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Abstract. Background. Chronic alcohol use leads to alcoholic liver fibrosis. Today, a sufficient number of scien-
tific studies are focused on the pathometabolic mechanisms of liver fibrosis development and formation in animal
models. The purpose of our study was to investigate structural changes and liver stiffness, biochemical markers
of fibrosis in rats with chronic alcoholic liver injury (CALI) modeling and to evaluate the changes of these parame-
ters with different types of treatment. Materials and methods. Eighty-nine rats were divided into experimental
groups depending on the duration of alcohol exposure (4 and 12 weeks) and the corresponding type of correction
(metadoxine and prebiotic). Results. When modeling CALI at week 4, morphological studies revealed moderate
large-droplet fatty hepatosis and mild fibrosis in the central venule of the liver lobes. After 12 weeks of forced alco-
holization, with more pronounced general intoxication, hepatocytes have dystrophic changes such as appearance
of single or grouped dystrophic cells in the parenchyma. A combination of protein and fatty dystrophy was more
common. Elastography allowed to detect structural changes in the liver at the early stages of fibrosis formation
when modeling CALI for 12 weeks. There were also changes in the levels of biochemical parameters: free and
protein-bound hydroxyproline, glycosaminoglycans. According to the results of elastography, liver stiffness in rats
increased maximally after prebiotic correction in all approaches compared to the controls. After correction of CALI,
both early- and long-term, fibrosis markers normalized in rat liver homogenate after administration of metadoxine
and prebiotic. After prebiotic correction at week 12 of alcoholization, we observed a 12% decrease in liver paren-
chymal stiffness in the CALI modeling group and a 19% decrease (p < 0.05) in the placebo group. After correction
with metadoxine, there was a 1.5-fold increase in free hydroxyproline levels in rat liver homogenate at week 12 and
a 1.2-fold increase in glycosaminoglycans (p < 0.05) at week 4 compared to the CALI modeling group. Conclu-
sions. Long-term alcoholization of animals led to the development of dystrophic changes in hepatocytes, protein
and fatty degeneration, and an increase in the number of capillaries. Against this background, liver stiffness and
biochemical parameters changed. After correction with metadoxine and prebiotic, changes in the liver stiffness and
fibrosis markers were observed at week 12 of CALI modeling.

Keywords: fibrosis; chronic liver damage; hydroxyproline; glycosaminoglycans; liver stiffness; morphological
studies

Intfroduction

Nowadays in the world, there are hundreds of millions
of patients with liver fibrosis due to excessive alcohol con-
sumption [18]. Alcoholic liver disease (ALD) covers a wide
range of illnesses initiated by simple steatosis, which can
progress to more severe pathologies such as alcoholic hepa-
titis, fibrosis, cirrhosis and, in extreme cases, hepatocel-

lular carcinoma, because the liver is the main site of ethanol
metabolism. Chronic use of ethanol can cause disease by
interfering with the nutritional status of the body through
changes in nutrient absorption and/or metabolism and may
contribute to the progression of liver damage. Liver fibrosis
is an important health problem due to high morbidity and
mortality. Better understanding of the factors that facili-
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tate the transition from acute to chronic progressive ALD is
needed to identify people at risk and refine diagnostic and
therapeutic approaches [1, 6].

Elastography is a modern non-invasive diagnostic me-
thod for determining liver stiffness, signs of steatosis and
fibrosis stage. The difficulty of diagnosis and differential
diagnosis of liver damage caused by the almost complete
absence of specific signs, especially in the early stages of the
disease, defines the importance of studying the main liver
stiffness coefficients and their relationship with biochemical
markers of liver damage as modern methods of detecting the
development and progression of fibrosis [3, 5].

As a result of the influence of different factors or inflam-
matory processes, an excessive accumulation of extracellular
matrix proteins, in particular collagen, leads to fibrosis of
parenchymal organs. Hydroxyproline (HP) is a non-pro-
teinogenic amino acid that is synthesized by posttranslational
hydroxylation of proline during collagen biosynthesis. Its
level in liver tissue, blood serum and urine is an excellent
limiting factor that can correctly reflect the progression of
liver fibrogenesis [21, 23].

