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yHiBepcuteT iMeH1 Bacunsa Credanuka, MOH Ykpainu, [Bano-®pankiBebk, 2025.

Hucepraiiisi npucBsiYeHa AOCTIPKEHHIO BIUIMBY anb(da-ketoritorapary (AKI)
Ha QoHi 6azoBoi Ta BucokokamopiitHoi ki (BKI) 3 BHCOKMM BMicTOM XHpiB Ta
bpykTo3m Ha MOpP(OMETpUYHI Ta TEeMaTOJIOTIYHI IMOKa3HHWKH, IapaMeTpH
CHepreTMYHOro  OOMiHy,  MapKepH  OKCHIATUBHOTO  CTpecy, MapameTpu
AHTHOKCHUJAHTHOTO 3aXHCTy Ta 3amajbHi MPOIECH y TKAaHMHAX MHUIIEH CEepeIHBOTO
BiKy JiHii C57BL/6J.

V cyuacHoMy cBiTi cniosxusanas BKI € oHUM i3 OCHOBHUX UHMHHHKIB PO3BUTKY
MeTabOJIIYHOTO CHHIPOMY, KM 3HAYHO M1JBUIILY€ PU3UK BUHUKHEHHS J1a0€Ty 2 TUITY
Ta CEpILEBO-CYJIMHHUX 3axBOploBaHb. OJHUM 13 TEPCHEKTUBHUX MIAXOIIB JI0
3MeHIIeHHs HeraTuHoro BBy BKI, 6araToi Ha sxupu Ta ppyKTO3y, € 3aCTOCYBAHHS
XapuoBUX BTpy4aHb. OcoONHMBUYN 1HTEpEC BUKIHMKAIOTh Mpenapartd Ha OCHOBI
NPUPOAHUX KOMIMOHEHTIB, 30kpema AKI', mo € npomMiKHUM NOPOIYKTOM LUKITY
tpukapoonoBux kucnot (L[TK), Bomomie aHTHOKCMIAHTHUMHU BIACTUBOCTSIMU, SIKi
CIPUSIOTH TOMEPEHKCHHI0 METa0OJNIYHUX TOPYIIeHb 1 YMOBUIBHEHHIO MPOIIECIB
crapiaHs oprasizmy. Kpim toro, AKI' BukoHye poisb perynstopa (i310J0TTHHHX
npoueciB. JlocaimkenHs nokasanu, mo nogatkd AKID 3MeHIIyloTh pu3UK PO3BUTKY
OKUPIHHA Yy MUIIEH, Kl OTPUMYBAJIM 1KY 13 BUCOKMM BMICTOM >kupiB. Lleit edekr
MOB’SI3aHUM 31 3MIHAMM €KCIIpPECli TeHIB, 110 PEryjIoloTh JiMiAHUN oOMiH. Takum
gyuHoMm, AKI wmoxe Oyth e(QeKTUBHMM XapuyoBHM JOJATKOM JUJISi KOPEKIi
MeTa0O0IYHUX TTOPYIIIEHb.

Bupuenns BBy AKI Ha opranism Ha i BKI € BaxiuBuM 11st po3yMiHHS

MEXaHI3MiB, SIKI MOXYTh 3amo0iratv pPO3BUTKY METa0OJIYHUX MOpYIIEHb. Tomy



METOIO 111€1 poOOTH OYyJIO OLIIHUTHU BIUTUB alib(a-KeTOrII0TapaTy Ha MOPPOMETPUYHI,
MeTaboITiuH1 Ta 3analibHI MOKa3HUKHU y Mutiei Jinii C57BL/6J 3a cioxuBaHHs 6a30BOi
K1 Ta BUCOKOKQJIOPIHHOI 7K1 3 BUCOKMM BMICTOM >KHPIB Ta (DPYKTO3H.

Jlinis C57BL/6J OGyna obOpaHa JjIsi HAIOTO MOCHTIDKEHHS, OCKUIBKH 100pe
BiJIOMO, II0 BHCOKOKAJIOpiiHA ’Ka BUKIIUKAE y HE1 MeTaOOIIUHI MOPYIICHHS, a caMme
IIBUJIKUN HaOIp MacH TUIa, 1HCYJIHOPE3UCTEHTHICTh, TIMEPTIIKEMII0, TUCTIMIAEMIIO,
OKUPiHHS (0COOIMBO abIOMiIHANBHE), OKCUIATUBHUIN CTPEC Ta XPOHIYHHUM 3amalbHUN
CTaH.

