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Liver fibrosis is a common tissue reaction associated with chronic liver damage resulting from prolonged parenchymal
cell damage and inflammation. The fibrogenic response is characterized by the progressive accumulation of extracellular matrix
components enriched in collagen fibrils and impaired extracellular matrix remodeling. The aim of this study was to establish the
effect of transcriptional factor kB on the concentration of oxyproline, glycosaminoglycans and sialic acids in the liver of rats under
conditions of chronic alcohol intoxication. The study was performed on 24 male Wistar rats. The animals were divided into 4
groups of 6 animals: I — control; I — animals with inhibition of kB; III — animals with chronic alcohol hepatitis and IV — animals
with kB inhibition on the background of chronic alcohol intoxication. We studied the total concentration of glycosaminoglycans,
concentration of heparin-heparan, keratan-dermatan and chondroitin fractions of glycosaminoglycans, free oxyproline and sialic
acids in the liver tissue homogenate. Prolonged alcohol intoxication of rats leads to remodeling of the extracellular matrix as
evidenced by increased collagenolysis and catabolism of glycoconjugates of amorphous connective tissue of the liver. The use of
the inhibitor of the transcription factor kB in the background of prolonged alcohol intoxication of animals reduced the concentration
of GAG by 1.43 times, lowered oxyproline concentration by 1.6 times and decreased the concentration of sialic acids by 1.14 times
compared to chronic alcohol intoxication group. Transcriptional factor NF-kB under conditions of chronic alcohol intoxication
affects the architectural remodeling of connective tissue of rat liver by increasing degradation of collagen fibers and destruction of
glycoproteins and proteoglycans of the extracellular matrix.
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BIIJIUB TPAHCKPUIIIIMHOI'O ®AKTOPY kB HA PEMOJIEJTFOBAHH S
EKCTPALEJIOJISIPHOI'O MATPUKCY EYIHKH IIIYPIB 3A YMOB XPOHIYHOI
AJIKOT'OJIBHOI IHTOKCUKALIT

