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PODEPAT

Jlamzenast paboTa BbIKaHaHAa HA  TAIA3ECAIl  CAMI  CTapOHKax
MalIblHAICHara THOKCTY, YKIIOYae 4dYaTbipbl TaOmipel 1 JBa MamoHKL. Jlms
HaITiCaHHs BBIKAPHICTOYBAJIACs BOCEM/I3ECST IALlb KPBIHIIL JITAPATyPHI.

AOG'exT maciemaBaHHS: JapOCibIA caMIlbl aykoy miHii Wistar, Baroii 350 T.

MbhTa pacnemaBaHHS: BBIBYYSHHE 3ajleKHAW aJ Y3pOYHIO akicisuibHara
CTPACY AaKTBIYHACIl AHTHIAKCITAHTHBIX (EPMEHTay: CYNEePOKCHUATUCMYTa3bl ¥
ramareHarle rmeJyaHi 1 reMoJiizaie KpbIBl MalyKoy 1 Iepyiamia3MiHa ¥ ChIpOBaTIIbI
KPBIBI MAIlyKOY y paMKax MaJdJii SKCIepbIMEHTalbHara MeTadaaiuHara CiHApOMY
Ha (hoHE ciCTAIMAThIYHATA YBS/I3€HHS JaKTa(EephIHY.

ACHOYHBIA METaJIbl 1acieaBaHHs: CIEKTPa(paTOMETPBIUHBI 1 CTATHICTHIYHBI.

HaszipanHi 1 gacienaBanHi npaBoa3iiics ¥ OisiximMigyHall 1abapaTophli Ha O6a3e
kadeapse! O1sximil Oisariynara ¢pakyiasTaTa BIY ¥ nepeisaa 3 nicranaga 2021 roga
na maut 2022 roaa.

ACHOVHBIS BbIHIKI JJaCTI€JABAHHS:

1. TanoyueiM ¢akrapaM akicisuibHara CTpaCy ¥ apradi3Me Ba yMoBax
MaJpIIsIBaHHS MeTal0aliyHara CiHApoMy 3'ayjisenia 3ajiliHsge CHaXKbIBaHHE
BBICOKAKAJIAPBIMHAN CaJIONKAN €¥KBbI.

2.  VHCynMHOpE3HCTEHTHOCTh  BBIKJIIKaellla  A3€IHHEM  MaJeKyl
TpaHcmapuépay TJIOKO3bl, plakibiii  (dacdapansBands 1 addacdapansBaHHs
dbepMeHTay, KIS YI3€NbHIYAIONL Yy TJIIKareHHbIM 1 JIIIJHBIM  CIHT?3E,
NapylsHHEM  AaKThIYHACLl PAUAITApHBIX TUPO3WHKUHA3, SKIA TyOJSOUb
3[10JIbHACIIh Y3aeMaJ3eHHIuallb 3 CaMIM pALITapaM J1a IHCYIIiHY.

3. HHCYIMHOpPE3UCTEHTHOCTh BfAA3€ Jna rinep@yHKIil NaicTpayHiKaBal
3aJ103bl 1 3'AyIIsiera npblYblHall TUIEPUHCYTMHEMUU 1 ABICTIIIAIMII.

4. Y xomze macienaBaHHs ObUIO BbIAYJIEHA, IITO pa3Billlé mMeTabaniyHara
CIHApOMY CympaBaJpKaenia poctaMm Ha 28%  yna3einbHail  aKThIYHACI
CYNEPOKCUIIUCMYTA3bl ¥ TEMOJII3aT 3PBITPALBITAY KPbIBI NAyKOY. ['3Ta cBe1UbIlb
a0 ThIM, IITO Y3pOBEHb IeHEpallbll aKThIYHBIX (opMay KicIapojy ajraBsijaae
NErKkail CTyNeHi ISDKKACIl SHJAreHHa 1HTaKCIKallbll, Mpbl SKOW IMaBBIIIDHHE
KOJIBKACIll aKThIYHBIX (opMay Kicaapoay IsrHe 3a caloil TinepaKThIBAIbIIO
aHTBHIAKCITAHTHBIX (pepMeHTay.

