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[Iporecu po3BUTKY Ta CTapiHHA O10JIOTTYHUX CHCTEM 1 J0C1 3aiiMalOTh OJTHE
3 IEHTPAJIbHUX MICIb Cepel HEpo3B’s3aHuX OloMeauuHuX Mnpoodiem. Taka
CUTYyaIllsl TTOSICHIOETHCS THUM, III0 B OCHOBI IPOIIECIB CTapiHHA JIeKaTh CKJIAJHI,
HEJTIHIMHI TPOIECH TEMIIOPAIIbLHUX B3a€EMO/1H OpraHi3My 13 CyKyIHICTIO YUHHHUKIB
HABKOJIMIITHBOTO CEPEIOBUILA — EKCIIOCOMO. Pe3ynbTaTH Takux B3a€MOJIIN
NPOSIBIISIIOTECA Y CUCTEMHIM mepedyZoBi MeTaboii3My, siKka CIpsIMOBaHa Ha
30epeKeHHS IIUTICHOCTI Ta KUTTE3AATHOCTI cucteMu. L{i sBUIa MU BU3HAYAEMO
SIK TIPOIIECH JUHAMIYHOI aJlarTarii.

[Ipu posrmsangi mpobiemu agantamii JOCTIAHMKH YacTO CTUKAIOTHCS 3
(GhopMyBaHHSIM «BTpPaTH» PEAKTHUBHOCTI 010J0TIYHOI CUCTEMH Ha Ji1i €KCIIOCOMHU,
T0OTO (OpMyBaHHSM TaKUX CTaHIB, 3a SKUX OloJoTiYHA CHUCTeMa BTpayae
«UyTJIMBICTHY» JI0 TOJAJBIINX i €KCIIOCOMHU, 1 TaKl CTAaHW MPUIHATO BU3HAYATU
SK XPOHIYHI MATOJIOT1i. BIIBIIICTh XPOHIYHUX MATOJIOTIH MalTh BIK-3aJICKHUM
XapakTep.

[Ipu gociniiPKeHHI MPOLIECiB CTapiHHS HAYKOBIIl CTHUKAIOTHCS 3 SBHUIIEM
30UTbLIEHHS! KUIBKOCTI XpPOHIYHUX MATOJIOTIH, SIKI HE MiJJIal0ThCs JTIKYBaHHIO Ta
CKOPOUYIOTh TPUBAJICTh KUTTA. PO3yMiHHS MexaH13MiB (JOPMYBaHHS XPOHIYHHX
MaToJIOTi Ta po3poOKa crnocoOiB iX MPOQITaKTUKU W JIKyBaHHSA € OIHIEIO 3
HalaKTyaJbHINUX 33729 Ha CTUKY O10JIOT1l Ta METUITMHH.

BnanuMm mpukiagoM TeMmopaibHUX B3a€EMOJiN OpraHi3My 3 YHHHHKAMU
€KCIIOCOMH € 3MiHa OaiaHcy Mijl B oprani3mi y Oik ii 301JiblIeHHs Ta POpMyBaHHS

Takoi XpoHiyHOi marosorii, ssk Cu-inaykoBanuit Gpiopo3 nevinku. Panime B Hatmii



naboparopii Oyjo moOKa3aHO, IO TOCHIJOBHI Jii 10HIB MiJl Ha OpraHi3m
€KCIIEPUMEHTAJIbHUX TBAPUH, 3 OJHOTO OOKY, CYMpOBOIXKYBaIUCS (POPMYBaHHAM
CTIHKOCTI TaKUX TBApHH J0 TOKCHYHOI JIii IIbOTO METATY Ta MPOSIBOM TOPME3HCY,
OJIHaK Ha TJII TaKOTO MO3UTUBHOrO ehekTy mano micie U GopmyBaHHs PiOpo3y
MIEYIHKH.

[Toripy akTyandpHICTH Ta 3HAYHI 3YCWLIS IIOJ0 PO3POOKH CHOCOOIB
JIKyBaHHS XPOHIYHUX MaTOJIOTiH, mpoOiema pganeka Bia BupimeHHsa. CyTb
npobsieMu pOpMyBaHHSI XPOHIYHUX MATOJIOTIM MoOke OyTH 3BEACHA JI0 MOIIYKY
BIJIMOBIA1 HA MUTaHHA: «YOMy 1 SIK aJlaliTUBHA BIAMOBIb OPTaHI3MY, CIIPSIMOBaHa
Ha BIDKMBAaHHS B HOBHUX EKCTPEMallbHUX YyMOBaX, MPHU3BOJIUTH J0 BTPATH
MOJ1aJIbIIIOT aIallTUBHOCTI Ta (POPMYE 3arpo3JIMBi MAaTOJIOTIYHI CTaHU?»

