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Intensity of liver parenchym fibrosis

in patients with alcoholic

and non-alcoholic steatohepatitis
depending on the presence

of dysmetabolic iron overload syndrome

Objective — to establish the features of iron homeostasis in patients with steatohepatitis of alcoholic and non-
alcoholic etiology depending on the presence of dysmetobolic iron overload syndrome, to identify the probable
link between ferrokinetics and markers of biochemical syndromes of steatohepatitis, the intensity of endotoxi-
cosis and fibrosing reactions.

Materials and methods. The study was based on the clinical follow-up of 125 individuals, including 60 patients
with nonalcoholic steatohepatitis and 65 patients with alcoholic steatohepatitis, 25 practically healthy individu-
als of appropriate age and gender. Depending on the indicators of iron homeostasis, the examined patients were
divided into 4 groups: alcoholic steatohepatitis with dysmetabolic iron overload syndrome — 40 patients,
25 patients without dysmetabolic iron overload syndrome; 18 patients with non-alcoholic steatohepatitis and
dysmetabolic iron overload syndrome and 42 patients — without dysmetabolic iron overload syndrome.

Results. In alcoholic steatohepatitis, activation of collagen anabolism processes was observed through the
growth of protein-bound oxyproline in blood — in the presence of iron overload syndrome 2.5 times (p <0.05),
in the absence — 2.0 times (p <0.05), as well as a significant increase in the intensity of collagen catabolism — by
increasing the content of free oxyproline in blood, respectively — by 1.5 and 1.3 times (p <0.05), which occurred
due to a significant increase in collagenolytic activity of blood plasma (respectively in 1.6 and 1.4 times; p <0.05)
with the presence of a probable intergroup difference (p <0.05) in all the cases. There was a significant increase
in the content of hexosamines in blood: with iron overload syndrome 1.6 times (p<0.05), in its absence —
1.5 times (p<0.05), the content of sialic acids, respectively — 1.6 and 1.5 times (p <0.05), and the accelerated
degradation of fucoglycoprotein components of the extracellular matrix. In non-alcoholic steatohepatitis, acti-
vation of collagen synthesis processes with an increase in blood protein-bound oxyproline was established — in
the presence of iron overload syndrome 1.6 times (p<0.05), in the absence — 1.3 times (p<0.05), as well as
a slight increase in the intensity of collagen breakdown — with an increase in the content of free oxyproline in
blood in non-alcoholic steatohepatitis with iron overload syndrome — 1.2 times (p <0.05). There was also a sig-
nificant increase in the content of hexosamines in blood: in the presence of iron overload syndrome by 1.3 times
(p<0.05), in its absence — by 1.2 times (p <0.05), the content of sialic acids, respectively — in 1.4 and 1.2 times
(p<0.05), and the accelerated degradation of fucoglycoproteins.

Conclusions. The regularities of liver fibrosis progression in patients with alcoholic steatohepatitis with iron over-
load syndrome are inextricably linked with the activation of collagen anabolism, the increase in the intensity of
collagen catabolism, which occurred due to a significant increase in collagenolytic activity of blood plasma. An
important consequence of the activation of cytolysis and inflammation is a significant increase in the content of
hexosamines in blood. In patients with nonalcoholic steatohepatitis, there was an activation of collagen synthesis,
aslight increase in the intensity of collagen breakdown in the presence of iron overload syndrome, as well as a char-
acteristic increase in blood hexosamines, and the accelerated degradation of fucoglycoproteins.

Key words: iron homeostasis, steatohepatitis of alcoholic etiology, steatohepatitis of nonalcoholic etiology,
endotoxicosis.
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Dysmetabolic iron overload syndrome (DIOS),
which is currently an extremely important
problem in internal medicine, is a pathological syn-
drome complex characterized by a steady increase
in the content of elemental iron in the body with in-
creased deposition in parenchymal organs, skin, bone
marrow cells, resulting in toxic effects of iron [2, 3].
In contrast to hemochromatosis — a genetic disor-
der of iron metabolism [2, 7, 11], the development
of DIOS is associated with congenital or acquired
insufficiency of mechanisms of the regulation of iron
excretion, accumulation in the population of muta-
tions in genes of proteins that regulate iron metabo-
lism; inefficient erythropoiesis and insufficient utili-
zation of iron in the bone marrow, predominance of
meat products in the diet; increasing life expectancy
in the population, living in geo-zones with high iron
content in soil, drinking water, the impact of harmful
production factors in terms of industrial production
[1, 3, 7—12]. The presence of DIOS is observed in
various pathological conditions, including viral hep-
atitis B, C, alcoholic (AFLD) and non-alcoholic fatty
liver disease (NAFLD) [10, 14—17, 21]. According
to literature sources, DIOS is observed in 70—90 %
of patients with alcoholism and is one of the likely
adverse diagnostic criteria for alcoholic steatohepati-
tis (ASH) [13]. At the same time, DIOS also occurs
in 20—30 % of cases of NAFLD [10, 17—19, 21].

Possessing powerful redox properties, iron is
required for oxygen transport, the synthesis of de-
oxyribonucleic acids (DNA), activation of mito-
chondrial enzymes [1, 12]. As a metal with variable
valence, iron in non-heme enzymes (catalase, per-
oxidase, cytochrome) neutralizes reactive oxygen
species (ROS) [1]. At the same time, the increase
in the Fe III pool can be a catalyst for the formation
of a significant amount of ROS and an inducer of
oxidative stress (OS) [3, 5]. During the transition
of Fe III to Fe II, toxic free radicals are formed ac-
tivating the processes of lipid peroxidation (LPO)
and oxidative modification of proteins (OMP) [12].
A significant intensity of DIOS in the body makes
it inhibit the work of its own antioxidant defense
systems (ADS) and natural detoxification systems
[4—6]. With excessive accumulation of iron in the
depot organs, there is direct DNA damage and in-
creased collagen formation [6].