5. bbulOo BBIVIEHA, IITO Y raMareHaie Ie4aHl aKiCJSUIbHBIS TPardChl
npalsgKaonb 3 1HIIAal IHTIHCIVHACII0. 3HKAIHHE ¥ 3 pasbl YI3elbHall aKThlyHACII
CYNEpPOKCUIIUCMYTa3bl Ha (OHE pa3Bils MeTadaniuHara CiHApPOMY Kaxa ao
IDKKA  CTYNEH1 DHJAreHHal 1HTakciKalbli, sKas HemapblyHa 3Bsi3aHa 3



NAIIKOKAaHHEM aKThIYHbIMI (hopMami Kiclapody camixX OsUTKOBBIX CyOaa3iHak
nan3eHara ¢gepMeHTa aHThlaKClTaHTHAW a0apOHEI.

6. Y mparpce gacieiaBaHas TakcaMa Ha3ipaiacs MaBbIIIPHHE KaHI[DHTPAIIBI
nepynoruiazmina Ha 20% y ChIpOBATIIBI KPBIBI MAIlyKoy. ['3Ta cBequbilb ad ThIM,
MTO pa3Bilé mMeradajgidyHara CiHAPOMY Tpaisikae 3 pasBiMIéM XpaHidyHara
3arajieHyara mparpcy 1 akiclisjbHara CTpacy, LITO ISITHE 3a ca0oil MaBBIIIDHHE
KaHLPHTPALbI ¥ KPBIB1 LiepyJarmia3Miny - OsaKy BocTpail (as3bl 1 aHThIaKCiJaHTa.

7. Y3poBeHb aKkicisiabHara cTpacy - I3(¢eKTy, BbIKIIKaHara MeTadaaiuHbIM
CIHApOMAaM - MOKHA 3HAYHA MaHI31Ib NUISIXaM yBSA3EHHS JIakTaepbiHy. AKpams
Taro, naxTadepbiH Ja3Bajisie MaBbICIIb YA3EIbHYIO aKTBIYHACIIb
CYIIepaKCIIBICMyTa3hbl. [Ipancraynensis Ja13€HbIA MaNBAPIKAIOLb
aHTBIAKCIJAHTHAE J3€SIHHE JIaKTaepblHy, $KOE BbIAYJISENUA Y 300JIbHACII
MaBbIIIAIb AKTHIYHACIH AHTHIAKCITAHTHBIX (DepMeHTay.

8. ¥V nocBenze 3 BBI3HAUSHHEM YTPBIMAaHHS Y KpbIBI LEpyJIoOMia3MiHa,
naktadepblH TpaJdMaHCTpaBay Cylpalb3anajieHybls YiaciiBacili, MaHI31yIIbI
KaHIPHTpaIbIto OsIKy BocTpaid ¢as3wl 3amajieHHS Ha 25% Yy CHIPOBATIIBI KPBIBI
namykoy 3 MeTalaaiuHbIM CIHApPOMaM, IITO Yy 4YaproBbl pa3 Jakas3Bae, IITO
naktadepblH BajioJae Cynpaib3anajleHuYbIMl 1 aHTHIAKCIIAHTHBIMI YIaciiiBacIsiMi
mTO €H 340JbHBI 3MSHINALL y3POBEHb XpaHIYHAra 3amajieHHs 1 akiciisuibHara
CTpACy Ha oHE MeTabaaiyHara ClIHIpPOMY.

KitouaBbisi CJOBBI:  aHTHIAKCIAAHTHBIS (PEPMEHTBI, aAKTBHIVHBIS (POPMBI
KiCIapoay, CYNEepOKCHUIAUCMYyTa3za, IlepyJoIia3MiH, MeTa0aliuyHbl CIHJIPOM,
aKiCJISUTBHBI CTPAC, MHCYJIUHOPE3UCTECHTHOCTh, JIAKTa(EephIH.



ABSTRACT

This work is made on fifty-seven pages of typewritten text, includes four
tables and two figures. Eighty-five sources of literature were used for writing.

Obiject of study: adult male Wistar rats, weighing 350 g.