Metow poGoTm OyJ0: po3poOka KOHUENIIi MexaHizMy (QopMyBaHHS
XpOHIYHUX cTaHiB Ha Mojieni Cu-1HAyKOBaHOTO (PiOpO3y NEUiHKH Ta JOCI1HKEHHS
POJTl MPUPOAHUX MOJI(PEHOIBHUX CIOIYK, 30aradeHruX XJIOPOT€HOBOI KUCIOTOIO,
y 3amo0iranHi pOpMyBaHHIO TAKMX XPOHIYHUX CTAHIB.

Y 3B’A3Ky 3 UMM BHpilIyBaJu Taki 3aBaaHHsa: 1 — po3poOutu U
0oOTpyHTYyBaTU KOHIIETIIII0 «EKCIOCOM-1HTyKOBaHOTO MeTabOoJIIYHOTO
peceTuHry»; 2 — JIOCHIAUTH pOJib OajaHCy MiJl B MeXaHI3MaxX peryJisiii
010JIOTIYHUX TPOLIECIB HA PI3HUX OI10JOTTYHUX MOJENAX (CcaBili, APDKIKI Ta
OakTepii); 3 — TOCHIAUTH BIUIMB MOJII(PEHOIBbHUX CHOJYK COHAIIHUKOBOIO IIPOTY
Ha KUIBKICTh IMyHOKOMIIETEHTHMX KIITHH Yy KpOBOTOL TBapuH 13
Cu-iHykoBaHUM (PiOPO30M MEUIHKHU 3a PI3HUX CIIOCOOIB X BBEJICHHS B OpraHi3M;
4 — po3pobuTH Crocid OTPUMaHHS CYNMPAMOJCKYJSIPHUX KOMIUIEKCIB MIX
Ka3eiHOM MOJIO3MBa Ta MOJI()EHOIPHUMHU CIIOTyKaMu 3 METOI0 cTalbimizarii
XJIOPOT€HOBOT KHCJIOTH Ta HAAAaTH XapaKTePUCTHKY MM KOMIUIEKCaM; 5 —
JOCIITUTH BIUIUB OTPUMAHUX CYMPAMOJIEKYISIPHUX KOMIUICKCIB MK Ka3eTHOM
MOJIO3MBA Ta MOJI(PEHOJbHUMHU CHOJYKaMHU Ha KUIBKICTh IMyHOKOMIIETEHTHHUX
KJIITUH Y KpOBOTOILI1 TBapuH 13 Cu-1HAyKOBaHUM (piOpO30M MEeUiHKH; 6 — TOCHIIUTH

BIUTMB OTPUMAHUX CYIIPAMOJICKYJIIPHUX KOMILUIEKCIB MK Ka3eiHOM MOJIO3MBa Ta



noipeHOJPHUMH CITOJIYKaMH Ha JesKl O10XiMIUHI TOKa3HUKH y TBapuUH 13
Cu-iHnyKoBaHUM (BiOPO30M MEUIHKH.

Bubip mnomideHoNbHUX CHOIYK COHSIIHMKOBOTO IIPOTY SIK 3aco0iB
yCcyHEHHSI (DIOpOTHYHUX XapaKTEPUCTUK TEYIHKU TMOSCHIOETHCS KiJIbKOMa
oOctaBuHamMu: 1 — yci BiJoM1 KJIaCH4HI reNaTONpOTEKTOPHI MEAUYHI Mpenaparu
MajoeeKTUBHI M HE JO03BOJIAIOTH JIIKyBaTH (PiOpo3m Ha cramii muposy; 2 —
MOKa3aHo, 10 HaWOUIbII €()EeKTUBHUMHU Y CIIOBUIBHEHHI PO3BUTKY IaTOJIOT1H
MEYIHKY € MIPUPOJIHI CIIOIYKH; 3 — MPUPOAHI TOJi(HEHOIIbHI CTIONTYKH Ha/I3BUYAHO
PI3HOMAaHITHI Ta MAlOTh JIy»Ke IMUPOKUM CHEKTp O10JI0T14YHOI /i1, KpIM TOTO, BOHH
BITHOCHO JIETKO MOXYTb OyTH OTpHUMaHl1 y BEJIMKHX KUIBKOCTSX 13 HIMPOKO
JOCTYIHOTO COHSAIIHUKOBOTO MIPOTY; 4 — MOMi(peHONbHI CIONyKH HE HaOyJH
IIMPOKOTO 3aCTOCYBaHHS 4epe3 iX 3MaTHICTh O OKHUCHEHHS, y 3B’S3KYy 3 IIUM
OTPUMAaHHS CYNPaMOJIEKYJIIPHUX KOMILIEKCIB 13 TAKUMHU XapYOBUMHU O1JIKaMu, SIK
Ka3eiH, 1 30KpemMa Ka3eiH MOJIO3MBa, MOXKE 3a0€3MeuuTH CTadlIi3alliio TaKoi
MOMi()EHONBHOI  CIOMYKH, SK XJOPOTe€HOBAa KHCJIOTa, Ta PO3MMUPUTH iX
3aCTOCYBaHHS.

