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Pesiome. CaX&prIﬁ JnuabeT 2-ro Tura sBJsieTcs XPOHNYCCKHUM 3a001eBaHMEM C MHOXECTBOM TSIXKEJbIX

ocynoxxHeHU. Ynciao 00IbHBIX TUa0eTOM 2-TO THUIIA BEJIUKO U IIPOJOJIKACT HapacTaTh 110 BCEMY MUPY, YTO
IeJlacT pa3pabOTKy HOBBIX CPEACTB JICUCHUS U TTPpODMIIaKTUKN JaHHOTO 3a00JIeBaHMsI KpaliHe aKTyaJbHOIA.
OXcHAATUBHBIN CTpecC, BHI3BAHHBIN THIIEPIJIMKEMUEH, SIBIISIETCSI OOHUM M3 OCHOBHBIX (haKTOPOB MOpaXKe-
HUS U TUCHYHKIINN OPTaHOB IIPU cCaXapHOM JIrabdeTe 2-Tro TUIA. YYUTHIBAsI TECHYIO BOBJICUYEHHOCTb UMMYH-
HOM CHCTEMBI B TTaTOTeHEe3 AMadeTa U ero OCIOXKHEHUM, TIPeaCTaB/IsIeT MHTEPEeC BO3MOXHOCTh BIIMSIHUS Ha
aKTUBHOCTb CUCTEMbl aHTMOKCUIAHTHOM 3aIIUTHI B OpraHaXx MMMYHOII033a, B YACTHOCTH B celie3eHKe. Ile-
YeHb, MHTETPUPYIOIIast BCce BUIBI OOMeHa BEIECTB, HapaBHE ¢ OpraHAMU MMMYHHOM CUCTEMBI KaK BHOCUT
BKJIAJ B MaToTeHe3 ArabeTa 2-To TUIA, TaK U SBJIsIeTCs ero MullleHbio. KpacHsiit kiteBep (Trifolium pratense)
TIpeICTaBIIsIeT MHTEpPeC KaK ACIICBBIA M HOCTYITHBI MCTOYHUK aHTHOKCUOAHTOB. Lleiabro pabGOTHI ObLIa
OIIeHKA ASHCTBUSI TICPOPATILHOTO BBEICHUSI BOIHBIX SKCTPAKTOB M30(PJIaBOHOB IIBETKOB KPAaCHOTO KJIeBepa
(Trifolium pratense) Ha COCTOSTHUE aHTUOKCUIAHTHOM CHUCTEMBI 3aIlIUThI B KPOBU, CEJIe3eHKE U IICYSHU KPBIC
C DKCIECPUMEHTAJIBbHBIM IHa0eTOM. B TeueHmne Mecsiia TpUKIBI B HEIETIO TTOJIOBO3PEIBIM caMIlaM KPBIC CO
CTPENTO30TOLIMH-HUKOTUHAMUIHOUM MOJEIIBIO CaXapHOTo AruabdeTa 2-To THIIa IEpOPaIbHO BBOAWIIN BOITHbBIC
9KCTPAKTHI M30(JIABOHOB IIBETKOB KpacHOTO KiieBepa ( Trifolium pratense), momydeHHbIE METOIAMH «3€JICHBIX
TEXHOJIOTUIT» C NCIOJIb30BAaHUEM TIIyOOKHMX ITPUPOIHBIX 9BTCKTUUSCKUX pacTBopuUTeneii, B go3ax 300 Mr/Kr
u 600 Mr/Kr. B KpoBU GBLTO OMpeaeeHO CoepsKaHre TIII0KO3bl, OTHOCUTEIbHOE COoepKaHue TIIMKUPOBaH-
HOT'O TeMOTIJIOOMHA, KOJIMYECTBO JICUKOIUTOB pa3HbIX (ppakunii. bBuoxumuaecku OblIa onpeaelieHa aKTHUB-
HOCTBb (pepMEHTOB CHUCTEMbI aHTUOKCUIAHTHONM 3aIIUTHI KaTala3bl U CYIIEPOKCUIINCMYTAa3bl, COIepKaHNUE
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NpPOAYKTa TMEPEKUCHOTO OKMCIECHUS JUMUAOB MAJTOHOBOIO MUAJIbAECTUMIA U DHAOTEHHOTO aHTUOKCHUIAHTA
BOCCTAaHOBJIEHHOTO TJIyTaTMOHA B KPOBU M TKaHSIX CEJIE€3€HKU U MeuyeHu. BBeaeHue aKCcTpakToB U30daaBo-
HOB 1LIBETKOB KpacHoro kjeBepa ( Trifolium pratense) cHUXaao TMNEPHIIMKEMHUIO U BOCCTAHABINBAJIO KOJINYeE-
CTBO MOHOIIMTOB U IPaHYJIOLIMTOB B KPOBU, CHMXKEHHOE Y KPbIC C TMAa0ETOM; HOPMaIN30BaJI0 aKTUBHOCTh
Kartayia3bl B IEYEHU U aKTUBHOCTb CYTIEPOKCUIMCMYTa3bl B CEJIE3€HKE, YPOBEHb MAaJTOHOBOTO JUATbAETUAa
B CEJIE3EHKE U MEYEHU U COJEPXKAHUE BOCCTAHOBJIEHHOTO IJIyTaTUOHA B CEJIE3€HKE, U3MEHEHHBIE Y KPBIC
¢ nuabeToM, 10 MoKa3aTesell 3I0POBOrO KOHTPOJISI, BHE 3aBUCUMOCTHU OT JTO3bl. DKCTPAKTHI N30(hIaBOHOB
IIBETKOB KpacHoro kieBepa ( Trifolium pratense) ocnabislioT TUNIEPTJIMKEMUIO U CHUKAIOT OKUCTUTEbHBIN
CTpeccC B OpraHax KpbIC ¢ 3kcriepuMeHTaIbHbIM CJI2. DKcTpakThl 130(hJIaBOHOB 00JIaal0oT UMMYHOMbapMa-
KOJIOTMYECKUM JeHCTBUEM, TTPOSIBISIONIEMCS B BO3ACHCTBMM Ha MOKa3aTeJIM CUCTEMbI EPEKMCHOIO OKUC-
JIEHUSI JIUMTUIOB-aHTUOKCUIAHTHOM 3aILIUTHI B CEJIE3EHKE.

