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JlucepTarriss mpucBsSYeHA BUBYCHHIO 31aTHOCTI anbda-kerormorapaty (AKI),
BOXJIMBOTO KJIITHHHOTO METa0oJITy, BIUIMBAaTH HAa CTapiHHA Ta MeTaboiuHi
NOpPYUIEHHS, $Ki, 3a3BUYail, aCOLIIOIOTHCA 31 CTapiHHAM, y MOJEIbHUX TBapHH,
110/10BOi MyIiku Drosophila melanogaster ta nabopatopuux mutneit Mus musculus.
VY nonepeaHix poO0Tax Ha HU3I MOJICIIBHUX 00’ €KTIB (P IKaX, MII0IOBUX MYIIIKaX,
HEMAaTOJaX Ta MHINAX) TMOKa3aHo, MO0 JO0JaBaHHS alb(a-KeTormoTapary a0 ki
30UTBIITYBAJIO TPUBAIICTD JKUTTA Ta YHOBUIHHIOBAJIO CTAPIHHS IIMX OPraHi3MiB, IPOTE
neranbHo MexaH13Mu Aii AKT He BcranoBieHl. Okpemi T0CTIKEHHS BKa3ylOoTh Ha Te€,
mo AKI' Moxke MOayJtoBaTH MPO-/aHTUOKCUAAHTHUN 3aXHUCT Ta JISTH K MIMETHUK
KaJIOpiitHOro oOMexeHHs. MeToto 11iel poOoTH OyJI0 OLIHUTH 3JaTHICTh €K30T€HHOTO
anb(ha-KeTOraoTapaTy MOIYJIIOBATH TPUBATICTh JKUTTS, MOBEIIHKY Ta METa0O0Ji3M
IJI0/IOBOT MYIIKY Ta JJa0OpaTOPHUX MUIIEH 3a YMOB (P1310J0TIYHOTO, YIOBUIHHEHOTO
Ta TMPUCKOPEHOTO cTapiHHs. JlocmimxkeHHss Oyiau 30CepepkeHl Ha PO3KPHUTTI
mexaHi3miB 11i AKT, skuil qomaBanu A0 1KI MOAENIBHHUX TBapUH y (OpMI pO3UUHY
JUHATPIEBOI COJ, T OLIHII HOTO MOTEHIIIHUX TePONPOTEKTOPHUX BIACTUBOCTEH. K
MOJIeIbH1 00’ ekTU Oy oOpaHi JOBroXuBYyua cyoniHisa D. melanogaster, oTpuMaHa 3
miHii Canton S (n1s owiHkM BIMBY ek3oreHHoro AKIT Ha TpuBamicTh XKUTTS,
napamMeTpyu MpPO-/aHTUOKCHIAHTHOTO CTaTyCy Ta CHEPreTHYHHX IMpOIEeCiB Ha T
YIOBUIBHEHOTO cTapiHHs) Ta mwuim jiHili C57BL/6J (nnsi IOCHIIKEHHS BILUIUBY
ex3orenHoro AKI' Ha xorHiTuBHI (QyHKIT (TTOBEAIHKY) Ta Ol0XIMIYHI MOKa3HUKU
MO3Ky Ha (DOHI CIIOXKMBAHHS CTAHJAPTHOI 1KI Ta BHCOKOKAJIOPiMHOI Tki, mo Oyiu
BUKOPHUCTaHI SIK MOJENb (1310JIOTIYHOTO Ta MPUCKOPEHOTO CTapiHHS, BIJIMOBIIHO).

Takum ynHOM, poOOTa CKIIaganacs 3 ABOX YaCTHH. Y TMEPIIiil YaCTHUHI TOCHIIKYBaBCS



BiuiB AKI Ha TpuBamicTh KUTTSA JOBrOXKHBYYOi CyOJiHII MyX Ta 3MIHH Yy
¢i3ionoriyHux Ta O10XIMIYHUX MpoIliecax, Kl BIH 3yMOBIIOBaB. Y JAPYrid 4acTHHI
nociimkenHss BuBuaBcs BIUMB AKI Ha KOrHITHBHI QyHKUIi Mumed i1 GioxiMidHi
MOKAa3HUKHU (€HEePreTUYHOr0 OOMIHY, MPO-/aHTHOKCHUIAHTHOTO CTaTycCy, aBTodarii Ta
JOTUYHUX CUTHAIBHUX PETYJISTOPHUX LUISIXIB) Y KOP1 TOJOBHOTO MO3KY MHIIEH Ha
(dOHI1 CITOKMBaHHS CTAHIAPTHOI 1’Ka Ta BUCOKOKAJIOPIHHOT 1K1.