The purpose of the study was to study the activity of antioxidant enzymes
dependent on the level of oxidative stress: superoxide dismutase in the liver
homogenate and hemolysate of rat blood and ceruloplasmin in the blood serum of
rats in the framework of the experimental metabolic syndrome model against the
background of the systematic administration of lactoferrin.

Main research methods: spectrophotometric and statistical.

Observations and studies were carried out in the biochemical laboratory at
the Department of Biochemistry, Faculty of Biology, Belarusian State University
from November 2021 to May 2022.

The main results of the study:

1. The main factor of oxidative stress in the body under the conditions of
modeling the metabolic syndrome is excessive consumption of high-calorie sweet
foods.

2. Insulin resistance is caused by the action of glucose transporter molecules,
phosphorylation and dephosphorylation reactions of enzymes involved in glycogen
and lipid synthesis, impaired activity of receptor tyrosine kinases, which lose the
ability to interact with the insulin receptor itself.

3. Insulin resistance leads to hyperfunction of the pancreas and is the cause
of hyperinsulinemia and dyslipidemia.

4. In the course of the study, it was found that the development of the
metabolic syndrome is accompanied by a 28% increase in the specific activity of
superoxide dismutase in the hemolysate of rat blood erythrocytes. This suggests
that the level of generation of reactive oxygen species corresponds to the mild
severity of endogenous intoxication, in which an increase in the amount of reactive
oxygen species leads to hyperactivation of antioxidant enzymes.

5. It was found that oxidative processes in the liver homogenate proceed
with a different intensity. A 3-fold decrease in the specific activity of superoxide
dismutase against the background of the development of the metabolic syndrome
indicates a severe degree of endogenous intoxication, which is inextricably linked
with damage to the protein subunits of this antioxidant defense enzyme by reactive
oxygen species.



6. During the study, an increase in the concentration of ceruloplasmin by
20% in the blood serum of rats was also observed. This suggests that the
development of the metabolic syndrome proceeds with the development of a
chronic inflammatory process and oxidative stress, which entails an increase in the
blood concentration of ceruloplasmin, an acute phase protein and an antioxidant.

7. The level of oxidative stress - a defect caused by the metabolic syndrome
- can be significantly reduced by the introduction of lactoferrin. In addition,
lactoferrin can increase the specific activity of superoxide dismutase. The
presented data confirm the antioxidant effect of lactoferrin, which is expressed in
the ability to increase the activity of antioxidant enzymes.

8. In the experiment with the determination of the content of ceruloplasmin
in the blood, lactoferrin demonstrated anti-inflammatory properties, lowering the
concentration of the protein of the acute phase of inflammation by 25% in the
blood serum of rats with metabolic syndrome, which once again proves that
lactoferrin has anti-inflammatory and antioxidant properties and confirms that that
it is able to reduce the level of chronic inflammation and oxidative stress against
the background of metabolic syndrome.

Key words: antioxidant enzymes, reactive oxygen species, superoxide
dismutase, ceruloplasmin, metabolic syndrome, oxidative stress, insulin resistance,
lactoferrin.



BBEJIEHUE

21 Bek XapakTepusyeTcs TEHACHIMEH K BO3PACTaHUIO JUATHOCTHUPYEMBIX
i ¢ metabonuueckuMm cunapomMoMm (MC). [laHHOe MaTOJOTHYECKOe COCTOSHUE
XapaKTepU3yeTcs HaJIU4YHEM y OJIHOTO nanueHTa TKaHEBOM
WHCYJIMHOPE3UCTEHTHOCTH, TUINEPUHCYJIMHEMUU, HAPYIICHUS TOJEPAaHTHOCTU K
TJII0KO3€, TMEPBUYHON apTepuaibHOM TUIEPTEH3UM, TUCIUNUACMHUH, a TaKkKe
aboMuHaIbHOrO OxupeHus. Creayer OTMETHUTh, YTO Ha (POHE METAOOTUYECKOTO
CUHApPOMA y JU1 000MX MOJIOB PUCK pa3BUTHUS HH(ApKTa MUOKap/ia U UHCYJIbTA B 3
pasa BhIIIE 10 CPABHEHMIO C TanueHTaMu 0e3 nanHoro cuHapoma. K Hacrosiemy
BPpEMEHU  JIOKa3aHO, 4YTO OXHUPEHHE —  BaXKHEHIIas  COCTaBJSAIONIAs
MEeTa0O0JIMYECKOTO CUHAPOMA, HE3aBUCUMBINM (DAKTOp pHUCKa AJis psijia COIUATBHO
3HAUYMMBIX 3a00JIEBaHUI — apTepUaIbHONW TUIEPTEH3UH, UIIEMHUYECKON O0JIe3HU
cepla, caxapHoro auabera 2 Tuma, 3a00JEBaHUN TMOYEK M TICYCHH, a TaKKe
(bakTop pucka npexaeBpeMeHHoi cmepTH [1].