Glycosaminoglycans (GAG) as biomarkers for cancer
and other chronic diseases including hepatocellular carci-
noma, liver fibrosis, ovarian cancer, prostate cancer, gastric
carcinoma and carcinoma of the pancreas were the focus
of many recent studies [4, 9, 19]. In addition, GAG-based
diagnostic methods usually focus on the analysis of GAG
structure and concentration [12]. Elevated serum GAG levels
positively correlate with disease progression in liver fibrosis
and cirrhosis [14].

Modeling of human diseases in animals plays an impor-
tant role in the study of pathogenic processes due to easy
management and elimination of clinical trials and financial
or ethical problems [7]. However, it is difficult to unify the
results of these studies due to many methods of modeling
and its different qualities [22]. In recent decades, a wide
variety of animal models for ALD has been developed with
different results. Finding the “ideal” experimental model
for ALD would help study the pathogenesis and, conse-
quently, develop new therapeutic strategies for the treat-
ment of ALD [20].

The purpose of our study was to investigate structural
changes and liver stiffness, biochemical markers of fibrosis
in rats with chronic alcoholic liver injury (CALI) modeling
and to evaluate the changes of these parameters with different
types of treatment.

Materials and methods

The study was conducted following the standards of the
European Convention of Bioethics (1997), the provisions of
EU Directive 2010/63 of September 22, 2010, the European
Convention for the Protection of Vertebrate Animals used for
Experimental and Other Scientific Purposes, general ethical
principles experiments on animals, approved by the law of
Ukraine (No. 3447-1V dated August 4, 2017) “On protec-
tion of animals from cruel treatment” by the decisions of the
First National Congress of Ukraine on Bioethics (“General
ethical principles of animal experiments”, 2001). Local bio-
ethics committee approved the study (protocol No. 2 dated
March 21, 2023).

Eighty-nine laboratory rats (weight 180—230 g) were used
to solve the set tasks. The animals were kept in standard con-
ditions and received a standard diet that quantitatively and
qualitatively provided their physiological needs.

Animals were divided into the following groups:

1) intact group (controls) consisted of 15 healthy animals
that throughout the study period were in the same conditions
and on the same diet as the experimental groups;

2) Igroup (n = 38) — 4 weeks of CALI modeling:

— lagroup (n = 15) — modeling of CALI by two-phase
alcoholization with ethanol aqueous solution, with chroni-
city of the pathological process of 4 weeks;

— Ib group (n = 8) — CALI 4 weeks + metadoxine,
30 days of the standard diet with the addition of metadoxine
(Liveria IC) at a dose of 320 mg/kg for a day;

— Ic group (n = 8) — CALI 4 weeks + prebiotic, 30 days
of the standard diet with prebiotic (Hylak forte) added in
food at a dose of 2.8 ml/kg for a day;

— Id group (n =7) — CALI 4 weeks + placebo, 30 days
of the standard diet with placebo (drinking water) added in
food at a dose of 1 ml for a day;

3) II group (n = 36) — 12 weeks of CALI modeling:

— Ila group (n = 16) — modeling of CALI by two-phase
alcoholization with ethanol aqueous solution, with chroni-
city of the pathological process of 12 weeks;

— 1Ib group (n = 7) — CALI 12 weeks + metadoxine,
30 days of the standard diet with the addition of metadoxine
(Liveria IC) in food at a dose of 320 mg/kg for a day;

— 1IlIc group (n = 6) — CALI 12 weeks + prebiotic,
30 days of the standard diet with the addition of prebiotic
(Hylak forte) in food at a dose of 2.8 ml/kg for a day;

— IId group (n = 7) — CALI 12 weeks + placebo,
30 days of the standard diet with the addition of placebo
(drinking water) in food at a dose of 1 ml for a day.

CALI was simulated after 48 hours of food deprivation
by performing forced intermittent alcoholization for 5 days
with repetition in 2 days, by intraperitoneal administration
of 16.5% ethanol solution in 5% aqueous glucose solution at
the rate of 4 ml ethanol per 1 kg animal weight. After 14 days
of forced alcoholization, rats were transferred to semi-forced
alcoholization, that is, animals used 15% aqueous ethanol
solution as their sole source of drinking. The animals were
euthanized by administering a lethal dose of ketamine at a
dose of 200 mg/kg.

