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1. TIponjecu po3BUTKY Ta CTapiHHS 6i0JIONYHUX CHUCTEM 3a/IMLIAIOTHCS OJIHIEIO 3 KJII0YOBUX HEPO3B'sI3aHUX [IPOOIeM
6iosorii Ta MeguuuHY. [x OCHOBY CTaHOBJIATh CKJIA[HI HEJIiHINHI B3aeMOJIii OpraHi3amy 3 YUHHUKAMU
HAaBKOJIMIIHBOTO CEPEJIOBUINA (EKCIIOCOMOIO), SIKi CIPUYMHSIOTh CUCTEMHY Nepeby0By META001i3My, CIIPSIMOBAHY
Ha 30epeKeHHs JXUTTE3NATHOCT] OpraHi3My. Taki 3MiHN PO3IJIIaloThC SIK NPoLecu TrHaMivyHoi aganTanii. OgHuM
i3 HacigKiB TpYBasIoi afamnTallii € IOCTYIIOBa BTPaTa PeaKTUBHOCTI 6i0JIOTiYHOI CHCTEeMHU, 1110 IIPOSBIISIETHCS
(OpMyBaHHSIM XPOHIUHHUX [1ATOJIOTiH, GiIBLIICTD i3 SIKUX Mae BiIKOBO3aJIeXXHUI xapakTep. [I0ka3oBo0 MOZEIIIIO
TaKUX TEMIIOPAJIbHUX B3a€MO/i € 3MillleHHS 6aslaHCy Mifii B opraHiami Ta po3BUTOK Cu-iHgyKoBaHOTO (i6po3y
neyvinku. PaHime B Hawil 1abopartopii 6yJ0 okasaHo, o TpYBasa Aisl ioHiB Mifli, 3 0BHOTO OOKY, BUKJIMKAE
dopMyBaHHS CTIMKOCTI [0 ii TOKCUYHOI i Ta IPOSIBU TOPMEBUCY, a 3 IHIIIOrO — CYIIPOBOJKYETHCSI PO3BUTKOM
($i6po3y nediHku. lle 3yMOBIII0€ HEOOXiIHICTb 3'ICYyBaHHS MEXaHi3MiB IIepexoly afalTUBHOI BiTIOBili y XpOHIYHUI
NaTOJIOTIYHUI CTaH. MeTo0 pO60TH 6yJI0 pO3POOUTHU KOHLEIII0 MeXaHi3My (POPMYBaHHS XPOHIYHUX CTaHIB Ha

mogeri Cu-inpykoBaHOro (pi6po3y MeviHKU Ta AOCHiTUTH IPOQiIakTUYHUN [T0TEHLiaJl IPUPOIHUX MOTiPEeHOIbHUX



