free radical oxidation was induced with a solution of ferrous iron salt. In tissue homogenates, the content
of compounds reacting with 2-thiobarbituric acid (reagents of GLL Agat-Med), the activity of catalase [16], superoxide
dismutase, and glutathione peroxidase (reagents of Radox Laboratories Ltd, Denmark) were also determined.

Statistical processing of the results was carried out using the Statistica 8.0 software with the calculation of mean values
and standard deviations (M=*c), the data were processed using one-way ANOVA. Post-hoc analysis and Bonferroni test
were used for post hoc comparisons.

Results and discussion

The introduction of thiamazole, which inhibits the processes of iodination of tyrosine radicals in thyreglobulin, was
accompanied in rats of the experimental group by a decrease in the content of free thyroxine in the blood plasma and
an increase in thyrotropin, which is characterized by hypothyroidism (Table 1). In animals of the comparison group,
which were on vivar nutrition during the recovery period for 30 days, after the termination of the administration of
the thyreostatic, the hypofunction of the thyroid gland continued to persist. In the fourth main group of rats receiving
iodosteviol glycoside rebaudioside «A» in the recovery period, there was a decrease in TSH and an increase in fT4 to the
level of values in the control group, which indicates the normalization of the pituitary-thyroid status.
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Table 1
Changes in the pituitary-thyroid status during intoxication of rats with thiamazole and subsequent rehabilitation by
the iodosaccharide complex, M+6

Group of animals, n =10
Hormones - - -
control experimental comparison basic
+
1,96+0,18 1,3420,30 b00543
TSH mMe /L 1,11£0,26 P p=0,0588 P~
p=0,0001 ~0.0016 p1=0,0010
Py p-=0,0296
17,8+2,82
12,6+2,11 7
fTs, pmol / L 16.2+1.71 1,08+2,14 p=0,0038 p=0,7526
p=0,0002 ~0.0613 p:1=0,0001
Pt p>=0,0067

Notes: in this and the following tables, the statistical significance of the differences p — with the control group, p1 —
with the experimental group and p. — with the comparison group. ANOVA, Bonferroni test.

Table 2
Intensity of chemiluminescence of rat tissue homogenates during experimental hypothyroidism and subsequent
correction of iodine deficiency with the iodosaccharide complex, M+3

. Chemiluminescence markers, conv. units
. Group of animals, - - - - -
Tissues -10 Spontaneous lumi- | Rapid flash ampli- | Maximum lumi- .
n . . Light sum
nosity tude nosity
Control 1,25+0,14 4,40+0,54 2,53+0,40 7,62+0,82
Experimental 1,89+0,30 4,96+0,70 3,64+0,45 9,22+0,59
P p=0,0007 p=0,8602 p=0,0006 p=0,0007
1,74+0,33 4,72+0,30 3,58+0,45 8,72+0,53
Brain Comparison p=0,0066 p=1,0 p=0,0011 p=0,0657
pi=1,01 p=1,0 p=1,0 p1=0,7341
1,27+0,17 4,39+053 2,88+0,55 7,39+0,87
. p=1,0 p=1,0 p=L,0 p=1,0
Basic pi=0,0038 pi=1,0 pi=0,0323 pi=0,0002
p==0,0278 p2=0,9416 p>=0,0498 p>=0,0278
Control 1,44+0,11 6,09+0,38 9,58+0,73 16,89+0,86
Experimental 2,63+0,23 8,19+0,55 10,86+0,92 19,87+0,96
P p=0,0001 p=0,0385 p=0,0002 p=0,0015
1,97+0,27 8,94+0,45 10,35+0,61 19,41+0,82
Liver Comparison p=0,0199 p=0,0019 p=0,3132 p=0,0124
p1=0,0452 p1=0,9084 p=1,0 pi=1,0
1,45+0,14 p=1,0 5,78+0,52 p=1,0 9,01+0,67 p=1,0 16’1j10(’)72
Basic p1=0,0002 p1=0,0029 p1=0,0034 pu£0 0’003
p>=0,0226 p>=0,0005 p>=0,0145 p=0.0004
Control 1,80+0,11 6,58+0,72 5,69+0,81 12,67+0,68
experimental 2,62+0,33 7,69+0,43 7,94+0,49 16,49+1,18
p p=0,0008 p=0,0657 p=0,0001 p=0,0017
2,32+0,29 8,0+0,42 6,25+0,35 16,1+0,72
Kidney comparison p=0,0079 p=0,0026 p=0,4707 p=0,0046
pi=1,0 p=1,0 p1=0,0613 pi=1,0
1,88+0,16 5,97+0,59 5,61+0,28 12,27+0,50
Basic p=1,0 p=0,8914 p=1,0 p=1,0
p1=0,0053 p1=0,0017 p1=0,0003 p1=0,0001
p>=0,0323 p2=0,0002 p2=0,2498 p2=0,0004