Jopocnux MyX YTpUMYBaJIM Ha >KUBWJIBHOMY CEPEIOBHII, SKI MICTUIIO Pi3HI
KOHIIEHTpaIlli 6a30BUX KOMIIOHEHTIB, caxapo3u Ta ApixmxkiB, Ta 10 MM AKI (B3siTO
Ty KOHLEHTpaLllo, SIKa y MOMEPEeAHIX IOCHIKEHHIX NpOsBUIA Te€PONPOTEKTOPHY
nir0). Sk (G1310J0TIUHI MOKAa3HUKHA Jpo30(ia BU3HAYAIM TPUBAIICTD KUTTH,
1HAYKOBaHY PyXOBY aKTUBHICTb 1 CTIHKICTh (BUKUBAHHS ) 25-1€HHUX MYX J0 Jlli pI3HUX
ctpecopiB. Mumii cnioxkuBanu AKIDT y dopmi 1% poszuuny natpieBoi comi AKL,
noaaHoro o nutHoi Boau. BrumB AKIT Ha moBeniHKY MUINEH OILIIHIOBAIM 4epes
IPOBEJCHHS TecTy BiakpuToro mnojs. ['omeocta3 aktuBHUX ¢GopM KucHio (ADK) y
MOJIEJIbHUX 00’ €KTIB OLIIHIOBAJIM 34 PIBHEM MTEPOKCHUIB JIIII/IIB, TIOMIB, TJIIOTATIOHY Ta
AKTUBHICTIO aHTUOKCUJIAHTHUX 1 TIOB’SI3aHUX 3 HUMH (DEPMEHTIB, & TAKOXK OIL[IHIOBAIIN
pIBEHb TPAHCKPHUIITIB TEHIB, 5IKi ITOB’s3aH1 3 aHTUOKCUIAHTHOIO B1ATIOBIIJII0, METOJIOM
noJsiiMepasHoi Janiorosoi peakiii (I1JIP) 31 3BOpOTHOIO TPaHCKPHIILIIEIO 3 arapO3HUM
refib-eJeKTpodope3oM. 3MIHM EHEPreTUYHOTO CTaTyCy OIIHIOBAIM 3a pPiBHEM
SHEPreTUYHUX META0OMITIB (TJIIOKO3H, TJIIKOTEHY, TPUAIMIITIIIEPOiB), aKTUBHICTIO
TJIKOJMITUYHUX (EPMEHTIB Ta POOOTOK KOMIUIEKCIB €JIEeKTPOHTPAHCIIOPTHOIO
JAHIIOra MITOXOHApiH. [ omiHku aBTodarii BU3HaAYaIM BITHOCHUM CTaIllOHApHUMN
piBenb 1PHK reHiB, siki moB’s3aHi 3 aBTodarieto, 3a gonomororo I1JIP 31 3B0poTHOIO
TPAHCKPHUIILIELO.

¥V Xoj1 BUKOHAHHS I1i€i poOOTH BUSBIICHO, 0 ek3oreHHnii AKI™ He BuMBaB Ha
TPUBAJICTh JKUTTS JIOBFOKMUBYYOi cyOmniHli D. melanogaster Ha cTaHIapTHOMY
cepenoBuIl, sike Mictuino 5% caxapos3u Ta 5% apikmkis (5C:5]1), ane 306inb1TyBaB
TPUBAJICThH KUTTS HA CEPEJOBUIINAX 3 HU3BKUM BMICTOM OLJIKIB 1 BUCOKUM BMIiCTOM
caxaposu (9C:1]11). Myxu cepennboro BiKy (25 HHIB), SIKi CIOXXUBaJIM CTaHAApTHE