The formation of DIOSs in patients with AFLD
and NAFLD occurs due to a number of dysmetabol-
ic factors, in particular, decreased synthesis of hepci-
din, proteins that regulate iron metabolism (ferritin,
transferrin, hepcidin, ceruloplasmin) in the liver due
to hepatocellular insufficiency (HCI); dysregula-
tory redistribution of iron with accumulation in the
cells of the liver, spleen due to portal hypertension,

hypersplenism, portocaval blood shunting [20]. In
obese patients, exogenous iron overload is not ex-
cluded with the daily consumption of large amounts
of red meat, offal, wine, and other alcoholic bever-
ages that stimulate the absorption of iron with food
[3, 14, 18]. Prominent among the etiological factors
of DIOS is the presence of hepatic steatosis, abdom-
inal obesity, hyperglycemia and insulin resistance
(IR), which significantly impair the functioning of
transferrin due to its glycosylation, increased iron
supply to the liver and ferritin synthesis [19]. The
predominant accumulation of iron in hepatocytes,
Kupffer cells in the perisinusoidal space triggers
the processes of apoptosis, necrosis, collagen forma-
tion and is a trigger mechanism for the progression
of hepatic steatosis to nonalcoholic steatohepatitis
(NASH) with subsequent development of liver fi-
brosis (LF), liver cirrhosis (LC) and hepatocellular
carcinoma (HCC) [11, 14—17].

The analysis of the literature sources indicates
a high interest of scientists in the likely impact of
DIOS on the course of chronic viral hepatitis, liver
cirrhosis of various etiologies [6, 13, 14] and so on.
At the same time, the influence of hypersideremia,
DIOS in general on markers of liver damage, the
intensity of its fibrosis in patients with ASH and
NASH are currently insufficiently studied, which
determines the relevance of our study.

Objective — to establish the features of iron ho-
meostasis in patients with steatohepatitis of alco-
holic and nonalcoholic etiology depending on the
presence of dysmetabolic iron overload syndrome,
to identify a probable correlation between ferroki-
netics and markers of biochemical syndromes of ste-
atohepatitis, endotoxicosis and fibrosing reactions.

Materials and methods

125 patients were examined, including 60 on
NASH and 65 patients with ASH, 25 practically
healthy individuals of the corresponding age and
sex. The examinations were performed in the gas-
troenterological and therapeutic departments of
the Emergency Medical Service of Chernivtsi in
2015—2020. Among the examined patients with
NASH there were 15 (25.0 %) male patients and 45
(75.0 %) female patients. The mean age of the exam-
ined patients was 46.3 = 5.2 years. Among the exam-
ined patients with ASH, there were 56 male patients
(86.2%) and 9 female patients (13.8%). The mean
age of patients with ASH was 47.4 £ 5.1 years. The
control group consisted of 25 practically healthy in-
dividuals (PHIs): male — 11 (44.0 %) and female —
14 (56 %). The mean age of PHIs was 41.3 + 2.1 years.

The diagnosis of NASH and ASH was estab-
lished in accordance with the unified clinical
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guideline approved by the order of the Ministry of
Health of Ukraine Ne 826 from 06.11.2014, in the
presence of criteria for exclusion of chronic dif-
fuse liver disease of viral, hereditary, autoimmune
or drug genesis as a cause of cytolytic, cholestatic,
mesenchymal-inflammatory syndromes, as well as
the results of ultrasonography (USG) of the liver
with shear wave elastography, AS-test Steato-test
test, Fibro-test (BioRedictive, France). Addition-
ally, in the diagnosis of steatohepatitis of alcoholic
origin, anamnestic data on daily consumption of
toxic doses of alcohol, consultation with a narcolo-
gist, availability of records in a narcological dispen-
sary were taken into account.

The diagnosis of obesity was established accord-
ing to the classification of the WHO International
Working Group on Obesity (1997). Patients were
measured for height and body weight, calculated
body mass index (BMTI) according to the Kettle for-
mula: BMI = weight (kg)/height (m)>.

The diagnosis of obesity was established when
the BMI value is more than 30 kg/m?.

The presence of DIOS was determined, in terms
of ASH and NASH, by three of the following labo-
ratory markers: increase in blood ferritin content of
more than 300 ug/L in men and menopausal women
and more than 200 pg/L in women of childbearing
age; increase in serum iron content above reference
values; decrease in total iron binding capacity blood
serum; increase in iron saturation of transferrin by
more than 45 %.

Depending on the indicators of iron homeostasis,
the examined patients were divided into 4 groups.
Among patients with ASH — DIOS was found in
40 patients (61.5 %), in 25 patients ASH was with-
out DIOS (38.5 %) (Table 1). Among patients with
NASH in 18 patients (30.0 %) was diagnosed with
DIOS, in 42 people (70.0 %) NASH was without
DIOS (see Table 1).

When patients were admitted to the hospital, the
functional state of the liver was determined accord-
ing to the approved list of enzyme activity, markers
of pigment metabolism, mesenchymal inflamma-
tion, proteinogram, lipidogram, ionogram, calcu-
lation of the De Ritis Ratio, blood uric acid, urea,
creatinine and creatinine.

Table 1. Distribution of examined patients
with steatohepatitis depending on the etiology
and the presence of iron overload syndrome

Iron homeostasis was studied by the content of
iron, transferrin, ferritin in blood, the calculation of
transferin saturation (TS):

TS =serum iron content : transferrin content - 3.9.

The intensity of endotoxicosis was studied by
the content of medium molecular weight peptides
(MMP) in blood by the method of NI Gabrielyan at
a wavelength of 254 and 280 nm.

The intensity of liver tissue fibrosis was studied
by changes in the metabolism of the following con-
nective tissue components: the content of free ac-
cording to S.S. Tetyanets (1985) and protein-bound
oxyproline according to M. S. Osadchuk (1979), hex-
osamines by O.G. Arkhipova (1988), seromucoids,
sialic acids using kits from the company Danish Ltd
(Lviv), ceruloplasmin by the method of M. R. Revina
(1976). The state of collagenolytic activity of blood
plasma was studied by the intensity of azocol lysis
with the help of reagents from Danish Ltd (Lviv).

The statistical analysis of the results was per-
formed according to the type of study and the types
of numerical data that were obtained. The normal-
ity of the distribution was checked using Liliefors,
Shapiro-Wilk tests and the method of direct visual
evaluation of histograms of the distribution of ei-
genvalues. The quantitative values that had a nor-
mal distribution are presented as mean (M) = stan-
dard deviation (S). The discrete values are present-
ed in the form of absolute and relative frequencies
(percentage of observations to the total number of
subjects). For the comparison of the data that had
a normal distribution, we used parametric tests
with the assessment of Student’s t-test, Fisher’s F-
test. In the case of abnormal distribution, used: me-
dian test, calculation of the Mann—Whitney rank
U-test, for multiple comparison — Wilcoxon T-test
(in the case of the study of dependent groups). To
assess the significance of the frequency of clinical
manifestations of NASH and ASH depending on the
DIOS, we used the method of calculating the odds
ratio (OR) and determining its 95 % confidence in-
terval. To assess the degree of dependence between
variables, we used Pearson correlation analysis in
the parametric distribution and Spearman’s rank
correlation coefficient in the case of the distribution
of indicators that were significantly different from
normal. For the statistical and graphical analyses
of the obtained results we used software packages
Statistica for Windows version 8.0 (Stat Soft inc.,
USA), Microsoft Excel 2007 (Microsoft, USA).

