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Lleny: MwutoxoHapuanbHass AUCHYHKIUS W KIETOYHBIA CEHHCIEHC SBISIOTCS
OTIMYUTEIBHBIMHU [TPU3HAKAME CTAPEHUS K TECHO B3aUMOCBsI3aHbl. MUTOXOHpUATIbHAS
MUCHYHKIMSI, OOBIYHO COIPOBOXKIAIOIICECS IMOBBINICHHON MPOAYKIUEH CBOOOIHBIX
panuKanoB KUCIOPOAA, SIBJISETCS MPUYMHOM W CIEACTBHEM KJIETOYHOI'O CTApPCHUS U
UTpacT BaXXHYIO poOJib B MopjiepkaHuu (eHotumna crapeHus. OZHUM W3 OCHOBHBIX
MEXaHU3MOB YTWIM3alUN HE(PYHKIMOHATIBHBIX MUTOXOHAPUH B KIETKE SIBISETCS
MuTodarusi M €e AaKTHBATOPhl pPAacCMaTPUBAIOTCA B HACTOAIIEE BpeMsl Kak
MEPCIIEKTHBHBIC CPEACTBA ISl O0PBOBI C PSIOM BO3PACT-3aBHCUMBIX 3aboseBanumii [1].
VYpomutuH A sBisleTCSs METa0OJNMTOM  DIIJIarOBOM  KHCIOTBL, M TPOSBISET
repOIPOTEKTOPHBIC U AHTUOKCHIAHTHBIE CBOICTBA B Pa3IMYHBIX MOAEIBHBIX CHCTEMAX
[2, 3]. U3BecTHO, yT0 YpouutuH A, obnasaetT HEOOBIION pa3oduaeil akTHBHOCTD
[4], HO mpu 3TOM crOCOOCH HMHAYIUPOBAaTh MHUTO(MAruio, CIOCOOOM, BEPOSTHO, HE
CBSI3aHHBIM C Pa3o0lIeHHEeM OKHCIuTeNbHOTO (GochopenupoBanus [5]. Tlockombky
pa3o01LIeHre OKUCIUTENBHOTO (hocopunrpoBanus, SBISETCS CUIBHBIM CTUMYJISITOPOM
MUTO(AruH, MBI TIPEATIONOKHIIH, YTO MOJU(HUKALINS YPOIUTHHA A, yCUIMBAIOLIAs €ro
pazolInaronye cBOMCTBa, JOKHA YCHIINBATH €r0 CIOCOOHOCTH BBI3BIBATH MUTO(ArHIo,
a, 3HAYMUT, U MOBBICUTH €r0 OMOJIOTHYECKYIO aKTHMBHOCTh. PaHee OBbLIO MOKa3aHO, YTO
no0aBiieHHE JIMHEHHOIOo ajKuia, CoAepikKallero 6 aroMoB YIIepona, B CTPYKTYPY
MOJIEKYJIBI CIIOCOOHO YCHITMBATH €€ pa3o0imarorire cBoicTra [6]. OCHOBBIBAsSCH Ha 3TOM
¢akTe, HaMH OBUIO CHHTE3UPOBAHO MPOU3BOJTHOE YPOJIUTHHA A ¢ MeMOpaHO(DWILHON
rpymmoii C6H13 (KIRS152). JlanmHoe coeanHeHuss oOnamgaer OoJiee CHIIBHBIM
pazoOImaronieli aKTHBHOCTh M JIy4llle HaKalUIMBAeTCsS B KJIETKAaX IO CPaBHEHHUIO C
UCXoAHbIM  YponutuHom A. llenbto  Hamed  paboThl  ObUIO  CpaBHEHUE
reporporekTopHoro s¢dexra YponutnHa A u KIRS152 B Momenn unucnnarus-
WHIyLIHPOBAaHHOTO cTapeHus: GUOpOoOIACTOB KOXKU YEIOBEKa.