For histological studies, the biopsies were fixed in a
10.0% solution of neutral formalin, dehydrated in alcohols
of increasing concentration, and embedded in paraffin. His-
tological sections of 3—5 pum thick were stained with he-
matoxylin and eosin, according to Mallory’s modification
of Slinchenko, and mounted on slides. The microscopic
structure of the organ, the presence and nature of dystrophic
changes, infiltration of inflammatory cells, and the state of
portal tracts were evaluated [1].

The structure of the liver was studied by evaluating the
stiffness of the tissue (kPa) using shear wave elastography
(SWE) on the Ultima PA ultrasound machine (Ukraine). To
exclude the influence of anatomical, physical, and physio-
logical factors that could alter measurements, 3 measurement
approaches were used: lifetime (in vivo), decapitated, and
phantom (in vitro). Stiffness measurements were carried out
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with a linear sensor, 5 measurements in each approach, with
the calculation of average data. For ultrasound examination
in 2D mode, the area of liver parenchyma without vessels and
artifacts was selected. Control volume — 5 mm wide in the
area of interest 10 mm. The quantitative value of liver stiff-
ness was determined automatically (in kPa).

The phantom is a device for studying the stiffness
of isolated rat liver in vitro, which looks like a cuvette
(5 x 5 x 15 cm) filled with saline at 36—37 °C. The bottom
of the cuvette was covered with a layer of material that does
not create echoes. At a depth of 5 cm from the surface of the
immersion liquid, a rat liver sample was placed on a special
acoustically transparent mesh area, which did not generate
acoustic noise but allowed the test sample to be held at a cer-
tain distance from the ultrasonic transducer, which prevented
its deformation [3].

10% liver homogenate was prepared on 0.1 g phosphate
buffer (pH 7.4) using a Dounce homogenizer with a Teflon
pestle, centrifuged for 15 minutes at 5000 g. The superna-
tant was used for further research. The presence of fibrosis
was assessed by the content of biochemical markers in the
liver homogenate — HP free (HPf), HP protein-bound
(HPp/b) and GAG. The content of GAG was evaluated by
Rimington’s method, HPp/b and HPf — by Osadchuk’s
method [2, 13].

Descriptive statistics was used for statistical analysis of the
obtained material: comparisons of average values of variables
were carried out using Student’s t-test on the normal distri-
bution of data features expressed on the interval scale. The
differences obtained by the method of paired comparisons
were considered valid at p < 0.05.

Results and discussion

After 4 weeks of alcoholization (Ia group), the liver cells
were swollen and showed signs of vacuolar and fatty degene-
ration. There were necrotically altered hepatocytes. Against
the background of severe focal diffuse fatty and hydropic

dystrophy, the beam-radial structure of the liver lobes in
animals was fuzzy, blurred (Fig. 1).

There was significant vascular dilation and perivascular
edema, loosening of the walls, plasmorrhages, tortuosity of
the vessels and uneven blood filling, as well as a significant
expansion of the hepatic sinusoids. The stasis of red blood
cells and lymphocytes was determined.

Therefore, in the simulation of CALI, moderate granular
fatty hepatosis and mild fibrosis in the venule area of the
hepatic lobes were registered.

After 12 weeks of forced alcoholization (Ila group), he-
patocytes had dystrophic changes such as the appearance
of single or clustered dystrophic cells in the parenchyma.
A more common phenomenon was a combination of protein
and fatty dystrophy (Fig. 2).

A significant number of “balloon” cells (the final form
of hydropic dystrophy) was observed, which look like fluid-
filled balloons with a nucleus in the center altered in shape.
These cells were found both singly and in clusters, which
is ultimately a manifestation of focal collisional necrosis.
Moreover, an increase in the number of capillaries was ob-
served in animals at week 12 of the experiment, indicating
increased vascularization under the influence of alcohol.

SWE in the control rats found that the median of liver
stiffness (Eavg, kPa) was more than 1.5 times higher with
the decapitation approach — 8.33 kPa; when animals were
exsanguinated, liver stiffness was 51 % (p < 0.01) higher than
that in vivo (Fig. 3). This may indicate the revealed depen-
dence of liver parenchyma stiffness on the influence of the
functional state of the circulatory system (the bloodless state)
and the local pressure of neighboring organs of the abdomi-
nal and thoracic cavities (acoustic phantom).