DIOS PHIs (Il = 25) ASH (Il = 65) NASH (Il = 60) Results and discussion

Yes - 40 (61.5%) 18 (30.0 %) Analysis of iron homeostasis indicates a probable
N N . increase in serum iron in patients with NASH with

No 25(1000%) 25 (38:5%) 42 (700%) DIOS — 1.7 times (p <0.05) compared with PHIs,
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and in the absence of DIOS — iron content corre-
sponded to the reference values (Table 2) (p > 0.05).

In contrast to this data, in patients with ASH
with DIOS, the increase in serum iron was more
intense — 2.2 times (p <0.05), however, and in the
absence of DIOS in ASH, the iron content was sig-
nificantly increased — 1.4 times (p <0.05) in com-
parison with the indicator in PHIs though did not
exceed the upper limit of norm, with the existence
of a probable difference between similar groups of
patients with NASH (p<0.05) (see Table 2). The
level of ferritin in the blood of patients with NASH
with DIOS also exceeded the indicator in PHIs 2.7
times (p<0.05), and in patients with ASH with
DIOS — 4.3 times (p < 0.05) the presence of a prob-
able intergroup difference (p<0.05). In patients
with NASH without DIOS, the ferritin content ex-
ceeded the index in PHIs by 1.3 times (p <0.05),
and in patients with ASH without DIOS — the

excess was 1.6 times with the presence of an inter-
group difference (p<0.05) both between similar
groups of patients with NASH and the groups of
patients with DIOS (p <0.05).

The results of the analysis of transferrin levels in
patients with NASH with DIOS showed a signifi-
cant excess of data in PHIs in 1.5 times (p <0.05),
and in patients with ASH with DIOS — 1.7 times
(p<0.05) with the presence of a probable intergroup
difference (p<0.05). In patients with NASH with-
out DIOS, the transferrin content had only a ten-
dency to increase (p>0.05), and in patients with
ASH without DIOS — the excess was 1.3 times with
the presence of an intergroup difference (p <0.05) as
with a similar group patient with NASH, and with
a group of patients with ASH with DIOS (p<0.05).

The markers of transferrin saturation were in-
creased in the observation groups of patients
with NASH and ASH with DIOS: respectively in

Table 2. Biochemical indicators of hepatocyte cytolysis activity, cholestasis, mesenchymal inflammation
and hepatocellular insufficiency, indicators of iron homeostasis in patients with non-alcoholic
and alcoholic steatohepatitis depending on the presence of iron overload syndrome

NASH (n=60) ASH (n=65)
Indicator PHIs (n=25) DIOS Without DIOS DIOS Without DIOS
(n=18) (n=42) (n=40) (n=25)

ALT, U/L 228+1.7 69.8 +2.8* 58.3+2.4%# 82.4+6.3%& 67.8+4.8%&
AST, U/L 25215 57.2+1.4* 41.6+22%# 125.8 £5.8*« 102.0 £ 5.5%#&
De Ritis Ratio 1.1£0.0 0.8+0.0% 0.7+0.0*# 1.5£0.0%¢& 1.5£0.0%&
Bilirubin general, umol /L 14.1+11 34.1£1.5*% 27.0+1.7*# 48.3+1.6%¢& 39.1£1.3*#&
Bilirubin conjug., pmol /L 32+0.2 8.6+0.5% 6.4+0.4%# 12.6+0.8%¢ 10.3£0.9%#&
Bilirubin uncong., pmol/L 109+0.4 25.5+1.2* 20.6+1.1%# 35.7+1.8% 28.8+1.2%#&
GGT,U/L 34.8+5.3 127.7 £ 8.4* 106.2 £ 5.6% 261.5+10.1%¢  219.6£9.8*#&
ALP, U/L 58.2+4.1 106.9+5.9* 83.8+4.8% 138.4£6.3%« 112.0+5.2%#&
LDH, U/L 164.5+4.1 430.3£12.7% 347.5+10.5%# 568.9+13.2* 498.5+ 12 4*#&
Thymol test, RU 25%01 47%0.1% 39£0.1%# 6.8+0.1%& 6.3£0.1%#&
Total protein, g/L 76.4+4.3 59.6+2.3* 67.3+2.2% 54.2+1.3* 575+ 1.2%&
Albumin, g/L 431%27 293+ 1.1% 37.5+1.3*% 27.6+1.2% 31.7+1.3%
Uric acid, wmol /L 2423+8.2 3329+12.5*% 308.4+10.5% 512.8+£13.7%&  467.4+12.4%&
Serum iron, umol /L 17.6+1.2 32.3+1.2% 19.2+1.1# 39.1£0.9%& 25.6 £ 1.0%#&
Ferritin, ug/L 80.3+5.8 219.8+7.1% 103.7 +5.1*# 341.9+4.3%« 227.6+5.8%#&
Transferrin, g/L 24+0.01 29+0.01* 26+0.01*# 3.3£0.01*¢ 3.2+0.01%#&
Transferrin saturation, % 27614 43.4+1.3* 288+1.4+# 46.2+1.6* 31.2+1.5%
MMP 254, RU/L 0.21£0.00 0.35+0.00* 0.30 £0.00%# 0.43+0.00%& 0.39 +0.00%#&

Note. * Changes are probable (p <0.05) in comparison with the indicator in PHIs.
* Changes are probable (p <0.05) in comparison with the indicator in patients with steatohepatitis with DIOS.
& Changes are probable (p <0.05) in comparison with the indicator in patients with NASH.
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NASH — 1.6 times and ASH — 1.7 times (p <0.05),
which indicates the presence of dysmetabolic iron
overload syndrome. Accordingly, in the compared
groups — patients with NASH and ASH without
DIOS, the TS indicators were within the reference
values (p>0.05).