Jns  po3B’si3aHHA  [MX  3aBJaHb  BHUKOPHUCTOBYBATM  KOMIUIEKC
(G13UKO-XIMIYHMX METOJIB (CHMHTE3 KBAaHTOBUX TOYOK, croci0 (opmyBaHHs
CyIpaMOJICKYJISIPHUX KOMIUIEKCIB MK Ka3eiHOM MOJIO3MBA, SKI OTPUMYBAIM 3
MOJIO3MBa, Ta TOJi()EHOJIBHUMHU CIIOJIyKaMH, METOJl OTPUMaHHS SKUX OyB
po3poOiieHnii  caMocTiiitHO),  Oiodiznuni  metonm (Y D-cnekTpockoris,
(dayopeclieHTHA  CIIEKTPOCKOIIS,  E€JIEKTPONPOBIAHICTh  BOJAHUX  PO3YMHIB
CyNpaMOJICKYJSIPHUX KOMILJIEKCIB), 010XIMIYHI MeTOIM (BU3HAYCHHS aKTUBHOCTI
psiny (epMeHTIB TNEeYiHKH, BMICTY albOyMiHy, KpEaTHHIHY, XOJIECTEpPHHY,
[JIFOKO3HW, TPUTJILEPUJIIB TOIIO), IIUTOJIOTTYHI METOAU (BHU3HAYEHHS KIJIbKOCTI
IMyHOKOMIIETEHTHUX  KJITHH, KIJTBKOCTI E€pUTPOIMTIB 1 TPOMOOIIUTIB),
MIKpOOIOJIOT1YHI ~ METOAM  (IHTEHCHBHICTh  POCTYy  MIKPOOPIaHi3MiB),
010TEXHOJIOTTYHI METOJH (OTPUMAaHHS Ta XapaKTEPUCTUKA aBTO13aTIB JPIKIAKIB 1

MIKpOBOZIOpOCTeil) Ta (izionoriudai meroau (moxemtoBaHHS Cu-1HIYKOBaHOTO



¢i10po3y meuiHKM W oIliHKa OlosioriyHol il OloyioriyHUX CyOcTaHIid Ha
EKCIIEPUMEHTAJIbHIX TBAPHHAX ).

Po3po6ieno  konmenmiro:  «EKCIOCOM-1HIYKOBaHOTO — METaOOIIYHOTO
PECETUHTY», CYTh SIKOI MOJISAra€ B TOMY, IO B mpoleci GopMyBaHHS XPOHIYHUX
CTaHiB 010JIOTIYHA CHCTEMa MPOXOJUTh HU3KY IOCHIIOBHUX, B3aEMOIIOB’ sI3aHUX
eTariB: ajantaiis; (GopMyBaHHS MeTa0OJIIYHOT Ta EMIreHeTHMYHOI Mmam’sTi U
3aKpIIUICHHsT C(QOpPMOBAHUX aJaNTUBHUX META0OJIYHUX TaTepHIB y Qopmi
CTaOUTBPHUX HE3BOPOTHUX METAOOIYHUX CTaHIB — PECETUHTY.

Oco0MMBICTIO IIMX CTIMKUX CTaHIB € Te, o chOopMOBaHI MeTabOJIYHI
nMaTepHU, SK aJaNTHBHI BapiaHTH Ha i CEpPEJOBHUINA, Y JaHOMY BHITAJIKY
3MimIeHHs OajaHcy Mifl y Oik 11 301/IbIIeHHS, 3/JaTHI 10 aBTO30epeKEHHS HaBITh
michsi yCyHeHHs (DakTopiB, IIO iX IHAYKYBajdd. YCYHEHHS TaKUX JTOMIHYIOUYHUX
METa0OJIIYHUX TMATEPHIB MOXJIHMBE JIMIIE TUIAXOM (OPMYBaHHS HOBOTO
(3BOPOTHOTO) PECETHUHTY.