cepenouie (5C:5]/1) 6e3 Ta 3 nomaBanusm 10 MM AKI™ ipoTsirom TphOX THXKHIB, HE
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BIIPI3HSJIUCS MK COOOI0 y 3HAYEHHSAX TakuX (Di310J0TIUHMX MOKA3HUKIB, K PyXOBa
aKTUBHICTB 1 CTIMKICTh JO TOJIOAYBAaHHS, TEIIOBOTO CTPECY 1 XIMIYHHX CTPECOPIB.
[Ipore myxu, mo cnoxuBam 10 MM AKI, mManum HWXYy aKTHUBHICTH ESIKUX
aHTUOKCUAAHTHUX (epMEHTIB (KaTajla3u Ta TJII0TaTIOH-S-TpaHcepasu) 1 HUKUHMA
piBEHb TpHAIMITIILEPOTiB. BomHouac, y mux MyX HE 3MIHIOBajlacsi aKTHBHICTb
bepmenTis, ski BimHOBMIOIOT HAJ[D, aKTHBHICTH KIIFOUYOBHMX (DEPMEHTIB IIIKOII3Y,
poboTa MITOXOHIPIATBHOTO E€JIECKTPOHTPAHCIIOPTHOTO JIAHITIOTAa Ta PIBEHb MapKepiB
OKCUJIATUBHOTO cTpecy. Takum unHOM, crioskuBaHHs ek3oreHHoro AKI™ mpakTruaHo He
BIJIMBAJIO HAa OCHOBHI €Hepro3ade3mnedyroul MpolecH, a caMe TIIKOJI3 Ta OKHCHE
dbochopunoBanHs, ane MOCIA0NIOBAIIO AHTUOKCUAAHTHUNM 3aXHUCT Ta 3amo0iralo
HAKOMMYEHHIO 3alaCHUX JIMIJAIB y JOBrOXUBYUUX MyX D. melanogaster. ns
NepeBIPKU, YU €K30TeHHUM anbda-KeToratorapar aie yepe3 Nrf2-curHaibHui MUisx,
OyJI0 OLIHEHO PIBEHb TPAHCKPUIITIB T'€HIB, IKI KOHTPOJIOKOTHCSA UM O11KOM. Alib(da-
KETOIIOTapaT MPU3BOJMB /10 30UIBIICHHS BIIHOCHOTO cTarfioHapHoro piBHsa iPHK
reny Cyp6a2, ane He BIUIMBAaB Ha pIBEHb TPAaHCKPUNTIB reHiB Ugr37A42 ta GstD2. e
BKa3ye Ha He3HauHui BB AKI™ Ha Nrf2-curnanbHuii muisx.

Ha nactynHomy eramni po6otu, Hamu Oyso omiHeHo edektn AKID y mopocinux
MUIIEH 3a CHOKUBAHHS BHCOKOKAJIOPIMHUX MIET, BUKOPUCTAHUX SIK (QakTop, SIKUN
MIPUCKOPIOE CTapiHHS Ta CHpPUSIE PO3BUTKY METAOOIIYHUX MOpylieHb. Brepie 0yio
IPOJAEMOHCTPOBAHO, 1110 CHOKMBAHHS 3 MUTHOIO BOJI010 ek3oreHHoro AKI™ nmpotsirom
12 THXKHIB MOX€ BUKJIMKATH B MUILIEH (caMlil) TPUBOXKHY MOBEIHKY Ha (oHI 6a30BOi
K1 Ta BHCOKOKAQJIOPIMHOI TKi 3 BUCOKMM BMICTOM XHUPY (CMaibIl0) Ta (GPYKTO3H.
Muii, gKi cokuBajii 0a30BY Ta BUCOKOKAJIOPiHY iky 3 qonaBaHHsaM AKI y TecTi
BIJIKDUTOTO TMOJSI TPOBOJWIM MEHIIE Yacy y BHYTPIIIHIA 30HI YCTAHOBKHU IS
TECTyBaHHS, TMOPIBHSAHO 3 KOHTPOJHHOIO Tpymoro. lle cBITYUTH TIPO TPUBOKHY
MOBEJIIHKY Ta 3HUXEHHSI JOCIHIIHUIIBKOI akTUBHOCTI. [10/110HO 10 TJI0I0BUX MYX, Y
Kopi rosoBHOro Mo3ky mumeid AKI' Ha Tii 0a30BOi TKi CyTTEBO HE BIUIMBAB Ha
MapKkepu OKCHIATHBHOTO CTpEeCy, aje TMPU3BOAMB 10 3MEHIIEHHS AaKTUBHOCTI
(GhepMEeHTIB aHTHOKCHUJIAHTHOTO 3aXUCTy. Takox albda-KeToroTapar He BIUIUBAB Ha