The analysis of the activity of biochemical syn-
dromes of ASH and NASH depending on the pres-
ence of DIOS showed the following patterns (see
Table 2). The activity of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) cy-
tolysis markers was predominant in patients with
ASH, and in the middle of the group — in patients
with DIOS. In particular, in patients with ASH
with DIOS, ALT activity exceeded the indicator
in PHIs by 3.6 times (against 2.9 times without
DIOS) (p<0.05), and AST activity exceeded by
indicator in PHIs by 5.0 times (against 4.1 times
without DIOS) (p<0.05) with a significant in-
tergroup difference (p<0.05). Thus, the De Ritis
Rario exceeded the value in PHIs in both cases by
1.4 times (p <0.05). LDH activity in patients with
ASH with DIOS exceeded the indicator in PHIs
by 3.5 times (against 2.0 times without DIOS)
(p<0.05). A strong correlation was found between
the content of iron in the blood and the activity of
AST (r=0.61; p<0.05), the content of transferrin
in the blood and AST (r=0.67; p<0.05), the con-
tent of blood ferritin and AST (r=0.75; p<0.05),
blood ferritin and LDH (r=0.73; p<0.05) in pa-
tients with DIOS.

In patients with NASH, depending on the pres-
ence of DIOS analysis of cytolysis showed the fol-
lowing patterns (see Table 2). The activity of ALT
and AST was also predominant in patients with
manifestations of DIOS, but probably of lower in-
tensity. In particular, in patients with NASH with
DIOS, ALT activity exceeded the indicator in
PHIs 3.1 times (against 2.6 times without DIOS)
(p<0.05), and AST activity exceeded the indica-
tor in PHIs 2.3 times (against 1.7 times without
DIOS) (p<0.05) with a significant intergroup dif-
ference (p<0.05). The De Ritis Ratio in patients
with NASH depending on the presence of DIOS
was significantly reduced by 1.4 and 1.6 times
(p<0.05), respectively, compared with the PHISs,
which indicates the presence of a toxic component
in the pathogenesis of NASH with DIOS and in-
crease in AST activity due to toxic effects of iron.
It is confirmed by the data of the analysis of lactate
dehydrogenase (LDH) activity, which in patients
with NASH with DIOS exceeded the value in PHIs
by 2.6 times (against 2.1 times without DIOS)
(p<0.05). Correlation analysis of cytolysis markers
with ferrokinetic parameters showed the presence

of relationships between blood iron content and
AST activity (r=0.41; p<0.05), blood transferrin
content and AST (r=0.39; p<0.05), blood ferri-
tin and AST (r=0.54; p<0.05), blood ferritin and
LDH (r=0.57; p<0.05), in patients with DIOS.
An important marker of cytolytic syndrome is
a violation of pigment metabolism (see Table 2).
The content of total bilirubin and its fractions in the
blood was higher in patients with ASH (increase in
the range of 2.6—3.2 times; p<0.05) and increased
depending on the presence of DIOS (in the range of
3.3—3.9 times; p <0.05) with the presence of a prob-
able intergroup difference (p<0.05). The fraction
of direct bilirubin content in the blood increased
the most at ASH (p<0.05). The content of total
bilirubin and its fractions in NASH was slightly
lower compared with patients with ASH (increase
in the range of 1.9—2.0 times; p<0.05) and also
increased in the presence of DIOS (in the range of
2.3—2.7 times; p <0.05) with the presence of a prob-
able intergroup difference (p <0.05). Among the bil-
irubin fractions, the maximum increase in the blood
content of the direct fraction (p <0.05) was found.
The analysis of markers of cholestasis indicates
the maximum manifestation of this syndrome in
patients with ASH with DIOS (see Table 2). This
is evident from an increase in blood direct fraction
of bilirubin in DIOS — 3.9 times (vs. 2.7 times in
its absence) (p <0.05), as well as an increase in the
activity of parietal enzymes: the activity of gam-
ma-glutamyl transferase (GGT) exceeded PHIs
in 7.7 times (against 6.4 times without DIOS)
(p<0.05), and activity of alkaline phosphatase
(ALP) — exceeded indicator in PHIs in 2.4 times
(against 1.9 times without DIOS) p<0.05) with
a probable intergroup difference (p <0.05).
Cholestasis syndrome was also present in patients
with NASH and its intensity increased with the
accession of DIOS. Thus, there was an increase in
blood levels of direct fraction of bilirubin in DIOS —
2.7 times (vs. 2.0 times in its absence) (p<0.05),
as well as an increase in GGT activity — 3.7 times
3.1 times without DIOS) (p<0.05), ALP —
1.8 times (vs. 1.4 times without DIOS) (p<0.05)
with a probable intergroup difference (p <0.05).
The correlation analysis of markers of cholestasis
with ferrokinetic parameters showed the presence
of the link between blood iron content and GGT
activity (at ASH r=0.55, NASH r=0.27; p<0.05),
blood transferrin and GGT content at ASH r=0.51,
NASH r=0.25; p<0.05), blood ferritin and GGT
(r=0.48; p<0.05) in patients with DIOS.
The activity of mesenchymal-inflammatory syn-
drome in patients with steatohepatitis prevailed
in the alcoholic etiology of the process. Thus, with
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ASH, an increase in the thymol test was recorded
for DIOS — 2.7 times (against 2.5 times in its ab-
sence) (p<0.05). At the same time, in NASH with
DIOS the level of this indicator exceeded the data
in PHIs by 1.9 times (against 1.6 times without
DIOS) (p<0.05) with the presence of a probable
intergroup difference (p <0.05).

The association of the development of hepatic cell
insufficiency with DIOS syndrome in patients with
ASH and NASH is confirmed by the frequency of
this syndrome, calculated according to the theory of
«chance ratio», according to which the manifesta-
tions of this syndrome were found in patients with
ASH with DIOS 4.25 times more often (OR=4.25
[CT1.47—12.31]; p<0.05) than in its absence. In pa-
tients with NASH with DIOS — the markers of he-
patic cell insufficiency were observed 4.28 times more
often (OR=4.28 [CI 1.37—13.95]; p<0.05) than in
its absence. According to the study of biochemical
markers of hepatic cell insufficiency, in patients with
ASH found a probable decrease in blood total protein
content by DIOS — by 29.1 % (vs. 24.7 % without
DIOS) (p <0.05), decrease in blood albumin content
compared with the indicator in PHIs in 1.6 times for
DIOS (against 1.4 times without DIOS) (p <0.05),
as well as an increase in blood content of MMP
254—2.0 times (against 1.9 times without DIOS)
(p<0.05) with the presence of a probable intergroup
difference (p<0.05). Along with these indicators,
patients with ASH found a significant increase in the
content of uric acid in blood, which is a natural an-
tagonist and chelator of iron: for DIOS — 2.1 times
(vs. 1.9 times without DIOS) (p <0.05) with a prob-
able intergroup difference (p<0.05). Acquired

hyperuricemia associated with alcohol abuse is a fac-
tor that partially eliminates the prooxidative effects
of hypersideremia, provides ADS, which should be
considered when assessing the overall toxic effects of
excess iron on the human body.