In rats of Ia group, liver stiffness increased only in vivo
by 26 % (p < 0.01) compared to the controls. It was an early
stage of 4 weeks. The maximum liver stiffness was found in
rats of IIa group: by 30 % in vivo (p < 0.01), by 26 % in de-
capitated (p < 0.01), by 15 % in vitro (p < 0.05) compared to

A

B

Figure1 — Modeling of CALI for 4 weeks (la group): A) area of large droplet fat accumulation in the hepatic lobe,
staining with hematoxylin-eosin, 100x; B) mild perihepatocellular and pericapillar fibrosis in the area
of the central venule, staining by Mallory-Slinchenko, 200%
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A

Figure 2 — Microscopic changes in the liver of rats under the influence of alcohol at week 12 of the experiment
(lla group): A) fine droplet fatty degeneration of the liver, staining with hematoxylin-eosin, 100x; B) large fat
droplets in hepatocytes, staining by Mallory-Slinchenko, 100x

In vitro 3.24*
Decapitated 8.33**
In vivo 4.25
o 2 4 6 8 10

Note: significance of the difference with the in vivo:
*—p<0.01;* —p<0.001.

Figure 3 — Indicators of liver elastography in the
control group rats under different measurement
conditions

the controls (Fig. 4). The stiffness of the liver parenchyma
increased with increasing duration of simulation from 4 to 12
weeks: by 18 % in decapitated and by 7 % in vitro (p < 0.05)
compared to Ia group.

The results of SWE in rats of Ic group showed that liver
stiffness increased maximally after the prebiotic correction in
all approaches compared to the controls: by 48 % in vivo, by
33 % with a decapitated approach and by 21 % in phantom
(p < 0.05) (Fig. 5). Compared with the placebo group (Id),
the indicators of the liver parenchyma stiffness were 16 %
higher (p < 0.05) in vivo and in vitro and 15 % higher in the
decapitated animals (p < 0.05).

After correction with metadoxine (Ib group), the stift-
ness of the liver remained increased compared to the control
group in vivo and decapitated state by 14 and 25 %, respec-
tively (p < 0.05), but had not significant differences in acous-
tic phantom.

When comparing liver stiffness in rats of Ila group with
the controls, an increase by 30 % was found in vivo and by
26 % in the decapitated approach (p < 0.05) (Fig. 6).

Controls la lla

B /nvivo W Decapitated B In vitro

kPa 1.07
12 1041 iy 967

10
8
6
4 -

Controls lla b lic Iid

B /nvivo M Decapitated M In vitro

Notes: * — p < 0.05, ** — p < 0.01 — significance of the
difference in comparison with the control group; * —
p < 0.05 — significance of the difference in comparison
with la group.

Figure 4 — Liver stiffness in the experimental rats

(3 approaches: in vivo, decapitation, phantom) after 4
(la group) and 12 weeks (lla group) of modeling CALI

Notes: * — p < 0.05, ** — p < 0.01 — significance of
the difference in comparison with the controls; * —
p < 0.05 — significance of the difference in comparison
with la group; * — p < 0.05 — significance of the
difference in comparison with Id group.

Figure 5 — Liver stiffness in rats of | group before
and after correction
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It was found that the stiffness of the liver parenchyma was
higher in all subgroups of I1 group compared to the controls
(Fig. 6), with the exception of the values measured under the
conditions of the acoustic phantom (in vitro) in 11b group,
where they did not have significant differences in comparison
with the controls.

It should be noted that the analysis of numerical results
characterizing the liver elasticity in rats after medicinal cor-
rection in the context of simulating chronic alcohol-induced
liver damage demonstrated that liver stiffness in vivo in ani-
mals receiving probiotics was 12 % (p < 0.05) lower than
before correction (ITa group) and 19 % (p < 0.01) lower
than in the placebo group (IId). This is the most favorable
outcome of correction, although this indicator still remained
15 % (p < 0.05) higher than the value of the control group.
This may be associated with the insufficient duration of cor-
rection for the complete restoration of liver tissue elasticity
after prolonged alcohol-induced damage.

It was found that when the modeling CALI, fibrosis
markers changed at weeks 4 and 12 (Table 1). It is known
that HPf is formed after the breakdown of collagen. The
level of HPf significantly decreased in la and Ila groups by
1.5 times (p < 0.001). GAG level significantly decreased in
all groups: in Ia group by 1.8 times (p < 0.001), in IIa — by
1.7 times (p < 0.01) compared to the controls.