CIIOJIYK, 30aradyeHux xJI0POre€HOBOIO KUCJIOTOIO. [I71s1 OCSITHEHHS MeTH OYJI0 IIOCTaBJIEHO TakKi 3aBAAHHS: pO3POOUTU
KOHLIETIII{10 «eKCIIOCOM-IHIyKOBAaHOTO METab0JIiYHOTO PECETUHTY»; LOCHITUTH POJIb IIOPYLUIEHHS O6ajaHCy Mifi y
CCaBLIiB, IPDKIXKIB i 6aKTepiil; OLiHWUTH BILJIMB [10J1i()€HOIBHUX CII0JIYK COHSIIIHMKOBOTO LIPOTY Ha
iMyHOKOMIIETEHTHi KJIiTUHM KPOBi TBapuH i3 Cu-iHgyKOBaHUM (pi6pPO30M MEUiHKK; CTBOPUTH CYIIPaMOJIEKYJISIPHI
KOMILJIEKCH MiXK Ka3eiHOM MOJI03MBa Ta NOJIi(eHOJIbHUMH CIIOJYKaMU IJ1s1 cTabisisalii xJ10poreHoBOi KUCJIO0TY;
IOCIINTY iX BIVIUB Ha KJIITUHHI Ta 6i0XiMiuHi MOKa3HUKU 32 yMOB Pibpo3y nevinku. [TosidpeHonbHi crionyku
COHSIIIHMKOBOTO HIPOTY 6YyJIM 00paHi uepes ix NpUupojHe OXOAKEHHS], LIMPOKUIA CIIEKTP 6i0JI0TiYHOI aKTUBHOCTI,
IOCTYITHICTb Ta EPCIIEKTUBHICTD SIK aJIbTEPHATUBU MaJI0€()EKTUBHAM KJIACUYHUM FenaTonpoTeKropaM. OgHuM i3
rOJIOBHUX OOMeEsKeHb X BUKOPUCTAHHS € HU3bKa CTabi/IbHICTh, TOMY 0YyJI0 3aIIPOIIOHOBAHO (OPMYyBaHHS
CyIIpaMOJIEKYJISIPHUX KOMILJIEKCIB i3 Ka3eiHOM MOJIO3UBa, 1110 3a0e3Ieuye CcTabiizallilo XJI0pOreHoBoi KUCIOTH. Y
PO60Ti BUKOPUCTAHO KOMILJIEKC Pi3UKO-XIMIYHUX, 6i0Di3NYHUX, 6IOXIMIYHUX, ITUTOJOTIYHUX, MiIKpOOiOIOTIYHUX,
6ioTexHosoriyHuX Ta ¢i3iosoriyHux MeToziB. 3okpeMa 3acTtocoBaHo YP- Ta GpryopecLeHTHY CIIEKTPOCKOIIIIO,
BM3HAYEHHS aKTUBHOCTI (PepMEHTIB MeYiHKY, LIUTOJIOTIYHNI aHasIi3 KIIITUH KpOBi, MogestoBaHHs Cu-iHIyKOBaHOTO
($i6po3y NediHKY, a TAKOXK METOIA CUHTE3y KBAHTOBUX TOUOK i CTBOPEHHS CYIPAMOJIEKYJISIPHAX KOMILJIEKCIB.
P03p06s1€HO KOHLEMILI0 «EKCIIOCOM-iHAYKOBAaHOTO META00JIIYHOTO PECETHHIY», BiITIOBIIHO 10 SIKOi (POPMYBaHHS
XPOHIYHUX CTaHiB MPOXOAUTH MOCJIIOBHI eTanu: afanTailisi, BAHUKHEHHSI MeTabOoJIiYHOi Ta enireHeTUYHOI MaM'sSITi i
3aKpilVIeHHs aJalNTUBHYX METa00JIiYHUX NTaTEPHIB y BUIJISAI CTIKMX CTaHiB — peceTuHry. OCO6/IUBICTIO TAKOTO
PECETUHTY € 3[IaTHICTb C(OOPMOBAHUX META00JIYHUX IIPOrpaM 36epiraTrucs HaBiTh MiC/Isl yCYHEHHS] YAHHUKA, SIKUI
ix iHIyKyBaB. 3alIpONIOHOBAHO, 1O iX YCYHEHHS MOXJIMBE JIMIIE LUISIXOM (POPMYBaHHSI HOBOTO, 3BOPOTHOTO
PECETHHTY 3a y4acTIO IPUPOIHUX 6i0JIOTTYHO aKTUBHUX CIIOJIYK. PO3p06sieHO eeKTUBHNUIL CIIOCIO OTPUMAaHHS
NOJ1i)EHOJIbHUX CIOJIYK i3 COHSIIIHUKOBOTO IIPOTY Ta CUHTE30BaHO KBAHTOBI TOYKM Ha OCHOBI (eHinedpuny 1s
BHCOKOYYTJIMBOTO (PJIyOPECLIEHTHOTO BU3HAYEHHS XJIOPOT€HOBOI KUCJIOTUA. BCTaHOBJIEHO, 1O BMiCT XJIOPOT€HOBOI
KUCJIOTU Y BUJIEHOMY KOMILJIEKCi 10J1iheHOIiB CTAaHOBUTD He MeHIe 15 %. Briepiie CTBOpEHO CyIpaMoJIeKyJIsIpHi
KOMIIJIEKCH «Ka3eiH-T10J1ipeHOIM» Ta TOKa3aHo, 110 BOHU (POPMYIOTHCS 32 PaxyHOK BOJHEBUX 3B'SI3KiB.
MousexkysipHA JOKIHT 3aCBiT4UB HASIBHICTD [1€B'SITU IOTEHLIMHMX LIEHTPIiB 3B’13yBaHHSI XJIOPOT€HOBOI KUCJIOTHU 3 O-
Ka3eiHOM, sKi XapaKTepusyloTbcs pi3HOIo adiHHicTIO. [TokazaHo, o epopaibHe BBeAeHHS MOTiPEeHOJIbHUX CIIOIYK
COHSIIIHMKOBOTO HIPOTY TBapuHaM i3 Cu-iHayKkoBaHUM (iOPO30M I1€UiHKY BiTHOBJIIOBAJIO KiJIbKICTD
iMYHOKOMIIETEHTHUX KJIITUH JI0 PiBHS iHTAaKTHOTO KOHTPOJIIO Ha PaHHIX CTafisiX po3BUTKY naToJiorii. EQexr 6yB
6i71bIll BUDQ)KEHUM IIPU [1€POPaJIbHOMY BBEJI€HHI, 110 CBiUATh IIPO MOXJIMBY y4aCTh KMIIKOBOTO MikpobioMa y
peauizauii 6iosioriynoi aii nosideHosis. BcTaHOBIEHO, 1O CyNIPaMoJIeKyJIsipHi KOMIIEKCH «Ka3eiH—-T1omigpeHonn»
3abe3rnevyBajy TpUBaje 30€pe>KeHHS XJI0POreHOBOI KUCIOTH, HOPMaJli3yBasy KiJbKiCTb iIMyHOKOMIIETEHTHUX
KJIITHH i BiJHOBJIIOBA/IM aKTHUBHICTb ajlaHiHaMiHOTpaHcdepasy Ao piBHS iHTaKTHUX TBapuH. OTpUMaHi pe3yabTaTu
CBilyaTh, 0 TaKi KOMIJIEKCH € TIEPCIIEKTUBHOIO OCHOBOIO (PYHKIIOHATIbHUX Xap4YOBUX IPOAYKTIB AJIs

npodinaktuky Cu-iHnykoBaHoro (pi6bpo3y nediHKU Ha paHHIX CTafiisxX 10ro PO3BUTKY.