PacnipocTpaHeHHOCTh METa0OJIMYECKOTO CHUHIPOMA B IIOCJIEIHEE BpeMs
BO3pacTaeT B pa3BuThix cTpaHax. [lo manneiM BO3 B 2016 romy OGonee 1,9
MUJUTHApJA B3pOCHbIX cTapiie 18 neT umenu u3obpTouHbli Bec. M3 HuX cBhiie 650
MUJUTMOHOB cTpaaanu oxxupenueM. [lonarator, uto k 2025 roay oxupeHuem OyayT
ctpanath 40% myxuuH u 50% xeHmuH [1].

Ogaum w3 1edeKkToB  pa3BUTHUA  META0OJIMYECKOrO0  CHHIApOMAa H
COMPOBOXKIAIOIIMX €r0 TOCIEJACTBUN, SBIAECTCS HAKOIJICHHWE aKTUBHBIX (opm
kucinopoga (APK), uro B CBOWO ouepelb CBI3aHO CO CHIDKCHHEM
AHTUOKCUAHTHOM 3alIUThl OpraHU3Ma.

AntnokcunantHas cuctema (AOC) BbITONHICT (YHKIHIO COXPAaHEHUS
OKHCIIUTENbHO-BOCCTAHOBUTEIHHOTO roMeocrasa npu aKTUBAITUU
MPOOKCHUJIAHTHBIX TPOIECCOB 3a cyeT A(P(PEKTUBHOIO OTBETa KOMILIEKCa
AHTUOKCUIAHTHBIX ()EPMEHTOB 1 HEKOTOPHIX HE(EPMEHTHBIX JIOBYIIIEK CBOOOIHBIX
paaukaigoB. OJHUM M3 KIIOYEBBIX (PEPMEHTOB, KATATU3UPYIOUIUX Pa3I0KEHUE
aKTUBHBIX (JOPM KUCIOpOJIa, siBIsieTcs cynepokcuaaucmyTasa (CO/L).

CynepokcuaaucmyTaza — aHTUOKCHUJIAHT, MPEICTABISIONINN NIEPBOE 3BEHO
3alUTHI. ITOT (PEPMEHT HAXOAMUTCS BO BCEX KJIETKAX, MOTPEOJIAIOMINX KUCIOPO/I.
Ponb cymepokcuirncMyTasbl 3aKII0YAETCS B YCKOPEHUH PEAKINK MPEBPaICHUS
TOKCUYHOTO JJI1 OpraHu3Ma KUCIOPOIHOTO pajiKaia — CylepoOKCHaa — B IEPEKUCH
BOJIOPOJIa M MOJIEKYJISAIpHBIN Kuciopon [3-4]. CymnepokcuaaucMyTa3a UMEET TPH
OCHOBHBIE M30()OPMBI: IIUTO30JbHAS CYTIEPOKCUANCMYTa3a |, MUTOXOHApUATLHAS
cynepokcuaaucmyTasa |l u BHekneTouHas cynepokcuaaucmytasa Il [4].