Jlns pocmipkeHHs: O0yJ0 BHKOPHMCTAHO CaMIlIB MUIIEH I’ SITUMICIYHOTO BIKY.
ExcriepuMeHT TpuBaB BICIM THXHIB 1 BKJIIOYAaB YOTHUPU TPYNH TBAPUH, SIKUX
yTPUMYBAJIA Ha PI3HUX PEKUMaX XapuyBaHHs: 0a30Bii 1K1, 0a30Bii %K1 3 10JJaBaHHAM
1% AKT 3amicts mutHOT Bogm, BKI ta BKI 3 nonaBanusm 1% AKI 3amicTh muTHOT
Boau. ba3osa ixa (10% kkan otpumani Bif xkxupy) mictuna 21,8% Oinky, 4,8% xupy,
69,1% ByraeBoxiB 1 3,9% KIITKOBUHH, 11 KaJopiiiHicTh cTaHoBMIA 329,5 kkan/100r.
[)xy 3 BHCOKMM BMICTOM 3KMpY Ta (PYKTO3M TOTYBald MLLIAXOM 3MillIyBaHHS
CTaHJApTHOT 1K1, CMaJIbII0, PPYKTO3M Ta KOBUI K eMyJibratopy. Bucokokamnopiiina
i>ka mictuna 45% kkaim oTpumMadi Bif xkupy, 15% kkan orpumani Big pykrosu i 10%
OinKy, 11 kaynopidiHicTh cTaHoBWia 486 kkan/100r. [0 1Ky OHOBIIIOBAIM MHUILIAM
monua. Y gocmimxenHi AKID nmomaBamu B dopmi HatpieBoi comi. Aunbda-
KETOIIIOTapoBY KUCIOTY y (opmi nopouiky (Protista AB, Isewis, 99%) 3minryBanu
3 BOJIOIO JJIS IPUTOTYBaHHS PO34MHY, kil HeTpanizyBanu NaOH no pH po3unny
7,3. ToryBanu 10% po3uunn AKI', sikuil nepes BUKOPUCTaHHSAM pO3BOAWIH 10 1%.
JI1s0 anbpa-KeTorIr0Tapaty s IIypiB (CaMIliB 1 CAMOK) CTAHOBUTH >5 T/KT.

Brponosx ekcrepMeHTy BU3HAYalW KUTBKICTh BHUIIUTOI BOJM Ta Macy Tijla
muiieit. [lo 3aBeplIeHHI0 eKCIIEpUMEHTY MPOBOAMIN 3a0ip KpOBI y MuIIeil Ta 3a0ip
OpraHiB — E€YiHKH, )KUPOBOi TKAHUHU, CEPLIS Ta CKEJIETHUX M’ 5131B. MuIel mianaBanu
aHecte3ii ByriekuciauMm Tra3zom. [licims B3STTS 3pa3KiB KpoOBi, 3AiHCHIOBaNIM 3a01d
MUIIIEH METOJIOM LIEPBIKAJIBHOI TUCIOKAII1.