Knrouesuie cnosa: okcudamuenwlii cmpecc, cene3eHKka, neuerv, caxapuulil duabem 2-eo muna, uzognrasonst, Trifolium pratense

RED CLOVER (TRIFOLIUM PRATENSE) ISOFLAVONES REDUCE
OXIDATIVE STRESS IN THE SPLEEN AND LIVER OF RATS WITH
TYPE 2 DIABETES

Sokolova K.V, Tukanov D.A.

B Yeltsin Ural Federal University, Ekaterinburg, Russian Federation
Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Ekaterinburg, Russian Federation

Abstract. Type 2 diabetes (T2D) is a chronic disease with a large number of severe complications. The
number of T2D patients continues to grow worldwide. Hence, development of new prevention and treatment
tools are extremely relevant. Oxidative stress caused by hyperglycemia is one of the main factors of organ damage
and dysfunction in T2D. Due to close involvement of the immune system in pathogenesis of diabetes and its
complications, the opportunity of influencing antioxidant defense system in immunopoietic system, especially,
spleen, presents sufficient interest. The liver, which integrates all types of metabolism, along with immune
organs, contributes to the T2D pathogenesis, being among its target organs. Red clover ( Trifolium pratense) is
of interest as an economic and accessible source of antioxidants. The aim of our work was to evaluate the effect
of red clover isoflavones on the antioxidant defense system in blood, spleen and liver of rats with experimental
diabetes. Sexually mature male rats with a streptozotocin-nicotinamide model of T2D were orally administered
aqueous extracts of isoflavones, obtained by “green technology” methods using deep natural eutectic solvents,
at the doses of 300 and 600 mg/kg. The animals were treated over one month, three times a week, Glucose levels,
relative content of glycated hemoglobin, leukocyte numbers and differential blood counts were measured in
blood. The activity of antioxidant enzymes (catalase and superoxide dismutase), malondialdehyde production (a
lipid peroxidation product), and contents of reduced glutathione, an endogenous antioxidant, were determined
in blood, liver and spleen by biochemical techniques. Administration of red clover isoflavone extracts ( Trifolium
pratense) caused reduction of hyperglycemia and restored the reduced number of monocytes and granulocytes
in blood in diabetic rats. It also caused normalization of catalase activity in liver and superoxide dismutase
activity in spleen, the malondialdehyde levels in spleen and liver, and reduced glutathione contents in spleen,
which was changed in diabetic rats, to healthy control values, regardless of the dose. Isoflavone extracts from red
clover flower (Trifolium pratense) attenuate hyperglycemia and reduce oxidative stress in the organs of rats with
experimental T2D. Isoflavone extracts have an immunopharmacological effect, by influencing the parameters
of lipid peroxidation-antioxidant defense system in the spleen.