Memoowi: ccnenoBanue MpoBOMIIOCH HA HOPMAJIBHBIX TIEPBHYHBIX (GUOpodIacTax ot
310POBBIX TOHOPOB. C MOMOIIBIO Pe3a3ypHHOBOTO TeCTa OBIJIO MPOBEACHO CpPAaBHEHUE
nutoTokcuuHocTH ypoiutuHa A 1 KIRS152 nns mepBuunbix ¢gudpobmactoB. Hamnee
W3ydyalld BIIMSHUE HETOKCHYHBIX KOHIIGHTPAIIMH HCCIEeNyeMbIX COEIWHEHUI Ha
MapKepbl CEHECIICHCa, MHAYIMPOBAHHOTO IHMCIUIATHHOM. JUJIs WHAYKIMH CTapeHus
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¢ubpobnactel B TeueHue 24 4 nuakyouposanu ¢ 10 MxM nmcrutatina. [Tocie oTMBIBKH
K KieTkam go6asismu ypornutud A 1 KIRS152 B quana3zone koHunentpanuii ot 0.5 1o
100 MmxM. U naKyGupoBanu B Tedenne 6 cyT. Ha 7-e cyT npoBoawiu aHamu3 MPU3HAKOB
CEHECIICHTHOTO (heHOTHIIA.

B kadyecTBe OCHOBHOTO MapKepa CTapeHHs ObUT MCIONB30BaH METOJ OLIEHKH HHIEKCa
crapenust (MC) ¢ HOMOIIBIO TPOTOYHOTO IATOMETPA C CUCTEMO# Busyanu3aua Amnis
Flowsight. IC paccuuteiBamu mo cienyroieit Gpopmyie: UC = ((nAF - 1) + 5 x (nD -
1))/2, tne nAF — HOpmanu3oBaHHas aBTodiyopecueHus nunopycuuna, a nD —
HOpPMaJIM30BaHHBIN nuameTp KieTkd. C BO3pacTOM KIETKH HAKAIUTMBAIOT JTUIMOQYCIIMH
U yBEIMUYUBAIOTCA B pasMmepe. Takum oOpas3om, ueM cTapiue Kietka, Tem Boime KC.
I[loMmumo 3TOrO, M1 OLEHKH TPOSBICHUS CEHECUEHTHOro (eHoTumna Obun
WCTIONB30BaHbl  CICAYIONIME METOJAUKH: THCTOXMMHUYECKas OLEHKA MpOSIBICHHUS
acCOIMMPOBAaHHOW €O cTapeHHeM [-ramakto3mnmaszbl (SA-B-gal) u ompenenenue
comepkanusi  muroknHa ~ GDF15  (xapakrepm3yeT — cekpeTopHBIH  (eHOTH,
ACCOL[MMPOBAHHBIN CO CTAPEHUEM) C TIOMOIIBI0 MMMYHO(PEPMEHTHOTO aHAIN3A.
Peszynomamul: AHanmu3 pe3ynbTaToB pe3a3ypHHOBOTO TecTa MOKAa3all, YTO MHKYOAIHs
¢puOpo0IacCTOB C ypONUTHHOM A B TeueHHe 24 YacoB CHIDKAET JKM3HECIOCOOHOCTH
¢ubpobnacroB, HaumHas ¢ KoHueHTpauuun 20 MkM. B To Bpems kak KIRS152
HeToKcuueH BIUIOTh A0 100 MkM. Anamu3 pesyibTaToB oneHkun MC Ha mpoTOYHOM
nuTodmyopumerpe mokazan, uto kak KIRS152, tak um yponuTuH A 10303aBHCHMO
cHrxkaroT 3Hauenue MC B nuamnasoHe KoHLeHTpauud oT 2 go 25 MxM. Ilpu stom
repornpotekTopHbli 3 dext it KIRS152 BeipaxkeH cuibHEe, YeM JUIsl yPOIUTHHA A.
[TockonmpKy cuMTaeTCs, YTO T€PONPOTEKTOPHBINA IPGHEKT YpPOIUTHHA A CBSI3aH C €r0
CMOCOOHOCTBHIO HMHIAYLUPOBAaTH MHUTO(Ardio, TO TMOAaBIeHHEe MHUTO(aruu IOIKHO
OoTMeHATHh A3TOT 3¢ddekr. as Toro 4YToOBl MPOBEPUTH 3TO MNPEATOJIOKEHHE, MBI
ucnonb3oBan SBI-0206965 — warn6urop kunaszelt ULK1, urpatomieli KpuTHYECKYIO
ponms B ayrodarmu. IIpemoOpaborka QubpodmactoB SBI-0206965 otMeHsI10
reponpotektopHbii 3pdekt KIRS152 u yponutuHa A. YUTO CBHICTEILCTBYET B MOJIb3Y
MIPEONI0KEHUSI O TOM, YTO MEXaHHU3M KIJIETOYHOIO JAEWCTBUS MCCIEAYEMBIX BEIECTB
MOKET OBbIThb CBf3aH C MHAYKIMEH MHUTO(Aruu, SBISIOMICHCS TUIOM CEJIEKTUBHON
ayrodarueid. na ouenku BnusHuA reporpoTrekropoB KIRS152 u yponutnna A Ha
MPOSIBIIEHHE  CEHECIIEHTHOro  (eHormma, Obta wu3Mepena goms  SA-B-gal-
MOJIOKUTENIBHBIX KJIETOK MOCJIE TUCTOXMMHYECKOT0 OKpainBaHusi. SA-B-gal sBnsercs
OMOMapKepoM aKTUBAllUM JIM30COMAJIBHOIO IYTH CTapeHHs, A KOTOpOro ObuLIO
MOKa3aHO 3HAYUTENFHOE MOBBIIICHNE IKCIPECCHH C YBEITUYEHHEM BO3pacTa KIIETOK.
AHaJIN3 MOTyYSHHBIX JJAHHBIX MPOJEMOHCTPUPOBAI I0303aBUCHMOE YMEHbBIIICHHE JTOTH
SA-B-gal-nonoxurenpubix kierok kak st KIRS152, tak uw mis yponutuHa A B
rccaeayeMbix auana3zoHax KoHueHTpauui. Tak kak KIRS152 3ametHo cHmxaet UC, HO
OKa3bIBaeT MeHbIIUi 3pdekt Ha 1m0 SA-B-gal-moaoKuTe bHBIX KIETOK, MOYKHO
NPEIIONIOKUTb, YTO OH MEIIAeT HAKOIUIGHHIO B KieTke nunodycuuHa. OieHka
coJepKaHusl B MHKyOanmMoHHOU cpene dakropa pocta u nuddepenuuposku GDF15,
TIOBBIIIIEHUE YPOBHS KOTOPOT'O TaKXKe SIBJISIETCS MPU3HAKOM CEHECIIeHCa, IoKa3asa, 4To
KIRS152 B xommentpanuu 2 MKM MpeaoTBpaliaeT MNUCIUIATUH-UHAYIIUPOBAHHOE
yBenuueHne cekpeunud GDF15, B To BpeMs Kak ypoJMTHH A He OKa3bIBaeT NOAOOHOTO
addexra.