pPIBEHb TJIOKO3M, AKTHUBHICTh TJIKOJITUYHUX (PEPMEHTIB Ta POOOTYy KOMIUICKCIB



MITOXOH/PIAJIbHOTO €JIEKTPOHTPAHCIIOPTHOIO JIAHIIOra Y KOpi TOJOBHOIO MO3KY
muteit. [Toxiono, sk 1 AKT, i’ka 3 BHCOKHMM BMICTOM KHPIB 1 PPYKTO3H MPU3BOIUIA
70 3HIDKEHHA aKTHBHOCTI (DEepMEHTIB, SKi 3A1MCHIOIOTh TJIOTATIOH3AIEKHY
JIETOKCHKAIIII0 KCEHOOIOTHKIB 1 MPOJIYKTIB MEPEKUCHOTO OKUCJICHHS JIIMiIB, a came
TIIIOTaTIOHNEPOKCUAA3H 1 TIII0TaTIOH-S-TpaHc(epasu, Ta 3pOCTaHHS PIBHS IEPOKCH/IIB
mmigie Ta aktuBHOCTI NAD(P)H:xiHOHOKCHmopenykTazu 1 (NQOT1). baszopa ixka 3
nonaBanHsiM AKI' mpusBojguia 10 BUIIOTO CHIBBIIHOUIEHHS BIJHOBJICHOTO [0
OKHUCJICHOTO TUIIOTaTioHy, BUIIOi akTuBHOCTI NQO1 Ta Bumux piBaiB MPHK UDP-
TIII0K030-6-1eriporenasu ta paxropy tpanckpumniii EB (TFEB), sikuii € mapkepom
aBTodarii. Sk BUCOKOKaJOpiiiHA 1’ka 3 BUCOKMM BMICTOM ()PYKTO3U Ta KUY, TaK 1
0a3oBa ika 3 nogaBanHaM AKI', a Takox IXHs KOMOIHAIISl COPHSUIA 3HH>KEHHIO PIBHIB
tpaHckpuntiB PDK4 (xmrouoBuit perynstop motoky mukiay KpeOca), rmimuH-N-
MetunTpancdepasu (pepment gerokcukaii), PGC-1a (kimrouoBuil perynsaropa LUKI
Kpebca, miToxoHapiansHOTO OioreHe3y 1 B-OKUCIeHHS )KUPHUX KUCIIOT).

B 111t cepii ekcnepumenTiB BuB4aiy BIunB AKI' y kom0OiHarii 3 kagerepiitHum
panioHOM, SIKMI1 MICTUB TUIIOBI 0OpOOJIEH1 MPOAYKTH XapuoOBOTO paliony JoauHu. Ha
BIJIMIHY BIJ] €KCIIEPUMEHTY 3 1K€ 3 BHUCOKUM BMICTOM (PPYKTO3H Ta XKHUPY, Y
€KCIIEPUMEHTI 3 KapeTepiiiHUM pallioHOM, MHILIEH (CAaMOK) CIIOYaTKy yTPUMYBAJIM Ha
KaQeTepiiiHy palfioHi MpoTATOM 8 THIXKHIB, a TIOTIM Ha HACTyMNHI 4 THXXHI YacTHHA
MHUIIIEH 10 Xap4uoBoro paiiony orpumyBaina 1% AKI 3 nutHoro Bogoro. Kaderepiiina
’ka 3HIKyBaJla aHTUOKCUJAAHTHUN 3aXUCT Y KOP1 TOJIOBHOTO MO3Ky camok C57BL/6J
cepenaboro Biky. JlomaBanus AKI' mo 6a30Boi DKi CHPHSIO MOBEIIHIII MHIICH 13
CUMIITOMaMu CcXOXUMU Ha TpuBory. KomOiHamis kaderepiiinoi ixi ta AKID
MOCUJIIOBaja TMOBEAIHKOBI 3MIHM y MHUIIEH, 30KpeMa 3HUXKEHHS JOCIIAHHUIIBKOI
aktuBHOCTI. HalicunbHimmMm epextom AKI™ Oyno iHAyKIis MOB'sI3aHUX 3 ayTo(dariero
reHiB Ta reHiB-mimenen Ouika FOXO, TpaHCKpunmitHOTO (GakTopy 3aJydyeHOro B
peryJiiio oOMiHy BYIJIEBOZIB Ta aHTHMOKCHIAHTHOrO 3axucty. [Ipumyckaemo, 1o
cnocrepexxyBana aist AKIT Ha moBeniHky Ta KITHHHI QYHKIIT MOXXKe OyTH TaKOX
ornocepenkoBaHa aktuBalicro AKI-3aexxHux rigpokcuias 1 aemerunas. [loxusHi