The hypofunction of the thyroid gland in iodine deficiency was accompanied by changes in the pro- and antioxidant
systems. In the rats of the experimental group, the spontaneous luminosity, which characterizes the basal activity of
radical formation, increased statistically significantly in the tissues (Table 2). In brain homogenates, the spontaneous
luminosity in hypothyroidism was higher than in intact rats by 51.2% (p=0.0007), in the liver by 82.6% (p=0.0001),
in the kidneys by 45.6%. (p=0.0008). The amplitude of the rapid flash, which reflects the severity of radical formation
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after the induction of the process by ferrous ions, also increased, but reached statistically significant differences only in
the liver. The maximum luminosity and light sum are indicators that indicate the ability of free radical processes in the
biosubstrate when initiated by metal ions of variable valence. In animals with iodine-deficient hypothyroidism, these
parameters in tissues were also significantly higher. In animals of the comparison group, the markers of free radical
oxidation decreased, however, the spontaneous luminosity in all studied tissues remained elevated, characterizing the
continuing intensification of radical formation. In the brain of this group of rats, at a higher level than in the animals of
the control group, the maximum luminosity was preserved, in the liver and kidneys — the amplitude of the rapid flash
and the light sum (p<0.02).

In the rats of the basic group, which received the iodosaccharide complex during the recovery period, the
chemiluminescence markers decreased and did not differ statistically significantly from the data in the control group.

The results of studying the content of substances in rat tissues that react with thiobarbituric acid, which are mainly
secondary products of lipid peroxidation (malondialdehyde, 4-hydroxy-2-nonenal and other aldehydes and ketones), do
not contradict the data of the study of free radical oxidation processes by chemiluminescence (Table 3). In rats of the
experimental group, the level of lipid peroxidation products was increased, in animals of the main group, their content
sharply decreased, but did not reach the control level, although in the tissues of the brain and liver it was significantly
lower than in the comparison group.

Table 3

Intensity of lipid peroxidation processes according to the level of accumulation of products that react with thiobarbituric
acid in homogenates of rat tissues with experimental hypothyroidism and subsequent correction of iodine deficiency by
iodosaccharide complex, M+0

) Group of animals, n=10
Tissues - - -

Control experimental Comparison basic
2,82+0,23

3,24+0,17 iy
Brain Mmol/L 2,56+0,27 3,93+0,32 p=0,0001 p=0,7354
p=0,0002 ~0.0012 p1=0,0021
Py p>=0,0002
5414032 4,3140,32 i{:ggjg)off 5

Liver Mmol/L 3,51+£0,21 PP p=0,0002 7

p=0,0001 ~0.0002 p1=0,0001
Py p-=0,0005
2,19+0,13

2,37+0,26 POV
Kidney Mmol/L 1,99:0,11 3,16£0,28 =0,0069 p=0,0344
p=0,0002 ~0.0001 p1=0,0001
Py, p>=0,0651

Thus, the results of studying the processes of free radical oxidation in tissues show that with the development of
iodine deficiency hypothyroidism, there is an increase in oxidative processes with the development of oxidative stress,
expressed in different organs with different intensities. The subsequent use of a new iodine-containing complex based
on rebaudioside «A» in the recovery period leads to a decrease and normalization of free radical oxidation processes
against the background of improving the functional state of the thyroid gland and reaching the physiological level of
thyrotropin secretion.

However, until now there is no consensus on the mechanisms of the effect of iodinated thyroid hormones on the
processes of free radical oxidation. When discussing the mechanisms of development of oxidative stress in thyroid
dysfunction, the ability of thyroid hormones to modulate mitochondrial function (the mass of mitochondria, the course
of oxidative phosphorylation, the intensity of biosynthesis of mitochondrial proteins, phospholipids, DNA) and, as a
consequence, changes in the level and activity of prooxidants, the development and severity of free radical processes are
discussed [4, 16], as well as shifts in the degree of saturation of fatty acids as the main objects of lipid peroxidation of
biological membranes, changes in the level of receptors, increased sensitivity to catecholamines, and other mechanisms
[2, 3, 17, 18]. The imbalance in the system of pro- and antioxidants during hypothyroidism may be associated with
a decrease in the activity of the antioxidant system, which develops against the background of intensification of free
radical oxidation processes [2, 3, 19]. However, according to other authors [20], in experimental hypothyroidism caused
by the administration of a thyrostatic, the intensification of lipid peroxidation is accompanied by an increase in the
activity of antioxidant defense enzymes.