3 TeMaTOoJIOTIYHUX MOKA3HUKIB BU3HAYAJM 3araJibHy KIJIBKICTh EPUTPOIUTIB Ta

JEHKOUUTIB y KpoOBi, audepeHuiiny GopMyiy JEHKOIUTIB, T€MATOKPUT Ta BMICT
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reMoryio0iny. ¥ mia3mi KpoBl TaK0XK BU3HAYAIM JEsK1 KIIIHIYHI 010X1MI4H1 TOKa3HUKH,
cepell HUX — BMICT TJIIOKO3H, TPHALWITIIIEPUIIB, 3aralbHOTO Xoaectepuny, IL-10 ta
aKTHUBHOCTI ITapaoOKCOHA3M 1 Mieslonepokcuia3u. EHepreTuunmii 0OMiH TOCTIKYBaJIH,
OLIHIOIOYM BMICT €HEPreTHYHUX CyOCTpaTiB, aKTHBHOCTEH KIIOUYOBUX (PEPMEHTIB
TIIKOJI3Y, (PPyKTOMi3y Ta neHTo30(¢ochaTHOrO nuIAXy. st OLIHKK OKCHIATUBHOTO
CTpECY BU3HAYaJIM BMICT EPOKCH/IIB JIITIIIB, KAPOOHIIBHUX IPyH O1JIKiB, OKUCIICHOTO
Ta BIJTHOBJICHOTO TJIOTATIOHY. AKTHBHOCTI aHTHOKCHUJAHTHHX Ta acCOIIOBaHUX 3
HUMU (EPMEHTIB BU3HAYAIU ISl JOCHIJKEHHS MOTYKHOCTI aHTHOKCUIAHTHOTO
3aXUCTY B TKAHWHAX MULICH.

Bocbmutmkaese roxyBanHs BKI  He BUKIMKano 3HAauHHX 3MiH Y
MOpP(POMETPUYHUX MOKA3HUKAX MUIIEH (IMHAMiKa MacH Tijla, TOBXKWHA T, IHIEKCH
MacH Tu1a, IHAEKC 0XKUPIHHA, 1HeKC JIi) cepeIHbOro BiKy 1 JIMIE HE3HAYHO BILUIMHYJIO
Ha TeMaTOJIOT1YH1 NOKa3HUKHU (HM)K4Ya KUIBKICTh €PUTPOLUTIB, HUKY1 BIAHOCHI PIBHI
toHux Gopm Ta dimpouutis, Bumi piBHi MoHoumTiB). HdomasanHs AKI mo BKI
CIPUYMHUIIO HE3HAYHE 3HWKEHHS 3arajbHOl KUIBKOCTI JEHMKOIUTIB 13 3MIHAMM Yy 1X
nudepeHIiiHoMy ckiaal (HWXKYe CHIBBIIHOMICHHS HEHUTpOodUTiB 10 JTMQOIMUTIB Ta
BHUILI BIJIHOCHI PIBHI NaJMYKOsAIEepHUX HeTpoduiiB). BoaHoyac, mpu CHoOKMBaHHI
AKI' Ha QoHiI cTaHZapTHOI 1K1, CIOCTEpiragocs 30UIbLIEHHS 3arajibHOi KUJIBKOCTI
JICHKOIUTIB Ta 3MIHU y BIJICOTKOBOMY CITIBBIJTHOIIICHHI Pi3HUX (HOPM KX KIITHH
(H>KY1 piBHI JIM(OUKUTIB Ta BUILI BIAHOCHI PiBHI NATUYKOSACPHUX HEUTPO(DIIIIB).

I{omo OioXiMiYHMX TOKA3HMKIB MJIa3MH KpoBi, To croxuBanHs BKI
npusBoawiIo g0 Bumoro BMmicty TAI. omaBanus AKI no BKI CIIPUSJIO BUILLIOMY
BMICTY IUIFOKO3M B Tuta3Mmi Kposi. [Ipu npomy, komu AKI' nomaBanu 1o 6a3oBoi ixi,
criocTepiraiach BUIA AKTUBHICTh MIEJIONEPOKCHUIA3H Y TIJIa3M1 KPOB1 MUIIICH.

Bucokokanopiiina i>xa cipusijia pO3BUTKY YITKUX METa0OJIYHUX 3MIH y TIEUiHII,
30KpeMa akThBamii (QpykTosi3y (BUIIA AaKTUBHICTh (PPYKTOKIHA3U), PO3BUTKY
OKCUJATHUBHOTO CTpecy (BUIIMI BMICT TEPOKCUAIB JIMIiAIB, BHUIlI aKTUBHOCTI
AHTUOKCUJAHTHUX Ta acoLldOBaHMX 3 HUMH (EPMEHTIB) Ta 3amajieHHs (BHILA
aKTUBHICTh MIEJIONIEPOKCUA3M Ta 3MIHM, BHSBIEHI TIiJ] Yac TICTOJIOTIYHOTO

