AHOTANIA

binoBeubka C.I'. JlocaigkenHst poJsi BiTamiHy A Ha CTPYKTYpPHO-
(pyHKUiOHAJBHY Opradiamiro Ime4iHKH NpH IHTOKCHMKALii OpraHismy
cipuanokuciaor minaw. Kpanidikamiiina HaykoBa mpalls Ha IpaBaxX PyKOIUCY.

Huceprarttis Ha 3100yTTs CTyneHs JoKTopa ¢inocodii 3a cnemianbHicTio 091
— «bionoris» (Ilpupoauuui Hayku). — XapKiBCbKUI HalllOHAIbHUI YHIBEPCUTET
imeni B. H. Kapasina MinictepcTBa ocBiTH 1 Hayku YKpainu, Xapkis, 2023.

Jluceprailito MPUCBAYEHO JIOCHIUKEHHIO BIUIMBY BiTamMiHy A Ha
(GyHKLIOHAJIbHY AKTUBHICTh MEYIHKM Ha MOYaTKOBUX cTafisx Cu-1HAYKOBaHOIO
¢$i0po3y.

3 i€ METOK JOCHIKYBAIM TakKi MOKA3HUKU: BUMIPIOBANU O010XiMiuHI
neuinkoBi pepmentu AJIT, ACT, I'TT, JI®, BHACTIAOK YOTO BU3HAYAIA HASIBHICTD
Takoi marojorii Ak (Gi6po3 meuiHku. Hapsgy 3 UMM JOCHIIKYBaiu
€JICKTPONPOBITHICTh OIOJIOTIYHUX PIAMH (CUPOBATKM KPOBi) Ta TKAHUH MEYIHKU
(WiIbHOT Ta TOMOTEHI30BAaHO1), BHU3HAYEHHS 3a3HAYEHUX NapaMeTpiB 00 €KTIB
JOCTIPKEHHS ~ BUKOPUCTOBYBainu Oiodi3uyHi, O10XiMiYHI, ULMTOJIOTIYHI Ta
TICTOJIOTIYHI ~ METOAW  JOCHiIKeHb. Jlms  BCTaHOBJICHHS  B3a€EMO3B’SI3KY
€IEKTPONPOBITHOCTI 3 (DYHKI[IOHAIBHOIO aKTHUBHICTIO TEYIHKH Ta MOKJIMBOCTI
BUKOPUCTAHHS  €JEKTPOMPOBIAHOCTI B  SKOCTI  JIarHOCTHYHOTO  METOIY
(YHKIIIOHAJIBHOT aKTUBHOCT] TIEYIHKH.

[Teuinka BUKOHY€E MeTaOOIIUHY, PETYJIATOPHY Ta IeTOKCUKaIliiHy QyHKIii. B
yMOBax 3axBOPIOBaHb, HAJIMIPHOTO TOKCHYHOTO HABAHTAXXEHHS Ta CTPECOBUX
(dakTopiB, TMEUYIHKA TMIIJAETHCA PI3HOMAHITHUM CTPYKTYpHO-(QYHKIIIOHATBHUM
3minaM. Pi0po3 nmeviHku 0araTo poKiB BBaXKaJIH HEOOOPOTHIM ITPOILIECOM, OCTAaHHIM
4acoM 3’ SIBUJIHCSI pOOOTH, SK1 MOKa3yIOTh MOMJIMBICTE 0OOPOTHOCTI IIbOTO TIPOIIECY,
ane e(peKTUBHICTh Ta CTYMIHb IIOTO MPOIECY JyXKe pi3HA Ta (HaKTOpU BIUIUBY Ha

el MpoIIeC A0CI MaJio TOCTIIKEHI.



CaMe TOMYy JOCHIKEHHS MEXaHI3MiB OOOpPOTHOCTi, $Kka TOB’si3aHa 3
oco0MBOCTIMU (hiOpoTreHe3y MediHKHU Ta ineHTudikais (pakTopiB, BKIIOYECHUX B
HoTO0 TpoIiec Ta Jerpaiallito, € BKpald BAKIMBUMU ITUTAHHIMH.