In this regard, the main enzymes of the antioxidant system were determined in the tissues — superoxide dismutase
(SOD), glutathione peroxidase (GPO) and catalase (Table 4).
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Table 4
The activity of antioxidant enzymes in the tissues of rats with experimental hypothyroidism and with its subsequent
correction by iodosaccharide complex, M+6

. Group of animals, n =10
Tissues Enzymes - - -
control experimental comparison basic
1,19+0,21
. 0,89+0,22 L
SOD unit/mg 1244027 | 08440,09p=0,0007 |  p=0,0015 p=0.6031
protein 06175 p1=0,0017
Py, p-=0,0023
0,44+0,07
. 0,40+0,10 N
Brain GPO unit/mg 0,46:+0,08 0,29+0,08 p=0,2898 p=0.6263
protein p=0,0004 ~0.0350 p1=0,0006
Py p>-=0,3066
0,88+0,13
Catalase pmol / 3,9340,08 0,80+0,14 p=0,8933
; . 0,87+0,19 7 p=0,3212 B
min X mg protein p=0,0004 —0.8001 pr=0,0098
pr=y, p>=0,4956
22,42+1,86
SOD unit/mg 18.27+1,26 19,12£2,22 p=0,0654
: 20,84+1,96 i p=0,0458 -
protein p=0,0105 03133 p1=0,0002
P p-=0,0010
0,94+0,14
. 0,63+0,07 v
Liver GPO unit/mg 0.86£0,00 | 0,58£009 p=0,0001 p=0,0001 p=0,0769
protein —0.2779 p1=0,0002
Pt p>=0,0003
8,85+0,45
Catalase umol / 3,18+0,88 4’_18i0’32 p=0,1821
. X 5,12+0,17 - p=0,0443 _
min X mg protein p=0,0001 ~0.0576 p:1=0,0002
Py p-=0,0003
1,42+0,13
SOD unit/mg 7,09:0,54 7,78+0,47 p=0,0007
. 8,27+0,62 " p=0,0001 _
protein p=0,0002 —0.4576 p:1=0,0002
Py, p>-=0,0109
13,98+1,01
) 12,7+0,72 2 ’
Kidney GPO um.t/mg 14.24+1.32 12179i0,70 p=0,0055 p _0,55,03
protein p=0,0052 —0 8359 pi=0,0091
Py, p-=0,0144
1,38+0,22
Catalase pumol / 0,97+0,18 1’96i0’17 p=0,3707
. X 1,46+0,23 "~ p=0,0004 _
min X mg protein p=0,0002 ~0.3159 p1=0,0003
Py, p>=0,0015

The development of hypothyroidism in animals of the experimental group was accompanied by a statistically significant
decrease in the activity of antioxidant enzymes in rats of the comparison group: after a 30-day recovery period, the
activity of enzymes was partially restored, but the activity of SOD remained significantly reduced in all tissues, the
activity of GPO and catalase was significantly lower than in the control group in the liver and kidneys. In animals fed
iodine-enriched diet (basic group), by the end of the recovery period, in contrast to rats in the comparison group, a
statistically higher level of activity of antioxidant enzymes in tissues was observed. These changes in the indicators
of the enzymatic link of the antioxidant system occurred against the background of normalization of the content of
thyrotropin and free thyroxine in the blood.

The results obtained underline that metabolic shifts of pro- and antioxidant systems in tissues established in animals
are associated with changes in the functional state of the thyroid gland, and indicate the effectiveness of the effect of a
new iodosaccharide complex based on steviol glycoside rebaudioside «A» on these processes.

Conclusion

Experimental hypothyroidism caused by daily administration of thiamazole (mercazolil) at a dose of 2.5 mg/100
g of animal weight during three weeks leads to the development of oxidative stress with increasing of the intensity
of chemiluminescence and the level of lipid peroxidation products in the tissues of the brain, liver and kidneys and
decreasing of activities of the main antioxidant enzymes — superoxide dismutase, glutathione peroxidase and catalase.
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lodine enrichment of the nutrition of animals with hypothyroidism by daily addition to the feed of an iodosaccharide
complex based on steviol glycoside rebaudioside «A» at the rate of 2.5 pg of iodine per 100 g of body weight during
a monthly recovery period helps to restore the functional state of the thyroid gland, indicators of pro and antioxidant
systems.
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