nociipkeHHss nedinku). JomaBanus AKID  ngo BKI me 3amoGirasio PO3BUTKY



OKCUJATUBHOTO CTpeCy B TMEUIHIIl MHUIIEH, OKpIM HIKYUX aKTUBHOCTEH
TIIIOTaTIOHNEPOKCUAAa3u Ta ToTaTioH-S-TpaHcdepasu. Kpim toro, AKIT na Tmi
BUCOKOKAQJIOPIMHOI 1Ki, BUKOHYE€ pPEryJsITOPHY pOJb, IiJIBUILYIOYH AaKTUBHICTb
TJIKOMTHYHUX (TeKCOKiHa3u, (ochodpyKToKiHA3M Ta MipyBaTKiHA3M) 1 JACSIKUX
AHTHOKCUJAHTHUX Ta  acouidoBaHMX 3 HUMH  (epMmeHTIB  (KaTanasw,
rimotationpeaykrasu ta HAJI(®)H-3anexHo1 XIHOHOKCHI0pEayKTa3u 1), BOJHOYAC
cnoctepiranock npurHideHHs ¢pykromizy. lle Bkasye Ha Te, mo AKI gacTtkoBo
3ano0irae HeraTUBHUM edeKTaM CIOXUBAHHS (PPYKTO3U y BEIMKUX KUIBKOCTSX.
JonaBanHs 10 ocHOBHOI i1 AKI' CyTTeBO HE BIUIMBAJIO HA TIIKOJI3, ajie, CHPUSLIIO
CTUMYJIALIT aHTHOKCUIAHTHOIO 3aXHUCTy Ta BUloMy OlocuHTe3y I'SH.

Bixupanns BKI mpussommino 10 po3BUTKYy OKCHAATHBHOIO CTPECY Pi3HOI
IHTEHCUBHOCTI y BICLEpaJIbHII KUPOBIM TKAHHHI, CEPIIl Ta CKEJIETHUX M’ s13aX MUILIEH.
Jonasauus AKI no BKI 3MeHIyBano iHTeHCUBHICTh OKCHAATHBHOTO CTPECY B LIUX
TKaHWHAX, 3aBIsAKU aHTHOKcuAaHTHIN Aii AKT'. HaitOinbm BupaxeHi 3axucHi eheKTH
AKT cnocrepiranu B cepui mumeif, sxi orpumysanu BKI. Kpim Ttoro, AKT,
3aCTOCOBAaHMN  pa3oM 31 CTaHJAPTHOK  DKEW, TMIABUIILYBaB  aKTHUBHICTh
AHTUOKCUIAHTHUX (PEPMEHTIB y Ceplll, aje 3HWKYBaB IX AKTUBHICTb Yy >KUPOBIU
TkaHuHi Ta M's3ax. Ipu cnoxusanni mumamu BKI ta BKI B moegnanni 3 AKT
CIIOCTEPIranoch 30UIBIICHHS PO3MIPIB aUTIOIUTIB JKUPOBOI TKAHUHH MuIeil. OqHak
M1l Yac TICTOJIOTIYHOTO JOCTIIKEHHS *UPOBOT TKAHWHU O3HAK 3alajieHHs He OyJo
BUSIBJICHO.

BocemutikHeBe rogysants BKI npusseno 10 3HauHuMX MeTaboMi4HMX 3MiH Y
CKEJIETHUX M’s3aX CaMIliB MuIIed. 30KpeMa, CHOCTEepIranocs HaKOMUYEHHS
TPUAIWIITITIIEPHUIIB, 3HWKCHHSI PIBHS TJIKOTEHY Ta 3arajbHOTO OUIKy, a TaKOoX
M1BUILLIEHHS aKTUBHOCTI TIIKOJIITUYHUX bepmeHTIB (rekcokiHazu,
dbochodpykToKiHazK Ta MipyBaTKiHa3M). L{i 3MIHM € XapaKTepHUMH CHUMIOTOMAMH
pO3BUTKy iHCymiHOpesucTenTHOCTI. Jlomasanus AKIT no BKI mocma6mioBano Bci mi
MeTaboIiuHi 3MiHH, 10 BUHUKIIN y M'S3aX MUILeEH, ski cnoskusann BKI.