Patients with NASH were characterized by
a slightly less intense probable decrease in blood to-
tal protein content by DIOS — by 22.0 % (p<0.05),
a decrease in blood albumin content compared with
the indicator in PHIs 1.5 times per DIOS (against
1.2 times without DIOS) (p<0.05), as well as an in-
crease in the content of MMP 254—1.7 times (against
1.4 times without DIOS) (p <0.05) with the presence
of a probable intergroup differences (p <0.05). Along
with these indicators, patients with NASH were
found to have significant hyperuricemia: for DIOS —
1.4 times (vs. 1.3 times without DIOS) (p<0.05)
with a significant intergroup difference (p <0.05). In
this case, against the background of NASH and obe-
sity, hyperuricemia is one of the manifestations and
components of the metabolic syndrome and also com-
pensates for the toxic effects of DIOS, strengthening
the natural system of ADS [5, 18].

Analysis of the results of the study of the intensity
of fibrosing reactions in the liver on the content of
connective tissue metabolism of the extracellular ma-
trix (Table 3) in the blood of patients with ASH and
NASH depending on the presence of DIOS indicates
that inflammatory, dysmetabolic processes and viola-
tions of ferrokinetics contribute to a significant im-
balance of connective tissue metabolism components.

In particular, in patients with ASH, activation of
collagen anabolism processes was found to increase
protein-bound oxyproline in blood — in the presence

Table 3. Indicators in the blood of protein and carbohydrate-protein components
of connective tissue in patients with non-alcoholic and alcoholic steatohepatitis,
depending on the presence of iron overload syndrome

NASH (n=60) ASH (n=65)
Indicator PHIs (n =25) DIOS  Without DIOS DIOS  Without DIOS
(n=18) (n=42) (n=40) (n=25)
FibroTest, RU 0.18+0.01 0.37+0.01* 0.29+0.01*# 047+0.01*¢  0.40£0.01*%&
Protein-bound oxyproline, umol /L. 40.5+ 2.4 632+1.1* 52.3+1.2%# 98.6+1.5%& 79.2 £1.7%#&
Free oxyproline, umol /L 12.3+0.3 14.3+0.5* 11.4+0.2% 18.9+0.4%& 16.6 +£(.2%#&
Hexosamines, umol /L 5.4£0.02 6.8+0.1* 6.2+0.1* 89+0.1%& 8.2+(.1*#&
Seromucoids, umol /L 1.8£0.02 2.5+0.02% 2.2+0.03*# 29+0.01*& 2.7+0.02%#&
Non-protein fucose, pmol /L 37.3+5.7 66.3+7.1* 59.45+6.2% 95.6 +7.5%« 91.3+6.8%&
Collagenolytic activity, RU 0.8+0.01 0.9+0.01* 0.6+£0.01*# 1.3+0.01*& 1.1£0.01%#&

Note. * Changes are probable (p <0.05) in comparison with the indicator in PHIs.
* Changes are probable (p <0.05) in comparison with the indicator in patients with steatohepatitis with DIOS.
& Changes are probable (p <0.05) in comparison with the indicator in patients with NASH.
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of DIOS 2.5 times (p<0.05), in the absence —
2.0 times (p <0.05), and also a significant increase in
the intensity of collagen catabolism — by increasing
the content of free oxyproline in blood, respective-
ly — by 1.5 and 1.3 times (p <0.05), which occurred
due to a significant increase in collagenolytic activ-
ity of blood plasma, respectively, in 1.6 and 1.4 times;
p<0.05) with the presence in all cases of a probable
intergroup difference (p <0.05). Excess iron is a po-
tent inducer of collagen anabolism by perisinusoidal
hepatic stellate cells (Ito cells), which are activated
against the background of increased inflammatory
activity, endotoxicosis and oxidative stress. We also
found a significant increase in the content of hex-
osamines in blood: 1.6 times (p<0.05), in its ab-
sence — 1.5 times (p <0.05), the content of sialic ac-
ids, respectively — 1.6 and 1.5 times (p <0.05), and
accelerated degradation of fucoglycoprotein com-
ponents of extracellular matrix (with an increase
in the content of fucose not bound to protein — in
2.6 and 2.4, respectively) times (p<0.05)). The ob-
tained data, indicating an imbalance in the synthe-
sis and degradation of extracellular matrix compo-
nents, caused a significant increase in the integrated
Fibro-test, which indicates the stage of liver fibrosis,
for ASH with DIOS — 2.6 times compared with the
PHIs (p <0.05), for ASH without DIOS — 2.2 times
(p<0.05), with the presence in all cases of a prob-
able intergroup difference (p <0.05).

In patients with NASH, the patterns of liver fi-
brosis have their own characteristics (see Table 3).
In particular, the activation of collagen synthe-
sis processes with an increase in the blood of pro-
tein-bound oxyproline — in the presence of DIOS
1.6 times (p<0.05), in the absence — 1.3 times
(p<0.05),as well as a slight increase in the intensity
collagen breakdown — with an increase in the con-
tent of free oxyproline in the blood in NASH with
DIOS — 1.2 times (p<0.05). In NASH without
DIOS, the content of free oxyproline in the blood
tended to decrease (p>0.05). Somewhat divergent
data was obtained in the analysis of collagenolytic
activity in NASH: for DIOS registered increase in
collagenolytic activity by 12.5% (p<0.05), but in
its absence collagenolytic activity in NASH was
reduced by 25.0 % (p<0.05) with the presence of
a probable intergroup difference (p<0.05). That
is, the activated processes of collagen synthesis in
NASH are accompanied by inhibition of its deg-
radation with accumulation in extracellular ma-
trix [4—6]. In patients with NASH, we also found
a significant increase in the content of hexosamines
in blood: in DIOS 1.3 times (p<0.05), in its ab-
sence — 1.2 times (p<0.05), the content of sialic
acids, respectively — 1.4 and 1.2 times (p<0.05),

and accelerated degradation of fucoglycoproteins
(the content of fucose not bound to protein in the
blood increased — 1.8 and 1.6 times, respectively
(p<0.05)). The consequence of the registered pro-
cesses was an increase in the integrated Fibro-test
indicator for NASH with DIOS — 2.1 times com-
pared to the indicator in PHIs (p <0.05), for NASH
without DIOS — 1.6 times (p <0.05) with the pres-
ence of a probable intergroup difference (p <0.05).