Bucnosneno npumyiieHHs, 0 GopMyBaHHS 3BOPOTHOTO PECETHHTY MOXKE
OyTu 371liCHEHE JHIIIE y BUMAJIKY 3aCTOCYBaHHS MIPUPOIHUX CyOCTaHLIN

Po3pob6ieno npoctuii Ta epeKTUBHUM crociO OTpuMaHHS MOTi(EHOTBHUX
CIIOJIYK 13 COHSIITHUKOBOTO MIPOTy. CHMHTE30BaHO KBAHTOBI TOYKH Ha OCHOBI
dbenuieppuHy Ta po3poOJIEHO UyTIUBUNA (HIyOPECHCHTHUNH METOJ BU3HAUYCHHS
KUTBKOCTI XJIOPDOT€HOBOI KHCJIOTH B po3uuHax. I[lokazaHo, mo y ckiajui
noJ1i(PEHONBHUX CIOJIYK COHSIIHUKOBOIO IIPOTY MICTUTHCS HE MEHIIE HiX 15 %
XJIOPOTE€HOBO1 KUCIIOTH.

Brnepirie po3po6sieHo crocid oTpuMaHHs CynmpaMoJIeKyIIPHIX KOMIUIEKCIB
MDK Ka3eiHOM Ta TMOJi()eHOIBPHUMHU CIOJyKaMHU COHSIITHUKOBOTO IIPOTY.
JloBeneHo, 10 Taki KOMIUIEKCH (OPMYIOTHCS BOJAHEBHUMH 3B’SI3KaMU; METOJOM
MOJICKYJIIPHOTO JOKIHTY TIOKa3aHO HWMOBIPHICTh HAsBHOCTI 9 MOTEHIIMHUX
LEHTPIB JIOKaJi3al1lii XJIOPOr€HOBOI KUCIOTH B MOJIEKYJIax [-KazeiHy. Yci 1eHTpu
3B’sI3yBaHHsI XJIOPOT€HOBO1 KUCIOTH MaJId Pi3HY aiHHICTb

Brnepiie mokazano, mo mnepopaibHUN MPUHOM TOJI(PEHOIBHUX CITOJIYK

COHSIIIIHUKOBOTO WIpOTy TBapuHamu 3 Cu-iHaykoBaHUM (iOpo30M NEHiHKU



BIJTHOBJIIOBAB KUIBbKICTh IMyHOKOMIETEHTHUX KJIITHH 10 KOHTPOJbHUX 1HTAKTHUX
3HaYeHb Ha PpaHHIX CTajifaXx po3BUTKY (iOpo3y. Takuii mMO3UTUBHUM,
MpOTU3aNaIbHUM e(PeKT OLIBbIIOI0 MIPOIO MPOSBIABCS Y BUMAAKY MEPOPATHLHOTO
BBEJICHHS TIOPIBHSHO 3 BHYTPIIIHbOYEPEBHUM BBEJCHHSIM MOJi(PEHOIBHUX
cnosryk. Llei dakT omocepenkoBaHO BKa3zye Ha Te, IO 1€ OJHUM 13 MOXKIIMBHX
MEeXaHI3MIB i1 TOMI(EHOJPHUX CIOJYK MOXEe OyTH TOB’s3aHUN 13 y4YacTIO
MiKpoOioMa KUIIIEYHHKA B peaiizailii 610JI0rgyHuX edeKTiB moji(eHoTiB.
Bnepmie mnoxazaHo, 1m0 OTpUMaHl CyOpaMoOJIEKYJSpHI  KOMILJIEKCH
«Ka3eiH-MoMi(eHOMNY», K1 3a0e3neuyBaii TpUBaje 30€peKeHHS XJIOPOTeHOBOI
KHUCIIOTH, CHPHUSUIM HOpMaii3alii KiUIbKOCTI IMyHOKOMIIETEHTHHX KIITHH Y
KpPOBOTOIIl TBapHuH 13 (pi0po30M meuiHKH. AKTUBHICT ajlaHiHaMiHOTpaHCcdepasH,
ska Oyna iHriboBana y TBapuH i3 Cu-inaykoBaHuM pidpo30oM, BiIHOBIIIOBAIACS 10
PI1BHS IHTAaKTHOTO KOHTPOJIIO MICIs EPOPATbHOIO IPUHOMY CYTIPaMOJIEKYIISIPHUX
KOMIUIeKCIiB. JloBeAaeHO, M0 Taka Mdis CyInpaMOJICKYJISIPHUX KOMILIEKCIB
«Ka3eTH-OoT1(EHONbHI», 30arayeHnx  XJOPOT€HOBOI  KHUCIOTOIO, €
NEPCTIEKTUBHUMH MPOIyKTaMU (YHKI[IOHAJBLHOTO XapuyyBaHHS, SKI BUKOHYIOTb
npodinakTuyHy QyHKIi0 (i0po3y MEUiHKK Ha paHHIX CTaAisiX MOrO PO3BUTKY.
KawuoBi caoBa: Excnocoma, memaboniunuii pecemumue, aoanmayis,
eniceHemuyna nam’simo, XpoHiyni namonoeii, Cu-inoyxoganuu  @Qiopos,
NONIQEeHONbHI CNONYKU, XI0PO2eH08A KUCIOMA, CYRPAMONEKVIAPHI KOMHIJIEKCU,
Kazein Mono3u6a, IMYHOKOMNEeMmeHmHi KIIMmuHU, (QYHKYIOHANbHE Xap4)y8aHHs,