When modeling CALI (4 weeks) after the introduction
of metadoxine and prebiotic to animals in the early terms,
HPf level significantly decreased in Ic group, by 1.6 times
(p <0.01) compared to Ia group. The content of GAG sig-
nificantly increased in group Ib, by 1.3 times (p < 0.01) com-
pared to Ia group.

A decrease in HPfby 1.8 times was observed in Ilc group
(p <0.01) compared to I1a group after introduction of pre-
biotic and metadoxine in animals when modeling CALI for
12 weeks. The level of GAG decreased in all groups, but
changes were significant in IIc group, by 1.7 times compared
to Ila group (p < 0.01).

Over the past decades, researchers have been actively
working to create an “ideal” experimental model of alco-
holic liver injury, which would allow to study pathogenetic
mechanisms and to develop new therapeutic strategies for
the treatment of CALI [16, 22].

Analysis of the histological studies data made it pos-
sible to conclude that chronic alcohol intoxication leads to
significant morphological and functional disorders of the
liver at the cellular level. This is characterized by dystrophic

kPa
14
12 L L

Controls lla IIb lic Ild

B /nvivo W Decapitated M In vitro

Notes: * — p < 0.05, ** — p < 0.01, ** — p < 0.001 —
significance of the difference in comparison with the
controls; * — p < 0.05, * — p < 0.001 — significance
of the difference in comparison with lla group; * —
p < 0.05, " — p < 0.01 — significance of the difference
in comparison with Ild group.

Figure 6 — Liver stiffness indicators in rats of Il group

changes, destruction of some liver cells, as well as changes in
vascularization rate, and a decrease in the energy-forming
and protein-synthesizing functions of hepatocytes. This phe-
nomenon can be considered as an activation of the compen-
satory properties of the liver [20, 23, 25].

Our previous work has shown that early alcoholization of
animals led to the development of fatty degeneration, but it
did not affect the stiffness of the liver parenchyma [3]. The
SWE data of current study demonstrated that liver stiffness
changed by week 12 of CALI modeling.

In model of alcoholic hepatitis, it was shown that colchi-
cine treatment, for example, significantly restored the level of
hepatic HP compared to the control group (p < 0.05). Cilo-
stazol treatment (5 mg/kg/day) did not significantly change
the level of hepatic HP, but significantly decreased it compared
to the controls (p < 0.05) when administered at doses of 10 and
20 mg/kg/day. Cilostazol treatment (10 mg/kg/day) without
alcohol did not significantly change the level of hepatic HP
compared to the control group [9]. In modeling of CALI for
4 and 12 weeks, an imbalance was found in HPf and HPp/b
content that indicates fibrotic changes in the liver of rats. Ap-
parently, the synthesis and degradation of collagen are more
active in the early stages of modeling steatosis and hepatic
fibrosis, but later, collagen metabolism in the liver decreases.
The observed decrease in GAG level in rat liver homogenate
may indicate low intercellular catabolism of connective tissue.

Table 1 — Parameters of fibrosis markers in the liver homogenate of experimental animals
when modeling CALI (M £ m)

Indicators Controls la Ib Ilc Id lla Iib lic lid
Eﬁ{éé‘lﬁo'/g 118.56+9.36 | 72.68+7.80" | 49.76+9.60 | 44.06+3.38" | 38.70+8.08" | 105.67+15.68 | 100.6311.73 | 56.36+4.38' | 136.20£66.55
gfliggagmol/g 624.25+17.77 (629.74168.77 | 325.80+50.25 |430.30+171.09| 325.74+82.06 |422.34+76.27* | 549.98+47.79 | 394.22+80.78 | 318.6063.73
onA{géngVg 733096 | 407:031** | 535:032° | 472:029 | 453058 | 427:053" | 3322014 | 254:0.16' | 366045