Conclusions

Alcoholic steatohepatitis is characterized by dys-
metabolic iron overload syndrome, which is regis-
tered in 61.5 % of patients. DIOS on the background
of ASH runs with the classic signs of hypersyder-
emia, hyperferritinemia, hypertransferinemia and
a significant increase in the percentage of transfer-
rin saturation with iron (respectively 2.3 times, 4.3,
1.4 and 1.7 times; p <0.05), which causes relatively
higher activity of hepatocyte cytolysis, mesenchy-
mal inflammation, cholestasis and hepatocellular
insufficiency compared with the course of ASH
without DIOS (p<0.05). For patients with ASH
without DIOS is also characteristic, but less intense
(respectively 1.5, 2.8, 1.3 times; p < 0.05) increase in
blood iron, ferritin and transferrin.

In patients with non-alcoholic steatohepatitis
on the background of obesity, the manifestation of
DIOS was registered in 30.0% of cases, in which
hypersideremia, hyperferritinemia, hypertransfer-
rinemia, increase in the percentage of TS (increase
in1.9,2.7, 1.2 and 1, respectively), 6 times; p <0.05),
which led to a higher manifestation of biochemical
syndromes of NASH under DIOS conditions with
a higher degree of increase in aspartate aminotrans-
ferase activity in response to the toxic effects of iron,
as indicated by a probable difference in De Ritis
Ratio (respectively in DIOS — in 1.4 vs. 1.6 times;
p<0.05). The course of NASH without DIOS was
characterized by hyperferritinemia (p <0.05), which
can be regarded as a marker of inflammatory activity.

Peculiarities of the course of biochemical syn-
dromes of steatohepatitis of alcoholic and non-alco-
holic steatohepatitis with comorbidity with DIOS
are higher cytolysis activity (with ASH — growth
in the range of 3.6—5.0 times against 2.9—4.1 times
in the absence of DIOS; p<0.05; in NASH — in
the range of 2.3—3.1 times against 1.7—2.6 times;
p <0.05); cholestasis (with ASH — increase in the
range of 2.4—7.7 times against 1.9—6.4 times in
the absence of DIOS, (p<0.05), with NASH — in
the range of 1.8—3.7 times against 1.4—3.1 times;
p <0.05); mesenchymal inflammation (with ASH —
an increase of 2.7 times versus 2.5 times in the ab-
sence of DIOS (p<0.05); with NASH — 1.9 times
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versus 1.6 times; p<0.05); hepatocellular insuffi-
ciency — at ASH — decrease in albumins in blood in
1.6 times against 1.3 times in the absence of DIOS,
increase in the content of MMP 254 in 2.0 against
1.9 times accordingly (p<0.05); at NASH — de-
crease in albumins 1.5 times vs. 1.2 times; p<0.05,
increase in the content of MMP 254 — 1.7 vs.
1.4 times; p<0.05). A factor that partially opposes
a number of damage mechanisms caused by excess
iron is an increase in blood uric acid, which is a nat-
ural antagonist, iron chelator and a powerful anti-
oxidant: in ASH for DIOS — 2.1 times (compared
to 1.9 times without DIOS), with NASH — 1.4 to
1.3 times, respectively (p <0.05)).

Regularities of progression of liver fibrosis in
patients with ASH with DIOS are the activa-
tion of collagen anabolism (2.5 times vs. 2.0 times
(p<0.05) in the absence of DIOS), increasing the
intensity of collagen catabolism (respectively in 1.5
vs. 1.3 times (p <0.05), which occurred due to a sig-
nificant increase in collagenolytic activity of blood
plasma (1.6 and 1.4 times; p<0.05, respectively).
with DIOS there is a significant increase in the con-
tent of hexosamines in the blood: for DIOS 1.6 times
versus 1.5 times (p <0.05), the content of sialic ac-
ids, respectively — 1.6 versus 1.5 times (p<0.05)
and accelerated degradation of fucoglycoprotein
components of extracellular matrix (respectively
in 2.6 and 2.4 times (p<0.05)). The imbalance in

Conflicts of interest: none.

the synthesis and degradation of extracellular ma-
trix components led to a significant increase in the
Fibro-test for ASH with DIOS — 2.6 times versus
2.2 times (p <0.05) in its absence.

In patients with NASH the following patterns
of liver fibrosis were established: activation of col-
lagen synthesis processes (in the presence of DIOS
1.6 times (p<0.05), in the absence — 1.3 times
(p<0.05)), slight increase in the intensity of colla-
genolytic activity in NASH with DIOS — 1.2 times
(p <0.05);increase collagenolytic activity by 12.5 %
(p<0.05) for DIOS, however, in its absence, space-
craft in NASH was reduced by 25.0% (p<0.05).
For patients with NASH is characterized by an in-
crease in the content of HA in the blood: for DIOS
1.3 times (p <0.05) versus 1.2 times (p <0.05), si-
alic acid content, respectively — 1.4 versus 1.2 times
(p<0.05), and accelerated degradation of fuco-
glycoproteins (1.8 versus 1.6 times, respectively
(p<0.05)). The consequence of the registered pro-
cesses was an increase in the integrated Fibro-test
for NASH with DIOS — 2.1 times compared to the
indicator in PHIs (p<0.05), for NASH without
DIOS — 1.6 times (p <0.05).

The prospect of further research in this area is the
development of methods for the treatment of iron
overload syndrome in patients with steatohepatitis
of various etiologies.

Authorship contributions: conception and design — O.K.,, T.A, A.A., M. A,;
acquisition of data, analysis and interpretation of data, drafting the article — T.A., A.A., M. A.
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O.C. Xyxuiina, T. M. AHTO(DiiTuyK, A. A. AHTOHiB, M. I1. AHTO(IiHTUyK

ByKOBUHCBHKUIN JE€P:KABHUI MEIUYHUN YHIBEPCUTET, YEPHIBIIi

IHTEHCUBHICTD (PiOPO3YyBAHHS NAPEHXIMU IIEYiHKHU
Y XBOPHUX HA AJIKOTOJIbHHUH 1 HEAJIKOI'OJIbHUI CTE€ATOTCIIATHT
3AJIEKHO BiJf HAABHOCTI CHH/IPOMY IIEPEBAHTAKEHHS 3A/1i30M

MeTa — BCTAHOBUTH OCOOJIMBOCTi TOMEOCTA3Y 34J1i34 Y XBOPUX HA CTEATOT€NATHUT AJIKOTOJIBHOIL T4 HEAJIKOT' OJ1b-
HOI{ €TiOJIOri1 3IEKHO BiJi HAABHOCTI CUHIPOMY IEPEBAHTAKEHHA 34J1i30M, BUABUTH MOMJIUBY 3AJIEKHICTb MK
IIOKA3HUKAMH (DEPOKIHETHUKY i MApPKEPAMH OIOXIMIYHUX CUH/IPOMIB CTE€ATOICIIATUTY, IHTEHCUBHOCTi €HJJOTOK-
CHKO3Y T4 (piOpO30yTBOPEHHS B IICUiHII.