®opmyBaHHS (PiOpO3y MOXKE pO3TIsgaTUCA SK oaHa i3 (opm amamraiii
OprafizaMy, sika TpOSIBISEThCS Ha piBHI mediHku. OTxe, HEOOXinHI BceOiuHI
JOCTII)KEHHS MEXaH13M1B (pOpMYyBaHHS aJaTUBHUX PEAKI1H MEYIHKH, B TOMY YUCII
1 ¢16po3y Ha nii pI3HOMAHITHUX TOKCUYHUX YMHHUKIB CEpEAOBHILA, 1 pO3poOKa
Croco0iB X YCYHEHHS.

Sk Binomo, nonan 80% BiTaMiHy A HAaKONUYYETHCS B MEUiHIIl, OCOOIMBO B
3ipyacTux KIiTHHAX. J[esKi JOCIITHUKU BBAXKAIOTh, IO BITaMiH A MOXE CIPUSITH
BIIHOBJICHHIO (DYHKIII1 nediHKy 1pu ¢i6po3i. [1ig gac po3BUTKY GiOpo3y Ta IUPO3y
MEYIHKOBl 31pYacTi KIITUHH aKTHUBYIOTHCS Ta 3MIHIOIOTH CBiM (eHoTtunm Ha
Mio(ibpobiacTonoaiOHM, BTpadyarouy BiTaMiH A, TICIS YOT0 aKTUBOBAHI 31pYacTi
KJIITUHYU MOYMHAIOTH PO3MHOXKYBATHCS Ta CKOPOUYBATUCS, 1110 CIIPUSIE BiKIIAIaHHIO
MO3aKTITHHHOTO MaTPUKCY Ta PO3BUTKY (hiOpo3y.

Pazom 13 numM moxasano, 1o npu Gpidpo3i 3HUKYEThCS PiBEHBb BiTaMiHy A B
3ipyacTUX KJIITHHAX. 3aluIIa€TbCcsid HE3 SICOBAaHHUM SK caM€ 3MIHIOEThCSA
GyHKIIIOHAJIbHA aKTUBHICTD MEUiHIll MPH MiIep>KaHHI PIBHIO BiTaMiHy A Ha piBHI
KOHTPOJIIO, 30KpeMa BBEJACHHSIM €K30I'€HHOTO BiTaMiHy A.

BruiuB BiTamiHy A Ha PO3BUTOK OpPraHi3My BapilOETHCS 3aJIEKHO BIJ BIKY,
KOHIICHTpAIlii, HAsSBHOCTI MATOJIOTIH 1 Mae BEJIWMKE 3HAYCHHS IS PeryJIsiii
¢i3iosoriyHOrO TMpolecy B opranizmi. Ll 3amexHicTh 00yMOBIIeHa HEOOX1AHICTIO
BI/IMOBITHOCTI MK (DYHKITISIMUA BiTaMiHy A Ta PO3BUTKOM OpraHi3My, OCOOJHMBO B
MeP10/IM 3aPOJIKEHHS 1 pAHHBOTO JUTHHCTBA.

Came ToMy TOCITI)KEHHS BIUTMBY BiTaMIHY A Ha CTPYKTYPHO-(PYHKIIIOHATBHY

oprasizarfito ne4inku 3 (i0po30M € aKTyaJTbHUM JOCIHKECHHSIM.



MeTtoro poOoTH OYyJI0 HOCTIIKEHHS MOYIIMBOI pOJIi BiTaMiHy A y 3aro0iranHi
po3BUTKY (iOpo3y MediHKh Ha paHHiX eranax (opmyBaHHAX Cu-iHIYKOBAaHOTO
($16po3y NediHKH.

Jlist  MOCSTHEHHsI TMOCTaBJIeHOI MeTh Oylio chOpMYyJIbOBAHO 3aBJIaHHS
IIOCHIKEHHS:

1. JlocniauTy BIUIMB BiTaMiHy A Ha JiesKi (i310J0T14HI Ta MOP(OIOTIYH1
XapakTEepUCTUKH y TBapuH 3 Cu-1HIyKOBaHUM (10pPO30M MEUIHKH.