pedoBHHM KadeTepiitHOTO pallioHy MOXKYTh MMOCUJIUTH II0 JTit0, 30epiratoun mysa AKT.
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Takum ynHoM, 106aBku AKI' MOXYTh MPUHECTH KOPUCTH 3JI0POB’I0 MO3KY HIISIXOM
MOYJTIOBaHHS OKCHIATUBHOTO CTPECY Ta MOCHJICHHS ayTo(darii, Xoga HOro MoTeHITiaT
BUKJIMKATH MOBEAIHKY, OJIOHY 70 TPUBOTH, MiJKPECIIOE HEOOXIAHICTh MOAATBIINX
JTOCITIIKEHD.

Otxe, AKI' mpomoBxye TPUBAJICTh KUTTS JOBIOKHBYYOi IJIOOBOI MYIIKH
Jpo30(1JId B yMOBax OOMEKEHHS JOCTYITHOCTI O1JIKIB, ajie HE 3a ONTUMI30BaHUX YMOB
(30amaHcoBaHOro XapuyBaHHs OunkamMu 1 ByrieBojgamu). Takoxxk AKI mocnabmroe
AHTHOKCUJAHTHHUM 3aXHUCT, HE BILUTUBAIOYU CYTTEBO HA €HEPreTHUHUN METa0OII3M SIK
y MyX, Tak 1 mutieit Ha i 6a3oBoi 1ki. BogHnouac, AKT' Moke BUKIIMKATH TPUBOKHY
MOBEAIHKY y MHUIIEH 301IbIIEHHS BIIHOCHOTO cTarionapHoro piBHsA 1PHK reHis, siki
MOB’s13aH1 3 aBTOdari€ro, y Kopi rOJIOBHOTO MO3KY Ha TJIi CHOXKMBaHHS 0a30BOi 1XKI.
Honasanns AKIT 10 BUCOKOKaTIOPIHHOT 11 YaCTKOBO KOPUTYE 11 MeTaboI14H1 edeKTH
Ha MO30K MUILIEH, 3 OLbIIe BUpaXeHUM 3aXxucHUM BITUBOM AKI' Ha Tu1i 11 3 BUCOKUM
BMICTOM XHUpPY Ta (PYKTO3W, HIK Ha TII KaderepiitHoro pariony. OctanHiil ¢akt
MOXe OyTH MOB'SI3aHUWA K 3 CKJIAJOM 1XKi, TaK 3 TPUBAIICTIO CHOKMBAHHS Ta
(b131010TTYHUMH OCOOIMBOCTSAMM MHUIIEH (BiK, cTaTh). Pa3oM, pe3yibTaTd CBiAYaTh
npo Te, IO TepPONpPOTEKTOPHI Ta CTPEC-MPOTEKTOPHI BIJIACTUBOCTI  aibda-
KETOTJII0TapaTy 3ajie’aTh BiJl CKJIaTy 1K1 Ta (Pi310J0TTUHUX OCOOTUBOCTEN MOIETBHUX
TBapHH.

Kniwowuosi cnosa: anbda-kerormorapaT, CTapiHHS, TPUBAIICTh JKUTTA,
BHCOKOKaJIOpiiiHa Tka, KadeTepliHHUIl pallioH, MO30K, aBTO(aris, aHTHOKCHJIaHTHA
CUCTEMA, OKCUAATHUBHUN CTpec, akTuBHI (popmu kucHio, Drosophila melanogaster,

MHUIII1, CHEPTreTUYHUN MEeTab0I13M, MITOXOH/IP1i, MOBEIIHKA; XapUyBaHHSI.