Marepianu Ta MeTogu. Matepiai JOCTipKeHb — KIHIUHI CiocTepeskeHHst 32 125 ocobamu, 3 Hux 60 3 Heas-
KOTOJIbBHUM CTEATOTEIIATUTOM, G5 3 ATKOTOJIbHUM CTEATOTEITATUTOM, TA 25 MPAKTUYHO 3J0POBUX OCI6 BiMOBI/-
HOI'O BiKy i CTaTi. 3aJIEKHO BiJ] MIOKA3HUKIB I'OMEOCTA3Y 34/1i3d XBOPUX PO3NOALIMIN Ha 4 rpynu: 40 naijieHTiB
3 AJIKOT'OJIBHUM CTE€ATOI'EITATUTOM i CUHIPOMOM IEPEBAHTAKEHHSA 34J1i30M, 25 — 3 AJIKOI'OJIbBHUM CTEATOICIIATU-
TOM 6€3 CUH/APOMY NEPEBAHTAKEHHA 3AJ1i30M, 18 — 3 HEAIKOTOJIbHUM CTEATOTEIIATUTOM i CUHJIPOMOM IIepe-
BAHTAKEHHA 34J1i30M, 42 — 3 HEAJIKOI'OJIBHUM CTEATOIENATUTOM 6€3 CUHAPOMY MEPEBAHTAKEHHA 3AJi30M.

PesyabraTH. [Ipy QJIKOIOJILHOMY CTEATOI'€NIATUT] BCTAHOBJIEHO AKTUBALIIIO AaHAOOIIYHOI'O KOJIATEHY 10 3POC-
TAHHIO B KPOBi PiBHs ITOB’$I3aHOT'O 3 OUIKOM OKCHUIIPOJIiHY: 32 HASIBHOCTi CUHAPOMY IIEPEBAHTAKEHHS 3A/1i30M —
y 2,5 pazy (p<0,05), 3a ¥ioro BincyrHocri — B 2,0 pasu (p<0, 05), a TAKOX iCTOTHE 3POCTAHHs iIHTEHCUBHOCTI
NPOLIECiB KaTa60/i3My KOJIareHy (IIpH MiIBUIIEHH] B KPOBi BMICTY BUIBHOI'O OKCHIIPOJIIHY — BiAIIIOBiAHO B 1,5
i 1,3 pasy (p<0,05)) yHACTIZOK 3HAYHOTO 36LIbIIEHHS KOJIAr€HOMITUYHOI aKTUBHOCT] IUTa3MHU KPOBi (BiAIOBi/I-
HO B 1,61 1,4 pazy; p<0,05) 3 HASIBHICTIO B yCiX BUIIA/IKAX CTATUCTHYHO 3HA4yL[O] (P < 0,05) MDKIPYIIOBOI Pi3HU-
1i. BigzHadeHo iCTOTHE IiABUINEHHS BMICTY B KPOBi I'€KCO3AMiHiB: IIPU CUHAPOMI IIEPEBAHTAKECHHA 3A/1i30M —
v 1,6 pasy (p <0,05), 3a itoro BifcyrHOCTI — B 1,5 pazy (p <0,05), CiaToBUX KUCIOT — BiANoOBiHO B 1,61 1,5 pasy
(p<0,05) i TpUCKOPEHY AECTPAJALHIO (PYKOIIIKOIIPOTETHOBUX KOMIIOHEHTIB IO3AKITUHHOIO MAaTPUKCY. IIpu
HEAJIKOI'OJIBHOMY CTE€ATOI'CIIATHTI BCTAHOBJICHO AKTUBALIIO IIPOLIECIB CUHTE3Y KOIAI'CHY 3 IiIBUIIICHHAM Y KPOBi
PIiBHS TIOB’SI3aHOTO 3 GUIKOM OKCHITPOJIiHY: 32 HASBHOCTI CUH/IPOMY MEPEBAHTAXKEHHS 3a1i30M — y 1,6 pasy
(p<0,05), 3a 11oro BigcyrHocti — B 1,3 pasy (p <0,05), a TAKOXK HEZHAYHY iHTEHCUDIKALI{IO pO3Iay KOJIATCHY —
3i 36UIBIIEHHAM BMIiCTy B KPOBi BUIbHOIO OKCHIIPOJIIHY IIPU HEWIKOI'OJBHOMY CTEATOIENATHTI Td CUMHIPOMI
MEPEBAHTAKEHHA 3a1i30M Y 1,2 pasy (p <0,05). YCTaHOBIEHO TAKOX iCTOTHE TIi/IBUIIIEHHA B KPOBi PiBHA IE€KCO-
3aMiHiB: 32 HAABHOCTI CUHJPOMY IEPEBAHTAKEHHA 3a1i30M — Y 1,3 pasy (p<0,05), 32 ¥0ro BifilCyrHOCTi —
B 1,2 pasy (p<0,05), BMiCTy CiaJIOBUX KMCIOT — BiiOBiAHO B 1,4 i 1,2 pasdy (p <0,05) Ta NIpUCKOPEHY Jerpajaa-
1110 (PYKOIVIIKOIPOTEIHiB.

BHCHOBKH. 32KOHOMIPHOCTSIMHU IPOIPECYBAHHS (PIOPO3Y MEUiHKN Y XBOPUX HA AJIKOTOJBHUM CTEATOrEMNA-
TUT i3 CUHJJPOMOM IIEPEBAHTAKEHHS 31i30M € AKTUBALIiA AaHAOOIIYHOT'O KOIAT€HY, 3pOCTAHHS iIHTEHCUBHOCTI
MIPOLIECIB KATA60J1i3My KOJIAT€HY BHACTJOK 3HAYHOTI'O 30UIBIIECHHS KOJIAT€HONITUYHOI aKTUBHOCTI IUIa3MU
KPOBi. BAIMBUM HACIIIKOM AKTUBALIIl IATOJI3Y i 3AMIAJIEHHA € iCTOTHE IiABUIIEHHA BMIiCTy B KPOBi I'€KCO3a-
MiHiB. ¥V XBOPUX Ha HEAJIKOI'OJIbHUIM CTEATOIEHATUT BiJ3HAYCHO AKTHBALIIO IIPOLIECIB CUHTE3y KOJIAI'CHY,
HE3HAYHY iHTEHCU@IKALIIO pO3MaAy KOJIAT€HY IIPU CUHAPOMI IIEPEBAHTAKEHHA 3Q/1i30M, MiIBUILECHHSA BMiCTY
B KPOBi '€KCO3aMiHiB i IPUCKOPEHY ACTPAAALIIO (DYKOITIIKONPOTEIHIB.