Ile mocmimxenHss Bmeprie moka3ano 3aatHicth AKI  mokpamryBatu

MeTaboIiyHMil cTaH MuIEi 3 MOPYIIEHHAMH, sKi BUKIMKAIMCh croxkupaHHam BKI,
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o Oarata Ha TBapWHHI XUpH Ta PpykTo3y. 3axucHuil edekt AKI mposBisBcs y
3HIDKCHHI 1HTEHCUBHOCTI OKCHJIATHUBHOTO CTPECY, TMOCHWJICHHI aHTHOKCHIAHTHOTO
3aXMCTy Ta HOpMali3allli EeHepreTUYHOro OOMIHY B TKAHWHAX MUIIeH. BusBuiocs, 1o
32 yMOB XxapuyBaHHS ©0a30Boi0 Txketo AKI axkTuByBaB Ti€BHI KOMIIOHEHTH
AHTUOKCUIAHTHOTO 3aXUCTy B TKaHWHAX mutieil. L1 pe3ynpTaTé BKa3yoTh Ha Te, 110
edextu AKI' Ha oprani3M TBapyH MOXKYTb CYTT€BO BIJIPI3HSATHCS 3aJ€KHO Bij TOTO,
Y1 3aCTOCOBYETHCS BiH 3 0a30BOI0 UM BHCOKOKaJoOpiiHOIO Tkero. Lle mocmimxeHHs
NMOrIUOJII0OE  PO3YMIHHS MEXaHI3MIB PO3BUTKY META0OJIYHOTO CHHIPOMY, SKUU
cnpuunHioethest BKI, ta nosicaioe pons AKT sik perynasTopa MeTabomi3zmy.

HocnipkenHss BugBwiIo TkaHuHocnenupiuni egextn AKI, siki MOXKyTh OyTH
3yMOBJIEH] PI3HUMHU MEXaH13MaMH HOro Jii. 30KpeMa, CTUMYJISIS aHTHOKCUIAHTHOTO
3aXUCTYy MOXe BijgoOpaxatu mnpookcuaaHTHy mit0 AKI, Tomi sK 3HUXKEHHS
iHTEHCHBHOCTI OKCHJATUBHOIO CTpecy B TKaHMHAX Mulllel, siki orpumysanu BKI,
MOXIJIMBO, BIJIOYBaeThbcsi 4Yepe3 aHTHOKcuaantHy pAito  AKD.  Mopymsis
reMaTOoJIOTTYHUX NTOKA3HHUKIB MOXeE OYTH pe3yJIbTaToM iMyHOoMOoayror0o4oi i AKT'.

Pesynpratn migkpecmororh noteHmian AKID sk xapdoBoro momaTky s
MOM'AKIIIEHHS  HEraTUBHMX  HACHIJKIB  BHUCOKOKaJOPIMHOTO  XapyyBaHHS Ta
BIIKPUBAIOTh MEPCIEKTUBU IS MOJMANbIIMX JOCHIPKeHb HOro MexaHi3MIB Aii 3a
pi3HUX (1310JIOTTYHUX YMOB.

Kniwuosi cnoea: anbda-keToriarorapaT, i’ka 3 BHCOKMM BMICTOM JKHpPY Ta
bpykTO3U, METAOOIIYHUN CHHIPOM, OXUPIHHS, 3alajeHHs, OKCUIATUBHUN CTpEC,
aKTUBHI (OPMH KHUCHIO, AHTHOKCHJIAHTHA CHUCTEMa, AaHTUOKCHUIAHTHI (EepMeHTH,

AHTUOKCHUJIAHTH, METa00JI113M, MUIII, KPOB, TKAHUHH.

ANNOTATION

Vatashchuk M.V. Energy and free radical processes in mice consuming high-

calorie food and alpha-ketoglutarate. — Qualifying scientific work on manuscript rights.
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Dissertation for the Degree of Doctor of Philosophy in the field of knowledge
09 Biology, specialty 091 Biology. — Vasyl Stefanyk Precarpathian National
University, Ministry of Education and Science of Ukraine, Ivano-Frankivsk, 2025.