2. The processes of development and aging of biological systems remain among the most challenging unresolved
problems in biology and medicine. Aging is driven by complex, nonlinear interactions between the organism and
environmental factors collectively referred to as the exposome. These interactions result in systemic metabolic
remodeling aimed at maintaining organismal integrity and viability, a phenomenon referred to as dynamic
adaptation. However, prolonged adaptation may lead to the gradual loss of biological responsiveness to
environmental stimuli, resulting in chronic pathological states, most of which are age-related. A representative
model of such temporal interactions is the disturbance of copper homeostasis leading to Cu-induced liver fibrosis.
Previous studies conducted in our laboratory demonstrated that repeated exposure of experimental animals to
copper ions induced resistance to copper toxicity and hormetic effects, while simultaneously promoting liver
fibrosis. These findings raise a fundamental question: why does an adaptive response that initially enhances
survival ultimately result in irreversible pathological conditions? The aim of this work was to develop a concept
explaining the mechanisms underlying chronic state formation using the Cu-induced liver fibrosis model and to
investigate the preventive potential of natural polyphenolic compounds enriched with chlorogenic acid. The
objectives were to: formulate and substantiate the concept of "exposome-induced metabolic resetting"; investigate



the role of copper imbalance in biological regulation using mammals, yeast, and bacteria as model systems;
evaluate the effects of sunflower meal polyphenols on circulating immunocompetent cells in animals with Cu-
induced liver fibrosis; develop and characterize supramolecular complexes of colostrum casein with polyphenolic
compounds for chlorogenic acid stabilization; and assess their effects on immunological and biochemical
parameters in experimental animals. Sunflower meal polyphenols were selected because currently available
hepatoprotective drugs show limited efficacy against advanced liver fibrosis, whereas natural polyphenols possess
broad biological activity, are readily available from agricultural by-products, and represent promising therapeutic
candidates. Their practical application is limited by oxidative instability; therefore, complexation with colostrum
casein was proposed as an approach to improve chlorogenic acid stability. The study employed physicochemical,
biophysical, biochemical, cytological, microbiological, biotechnological, and physiological methods, including
quantum dot synthesis, UV and fluorescence spectroscopy, electrical conductivity measurements, enzyme activity
assays, blood cell analysis, microbial growth evaluation, production of yeast and microalgal autolysates, and
experimental modeling of Cu-induced liver fibrosis. A new concept termed "exposome-induced metabolic
resetting" was developed. According to this concept, chronic pathology formation proceeds through sequential
stages involving adaptation, establishment of metabolic and epigenetic memory, and stabilization of adaptive
metabolic patterns into persistent metabolic states referred to as resetting. These metabolic programs remain
self-sustaining even after elimination of the initiating environmental factor. It is proposed that restoration of
normal metabolism requires induction of a reverse metabolic resetting mediated by natural bioactive compounds.
A simple and efficient method for extracting polyphenolic compounds from sunflower meal was developed.
Phenylephrine-based quantum dots were synthesized, and a sensitive fluorescence assay for chlorogenic acid
determination was established. The extracted polyphenolic fraction contained at least 15% chlorogenic acid. For
the first time, supramolecular complexes of casein and sunflower meal polyphenols were obtained and
characterized. Their formation was shown to depend on hydrogen bonding, while molecular docking identified
nine potential chlorogenic acid binding sites within n-casein exhibiting different binding affinities. Oral
administration of sunflower meal polyphenols restored immunocompetent cell numbers to control levels during
the early stages of Cu-induced liver fibrosis. This anti-inflammatory effect was more pronounced after oral than
intraperitoneal administration, suggesting the possible involvement of the gut microbiome in mediating
polyphenol activity. Furthermore, the developed casein-polyphenol supramolecular complexes provided
prolonged stabilization of chlorogenic acid, normalized immunocompetent cell counts, and restored alanine
aminotransferase activity to control values. These findings demonstrate that chlorogenic acid-enriched
casein-polyphenol supramolecular complexes represent promising functional food ingredients for the prevention
of Cu-induced liver fibrosis during the early stages of disease development.
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Micuesnaxo;pxeum:: MangaH CBobonu, XapkiB, XapkiBcbkuil p-H., 61022, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepCcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi

BaacHe IIpizBume Im's I10-6aTbKOBI Bepect Bonopumup Ilerposud
rOJIOBM pajau

BaacHe IlpizBuime Im's [10-6aTbKOBI Bepect Bonopumup Ilerposn
roJIOBYIOYOroO Ha 3acigaHHi

BiamoBiganbHHUE 32 MiZITOTOBKY [llepyenKo AHzIpiit OeKCaHapOBUY
00JIIKOBHX JJOKYMEHTIB

PeecTparop IOpueHko TetsiHa AHaTOJiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