Cynepokcupa, oOpasyrommuiics B OOJBIIMX KOJMMYECTBAX B PE3yNbTaTe
BOCIIAJIMTEIHHOTO TPOIIECCca WU JICUCTBUS KaKUX-THO0 GakTopoB, iN Vitro 6s1cTpo
JTUCIIPOTIOPIIMOHUPYET O TEPEKUCH BOJOPOJAa M BCTYMaeT C HUM B
KaTaJ3upyeMyl0 MOHAMHU JKeJie3a PEakIuio ¢ 00pa30BaHHEM THUIAPOKCUIHLHOTO
paaukana. OIHAKO In ViVo MPAKTHUYECKH CO BCEM KEJIE30M CBSI3BIBAOTCS OCIKH
opranu3Ma-xo3sivHa. OgHUM #3 Takux OEIKOB sBISETCS JakToheppwH, OH
BBICTYITA€T B OTOM OTHOIICHWM HWHTHOUTOPOM U TPEMIATCTBYET OOpPa30BaHUIO
CBOOOJIHBIX THIPOKCHIIBHBIX PaIuKajioB [5].

Emé omHMM BaXHBIM 3BEHOM aHTHOKCHUIAHTHOW 3alllUTHI  SIBIISACTCS
MeJIbcoJiep KAl O0esok — 1epyJomia3Mul (peppokcuaasa), KOTOPhIM SIBISETCS
OCHOBHBIM TEPEHOCUYMKOM MEIM B IIa3ME€ KPOBH YEJOBEKAa W aHTHOKCHUIAHTOM,
KOTOpPBI B OCHOBHOM BBEIPA0ATHIBACTCS B TICYCHH C TOCICAYIOIIMM BBIXOJOM B
KpoBb. [logo0HO cymepokcuaaucMyTase HepyIolIa3MUH MPUHUMAET y4acTHE B
peakuun aucMmyrtanuu. OJHAaKo, B OTIMYME OT IIEPBOM, 3alIUIIAIOLIEH
BHYTPHKJIETOYHBIC CTPYKTYPhI, OH (PYHKITMOHUPYET U HEUTPAIU3YeT KUCIOPOIHO-
aKTUBHBIC YACTHUI[BI B KPOBH, MPEIOTBpAIIas MEPEKUCHOE OKHUCICHHE JUIHI0B
KJIETOYHBIX MeMOpaH [5].

[IpuHUMAas BBIIIEOTIICAHHOE BO BHUMAHHUE, EJIbI0 TAHHOTO UCCJIeI0BAHUS
SBIIICTCSI M3YUCHUE 3aBUCHMON OT YPOBHSI OKHCIUTEIBHOTO CTpecca aKTUBHOCTH
AHTUOKCUIAHTHBIX (DEPMEHTOB: CYNMEPOKCHUIINCMYTa3bl B TOMOTCHATE TICUCHH H
reMoJIn3aTe KPOBH KPBIC M IEPYJIONIa3MUHA B CHIBOPOTKE KPOBH KPBIC B paMKax
MOJIEIN  DKCIEPUMEHTAIBLHOIO  METa0O0JMYecKoro  cuHapoMa Ha  (oHe
CHUCTEMATHUYECKOTO BBEICHUS JTaKTO(heppHHAa.

B cooTBeTcTBHM C 1I€NbI0 WCCIEAOBAHUS, OBLUTH TMOCTABIICHBI CIEAYIOIINE
3a/1a4uM:

1. Coznanre SKCHepUMEHTAIbHON MOJIENIM METa0O0JIMYECKOro CHUHIIpOMa
y KpBIC.

2. [lonyyenne remonu3ata DSPUTPOUUTOB M TOMOTE€HAaTa I[E€YEHU
IKCIIEPUMEHTATBHBIX JKUBOTHBIX.

3. Omnpenenenue conepkaHusi TEMOIIO0OMHA B TEMOJIM3AaTe SPUTPOLUTOB
1 o011ero Oeska B TOMOTr€HaTe MeUYeHU SKCIIEPUMEHTAIIbHBIX )KUBOTHBIX.

4. OnpeneneHne aKTUBHOCTH CYNEPOKCUIIUCMYTa3bl B TeMOJIM3aTe
SPUTPOILIMTOB ¥ TOMOT€HATE TICYCHU YKCIIEPUMEHTAIBHBIX )KHBOTHBIX.

S. OnpeneneHue coiepkaHus UEPYJIOMIIa3MUHA B CBHIBOPOTKE KPOBH
IKCIIEPUMEHTATBHBIX JKUBOTHBIX.

6. [IpoBenenue cratucTuyeckoi 00padOTKHU MOJYUYEHHBIX PE3YIbTaTOB.