The dissertation is devoted to studying the effects of alpha-ketoglutarate (AKG)
in the context of basic and high-fat high-fructose food (HFHF) on the morphometric
and hematological parameters, energy metabolism indicators, oxidative stress markers,
antioxidant defense parameters, and inflammatory processes in middle-aged C57BL/6J
mice.

In the modern world, high-calorie food consumption is one of the main factors
contributing to the development of metabolic syndrome, significantly increasing the
risk of type 2 diabetes and cardiovascular diseases. One promising approach to
mitigating the negative effects of high-calorie food, particularly those high in fats and
fructose, is through dietary interventions. Natural compound-based supplements, such
as AKG, are of particular interest. This compound, an intermediate in the tricarboxylic
acid (TCA) cycle, exhibits antioxidant properties that help prevent metabolic disorders
and slow the aging process. Additionally, AKG acts as a regulator of physiological
processes. Studies have shown that AKG supplementation reduces the risk of obesity
in mice fed a high-fat food. This effect is associated with changes in the expression of
genes regulating lipid metabolism. Thus, AKG may serve as an effective dietary
supplement for correcting metabolic disorders and promoting health.

Studying the effects of AKG on the body in the context of high-calorie food is
crucial for understanding mechanisms that can prevent metabolic disorders. Therefore,
the aim of this study was to evaluate the impact of alpha-ketoglutarate on the
morphometric, metabolic, and inflammatory parameters in C57BL/6J mice consuming
a basic food and a high-calorie food rich in fats and fructose.

The C57BL/6J line was chosen for our study due to its well-documented
susceptibility to metabolic disturbances induced by HFHF. These disturbances include
rapid weight gain, insulin resistance, hyperglycemia, dyslipidemia, obesity (especially

abdominal obesity), oxidative stress, and a chronic inflammatory state.
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Male mice aged five months were used for the study. The experiment lasted eight
weeks and included four groups of animals maintained on different dietary regimens:
basic food, basic food supplemented with 1% AKG instead of drinking water, HFHF,
and HFHF supplemented with 1% AKG instead of drinking water. The basic food (10%
kcal derived from fat) contained 21.8% protein, 4.8% fat, 69.1% carbohydrates, and
3.9% fiber, with an energy value of 329.5 kcal/100 g. High-fat, high-fructose food was
prepared by mixing standard food, lard, fructose, and bile as an emulsifier. The high-
calorie food contained 45% kcal derived from fat, 15% kcal derived from fructose, and
10% protein, with an energy value of 486 kcal/100 g. This food was provided to the
mice daily. In the study, AKG was added in the form of a sodium salt. Alpha-
ketoglutaric acid in powder form (Protista AB, Sweden, 99%) was mixed with water
to prepare a solution, which was then neutralized with NaOH to a pH of 7.3. A 10%
AKG solution was prepared and diluted to 1% before use. The LDso of alpha-
ketoglutarate for rats (both males and females) is >5 g/kg.

During the experiment, the amount of water consumed and the body weight of
the mice were measured. At the end of the experiment, blood samples and organs —
including the liver, adipose tissue, heart, and skeletal muscles — were collected. The
mice were anesthetized with carbon dioxide. After blood sample collection, euthanasia
was performed using the cervical dislocation method.

Hematological parameters assessed included total red blood cell and white blood
cell counts, the differential leukocyte formula, hematocrit, and hemoglobin levels.
Clinical biochemical parameters were also determined in the plasma.

Energy metabolism was studied by assessing the levels of energy substrates and
the activities of key enzymes involved in glycolysis, fructolysis, and the pentose
phosphate pathway. Oxidative stress was evaluated by measuring the levels of lipid
peroxides, protein carbonyl groups, and oxidized and reduced glutathione. The
activities of antioxidant and related enzymes were measured to evaluate the antioxidant
defense capacity in mouse tissues.

Eight weeks of feeding with a HFHF food did not cause significant changes in

the morphometric parameters of middle-aged mice (body weight dynamics, body
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length, body mass index, obesity index, or Lee index) and only slightly affected
hematological indicators (lower erythrocyte count, reduced relative levels of immature
forms and lymphocytes, and higher monocyte levels). The addition of AKG to the
HFHF food caused a slight reduction in the total leukocyte count and changes in their
differential composition (lower neutrophil-to-lymphocyte ratio and higher relative
levels of band neutrophils).