Keywords: oxidative stress, spleen, liver, type 2 diabetes, isoflavones, Trifolium pratense
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HD cruxcarom oxcuoamuenutii cmpecc npu CI[2
Isoflavones reduce oxidative stress in T2D

WccnenoBaHue BBITIOJHEHO 3a cueT rpaHTa Poc-
cutickoro HayuyHoro ¢doHma Ne 24-25-20147 (https://
rscf.ru/project/24-25-20147) u IIpaButennsctBa CBepa-
JIOBCKOI 00J1acTH.

BeeneHune

Caxapnbiit nuabet 2-ro tuna (CH2) — xpoHude-
CKoe 3a00JIeBaHNE, XapaKTePU3YIOIeecs: TUTICPIIN-
KEeMMeil I pe3UCTEHTHOCTbIO K MHCYJIUHY, KOTOPBIM
B HACTOSIIIIee BpeMsl CTpaJaeT MOYTH MOJIMULIIMOHA
yeaoBeK no BceMy mMupy. CA2 1M ero ocioxXHEeHUs
OIIYyTUMO CHIDKAIOT KAa4eCTBO XXW3HM M HaKJIAIbI-
BalOT OpeMs Ha 3ApaBOOXpPaHEHUE U COLIMAIbHYIO
chepy [10], yTto oOycraBaMBaeT HEOOXOAMMOCTh
JIajibHEHMIIIEro IIOMCKa BEILECTB, CIIOCOOHBIX 00-
JICTYUTH TJIMKEMHUYECKYI0 Harpy3Ky M CHU3UTH CKO-
poctb mporpeccupoBanHus CJI2. CormacHo coBpe-
MEHHBIM TIPECTAaBICHUSM, OKUCIUTEILHBINA CTpecc
(00), 1.e. nucbanaHc MeXAY MPOAYKIIMEeH aKTUBHBIX
GdopM KuCIIopoma M HECIIOCOOHOCTBIO SHIOTCHHOM
AHTUOKCUIAHTHOMN CUCTEMBI HEUTPAJIU30BATh UX Ta-
ryoHOe NeicTBUEe Ha KJIETKW M TKaHW, BBI3BAHHBIM
TUTIEPTJIMKEMUEH, SIBISETCS OXHUM W3 OCHOBHBIX
dakTopoB marorene3a CJ/12, pa3BUTHUS €ro COCYIU-
CTBIX OCJIOXKHEHUI [6], MOBpEXICHUST U TUCHYHK-
uu opraHoB [7]. Takum obpazom, cmsirueHue OC B
opraHax SIBJISIETCSI KeJJaHHBIM CJIEICTBUEM TIpOhU-
nakTuky v reparumn CI2.

PazBuTtne npencraBiieHUii O poJid UMMYHHOI CU-
ctembl B natoreHede CJI2 3akoHOMepHO oOpallaeT
BHUMaHUWE WCCeaoBareyieii Ha OpraHbl MMMYHO-
mo33a, B YaCTHOCTH, Ha celie3eHKy. McciaemoBaTenn
OTMeEYaloT, YTO, C OJHOU CTOPOHBI, TUIIEPIIMKEMUSI
OKa3bIBaeT 3HAYNUTEIbHOE BO3IEUCTBUE Ha CeJle3eH-
Ky [12], uTO MOXeT BbIpaxaTbcsl B (pOPMUPOBAHUU
MUMMYHOJIOTUYECKOM HEIOCTATOYHOCTH, a C IPYToit
CTOPOHBI, OTMEYAIOT BaXKHYIO POJIb 3TOTO OpraHa B
Pa3BUTUU DHIOKPUHHBIX 3a001eBaHuit [8, 9]. Panee
HaMU OBLJIO MOKAa3aHO, UTO Cejie3eHKa TOJBEepXKeHa
BosaeiictBuio OC npu skcriepuMeHTanbHoM CJ12 B
OoJIbIIIEH cTerneHu, yeM TedeHb [3]. Mexny tem OC
B TIEUCHM TakK>Ke BJIMSIET Ha Pa3BUTHE OCIOXKHEHUMA
CO2 [1]. He cMOTps Ha BaXXHOCTb WU3Y4EHUSI BO3-
MOXKHOCTEI Ocj1abJIeHIsI OKCHUIATUBHOIO CTpecca B
cene3zeHke U medeHu npu CJ12, skcnepuMeHTallb-
HBIX pabOT, paCKPHIBAIOIINX JaHHBIN BOIIPOC, Kpaii-
He MaJio.