Annotation
Demianchuk O.I. Influence of alpha-ketoglutarate on Drosophila and mice:
parameters of behavior, oxidative stress and energy metabolism.
Dissertation for the degree of Doctor of Philosophy in the specialty 091 Biology
— Vasyl Stefanyk Precarpathian National University, Ministry of Education and

Science of Ukraine, Ivano-Frankivsk, 2025.
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This dissertation is devoted to the study of the ability of alpha-ketoglutarate
(AKGQG), an important cellular metabolite, to influence aging and metabolic disorders
commonly associated with aging in model animals, the fruit fly Drosophila
melanogaster and laboratory mice Mus musculus. Previous studies on model organisms
(yeast, fruit flies, nematodes, and mice) have shown that the addition of alpha-
ketoglutarate to food increased the lifespan and slowed down the aging of these
organisms, but the mechanisms of AKG action have not been established in detail.
Some studies indicate that AKG can modulate pro-/antioxidant defense and act as a
caloric restriction mimetic. The aim of this study was to evaluate the ability of
exogenous alpha-ketoglutarate to modulate the lifespan, behavior and metabolism of
fruit flies and laboratory mice under physiological, delayed and accelerated aging
conditions. The research was focused on revealing the mechanisms of action of AKG,
which was added to the food of model animals in the form of a disodium salt solution,
and assessing its potential geroprotective properties. The long-lived subline D.
melanogaster derived from the Canton S line (to evaluate the effect of exogenous AKG
on lifespan, parameters of pro-/antioxidant status and energy processes under delayed
aging) and C57BL/6J mice (to study the effect of exogenous AKG on cognitive
functions (behavior) and brain biochemical parameters under consumption of standard
food and high-calorie food, which were used as a model of physiological and
accelerated aging, respectively). Thus, the study consisted of two parts. The first part
of the study was the investigation of the effect of AKG on the lifespan of a long-lived
subline of fruit flies and the AKG-induced changes in physiological and biochemical
processes. In the second part of the study, we examined the effect of AKG on the
cognitive functions of mice and biochemical parameters (energy metabolism, pro-
/antioxidant status, autophagy and related signaling regulatory pathways) in the
cerebral cortex of mice after consumption of standard and high-calorie food.

Adult flies were maintained on nutrient medium containing different
concentrations of basic components, sucrose and yeast, and 10 mM AKG (the
concentration that showed a geroprotective effect in previous studies). As

physiological parameters of Drosophila, we determined the lifespan, climbing activity,
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and resistance (survival) of 25-day-old flies to various stressors. Mice consumed AKG
in the form of a 1% solution of AKG sodium salt added to drinking water. The effect
of AKG on the behavior of mice was assessed by conducting an open field test. The
homeostasis of reactive oxygen species (ROS) in the model objects was assessed by
the level of lipid peroxides, thiols, glutathione and the activity of antioxidant and
related enzymes, and the expression of genes related to the antioxidant response was
evaluated by reverse transcription polymerase chain reaction (RT-PCR) with agarose
gel electrophoresis. Changes in energy status were assessed by the level of storage
metabolites (glucose, glycogen, triacylglycerols), the activity of glycolytic enzymes,
and the functioning of electron transport chain complexes. To evaluate autophagy, the
relative steady-state levels of the autophagy-related genes were assessed by reverse
transcription PCR.

In this work, it was found that exogenous AKG did not affect the lifespan of the
long-lived subline D. melanogaster on a standard medium containing 5% sucrose and
5% yeast (5C:5D), but increased the lifespan on media with low protein and high
sucrose (9C:1D). Middle-aged flies (25 days old) consuming standard medium
(5C:5D) without and with the addition of 10 mM AKG for three weeks did not differ
in the values of such physiological parameters as climbing activity and resistance to
starvation, heat stress and chemical stressors. However, flies consuming 10 mM AKG
had lower activity of some antioxidant enzymes (catalase and glutathione-S-
transferase) and lower levels of triacylglycerols. At the same time, AKG did not affect
the activity of enzymes that reduce NADPH", activity of key glycolysis enzymes,
functioning of the mitochondrial electron transport chain, and level of oxidative stress
markers. Thus, the consumption of exogenous AKG had virtually no effect on the main
energy-supplying processes, namely glycolysis and oxidative phosphorylation, but
weakened antioxidant defense and prevented the accumulation of storage lipids in
long-lived D. melanogaster flies. To test whether exogenous AKII acts through the
Nrf2 signaling pathway, the transcript levels of genes controlled by this protein were

evaluated. Alpha-ketoglutarate led to an increase in the relative steady-state level of
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Cyp6a2 gene mRNA, but did not affect the level of transcripts of Ugt3742 and GstD2
genes. This indicates a minor effect of AKG on the Nrf2 signaling pathway.