At the same time, AKG consumption with a standard food resulted in an increase
in total leukocyte count and changes in the percentage distribution of different
leukocyte types (lower lymphocyte levels and higher relative levels of band
neutrophils).

Regarding plasma biochemical parameters, HFHF food consumption led to
higher triglyceride (TAQG) levels. The addition of AKG to the HFHF food contributed
to an increase in blood plasma glucose levels. At the same time, when AKG was added
to the basic food, higher myeloperoxidase activity was observed in the blood plasma
of mice.

The HFHF food contributed to pronounced metabolic changes in the liver,
including activation of fructolysis (higher fructokinase activity), development of
oxidative stress (elevated lipid peroxide levels and higher activities of antioxidant and
related enzymes), and inflammation (increased myeloperoxidase activity and changes
observed during liver histological examination). The addition of AKG to the HFHF
food did not prevent oxidative stress in the liver, except for reducing glutathione
peroxidase and glutathione-S-transferase activities.

Additionally, AKG in the context of HFHF food likely played a regulatory role
by increasing the activities of glycolytic enzymes (hexokinase, phosphofructokinase,
and pyruvate kinase) and some antioxidant and associated enzymes (catalase,
glutathione reductase, and NAD(P)H-dependent quinone oxidoreductase 1) while
suppressing fructolysis. This suggests that AKG partially mitigates the negative effects
of excessive fructose consumption. The addition of AKG to the basic food did not
significantly affect glycolysis but promoted the stimulation of antioxidant defense and

increased GSH biosynthesis.
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Consumption of a HFHF food induced oxidative stress of varying intensity in
the visceral adipose tissue, heart, and skeletal muscles of mice. The addition of AKG
to the HFHF food reduced the intensity of oxidative stress in these tissues, likely due
to the antioxidant properties of AKG. The most pronounced protective effects of AKG
were observed in the hearts of mice on the HFHF food. Moreover, AKG, when
administered with a standard food, increased the activity of antioxidant enzymes in the
heart but reduced their activity in adipose tissue and muscles.

In mice consuming HFHF food and HFHF food combined with AKG, an
increase in the size of adipocytes in adipose tissue was observed. However, histological
examination of adipose tissue did not reveal signs of inflammation.

Eight weeks of HFHF feeding led to significant metabolic changes in the skeletal
muscles of male mice, including triglyceride accumulation, reduced glycogen and total
protein levels, and increased activities of glycolytic enzymes (hexokinase,
phosphofructokinase, and pyruvate kinase). These changes are characteristic
symptoms of insulin resistance development. The addition of AKG to the HFHF food
mitigated these metabolic alterations in the muscles of mice consuming HFHF food.

This study demonstrated for the first time the ability of AKG to improve the
metabolic state of mice with disturbances caused by high-calorie food rich in animal
fats and fructose. The protective effect of AKG manifested in reducing oxidative stress,
enhancing antioxidant defense, and normalizing energy metabolism in the tissues of
mice. Under standard food conditions, AKG was found to activate certain components
of the antioxidant defense system in mouse tissues. These results indicate that the
effects of AKG on animals may vary significantly depending on whether it is
administered with a standard or HFHF food. This study provides deeper insights into
the mechanisms of metabolic syndrome development induced by or high-calorie food
and highlights the role of AKG as a metabolism regulator.

The study revealed tissue-specific effects of AKG, which may be driven by
different mechanisms of its action. In particular, the stimulation of antioxidant defense
may reflect the pro-oxidant effect of AKG, while the reduction in oxidative stress

intensity in the tissues of mice receiving HFHF may be due to the antioxidant properties
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of AKG. The modulation of hematological parameters may result from the
immunomodulatory effects of AKG.

The findings highlight the potential of AKG as a dietary supplement to mitigate
the adverse effects of high-calorie food and open new perspectives for further research
into its mechanisms of action under various physiological conditions.

Keywords: alpha-ketoglutarate, high-fat and high-fructose food, metabolic
syndrome, obesity, inflammation, oxidative stress, reactive oxygen species, antioxidant

system, antioxidant enzymes, antioxidants, metabolism, mice, blood, tissues.
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