Bui6o0wi: Takum 06pazom, MbI Tokazaiu, uyTo o0a coeauaenus — KIRS152 u yponntun
A — 10303aBHCHMO CHIKAIOT JIOJO SA-B-TIOJIOKUTENBHBIX KIETOK, a Takke MC B
MOJIENIN LUCIUIATHH-UHYTUPOBAHHOTO cTapeHus: GuOpoOIacToB KOXKH yenoBeka. B To
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ke Bpemst 3ddexr KIRS152 na UC Bbeime, yem Ui ypoiauTHHA A B TeX XKe
koHIeHTparusax. IlpemoOpaborka ¢ubpodmactoB wuHrnoOuTopoM kuHazel ULKI1
MPETATCTBYeT  TePONPOTEKTOPHBIM  CBOWCTBAM  OOOMX  COCOWHEHHWH,  4YTO
CBUJIETENBCTBYET O BKIJIaJe MUTO(daruu/ayrodariu B 3aUTHEIH 3 ekt yponutuHa A
u ero npousBojHoro. [Ipu stom Toapko KIRS152 npengoTepaiiaeT ycuieHnue cekpenun
GDF15. Kpome Toro KIRS152 sBasercs MeHee TOKCHYHBIM COCAMHEHHUEM IS
¢ubpobiacToB YemoBeKa, YeM ypoiuTuH A. Bce BhIenepedncieHHoe yKa3blBaeT Ha
TO, 4TO TepornpoTekTopHble cBoiicTBa KIRS152 npeBocxoasaT cBolcTBa ypoiauTHHA A
0 sy mapaMeTpoB.

Qunancuposanue. iccnenosanve noaaepxano PHO (Ne 23-14-00061).
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Aims: Mitochondrial dysfunction and cellular senescence are key features of aging and
are closely intertwined. Mitochondrial dysfunction, often accompanied by heightened
production of free radicals, both leads to and results from cellular senescence, playing a
pivotal role in maintaining the aging phenotype. Mitophagy, the cellular process
responsible for disposing of dysfunctional mitochondria, and its activators are currently
being investigated as potential tools to combat various age-related diseases [1].
Urolithin A, a metabolite of ellagic acid, demonstrates geroprotective and antioxidant
properties across various model systems [2, 3]. Although it exhibits minimal uncoupling
activity [4], it can induce mitophagy, likely through mechanisms unrelated to oxidative
phosphorylation uncoupling [5]. We hypothesized that enhancing the uncoupling
properties of urolithin A could augment its mitophagy induction and consequently boost
its biological efficacy. Previous research has indicated that appending linear alkyl groups
containing six carbon atoms to the molecule can enhance its uncoupling properties [6].
Building upon this, we synthesized a derivative of urolithin A with a C6H13
membranophilic group (designated as KIRS152). This compound exhibits stronger
uncoupling activity and better cellular accumulation compared to the original urolithin
A. Our aim was to compare the geroprotective effects of Urolithin A and KIRS152 in a
model of cisplatin-induced aging in human skin fibroblasts.