At the next stage of our work, we evaluated the effects of AKG in adult mice
consuming high-calorie diets, which are used as a factor that accelerates aging and
promotes the development of metabolic disorders. For the first time, it was
demonstrated that consumption of exogenous AKG with drinking water for 12 weeks
can induce anxiety behavior in mice (males) on basal food and high-calorie food high
in fat (lard) and fructose. In the open field test, the mice that consumed the basic food
or high fat high fructose food with the addition of AKG spent less time in the inner
area compared to the control group. This indicates anxious behavior and reduced
exploratory activity. Similarly to fruit flies, in the cerebral cortex of mice fed AKG on
basal food, markers of oxidative stress were not significantly affected, but the activities
of antioxidant defense enzymes were decreased. Also, alpha-ketoglutarate did not
affect glucose levels, glycolytic enzyme activity, and the functioning of mitochondrial
electron transport chain complexes in the cerebral cortex of mice.

Similarly to AKG, a diet high in fat and fructose resulted in a decrease in the
activity of enzymes involved in the glutathione-dependent detoxification of
xenobiotics and lipid peroxidation products, namely glutathione peroxidase and
glutathione S-transferase, and an increase in lipid peroxide Ilevels and
NAD(P)H:quinone oxidase 1 (NQO1) activity. The basal diet supplemented with AKG
resulted in a higher ratio of reduced to oxidized glutathione, higher NQO1 activity, and
higher mRNA levels of UDP-glucose-6-dehydrogenase and transcription factor EB
(TFEB), which is a marker of autophagy. Both high-calorie foods high in fructose and
fat and the basic food with the addition of AKG, as well as their combination,
contributed to a decrease in the levels of transcripts of PDK4 (a key regulator of Krebs
cycle flux), glycine-N-methyltransferase (a detoxification enzyme), PGC-1a (a key
regulator of Krebs cycle, mitochondrial biogenesis and B-oxidation of fatty acids).

In another series of experiments, the effect of AKG in combination with a
cafeteria diet containing typical processed foods of the human diet was studied. In

contrast to the experiment with high fat high fructose diet, in the cafeteria diet
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experiment, mice (females) were first kept on a cafeteria diet for 8 weeks, and then for
the next 4 weeks, a group of mice received 1% AKG with drinking water in addition
to their diet. Cafeteria diet decreased antioxidant defense in the cerebral cortex of
middle-aged C57BL/6J females. The addition of AKG to the basic food promoted the
behavior of mice with anxiety-like symptoms. The combination of cafeteria diet and
AKG enhanced behavioral changes in mice, including a decrease in exploratory
activity. The strongest effect of AKG was the induction of autophagy-related genes and
the target genes of FOXO protein, a transcription factor involved in the regulation of
carbohydrate metabolism and antioxidant defense. We suggest that the observed effects
of AKG on behavior and cellular functions may also be mediated by the activation of
AKG-dependent hydroxylases and demethylases. The nutrients in the cafeteria diet
may enhance this effect by preserving the AKG pool. Thus, AKG supplementation may
benefit brain health by modulating oxidative stress and enhancing autophagy, although
its potential to induce anxiety-like behaviors highlights the need for further research.

Thus, AKG prolongs the life of fruit flies under protein restriction, but not under
normal conditions (balanced diet of proteins and carbohydrates). AKG also weakens
antioxidant defense in flies and mice without affecting energy metabolism. This may
indicate the absence of geroprotective properties of alpha-ketoglutarate.

Thus, AKG prolongs the lifespan of the long-lived fruit fly Drosophila under
conditions of limited protein availability, but not under optimized conditions (balanced
protein and carbohydrate nutrition). Also, AKG weakens antioxidant defense without
significantly affecting energy metabolism in both flies and mice on a standard diet. At
the same time, AKG can cause anxiety behavior in mice by increasing the relative
steady-state level of autophagy-related genes in the cerebral cortex after consumption
of chow. The addition of AKG to high-calorie food partially corrects its metabolic
effects on the brain of mice, with a more pronounced protective effect of AKG on high
fat high fructose diet than on the cafeteria diet. The latter fact may be related to both
the composition of the food and the duration of consumption and physiological

characteristics of the mice (age, sex). Taken together, the results indicate that the
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geroprotective and stress-protective properties of alpha-ketoglutarate depend on the

composition of the food and physiological characteristics of the model animals.
Keywords: alpha-ketoglutarate, aging, life span, high caloric food, cafeteria diet,

brain, autophagy, antioxidant system, oxidative stress, reactive oxygen species,

Drosophila melanogaster, mice, energy metabolism, mitochondria, behavior, nutrition.
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