®i0po3 MeviHKK — IIe MOMUpPEeHa TKAHUHHA PeaKIlisl, OB’ A3aHa 3 XPOHIYHUM YPaKCHHSAM ITEUYIHKH, 110 € Pe3yIbTaTOM
TPUBAJIOTO YpPaXXCHHs MapeHXIMAaTO3HHUX KIITHH Ta 3anajeHHs. DiOporeHHa BIAMOBIAb XapaKTEPU3YETHCSA MPOTPECYIOUNM
HaKOMMMYECHHSIM KOMIIOHEHTIB MO3aKJIITHHHOTO MaTPUKCY, 30aradeHIX KOJIarecHOBUMH (iOpHiIaMH, i TOPYIICHHSIM PEMOACTIOBaHHS
EKCTpAIETIONIPHOTO MaTPHUKCy. MeToto JaHoi poOOTH € BCTAaHOBJICHHS BIUIMBY TPAaHCKpHUILiHHOTO (hakTopy KB Ha KOHIEHTpaIiro
OKCHIIPOJIiHY, DIiKO3aMiHODIIKaHIB Ta CIallOBHX KHCJIOT B MEYiHII ILIypiB 32 yMOB XPOHIYHOI aJIKOTOJIBHOI iHTOKCHKAil.
JocunimkeHHs npoeaeHe Ha 24 ypax-caMIpix JiHil «Bictap». TBapunu Oyiu noziieHi Ha 4 rpynu 1o 6 TBapuH: | — KOHTpOJIbHA;
11 — TBapuHwy, sikuM iHriOyBaau TpaHcKpunuiiuuit pakrop kB; III — TBaprHY, SKNM MOZIETIOBAIN XPOHIYHHH AJIKOTONBEHHIN TeIaTUT
Ta IV — TBapuHH, SKUM iHT1OyBaIH TPAHCKPUILIHHHKA (hakTop KB Ha (GoHI XpOHIUHOI aIKOroIpHOI iHTOKCHKAIl. B romorenari
TKaHUH NEYiHKM JOCIILKYBaIM 3arajbHy KOHLEHTpaLii NIiKo3aMiHOIIIKaHiB, IenapHH-renapaHoBol, KepaTaH-IepMaTaHoBol Ta
XOHIPOITHHOBOI (hpaKwiii ITIKO3aMiHOIJTIKaHIB, BUIBHOTO OKCHIIPONIHY Ta CialloBUX KUCIIOT. TpuBaja ankoroiibHa iHTOKCHUKALIIS
OpraHi3My ILIypiB IPU3BOIHUTH 10 PEMOACIIOBAHHS SKCTPALETIONSIPHOTO MATPUKCY PO IO CBiIYUTH MOCHIICHHS KOJIAreHOMi3y Ta
KaTaboIi3My IIIIKOKOH IOTaTiB aMOp(HOI PEeYOBUHHM CIIONYYHOI TKAHUHU IIEUiHKH. 3aCTOCYBaHHs iHTi6iTOpa TPaHCKPHUIIIHHOTO
(axropy kB Ha QoI TpuBaOi ankoronbHOI IHTOKCHKALT TBapuH 3HIKY€E KoHIeHTpanito Al B 1,43 pa3u, B 1,6 pasu 3HIDKYE
KOHIIEHTPAIII0 OKCHIPONIHY Ta 3HIDKY€ KOHIEHTpAILIiIO CiaJIoBUX KHCIOT B 1,14 pasu HOpIBHSHO 3 IPYyHOIO IMYpiB, SKUM
MOJICJIIOBAJIM XPOHIYHY aJKOTOJBbHY IHTOKCHKaliro. TpaHckpunuiiiumii ¢akrop NF-kB 3a yMOB XpOHIYHOI aJIKOTONBHOT
IHTOKCHKAIlil BIUIMBa€ Ha apXiTEKTypHE PEMOIETIOBAHHS CIIOIYYHO! TKaHWH LULIXOM 30UIBIIEHHs JAerpajanii KojgareHOBHX
BOJIOKOH Ta PyWHYBaHHS DIIIKOMPOTEIHIB 1 MPOTEONTIKAaHIB €KCTPAIICTIOIAPHOTO MATPHKCY MICUIHKH IIyPiB.

KitrouoBi ciioBa: meviHka, aqKOroNbHIN renatut, mypH, NF-kB, ekcTpauemtonsapanii MaTpuKc.

The work is a fragment of the research project “Features of the development of pathological changes in the digestive
system under different conditions and the development of methods for their correction”, state registration No. 0120U100502.

Chronic liver damage, regardless of the underlying disease, leads to a gradual change in the
physiological architecture of the liver and to excessive production of extracellular matrix, which eventually
leads to cirrhosis [10]. Liver fibrosis is a common tissue reaction associated with chronic liver damage
resulting from prolonged parenchymal cell damage and inflammation. The fibrogenic response is
characterized by the progressive accumulation of extracellular matrix components enriched in collagen
fibrils and impaired extracellular matrix metabolism. This process is due to the heterogeneous population
of hepatic myofibroblasts, which are mainly derived from liver stellate cells and portal fibroblasts.
Regression of fibrosis can be achieved by successful control of chronic liver damage due to cessation of
fibrogenic response and restoration of fibrolytic pathways. Understanding the complex network of
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transcriptional cascades underlying liver fibrogenesis has identified a large number of antifibrotic targets,
but no antifibrotic drug has yet undergone clinical trials [4].

Experimental studies have shown that intensification of lipid peroxidation in the liver precedes the
initial stages of fibrosis and is associated with increased production of profibrogenic transforming growth
factor- B1 (TGF-B1) by Kupffer cells. Ethanol-induced lipid peroxidation triggers the activation of nuclear
factor kappa B (NF-«B), a promoter of the collagen 2 (I) gene in stellate liver cells by stimulating the
cascade of kinases [11]. Thus, oxidative stress directly contributes to liver fibrosis by activating NF-«xB.