Kpacnusbtit kneBep (Trifolium pratense) mupoxo
MCMOJIb3yeTCs B KaueCTBE MCTOYHMKA M30(hJIaBOHOB
(N D), obmamaromnx aHTHOKCUIAHTHBIMI CBOIICTBA-
mu [5]. OnHaKO 0COOEHHOCTHU €TO ASUCTBUSI HA CU-
ctemy ITOJI-AO3 B pa3HBIX OpraHax He U3yYeHHI.

Ileasio padoTbl ObUIO OLICHUTH neiicTBue WD
LBETKOB KpacHoro kjieBepa (Trifolium pratense) Ha
COCTOSTHUE aHTUOKCUJAHTHOW CUCTEMBI 3alllUTHl B

KPOBH, CeJIc3eHKE M ITeYeHU KPBIC C IKCIIEPUMEH-
TaabHbIM CI12.

MaTtepwuarbl 1 MeToapl

UccnenoBanne mpoBeneHO Ha 43 OeNbIX KpbI-
cax-camuax Wistar maccoii 353,7+5,77 rpamma Bo3-
pactom 12-13 Henenb, cCoAepXKaBIIMXCS B BUBaApUU
Ha CTaHJapTHOM pallMoHe IS J1JaOOPaTOPHBIX KM-
BotHEIX DeltaFeeds (AO «buollpo», Poccust) ¢ He-
OrpaHUYEHHBIM OJOCTYIIOM K UMCTOM MMUTHEBOM BOJE.
Ha npoBeneHue aKcnepMMeHTa Ha KMBOTHBIX ObLIO
MOJyJ4eHO pa3pelreHne 3Tudeckoro komureta MM ®
YpO PAH Ne 10/23 01 09.10.2023, Bce MAHUTTYJISILIAA
C HIMM TIPOBOJIMINCH B COOTBETCTBUM C PEKOMEHIA-
UMM MEKIYHAPOMHBIX 3TUUYECKMX KOMMTETOB W
Hupektusoii Cosera EC 2010/63/EU.

Boutn cchopMUpoOBaHBI CIIEAYIONINE TPYITIBI K1~
BOTHBIX: 1) KpbIChl ¢ 3KcnepuMeHTaabHbiM CJ12;
2) KpBICHI ¢ 3KcTiepuMeHTanbHbIM CJ12, motygaBIimie
akcTpakT MU® B nose 300 mr/kr maccol Tena (C2 +
D 300); 3) kpbIchl ¢ 3KcIepuMeHTaIbHBIM CJ/12,
nosydaBiire skcTpakt UMD B go3e 600 Mr/Kr Maccol
tena (CO2 + UD 600); 4) 3m0poBbIe KPBICHI, TOIY-
gapmre skcTpakT M@ B mo3e 300 mr/xr (MD300); 5)
3710pOBbIE KPbICHI, MOJy4aBIire 3KCTpakT D B no3e
600 mr/kr (M®D600); 6) 3m0poBbIii KOHTPOJIb.