2. JlocmiauTu BIUTUB BiTaMiHy A Ha Jiesiki 010X1MI4HI TOKa3HUKH Y TBAPUH
13 Cu-igaykoBanuM (PiOpO30M MEUIHKHU, a CaMe BU3HAUYCHHS BIUTMBY BiTaMiHy A Ha
aKTUBHICTh  anaHHiHaMiHOTpaHchepasu (AJIT), acmapratamiHoTpaHchepazu
(ACT), rnyraminaminorpancdepasu (I'TT), myxxnoi ¢pocdaraszu (JID).

3. JlocnimuTi  B3a€EMO3B’SI30K  €JEKTPOMPOBIAHOCTI MEYIHKKA 3 i
CTPYKTYpOIO TpU PO3BUTKY (PiOpo3y, a TakoX TijJ BIUIMBOM Te€MaTOTPOITHHUX
npenaparis.

Y nmaHoMy IOCHIDKCHHI BHBYAJacs MOKIMBICTH BIAHOBJICHHS (DYHKITIH
MEYIHKY Yepe3 3MillleHHs 6anaHcy B 11 PyHKI[IOHyBaHH1. J{J1s1 JOCSATHEHHS 111€1 METH
Ha PaHHIX cTaaisx po3BUTKYy Cu-iHaykoBaHOro (iOpo3y MEUiHKH TBapuHAM OyB
BBeaeHUH BiTamid A B 300 MO/100 r. L{i cami TBapuHU NPOAOBKYBaIN IIepeOyBaTH
Mi]] BIUTMBOM 1HAYKTOpa pibporeHesy, micist 4oro Oyjia BUBYUEHA AMHAMIKA iX MacH
TUIa, MO0 € KOMIUIEKCHUM TIOKa3HUKOM (DYHKIIIOHAJIBHOTO CTaHy OpTraHi3My,
(GyHKIIOHAJIbHI TTOKA3HUKH TEYiHKU, JOCHIHKEHHS 3B’SI3KY €JEeKTPOTNPOBIIHOCTI
MEYIHKHM 31 CTPYKTYPHOIO OpraHi3ailil0 TKaHUHU Ha (OH1 pO3BUTKY (PiOpo3y Ta
BIUIMBY PSAY TeNaTOTPOMHUX croiyk. Kpim Toro, mpoBoauiuck MOpQoJIOTiuHi
JOCIIJKEHHS TI€YIHKM, 3JaTHICTh MEYIHKH 10 pereHeparii oIliHioBajacs 3a
KUTBKICTIO IBOSIIEPHUX T€MATOLIUTIB.

JlocipKeHHS TMHAMIKK MacH Tijla TBapHWH IMOKa3aliy, 10 BBEICHHS BITaMIHY

A TBapuHaM 13 ($106pO30M Ha MOYATKOBHUX €Tamax MOro pO3BUTKY 3a0e3MeuyBajio



HOpMaJi3amilo (QyHKIIM MeYiHKU Ta BIAMOBITHO BiJIHOBJICHHS POCTY Macu Tijia
TBapUH.

byno 3adikcoBaHo, 1m0 MiCAs TPUPA30BUX  MOCHIJOBHUX  1H €Kil
CipuaHOKHUCIIOl Mifi 3 iHTepBaioM 48 TOJUH MIXK BBEICHHSMH, CKCIIEPUMEHTAIbHI
TBapUHU MO-PiI3HOMY MEPEHOCHIIM TaKuii BIUIKMB. Tak, B TpyIi, 0 cKjaaanacs 3 34
TBAapHUH, MpoTsroM 21 nus 3arunymno 41% TeapuH.

BusBneno, mo momaneliie BBEACHHS BITaMiHy A TBapuHaMm TICHS
1HTOKCHUKAIII MiJIHUM KYyTIOPOCOM IIPU3BOIUIIO 10 CYTTEBOTO 3HIKEHHS CMEPTHOCTI.
Ti TBapuHHU, K1 BHXKUJIM, MOKAa3yBaJId 30UIbIIEHHS KUIBKOCTI CIIOJYYHOI TKAHUHU
HaBKOJIO TieuiHku. KpiM TOoro, B HUX cCHoOCTepiraBcs MPUPICT MaCH Tija, SKHUM
MEPEBUIIYBAaB PE3yJIbTaTH KOHTPOJIbHOI Tpymnu. [li pe3ynapTatu J03BOJSAIOTH
MPUITYCKATH, 1110 PO3POCTAHHS CIIOJIYYHOI TKAHUHH, TAKOXK BIJIOMa K «CHalKoBa»
XBOpO0a, € MPOSIBOM aJaNTUBHOI peakKilii Opra”izmy.