NPOMU3ananbHull eghekm, KeaHmMo8i MouKu.



ABSTRACT
Hanin V.Yu. Development of a method for obtaining and evaluation of the

hepatotropic activity of chlorogenic acid. — Qualification scientific work as a
manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 091 Biology
(Field of Knowledge 09 Biology). — V.N. Karazin Kharkiv National University,
Ministry of Education and Science of Ukraine, Kharkiv, 2026.

The processes of development and aging of biological systems still occupy
one of the central positions among unresolved biomedical problems. This situation
is explained by the fact that the basis of aging processes lies in complex, non-linear
temporal interactions of the organism with the set of environmental factors — the
exposome. The results of such interactions are manifested in systemic metabolic
restructuring aimed at preserving the integrity and viability of the system. We
define these phenomena as processes of dynamic adaptation.

When considering the problem of adaptation, researchers often encounter
the formation of a “loss” of reactivity of the biological system to the actions of the
exposome, i.e., the formation of states in which the biological system loses
“sensitivity” to subsequent actions of the exposome, and such states are defined as
chronic pathologies. Most chronic pathologies are age-dependent.

In studying aging processes, scientists face the phenomenon of an increase
in chronic pathologies that are resistant to treatment and reduce life expectancy.
Understanding the mechanisms of chronic pathology formation and developing
methods for their prevention and treatment is one of the most urgent tasks at the
intersection of biology and medicine.

A striking example of temporal interactions of the organism with exposome
factors is the upward shift in the body's copper balance and the subsequent
development of a chronic pathology such as Cu-induced liver fibrosis.

Previously, in our laboratory, it was shown that sequential actions of copper
ions on the organism of experimental animals, on the one hand, were accompanied

by the formation of resistance of such animals to the toxic effects of this metal and



the manifestation of hormesis, however, against the background of such a positive
effect, liver fibrosis was also formed.

Despite the relevance and significant efforts to develop methods for treating
chronic pathologies, the problem remains far from being solved. The essence of
the problem of chronic pathology formation can be reduced to the search for an
answer to the question: “Why and how does the adaptive response of the organism,
aimed at survival in new extreme conditions, lead to the loss of subsequent
adaptability and the formation of threatening pathological states?”

The aim of the work was: to develop a concept of the mechanism of chronic
state formation on the model of Cu-induced liver fibrosis and to study the role of
natural polyphenolic compounds enriched with chlorogenic acid in preventing the
formation of such chronic states.

To this end, the following tasks were addressed: 1 — To develop and
substantiate the concept of “exposome-induced metabolic resetting.” 2 — To
investigate the role of copper balance in the mechanisms regulating biological
processes in various biological models (mammals, yeast, and bacteria) 3) to
investigate the effect of sunflower meal polyphenolic compounds on the number
of immunocompetent cells in the bloodstream of animals with Cu-induced liver
fibrosis depending on the route of administration; 4) to develop a method for
obtaining supramolecular complexes of colostrum casein with polyphenolic
compounds to stabilize chlorogenic acid and to characterize these complexes; 5)
to study the effect of the obtained supramolecular complexes of colostrum casein
with polyphenolic compounds on the number of immunocompetent cells in the
bloodstream of animals with Cu-induced liver fibrosis; 6) to investigate the effect
of the obtained supramolecular complexes on certain biochemical parameters in
animals with Cu-induced liver fibrosis.