NdD 1uBetkoB KpacHoro kiesepa (7rifolium
pratense) XWUBOTHBIC TIOJIyYaJ B BHUIEC BOIHOI CY-
CIIEH3UM MepopajibHO 4depe3 30HA B go3ax 300 u
600 mr/kr coorBeTcTBeHHO. BBenenne M®P mpoBo-
IUIOCh 3 paza B HEIEeI0 Ha TMPOTSHKEHUU Mecsia
(Bcero 12 mo3). DkcTpaktel UP ObUIH ITOJIyICHEI HA
0a3ze XMMUKO-TEXHOJOTMYECKOI0O MHCTUTYTA Ypasib-
ckoro (enepanbHoro yHusepcuteTa [4]. KoHTpoJb-
HBIM XKMBOTHBIM 13 rpymm 1 u 6 BMecto M® anamo-
TUYHBIM 00pa3oM BBOIMUIIN BOIY.

Hnsa monenupoBaHust CI2 KpbicaM MPOU3BOIM-
1 B/06 mHBeKUNN HUKoTHHamMuaa (MilliporeSigma,
CIIA), pacTBOpeHHOTO B BOJE JUISI MHBEKIIUM, B
nose 110 Mr/kr maccel Tejia, a 4yepe3 15 MUHYT —
ctpento3oTolimHa (MilliporeSigma, CIIA), pac-
TBOpeHHOro B uutpatHoM Oydepe (pH 4,5), B no3e
65 mr/kr (aBTOopckast Momudpukauus momenu [11]).
Kpbic BBIBOIWIM M3 3KCOEPUMMEHTA AeKalMuTaluei
non uzodaypaHoBbeiM (Laboratories Karizoo, S.A.,
Wcnanust) HapKo30M, MpeaBapuTEIbHO B3SIB KPOBb
M3 XBOCTOBO BEHBI, U3BJICKAJIN CEIC3EHKY U TTIEUCHb.

IMokazatenru OC omnpenenasii B TKaHSIX ceJie-
3eHKU U TleyeHu (MeToauKa ornucaHa B [3], a Takke
B KpoBu (aktuBHOCTh CAT (K® 1.11.1.6) m CO/I,
(K® 1.15.1.1) — B sputpoumTax, ypoBeHb MIA u
conepxanne GSH — B 11eJIbHOI KpOBM) (METOIM-
Ka onucaHa B [2]. KonmnuecTBO IEMKOLIMTOB B KPO-
BU ONpPENE/SIIA NPU TTOMOLIU TeMaTOJOTMYeCKOro
aHaiuzaropa Mindray BC-2800 Vet (Mindray, Ku-
Tait). KoHlIeHTpaInio T1I0K03bl B KPOBU OIIPEIEIs -
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s Haromiak (fasting blood glucose, FBG) B rutazme
TTIOKO300KCUIa3HBIM METOIOM C HCITOJIb30BaHUEM
Habopa peareHToB «[1toko3a-HoBo» (AO «Bekrtop-
bect», . HoBocubupck)). OTHOCUTENbHOE COAEp-
XXaHue TIMKupoBaHHoro remorioouHa (HbAlc) B
LEeJbHOW KpOBU omnpeaeasii MetogoM addUuHHON
rejab-xpoMaTtorpadun ¢ UMCTOJIb30BaHMEM Habopa
peaktuBoB INIMKOTEMOTECT (BJITA, Mocksa,
Poccust). U3amepeHue onTUYeCKOi MIOTHOCTU B XO/€
MpoOBeIeHUST OMOXMMUYECKUX WCCIIeNOBAaHUI TIPO-
Boauaoch Ha criektpodoToMerpe DU-800 (Beckman
Coulter, CIIIA). Tlpu npoBeaeHUMn padbOT ObLIO UC-
MOJIB30BaHO oOopynoBaHue LIeHTpa KOJIEKTUBHOTO
nonw3oBanusi UM® YpO PAH (LIKIT UMD YpO
PAH).

CTaTUCTUYECKUI aHalu3 JaHHBIX TPOBOIVIIN
¢ nomMouibto mporpamMmbl OriginPro 9.0 (OriginLab
Corporation, CIIIA). 3HaYMMOCTh Pa3TUINI MEKITY
TpyITIIaMy OIIEHUBAJIV C TIOMOIIBIO HelTapaMeTpuyie-
ckoro U-kputepuss MaHHa—YUTHU, KpUTUUECKUI
YPOBEHb 3HAYMMOCTH IIPU IMPOBEPKE CTATUCTUYE-
CcKuX rurote3 npuHumaiu p < 0,05.