Bbyno nokazano, no Cu-inaykoBanuil ¢i6po3 nMeuiHKy BUKIUKAB IOCTOBIpHE
3017BIICHHS] BMICTY CIOJTY4YHOI TKaHWHU B TeviHi B 1,6 pasiB, a mpuiiom
renaToTPONHUX PEUOBUH TBapUHAMHU 3 (HiOPO30M BUKIMKAB HE3HAYHE 3MEHIICHHS
BMICTY CHOJYYHOI TKAaHUHH B MEUIHIII A0 PiBHS, OJU3BKOTO JI0 IHTAKTHOI TPYIIH.

Byno BusiBIeHO, MmO KUIBKICTH ABOSIEPHUX TEMATOIUTIB y TMEUIHII 3
$16po3oM, He3aJexKHO BiJ CTalliii WOTO PO3BUTKY, Oylia 3MEHIIIEHA TOPIBHSHO 3
KOHTpOJIeM. Y TBapHWH, SKUM BBOJWIH BITaMiH A M JBOMa IIMKJIaMH1 1HTOKCHUKAIIIT,
TO KUIBKICTh JBOSJIEPHHX TrenaTouuTiB Oyna 30unblieHa OUTbII HIXK y 2 pasu
MOPIBHAHO 3 TBapWHaMH, SKI HE OTpUMyBaIM BitTamiH A, Ta 3 (iOpo3om Ha
MOYATKOBUX CTaIsIX HOTO PO3BUTKY Ta Oyyia JOCTOBIPHO BHIIOK MOPIBHSIHO 3
KOHTPOJIBHOIO IPYIIOHO.

B pesynbrati 10oCiiKeHHS T1ICTOJIOTIYHUX 3MIH MEYIHKU OYJI0 BUSBIICHO, 1110
MiCNsA JBOX IMKJIIB 1HTOKCHKAINI CIPYAHOKWCIOK MIJJII0 Majdud MicIe OiIbII

BUPaXEHI CTPYKTYPHI 3MIHU B MEUIHI[ MOPIBHIHO 3 OJHUM IIMKJIOM 1HTOKCHKAIIII,



10 KOPETIOBAJIO 13 3pOCTaHHM 3’ €IHYBaJIbHO-TKAHUHHHUX YTBOPEHb. Y TOMY pa3i,
SKIO0 MK JIBOMAa IUKJIAMH 1HTOKCHKAIlil TBapuHAM TPUYl BBOJWIM BiTaMiH A, TO
CHocTepirajy MOTOBIIEHHS Karcyiu ['JiccoHa, KIIbKICTh 31pY4acTUX KIITUH Oyna
301bIIIeHA, TIEYIHKOBI OasIKK 30epirajiu CBOIO CTPYKTYPH.