Notes: * — p < 0.01, ** — p < 0.001 — the difference from the control and experimental group is statistically
significant; *— p < 0.05,* — p < 0.01 — the difference from the experimental and la group is statistically significant;
' — p < 0.01 — the difference from the experimental and lla group is statistically significant.
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According to our research, after correction of CALI, fi-
brosis markers normalized in liver homogenate, especially af-
ter administration of metadoxine to rats. Metadoxine makes
liver restoration faster due to reduced level of glutathione in
the liver, as well as enhanced oxidation of ethanol and acet-
aldehyde based on preclinical results. The half-life of ethanol
in the blood also significantly reduces with single intravenous
injection of metadoxine at a dose of 900 mg (from 6.7 to 5.4
hours) [7]. Metadoxine is a chemical compound that is syn-
thesized in vitro by crystallization of two molecules and con-
sists of L-2-pyrrolidone-5-carboxylate (pyroglutamic acid)
and pyridoxine (vitamin Bg). This drug also has antioxidant
properties, reduces alcohol consumption and activity of liver
enzymes according to research [24]. In a clinical trial, there
was a decrease in the development of encephalopathy and
hepatorenal syndrome after treatment of patients receiving
combined therapy with metadoxine [16].

In our research, prebiotic correction has led to a signifi-
cant decrease of HPf in liver homogenate compared to the
groups of both early- and long-term CALI. After prebiotic
correction, changes in levels of fibrosis markers were ob-
served at week 12 of CALI modeling.

Given the characteristics of the results obtained, it may
be promising to combine all three factors during the correc-
tion (rehabilitation) of experimental alcoholic liver fibrosis,
further research is required to clarify this hypothesis.

Conclusions

1. After 4 weeks, the initial signs of dystrophic changes
were detected in the liver parenchyma of rats with modeled
CALLI, with a deterioration of the morphological picture at
week 12, when an increase in the number of capillaries was
observed, and protein and fatty degeneration was detected.

2. CALI modeling for 4 weeks caused an increase in liver
parenchymal stiffness by 26 % (p < 0.05) and its increase by
30 % (p < 0.05) at week 12 compared to the control group.
Significant changes in the levels of fibrosis markers in the
rat liver homogenate at weeks 4 and 12 of CALI modeling
were revealed: the level of HPf significantly decreased by 1.5
times (p < 0.001) at week 4, the content of GAG — by 1.8
(p <0.001) and 1.7 times (p < 0.01), respectively, compared
to the control group.

3. After 30 days of prebiotic correction, a decrease in
liver parenchymal stiffness by 12 % (p < 0.05) was found
in IIa group and by 19 % (p < 0.05) in the placebo group
(I1d) at week 12 of alcoholization. After correction with
metadoxine (IIb), we observed a 1.5-fold increase in HPf'in
rat liver homogenate at week 12, and a 1.2-fold increase in
GAG (p <0.05) at week 4 compared with the CALI-modeled

group.
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CTpyKTYypaQ nediHkn t1a mapkepu ¢iéposy
npU MOAEAIOBOHHI AAKOFOABHOTO YPCODHKEHHS NeYiHKU
" KOpeKLii BUSBA€HUX NOpPYLUEHb