Fibrosis is a dynamically active reaction that is regulated by many factors. Analysis of protein and
carbohydrate components of fibrous tissue metabolism in the liver will clarify the role of each of the
components of the extracellular matrix in the complex system of interaction of liver cells [5].

Glycosaminoglycans (GAG) as heteropolysaccharides of the extracellular matrix of the liver are
actively involved in the formation of fibrous tissue in the liver as a result of liver damage by reactive
oxygen species. Heparin can prevent the development of liver fibrosis by affecting the signaling pathway
initiated by TGF-f [12].

The final stage of alcoholic liver disease, which develops as a result of chronic alcohol abuse, is
the development of liver fibrosis, which turns into cirrhosis. Chronic alcohol abuse activates the NF-kB
transcription factor and increases the production of TGF-§ by Kupffer cells of the liver [13]. Thus, changes
in the composition of the extracellular matrix of the liver may have pathogenetic significance in the
development of alcoholic cirrhosis. In the current scientific literature, there is a limited amount of data on
the role of activation of the transcription factor NF-kB in changes in the fractional composition of GAG
under conditions of chronic alcohol abuse.

The purpose of the study was to establish the influence of the transcriptional factor kB on the
concentration of oxyproline, glycosaminoglycans and sialic acids in the liver of rats under conditions of
chronic alcohol intoxication.

Materials and methods. The experiments were performed on 24 white adult male Wistar rats
weighing 180-220 g. The animals were divided into 4 groups: I — control (n=6); II group — animals (n=6),
which received ammonium pyrrolidine dithiocarbamate (PDTC) at a dose of 76 mg/kg 3 times a week
throughout the experiment (Control+PDTC group); III group — animals, on which we modelled alcoholic
hepatitis (n=6) by forced intermittent alcoholization for 5 days, repeated two days later by intraperitoneal
administration of 16.5 % ethanol solution in 5 % glucose solution, at the rate of 4 ml/kg body weight
(Alcohol intoxication group). Then they were converted to 10 % ethanol as the only water source [9]. Group
IV — animals (n=6), on which we modelled alcohol intoxication as in group III and injected PDTC as in
group II (Alcohol intoxication+PDTC group).

The control group included animals that were subjected to similar manipulations throughout the
study but injected 0.9 % sodium chloride solution. Conditions for keeping animals in the vivarium were
standard. Removal of animals from the experiment occurred on day 63 by taking blood from the right
ventricle of the heart under thiopental anesthesia. Serum and liver were studied. The experiments followed
the recommendations of the European Convention for the Protection of Vertebrate Animals used for
Experimental and Other Scientific Purposes (Strasbourg, 1986) in accordance with the “General Principles
of Animal Experiments” approved by the First National Congress of Bioethics, and the requirements of the
“Procedure for scientific research, animal experiments” (2012).

The total concentration of glycosaminoglycans (GAG) by method of Sharaev PN (1987),
concentrations of GAG fractions (heparin-heparan, keratan-dermatan and chondroitin) by method of Volpi
N. (1996), the concentration of free oxyproline by the method of Tetyanets SS (1985) and sialic acids [1]
were determined in rat liver homogenate.

Statistical processing of biochemical results was performed using pairwise comparison using the
nonparametric Mann-Whitney U-test. All statistical calculations were performed in Microsoft Office Excel
and its extension Real Statistics 2019. The difference was considered statistically significant at p<0.05.