B pocnmimkeHHI CTPYKTypU TKAaHUHU BHKOPUCTOBYBAJIM BUMIPIOBAHHS
€JIEKTPONPOBITHOCTI, OCKIJILKH CTPYKTypa TKAaHWHU € CKJIQJHOI0, BKIIIOYA€E B ce0e
MDKKJTITHHHI B3a€MO/I11, 1 B&KJIUBOIO 33/1a4€I0 € PO3YyMIHHS, HACKUIBKH BEJIMKUM €
BIUTUB CTPYKTYPH TKAaHWHU Ha E€JIEKTPOIPOBIIHICTh. Pe3ynbTaTH BUMIpIOBaHHS
€JIEKTPONPOBITHOCTI IIJIbHOT TKAHWHM TEYIHKM mokaszanu, mo Cu-1HTyKOBaHUMA
($10po3 MPU3BOJUB 0 TAKUX CTPYKTYPHO-(DYHKITIOHATHHUX 3MiH, SIKI BIUTMHYJIM Ha
3MiHy €JEKTPONPOBIAHOCTI TKAaHWHU TEYiHKA. BojHOoYac MOXIMBI 3MiHH
CTPYKTYpPHO-(PYHKIIIOHATBEHOT oprasizarii MEYIHKH Ticast BBEJICHHS
renaToNMPOTEKTOPHUX CYOCTaHIIIH HE JEMOHCTPYBAJIM JOCTOBIPHUX 3MIHEHb
nopiBHSIHO 3 (iOpo3oM. BuMipioBaHHS €IEKTPONPOBIAHOCTI TOMOT€HI30BaHOI
MEYIHKA TaK0X MPOJEMOHCTPYBajIO BiIMIHHICTh (IOPOTUYHOI TKAHUHHU BiA
1HTAKTHOT 1 MTOKAa3aJi0 BiJIMIHHOCTI Yy BIUIMBI T€NaTOTPONHUX CHONyK. Lle cBiquuth
npo Te, 10 BXKE Ha paHHIX CTaisix po3BUTKY (piOpo3y BinOyBarOThCS 3MIHH Ha
PI3HUX PIBHSX CTPYKTYpPHOI OpraHizailii: sSIK Ha piBHI MUKKIITHHHHX B3a€EMOJIN y
IIJTbHIA TKAHWHI, TaK 1 Ha B3a€EMOJIAX, SKI 3aJUINAIOTHCS HEMOIIKOHKEHUMH TIPH
rOMOTeH13aI1li, 10 B1I0OpaKa€ThCs HA €IEKTPOIPOBITHOCTI.

PesynpTaTi mociimkeHHs eIeKTPONPOBIAHOCTI LIIBHOI 1 TOMOTEHI30BaHOI
TKaHUH TICUYIHKA Ta CHPOBAaTKM KpOBI TOKa3aJId, IO METOJ IMIEJaHCHOT
CIEKTPOCKOII € YyTIMBUM JI0 3MIH CTPYKTYpH Ta CKJIaAy TKaHMHH. 1 Mae
MEePCIEKTUBYU 3aCTOCYBAaHHS B MEMYHIN J11arHOCTHIII.

Byno moka3aHo, 1110 BBeZIeHHS BiTaMiHy A TBapWHaM Ha MOYaTKOBUX CTaIIsAX
po3BuUTKY Cu-iHayKoBaHOTO (hiOpO3y MPHU3BOAWIO O BIAHOBICHHS AKTHBHOCTI

AJIT no 3HaueHb OJAM3BKUX O 3HAUEHb KOHTPOJIbHUX TBAPUH. BBeleHHs BiTaMiHY



A Ha MOYATKOBUX CTalisIX PO3BUTKY (hiOpO3y MEUiHKK HOPMaJi3yBaji0 aKTUBHICTh
ACT. Axrtusnicts [TT y cupoBatiii kpoBi 30epiranacst Ha piBHI KOHTPOJIO B YCIX
nociikeHux rpynax tBapuH. AxtuBHICTh JID micas Cu-inaykoBaHoro (idpo3y
JOCTOBIPDHO 3HIKYBaJlacs, a TCHs BBEACHHS PETUHONY akKTuBHICTH JID
BiJIHOBJIIOBAJIACs 10 KOHTPOJILHOTO PiBHSI.

byno noxkazano, mo 3a Cu-iHayKkoBaHOTO (BiOPO3Y CHOCTEPITAETHCS 3HAYHE
3MEHILIEHHS BMICTY BiTaMiHy A B IEYiHII, a TPMPA30Be BBEJICHHS BiTaMiHy A B 1031
300 MO/100 r macu cynmpoBOKYBajIoOCs BiHOBJICHHSIM HOro BMICTY B TBapuH i3
($16p0o30M A0 PiBHS KOHTPOIIIO.

[Ipu miaTpuMIll KOHIIEHTpAIlli BiTaMiHy A B OpraHi3Mi Ha MOYaTKOBIM cTafil
po3BUTKY Cu-iHIyKOBaHOTO (hiOpO3y MEHIHKHA MOXKIUBO 3a0€3MeYUTH 00OPOTHICTH
LOTO MPOIIECY.

Kiarwouosi caoBa: Cu-inaykoBanuii (piOpo3 TMEUiHKH, TICTOJOTIA TEYIHKH,
€JICKTPOIPOBIIHICTh O10JIOTIYHUX CUCTEM, TEMIIOPAIbHI XapaKTepUCTUKH (HiOpo3y,

BiTaMmiH A, Mikc-akTop, xjgoporeHosa kuciora, aktuBHicTe AJIT, ACT, I'TT, JID.