Pesiome. Axmyaavnicmo. XpoHiuHe BXUBaHHs aJKOTOJIO MPK-
3BOJUTD /10 aJIKOTobHOro ¢ibpo3y neuvinku. Ha choromaHi 6arato
HayKOBUX JTOCIIKEHb CIIPSIMOBAaHO Ha BUBYEHHS ITaTOMeTabo0-
JIIYHUX MEXaHi3MiB PO3BUTKY Ta (opMyBaHHSs (hiOpo3y MediHKU
y TBApUHHUX MOJesIX. Mema docaidycenns: BABUSHHS CTPYKTYP-
HUX 3MiH Ta XKOPCTKOCTi NMeYiHKM, 6ioxiMiuHMX MapkepiB hidposy
MIPY MOZEJIIOBaHHI XPOHIYHOTO aJIKOTOJIBHOTO YPaskeHHS IMeYiHK1
(XAVYII) y urypiB Ta olliHKa 3MiH IIUX TapaMeTpiB TP Pi3HUX TH-
nax Kopekitii. Mamepiaau ma memodu. BicimaecsiT neB’sITb 11ypiB
OyJIv MoIiJIeHi Ha eKCepUMEeHTaIbHI TPYIU 3aJI€KHO BiJl TEpMiHY
BILJIMBY aJIKOTOJIIO (4 1 12 TUKHIB) i BULY KOpeKIil (METalOKCUH
Ta MpedioTHK). Y poOOTi BUKOPUCTOBYBaIM MOP(OJIOTiUHI METO-
N1, 3CYBHOXBWJIbOBY ejacTorpadito, 6ioximMiuHi Ta CTaTUCTUYHI
metoau. Pesyaemamu. Ipu monemoBanHi XAYII Ha 4 THXHI
MopdoIoriuHi K0CTiIKEHHST BUSBUIU MTOMIPHUI KPYTTHOKATe/b-
HUI XXMPOBUI TeNaTo3 Ta JIETKUi (hiOpo3 y AUISHIII LIEHTPaJbHOI
BEHYJIM MeYiHKOBUX YacToK. [Ticas 12 TUKHIB MPUMYCOBOI aJIKO-
roJiizaiiii, KoJIv 3arajibHa iHTOKCHUKaLIisl € OLJIbIII BUPaXXeHOIO, Te-
MaTOLMTH MalOTh TUCTPO(iYHI 3MiHU, 1110 BUPAXKAIOTHCS MOSIBOIO
B IMapeHXiMi TOOAMHOKHUX a00 3i0paHuX B TPYNU IUCTPODITHMX
kJiTiH. Yacrile croctepiragocs noeaHaHHs 0iIKOBOI Ta XKUPO-
Boi nuctpodii. Enacrorpadist 1o3Bosinia BUSBUTU CTPYKTYPHi
3MiHM B MeYiHLi Ha paHHiX cTaaisx ¢popmyBaHHs GiOpo3y npu

MonemoBaHHi XAYII ynponosx 12 TrkHiB. Takoxk 3MiHIOBaIUCS
piBHi 6i0XiMiYHMX MOKA3HUKIB: BiJIbHOTO i OiJIKOBO3B’sI3aHOTO
riIPOKCUTIPOJIiHY, Iliko3aMiHorikaHiB. [Ticast kopekuii XAV,
SIK KOPOTKO-, TaK JOBTOCTPOKOBOI'O, YMIiCT MapKepiB ¢idopo3y
B FOMOTEHATi MeYiHKU HIypiB HOpMaJli3yBaBcs TiCJsl BBEICHHS
MeTagoKCUHY i mpebioTtuka. Iliciasa Kopeklii npedioTukoMm Ha
12 TrxHI ankoroizallii criocTepiranocst 3HUXeHHsI XXOPCTKOCTi
rnapeHxiMu nedinku Ha 12 % y rpyni moaemoBanHst XAVYII, Ha
19 % (p < 0,05) y rpyni mnaue6o-koHTposto. [licas kopekiii
METaJOKCUHOM BMSIBJIEHO 30iJbIIIEHHSI PiBHS BUJILHOTO TiApo-
KCUIIPOJIiHY B TOMOTeHAaTI rnevyiHku uypis B 1,5 pa3a Ha 12 THXHi
Ta 30iTbIIeHHS TJiKo3aMiHorIikaHiB B 1,2 pasza (p < 0,05) Ha 4
TUKHI TTOPiBHSIHO 3 rpynoio moaentoBaHHs XAVYII. Bucnoexu.
JloBroctpokoBa ajakoroJisallis TBApUH MpU3Beaa 10 PO3BUTKY
nuctpodidyHMX 3MiH Y renaToluTax, 0iJIkoBO1 Ta XMPOBOi JUC-
Tpodii, 30iIbIIeHHs] KiJIbKOCTI KamiasipiB. Ha nbomy (oHi 3Mi-
HIOBAJIMCS XKOPCTKICTb MeYiHKM Ta OioxiMiuHi mapameTtpu. [Ticas
KOpEeKIIii MeTaJOKCUMHOM i MpedioTUKOM 3MiHHM y MOKa3HUKaX
JKOPCTKOCTI MeviHKM Ta piBHAX MapkepiB (idpo3y criocrepira-
smcst Ha 12 TvkHi monentoBaHHs XAVII.

KorouoBi c10Ba: ¢hiopos; XxpoHiuHe ypakeHHS MeYiHKK; TiIPOKCH-
MPOJTiH; IiIKO3aMiHOIJIiKaH!; )KOPCTKICTh MeYiHKK; MOPGhOIOTiuHi
JOCITIIKEHHST
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