The choice of sunflower meal polyphenolic compounds as a means of
eliminating liver fibrotic characteristics is explained by several factors: 1) all
known classical hepatoprotective medical drugs are ineffective and do not cure

fibrosis at the cirrhosis stage; 2) natural compounds have been shown to be the



most effective in slowing the progression of liver pathologies; 3) natural
polyphenolic compounds are extremely diverse, have a very broad spectrum of
biological activity, and can be relatively easily obtained in large quantities from
widely available sunflower meal; 4) polyphenolic compounds have not been
widely used due to their susceptibility to oxidation; thus, obtaining supramolecular
complexes with food proteins such as casein, particularly colostrum casein, can
stabilize polyphenolic compounds like chlorogenic acid and expand their
application.

To accomplish these tasks, a combination of physicochemical methods was
used (synthesis of quantum dots, a method for forming supramolecular complexes
of casein obtained from colostrum with polyphenolic compounds, the extraction
method for which was developed independently), alongside biophysical methods
(UV spectroscopy, fluorescence spectroscopy, electrical conductivity of aqueous
solutions of supramolecular complexes), biochemical methods (determination of
the activity of several liver enzymes, albumin, creatinine, cholesterol, glucose,
triglycerides, etc.), cytological methods (determination of immunocompetent cell,
erythrocyte, and platelet counts), microbiological methods (microbial growth
intensity), biotechnological methods (obtaining and characterizing autolysates of
yeast and macroalgae), and physiological methods (modeling of Cu-induced liver
fibrosis and evaluation of the biological effect of biological substances on
experimental animals).

The concept of "exposome-induced metabolic resetting" has been
developed. Its core lies in the fact that during the formation of chronic states, a
biological system undergoes a series of sequential, interconnected stages:
adaptation, formation of metabolic and epigenetic memory, and the consolidation
of formed adaptive metabolic patterns in the form of stable irreversible metabolic
states — resetting.

A specific feature of these stable states is that the formed metabolic patterns,
acting as adaptive responses to environmental impacts (in this case, an upward

shift in copper balance), are capable of self-preservation even after the removal of



the inducing factors. The elimination of such dominant metabolic patterns is only
possible through the formation of a new (reverse) resetting. It has been
hypothesized that the formation of reverse resetting can only be achieved through
the application of natural substances.

A simple and effective method for obtaining polyphenolic compounds from
sunflower meal has been developed. Quantum dots based on phenylephrine were
synthesized, and a sensitive fluorescent method for determining the amount of
chlorogenic acid in solutions was developed. It was shown that sunflower meal
polyphenolic compounds contain at least 15% chlorogenic acid.

For the first time, a method for obtaining supramolecular complexes of
casein with sunflower meal polyphenolic compounds was developed. It was
proven that such complexes are formed by hydrogen bonds; molecular docking
demonstrated the probability of 9 potential localization centers for chlorogenic
acid in B-casein molecules. All chlorogenic acid binding centers exhibited different
affinities.

For the first time, it was shown that oral administration of sunflower meal
polyphenolic compounds to animals with Cu-induced liver fibrosis restored the
number of immunocompetent cells to intact control values at early stages of
fibrosis development. This positive anti-inflammatory effect was more
pronounced with oral administration compared to intraperitoneal injection. This
fact indirectly indicates that another possible mechanism of action of polyphenolic
compounds may be associated with the involvement of the gut microbiome in
mediating their biological effects.

For the first time, it was shown that the obtained "casein-polyphenol"
supramolecular complexes, which ensured long-term preservation of chlorogenic
acid, facilitated the normalization of immunocompetent cells in the bloodstream
of animals with liver fibrosis. Alanine aminotransferase activity, which was
inhibited in animals with Cu-induced fibrosis, was restored to the intact control
level after oral administration of the supramolecular complexes. It was proven that

such "casein-polyphenol" supramolecular complexes enriched with chlorogenic



acid are promising functional food products that provide a prophylactic function

against liver fibrosis at the early stages of its development.

Keywords: Exposome, metabolic resetting, adaptation, epigenetic memory,
chronic pathologies, Cu-induced fibrosis, polyphenolic compounds, chlorogenic
acid, supramolecular complexes, colostrum casein, immunocompetent cells,

functional nutrition, anti-inflammatory effect, quantum dots.