Methods: The study involved normal primary fibroblasts from healthy donors.
Cytotoxicity of urolithin A and KIRS152 on primary fibroblasts was assessed using the
resazurin test. Subsequently, the impact of non-toxic concentrations of the compounds
on cisplatin-induced senescence markers was evaluated. Fibroblasts were exposed to
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10 uM cisplatin for 24 hours to induce senescence, followed by treatment with
urolithin A and KIRS152 at concentrations ranging from 0.5 to 100 uM for six days.
Senescent phenotype markers were analyzed on the seventh day.

The senescence index (SI) was determined as the main aging marker using a flow
cytometer Amnis Flowsight with a visualization system. SI was calculated using the
formula: SI = ((nAF — 1) + 5 x (nD — 1))/2, where nAF represents normalized lipofuscin
autofluorescence and nD represents normalized cell diameter. Lipofuscin accumulation
and cell size increase with aging, hence higher Sl values indicate older cells.
Additionally, other methods used to assess senescence phenotype manifestation included
histochemical assessment of senescence-associated P-galactosidase (SA-B-gal) and
determination of GDF15 cytokine content (a marker of senescence-associated secretory
phenotype) using enzyme immunoassay.

Results: Analysis of the resazurin test results showed that incubation of fibroblasts with
urolithin A for 24 hours reduced fibroblast viability starting at a concentration of 20 pM.
While KIRS152 is nontoxic up to 100 uM. Analysis of the results of SI evaluation on
flow cytofluorimeter showed that both KIRS152 and urolithin A dose-dependently
reduced SI value in the concentration range from 2 to 25 puM. Moreover, the
geroprotective effect was more pronounced for KIRS152 than for urolithin A. Since the
geroprotective effect of urolithin A is thought to be related to its ability to induce
mitophagy, suppression of mitophagy should abolish this effect. To test this assumption,
we used SBI-0206965, an inhibitor of ULK1 kinase, which plays a critical role in
autophagy. Pretreatment of fibroblasts with SBI-0206965 abolished the geroprotective
effect of KIRS152 and urolithin A. Which is in favor of the assumption that the
mechanism of cellular action of the investigated substances may be related to the
induction of mitophagy, which is a type of selective autophagy. To evaluate the effect
of the geroprotectors KIRS152 and urolithin A on the manifestation of the senescence
phenotype, the proportion of SA-B-gal-positive cells after histochemical staining was
measured. SA-B-gal is a biomarker of activation of the lysosomal senescence pathway,
for which a significant increase in expression with increasing cell age has been shown.
Analysis of the data demonstrated a dose-dependent decrease in the proportion of SA-p-
gal-positive cells for both KIRS152 and urolithin A over the concentration ranges
investigated. Since KIRS152 markedly reduced IS but had a smaller effect on the
proportion of SA-B-gal-positive cells, it can be assumed that it interferes with the
accumulation of lipofuscin in the cell. Evaluation of the content of the growth and
differentiation factor GDF15 in the incubation medium, the increase in the level of which
is also a sign of senescence, showed that KIRS152 at a concentration of 2 uM prevents
the cisplatin-induced increase in GDF15 secretion, while urolithin A has no such effect.
Conclusion: Both KIRS152 and urolithin A demonstrated dose-dependent reduction in
SA-B-positive cells and Sl in the cisplatin-induced aging model of human skin
fibroblasts. KIRS152 exhibited a superior effect on SI compared to urolithin A at similar
concentrations. Pretreatment with ULK1 kinase inhibitor abolished the geroprotective
properties of both compounds, implicating mitophagy/autophagy in their protective
mechanisms. Furthermore, only KIRS152 prevented enhanced GDF15 secretion and
displayed lower toxicity to human fibroblasts compared to urolithin A, suggesting its
superior geroprotective properties.

Funding: The study is supported by RNF (No. 23-14-00061).
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