Results of the study and their discussion. /nfluence of kB transcription factor on biochemical
parameters of rat liver. We found that under the conditions of administration of the NF-kB inhibitor, the
concentration of GAG in the liver of rats was reduced by 1.67 times compared with the control group.
Under these conditions, the concentration of heparin-heparan fraction in the liver of rats decreased by 3.35
times, the concentration of keratan-dermatan decreased by 3 times and the chondroitin fraction lowered by
1.55 times under conditions of NF-kB inhibitor administration compared with the control group. Evaluating
the metabolism of collagen proteins under the conditions of administration of the NF-xB inhibitor, we
found that the content of free oxyproline increased by 1.34 times compared to the control. The
concentration of sialic acids in the liver of rats under the conditions of administration of the NF-«xB inhibitor

215



ISSN 2079-8334. Céim meouyunu ma odionozii. 2022. Ne 2 (80)

increased by 2.35 times compared with the control group. Thus, the introduction of NF-xB inhibitor leads
to increased collagenolysis and catabolism of glycoproteins of amorphous connective tissue of the liver
against the background of reduced proteoglycan breakdown but maintains the ratio of individual fractions
of GAG with a predominance of heparin-heparan fraction (Table 1).
Table 1
Indicators of connective tissue remodelling in rat liver under conditions of inhibition
of transcription factor kB and chronic alcohol intoxication (M=£m)

Groups
Biochemical parameters Control Control + Alcohol Alcohol intoxication
PDTC intoxication +PDTC

Total Concentration of glycosaminoglycans, pmol/l 2.62+0.02 1.57+0.07* 2.07+0.02*" 1.45+0.06*#
Concentration of heparin-heparan fraction, pumol/l 1.81+0.02 0.54+0.008* | 0.78+0.01*" 0.61+0.036*#
Concentration of keratan-dermatan fraction, pmol/l 0.27+0.004 | 0.094+0.004* | 0.84+0.009*" 0.32+0.007* #
Concentration of chondroitin fraction, umol/l 0.59+0.009 0.38+0.04* 0.49+0.006* 0.67+0.028*
Concentration of free oxyproline, pmol/g 1.28+0.02 1.72+0.05* 2.88+0.05* 1.8+0.03*#
Concentration of sialic acids, mg/g 1.26+0.04 2.96+0.03* 7.67£0.02%" 6.74+0.08* #

*— p<0.05compared to control group, *— p<0.05compared to Control+PDTC group, #— p<0.05 compared to alcohol intoxication
group

The effect of prolonged alcohol intoxication on the biochemical parameters of the liver of rats.
Prolonged alcohol intoxication of rats leads to increased collagenolysis and catabolism of glycoproteins of
amorphous connective tissue of the liver. Against the background of increased degradation of
proteoglycans of the extracellular matrix of the liver of rats, the ratio of individual fractions of GAG is
shifted towards the predominance of a keratan-dermatan fraction [7].

Influence of transcriptional factor kB on biochemical parameters of rat liver under conditions of
prolonged alcohol intoxication. Under the combined action of the transcription factor kB inhibitor and
prolonged alcohol intoxication, the concentration of GAG in the liver of rats decreased by 1.81 times
compared with the control group, by 1.43 times compared with the alcohol intoxication group. The
concentration of heparin-heparan fraction of GAG in the liver of rats decreased by 2.97 times during
inhibition of the transcription factor kB activation in the background of prolonged alcohol intoxication
compared with the control group and decreased by 1.28 times compared with the alcohol intoxication
group. The concentration of keratan-dermatan fraction of GAG in the liver of rats increased by 1.19 times
under the conditions of PDTC administration under the background of prolonged alcohol intoxication
compared with the control group and by 3.56 times compared to the PDTC group, but decreased by 2.63
times compared to alcohol intoxication group. The concentration of chondroitin fraction of GAG in the
liver of rats increased by 1.14 times under the action of the inhibitor of the transcription factor kB on the
background of prolonged alcohol intoxication compared with the control group, by 1.76 times compared
to the PDTC group and by 1.37 times compared to alcohol intoxication group.