Pe3synbTaThl 1 00CYyXaeHe

Beenenue M® npuBoaniIo K CHUKEHUIO YPOBHSI
FBG He3aBUCHMMO OT J103bI, JOCTOBEPHOE CHIXKE-
nue HbAlc nabmonanock nocie kypca P B mose
600 mr/kr (puc. 1A, B).

VY xpbIc ¢ 3KkcnepuMeHTaIbHBIM CJ12 Habmona-
JIaCh TEHIIEHIIUS K CHUXXEHUIO KOJIMYEeCTBa JIEHKO-
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PucyHok 1. BnusiHme nsocpnaBoHoB kpacHoro knesepa (Trifolium pratense) Ha nokasaTenu KpoBu y KpbIC

¢ 3KkcnepuMeHTanbHbiM C12, M*m, 3Ha4eHMe KaxK[oro )KMBOTHOrO NOKAa3aHO OTAENbHOM TOUKOM

Mpumeyanue. CO2 — akcnepuMeHTanbHbIN caxapHbin auabeT 2-ro Tuna; U® — usodnasonbl; UP300 n U600 — no3bl UP 300

1 600 mr/kr cooTBeTcTBeHHO; FBG (fasting blood glucose) — koHLeHTpaums rnioko3bl B kpoBw Hatowak; WBC (white blood cell) — neikoumtbl.
*—p < 0,05 B cpaBHEHUM C KOHTPONBLHOW FPYNMON 300POBbIX KXMBOTHBIX; ** — p < 0,05 B CpaBHEHWM C KOHTPOMNLHOW FPYNNON XUBOTHbIX

¢ C[12. KpacHbIM 0BanioM 0TMeUeHO OTNMYKe NOKa3aTeNs OT 3BOPOBOr0 KOHTPONS, 3efleHbIM — oTnnyue ot CO2 npu npueme UD.

Figure 1. Effect of red clover (Trifolium pratense) isoflavones on the blood parameters in rats with experimental T2D, M+m,

the value of each animal is shown as a separate point

Note. T2D, experimental diabetes type 2; IF, isoflavones; IF300 and IF600, doses of IF of 300 and 600 mg/kg, respectively; FBG (fasting blood
glucose), fasting blood glucose concentration; WBC (white blood cell), leukocytes. *, p < 0.05 in comparison with the control group of healthy
animals; **, p < 0.05 in comparison with the control group of animals with T2D. The red oval marks the difference from the healthy control,

the green one shows the difference between T2D and T2D + IF.
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PucyHok 2. Bnusinue nsodnaBoHoB kpacHoro kneBepa (Trifolium pratense) Ha nokasatenu cuctembl [M10J1-AO3 B kpoBU

1 opraHax y Kpbic ¢ 3kcnepumeHTanbHbiM C[12

Mpumeyanune. CO2 — akcnepuMeHTanbHbIN caxapHbii guabet 2-ro Tuna; U® — usocdnasorbl; U300 n UP600 — no3bl UD 300 n 600 mr/kr
cooTBeTcTBEHHO; CAT — akTMBHOCTBL KaTana3bl; CO[l - akTuBHOCTL cynepokcupancmyTasbl; MDA - ypoBeHb ManoHOBOro Ananbaernaa;
GSH - copepxaHne BOCCTaHOBNEHHOTO rnyTaThoHa. * - p < 0,05 B cpaBHeHUM € KOHTPONBLHOM FPYNNOil 3A0POBbIX KUBOTHBIX; ** — p < 0,05
B CPaBHEHUM € rpynnon XuBoTHbIX ¢ CM2; *** - p < 0,05 B cpaBHeHUU ¢ rpynnom xkuBoTHbIX CO2 + UP600. KpacHbIM 0Banom oTmeueHo
OTNMYMe NokKasaTens OT 30POBOro KOHTPONS, 3eNeHbIM — oTnnyme ot CA2 npu npueme U, cUHUM — OTNNYME MEXAY KUBOTHbIMM ¢ C[12,
nony4aslUMMK pasHble fo3bl UD.