ABSTRACT

Bilovetska S. G. Study of the role of vitamin A in the structural and
functional organisation of the liver under the copper sulfate intoxication. —
Qualification scientific paper, manuscript.

Thesis for the scientific degree of Doctor of Philosophy in the speciality 091 —
«Biology» (Natural Sciences). — V. N. Karazin Kharkiv National University of the
Ministry of Education and Science of Ukraine, Kharkiv, 2023.

This dissertation is devoted to the study of the effect of vitamin A on the
functional activity of the liver in the initial stages of Cu-induced fibrosis.

To this purpose, the following indicators were studied: biochemical liver
enzymes ALT, AST, GGT, and ALP were measured, which resulted in the
determination of the presence of such pathology as liver fibrosis. In addition, the
electrical conductivity of biological fluids (blood serum) and liver tissue (whole and
homogenized) was studied; biophysical, biochemical, cytological and histological
methods were used to determine these parameters of the study objects. To establish
the relationship between electrical conductivity and liver functional activity and the
possibility of using electrical conductivity as a diagnostic method for liver functional
activity.

The liver performs metabolic, regulatory and detoxification functions. Under
conditions of disease, excessive toxic load and stress factors, the liver undergoes
various structural and functional changes. For many years, liver fibrosis was
considered an irreversible process, and recently there have been studies showing the
possibility of reversibility of this process, but the effectiveness and degree of this
process is very different and the factors influencing this process are still poorly
understood. That is why the study of the mechanisms of reversibility associated with
the peculiarities of liver fibrogenesis and the identification of factors involved in its

process and degradation are extremely important issues.



The formation of fibrosis can be considered as one of the forms of adaptation
of the body, which manifests itself at the level of the liver. Therefore, comprehensive
studies of the mechanisms of liver adaptive reactions, including fibrosis, to various
environmental toxic factors and the development of ways to eliminate them are
needed.

It is known that more than 80% of vitamin A accumulates in the liver, especially
in stellate cells. Some researchers believe that vitamin A can help restore liver
function in fibrosis. During the development of fibrosis and cirrhosis, hepatic stellate
cells are activated and change their phenotype to myofibroblast-like, losing vitamin
A, after which activated stellate cells begin to proliferate and shrink, which
contributes to the deposition of extracellular matrix and the development of fibrosis.

At the same time, it has been shown that fibrosis decreases the level of vitamin
A 1n stellate cells. It remains unclear how exactly the functional activity of the liver
changes when the level of vitamin A is maintained at the control level, in particular
by the administration of exogenous vitamin A.

The effect of vitamin A on the development of the body varies depending on
age, concentrations, and the presence of pathologies and is of great importance for
the regulation of physiological processes in the body. This dependence is due to the
need to match the functions of vitamin A with the development of the body,
especially in the periods of embryo and early childhood.

That is why the study of the effect of vitamin A on the structural and functional
organization of the liver with fibrosis is a relevant research.

The aim of the study was to investigate the possible role of vitamin A in
preventing the development of liver fibrosis in the early stages of Cu-induced liver
fibrosis.

To achieve this goal, the following research objectives were formulated:



1. To study the effect of vitamin A on several physiological and
morphological characteristics in animals with Cu-induced liver fibrosis.

2. To investigate the effect of vitamin A on several biochemical
parameters in animals with Cu-induced liver fibrosis, namely to determine the effect
of vitamin A on the activity of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), glutamyl aminotransferase (GGT), alkaline phosphatase
(ALP).

3. To investigate the interrelation between liver electrical conductivity
and its structure in the development of fibrosis, as well as under the influence of
hepatotropic drugs.

This study investigated the possibility of restoring liver function by shifting the
balance in its functioning. To achieve this goal, at the early stages of Cu-induced
liver fibrosis, animals were administered vitamin A at 300 [U/100 g. The same
animals continued to be exposed to the inducer of fibrogenesis, after which the
dynamics of their body weight, which is a complex indicator of the functional state
of the body, liver function, the study of the relationship between liver electrical
conductivity and structural organization of the tissue against the background of
fibrosis and the effect of a number of hepatotropic compounds were studied. In
addition, morphological studies of the liver were performed, and the ability of the
liver to regenerate was assessed by the number of binuclear hepatocytes.