Analyzing the metabolism of collagen proteins in the liver stroma of animals, with a combined
effect of «B transcription factor inhibitor and long-term alcohol intoxication, we found that the
concentration of free oxyproline increased by 1.41 times compared to the control group and decreased by
1.6 times compared with alcohol intoxication group. The concentration of sialic acids in the liver of rats
increased by 5.35 times under the conditions of PDTC injection on the background of prolonged alcohol
intoxication compared with the control group, by 2.28 times compared with the PDTC group and decreased
by 1.14 times compared with alcohol intoxication group.

Based on the detoxifying function of the liver in hepatocytes there is a significant expression of
cytochrome P-450 genes, which can lead to excessive formation of free oxygen radicals in the liver, even
under physiological conditions. Therefore, when the NF-kB transcription factor is blocked, independent
activation of other redox-sensitive transcription factors, such as activator protein-1 (AP-1), is possible. AP-
1 has a transcriptional control zone in common with NF-«B. Thus, AP-1 can independently NF-xB and
activate the transcription of the inducible isoform of NO synthase [2]. In the case of excessive activation
of AP-1, the decrease in the concentration of heparin-heparan fraction GAG can be explained by the effect
of AP-1 on the expression of matrix metalloproteinase-7, which cleaves syndecan-1 (a variety of heparan
fraction GAG) from the hepatocyte membrane [3]. The decrease in the concentration of heparin-heparan
fraction GAG in during chronic alcohol intoxication can be explained by ethanol-induced activation of the
transcription factor NF-kB due to increased production of reactive oxygen species. The decrease in the
concentration of heparin-heparan fraction GAG in the blockade of the transcription factor NF-kB in chronic
alcohol intoxication is probably associated with NF-kB-independent activation of other redox-sensitive
transcription factors such as AP-1.

216



ISSN 2079-8334. Céim meouyunu ma odionozii. 2022. Ne 2 (80)

Given the anti-inflammatory properties of the keratan-dermatan fraction of GAG increase in the
concentration of this fraction under the conditions of chronic alcohol intoxication, may be an adaptive
response to the development of alcoholic hepatitis [6]. There are limited data in the scientific literature on
the relationship between the transcription factor NF-kB and the keratan-dermatan fraction of GAG.
However, based on the data of our study, the activation of NF-kB is a necessary condition for adaptive
growth of the concentration of keratan-dermatan fraction of GAG.

The increase in the concentration of free oxyproline in the PDTC group may be the result of the
development of oxidative lesions of the extracellular matrix by reactive oxygen species, due to activation
of the transcription factor AP-1 [2]. An increase in the concentration of free oxyproline during chronic
alcohol intoxication may be associated with an increase in the content of collagen fibers in the liver due to
the development of alcoholic cirrhosis and liver fibrosis [4]. The use of the NF-kB transcription factor
activation inhibitor reduces the concentration of free oxyproline in the liver, which may indicate a decrease
in collagen fibers and some effectiveness of PDTC as an antifibrotic agent in alcoholic liver disease.

Sialic acids are involved in the activation of the transcription factor Nrf-2, which controls a number
of antioxidant genes [8]. Therefore, an increase in the concentration of sialic acids during the blockade of
NF-kB transcription factors may indicate the development of oxidative lesions of the liver parenchyma,
which requires further study. The increase in the concentration of sialic acids during chronic alcohol
intoxication may be caused by the development of alcohol-induced oxidative stress, due to the
accumulation of acetaldehyde, mitochondrial dysfunction and stress of the endoplasmic reticulum.

7% /77

Transcriptional factor NF-kB under conditions of chronic alcohol intoxication plays a leading role
in the architectural remodeling of the extracellular matrix of rat liver by increasing the catabolism of
collagen proteins and glycoconjugates of amorphous connective tissue.

Under conditions of chronic alcohol intoxication, there is an NF-kB-dependent redistribution of
liver glycosaminoglycan fractions, in the direction of decreasing chondroitin glycosaminoglycan fraction
on the background of an increase of heparin-heparan and keratan-dermatan fractions.
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