Figure 2. Effect of red clover (Trifolium pratense) isoflavones on the LPO-AOD system parameters in the blood and organs of rats
with experimental T2D

Note. T2D, experimental diabetes type 2; IF, isoflavones; IF300 and IF600, doses of IF of 300 and 600 mg/kg, respectively; CAT, catalase activity;
SOD, superoxide dismutase activity; MDA, malondialdehyde level; GSH, reduced glutathione content. *, p < 0.05 compared to the control group

of healthy animals; **, p < 0.05 in comparison with the control group of animals with T2D; ***, p < 0.05 compared to animals with T2D + IF600. The
red oval shows the difference from the healthy control, the green one shows the difference between T2D and T2D + IF, and the blue one shows the
difference between animals with T2D that received different doses of IF.
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uuToB B KpoBU (puc. 1B-E), 4To MOXXHO OOBSICHUTH
MMMYHOJIOTMYECKOI HEIOCTaTOYHOCThIO, pa3BU-
BaIlelcd BCJIECACTBUE AUCHYHKIMU CEIe3eHKU
B ycioBusgx OC mipu CJII2. BBenenue M B obeux
HMCCIIeAYEeMBIX 103aX BOCCTAaHABIMWBAJIIO KOJUYECCTBO
MOHOILIMTOB U TPaHyJIOUMUTOB B KpoBu (puc. 1/1, E).

Jnas ncciaenoBanus nokxasarencii ITOJI-AO3 B
TKaHSIX ObLIM BBIOpAaHBI CeJIe3eHKa — OpraH UMMYH-
HOM CHUCTEMBI, 1 TIeYCHb — OpraH, MHTEeTPUPYIOIINiA
OOMeH OCJIKOB, JTUITMIOB, YTJIEBOOOB U OTBETCTBEH-
HBIII 32 00e3BpeXrBaHNWE IHIOTEHHBIX W IK30TEH-
HBIX TOKCUKAHTOB. Y KPbIC C DKCIEPUMEHTAIbHBIM
CI2 conepxkanue M/IA Bo3pacTaio Bo Bcex 3 Uccie-
MIOBAHHBIX OMOJIOTMYSCKUX MaTepHuajiaXx — B KPOBU,
neyeHu u ceneseHke (puc. 22K-W1). B cene3eHke yBe-
JunuuBanack aktTuBHocTh CO/I (puc. 2/1) u cHUXascs
ypoBeHb GSH (puc. 2JI), B neyeHu cHUXKaIach ak-
TuBHOCTh CAT (puc. 2B) u yBenmuuBagioch comep-
xanue GSH (puc. 2M).

Beenenne U® xuBotHbIM ¢ CJ12 HOpMAJIM30BaIO
aktuBHocTh CAT B medeHu (puc. 2B), akTUBHOCTh
COJH B cenezeHke (puc. 2B, /1) ypoBeHb MJIA B
ceneseHke u neueHu (puc. 23, 1), conepxxanne GSH
B cejye3eHKe (puc. 2JI) mo mokaszaTesieil 3MopOBOTO
KOHTPOJISI BHE 3aBUCUMOCTH OT BBOJIWMOM JO3BI.

Kpome Toro, mpu BBEACHUM  300POBBIM
KUBOTHBIM D B no3ze 300 Mr/Kr oTMe4eHO CHU-
xeHue ypoBHsa GSH B cene3eHKke MO CpaBHEHUIO C
MoKa3aTeIsIMU KOHTPOJIbHBIX JKUBOTHBIX. HarmpoTus,
B TI€UeHU MBI HAOJTI0TaeM TeHACHIINIO K YBEJIMICHU IO
conepxaHuss GSH Bo Bcex sKcHepUMMEHTaIbHBIX
rpyrmax (puc. 2M). Conpepxxanne GSH B opraHe
SIBJISICTCSI  PE3YJbTaTOM COOTHOIICHUSI CKOPOCTH
TIPOIIECCOB €ro CHHTE3a U PacXOJOBaHUSI, KOTO-
pble, B CBOIO oOuepellb, 3aBUCAT OT KOJMYECTBa
MPOAYKTOB MEPEeKHMCHOIO0 OKHWCJIEHUSI, 00pa3ylo-
IIMXCsl MOMA nelcTBUeM cTpecca. IleyeHb sIBisieTCs
OCHOBHBIM MecToM mpoaykunu GSH B opranmame
M €ro KOJIMYECTBO B MIEYEHU OTPAKAET IMTOTPEOHOCTH
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B IJIyTaTHUOHE BCEro opraHu3Ma, 4TO, BEpPOSITHO,
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