Studies of the dynamics of animal body weight showed that the administration
of vitamin A to animals with fibrosis at the initial stages of its development ensured
the normalization of liver function and, accordingly, the restoration of animal body
weight growth.

It was observed that after three consecutive injections of copper sulphate with
an interval of 48 hours between injections, the experimental animals had different

effects. Thus, in a group of 34 animals, 41% of the animals died within 21 days.



Thus, it was found that further administration of vitamin A to animals after
copper sulphate intoxication led to a significant reduction in mortality. Those
animals that survived showed an increase in the amount of connective tissue around
the liver. In addition, they showed an increase in body weight that exceeded the
results of the control group. These results suggest that connective tissue overgrowth,
also known as “adhesive” disease, is a manifestation of the body's adaptive response.

It has been shown that Cu-induced liver fibrosis caused a significant increase
in the content of connective tissue in the liver by 1.6 times, and the administration
of hepatotropic substances to animals with fibrosis caused a slight decrease in the
content of connective tissue in the liver to a level close to the intact group.

It was found that the number of binuclear hepatocytes in the liver with fibrosis,
regardless of the stages of its development, was reduced compared to the control. In
animals that were administered vitamin A between two cycles of intoxication, the
number of binuclear hepatocytes was increased more than 2-fold compared to
animals that did not receive vitamin A and to animals with fibrosis at the initial
stages of its development and was significantly higher than in the control group.

As a result of the study of histological changes in the liver, it was found that
after two cycles of copper sulfate intoxication, there were more pronounced
structural changes in the liver compared to one cycle of intoxication, which
correlated with the growth of connective tissue formations. If the animals were
injected with vitamin A three times between two cycles of intoxication, the
thickening of the Glisson’s capsule was observed, the number of stellate cells was
increased, and the liver beams retained their structure.

Electrical conductivity measurements were used in the study of tissue structure
because tissue structure is complex, involving intercellular interactions, and it is
important to understand how much tissue structure affects electrical conductivity.

The results of the electrical conductivity measurements of whole liver tissue showed



that Cu-induced fibrosis led to structural and functional changes that affected the
electrical conductivity of liver tissue. At the same time, possible changes in the
structural and functional organisation of the liver after the administration of
hepatoprotective substances did not show significant changes compared to fibrosis.
Measurements of the electrical conductivity of homogenised liver also demonstrated
the difference between fibrotic and intact tissue and showed differences in the effect
of hepatotropic compounds. This suggests that even at the early stages of fibrosis
development, changes occur at different levels of structural organisation: both at the
level of intercellular interactions in the whole tissue and at interactions that remain
undamaged during homogenisation, which is reflected in the electrical conductivity.

The results of the study of the electrical conductivity of whole and
homogenised liver tissue and blood serum showed that the impedance spectroscopy
method is sensitive to changes in tissue structure and composition and has prospects
for use in medical diagnostics.

It has been shown that vitamin A administration to animals at the initial stages
of Cu-induced fibrosis led to the restoration of ALT activity to values close to those
of control animals. Vitamin A administration at the initial stages of liver fibrosis
development normalised AST activity. The activity of GGT in the blood serum
remained at the control level in all studied groups of animals. The activity of ALP
after Cu-induced fibrosis was significantly reduced, and after retinol administration,
ALP activity was restored to the control level.

It has been shown that a significant decrease in the content of vitamin A in the
liver is observed in Cu-induced fibrosis, and three times administration of vitamin
A at a dose of 300 IU/100 g of body weight was accompanied by the restoration of

1ts content in animals with fibrosis to the control level.



If the concentration of vitamin A in the body is maintained at the initial stage
of development of Cu-induced liver fibrosis, it is possible to ensure the reversibility
of this process.

Keywords: Cu-induced liver fibrosis, liver histology, electrical conductivity of
biological systems, temporal characteristics of fibrosis, vitamin A, mix factor,

chlorogenic acid, ALT, AST, GGT, ALP activity.