KiIro4oBi CJI0Ba: TOMEOCTA3 3aJ1i34, CTEATOTENATHUT AJIKOTOJIbHOI €TiOoNoril, CTEATOTENaTUT HEATKOTOMTbHOT
€TiOJOr1, EHIOTOKCHUKO3.
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O.C. XyxsinHa T. H. AHTO(MIiTgyK A. A. AHTOHUB H.I1. AHTOUIYYK
ByKOBUHCKMI rOCyIapCTBEHHbBIN MEAULIMHCKHUN YHUBEPCUTET, YepPHOBLIBI

NHTEHCUBHOCTD PUOPO3UPOBAHUSA TAPEHXUMBI IICYEHU
Yy O0JIBHBIX AJIKOT'OJIBHBIM U HEAJIKOT'OJIbHBIM CTE€ATOTC€IATUTOM
B 3aBUCUMOCTH OT HAJIMYHUA CUHIPOMA IIEPETPY3KHU KETEC30M

IIenpb — yCTaHOBUTL OCOOEHHOCTH I'OMEOCTA34 JKEJIE3a Y OOJIBHBIX CTEATOICNIATUTOM AJIKOTOJIBHOM M HEAIKO-
T'OJIBHOU 3TUOJIOTUM B 3aBUCHMOCTH OT HAJIMYMS CUH/IPOMA IIEPETPY3KHU JKEJIE30M, BBISIBUTD BO3MOKHYIO 3dBH-
CHUMOCTb MEX/Ty IIOKA3aTESIMU (PEPPOKMHETUKH U MAPKEPAMH OGMOXUMHUYECKUX CUHPOMOB CTEATOI€IaTUTA,
WHTEHCUBHOCTH SHAOTOKCUKO3a U (pOPO3006PA30BAHMUS B [ICUCHH.

MaTtepHaIbl 1 METOABI. MaTepral UCCASIOBAHUIN — KIMHUYECKUE HAGMIONCHYs 32 125 muiaMu, us HUx 60
C HEAJIKOTOJIbHBIM CTEATOTEATUTOM, 65 C AIKOTOJIbHBIM CTEATOTEIIATHTOM, U 25 MPAKTHYECKU 37I0POBbIX JIUI]
COOTBETCTBYIOIIETO BO3PACTA U OIA. B 3aBUCMMOCTH OT MOKA3aTEIEH FTOMEOCTA3a XKENE3a OOIBHBIX Pa3/IeIN-
Jiv Ha 4 rpynist: 40 HAUEHTOB C AJIKOI'OJIbHBIM CTEATOICIIATUTOM U CUHAPOMOM IIEPErPY3KH XKEIE30M, 25 —
C QJIKOTOJIbHBIM CTEATOT€NATUTOM 0€3 CHHAPOMA NEPETPY3KU KENIE30M, 18 — C HEATKOT'OJIBHBIM CTEATOrEMA-
TUTOM U CUHJPOMOM HEPETPY3KU JKEIE30M, 42 — C HEATIKOT'OJIBHBIM CTEATOTENATUTOM O€3 CUHPOMA IIepe-
I'PY3KU JKEJIE30M.

Pe3yabTaThl. [Ip1 2JIKOTOJIBHOM CTEATOTEMATHUTE YCTAHOBIEHA AKTUBAIMA AaHAOOIUYECKOTO KOJUIATEHA IO
BO3PACTAHUIO B KPOBU YPOBHSA CBA3aHHOI'O C OEJIKOM OKCHIIPOJIMHA: IPH HAUIMYUHN CUHIPOMA NEPETPY3IKU
JKenme3oM — B 2,5 pasa (p<0,05), mpu ero orcyrctBuu — B 2,0 pasza (p <0,05), a TaKkKe CYIECTBEHHOE BO3PAC-
TaHUE UHTEHCHUBHOCTH IPOLIECCOB KATA0OIM3Ma KOJIIAareHa (IPHU MOBBIIIEHUH B KPOBH COIEPKAHUSA CBOOO-
HOI'O OKCHUIIPOJIMHA — COOTBETCTBEHHO B 1,5 1 1,3 paza (p <0,05)) BcieACTBHE 3HAYNUTENBHOIO YBEJIUYEHMSA
KOJLTATCHOIUTUYCCKON aKTUBHOCTHU [UIA3MbI KPOBU (COOTBETCTBEHHO B 1,6 11 1,4 pa3za; p<0,05) ¢ HamuIuem
BO BCEX CJIy4asaX CTATUCTUYCCKUA 3HAYMMOM (P <0,05) MEKIpPynnoBor pasHuIibl. OTMEYECHO CYIECTBEHHOE
MTOBBINIIEHUE COIEPKAHIISI B KDOBH '€KCO3AMHUHOB: IIPH CHHPOME ITePErpysKu xkere3oM — B 1,6 pasa (p <0,05),
IIPU €ro OTCYTCTBUM — B 1,5 paza (p <0,05), CHAIOBBIX KUCJIOT — COOTBETCTBEHHO B 1,6 1 1,5 paza (p <0,05)
U YCKOPEHHAS JIeTPaJaus (PyKOITIMKOIIPOTEMHOBBIX KOMIIOHEHTOB BHEKJIETOYHOI'O MATPUKCA. [Tpu HEanKo-
TOJIBHOM CTE€ATOT'E€NATHUTE YCTAHOBIEHA AKTUBALIMSA IIPOLIECCOB CMHTE3A KOJUIAT€HA C TIOBBIIIEHUEM B KPOBU
VPOBHST CBSI3aHHOT'O C GEJIKOM OKCHUIIPOIMHA: IIPU HAUTUYHUN CHHIPOMA [IEPErpy3KH kene3om — B 1,6 pasza
(p<0,05), mpu ero oTcyrcTBUU — B 1,3 pasa (p <0,05), a TAKKE HE3HAYUTENIbHAS MHTEHCU(PUKALINA PACIaa
KOJUIAT€HA — C YBEJIMYEHUEM COJEPKAHUA B KDOBU CBOOOJHOTO OKCHUIIPOJINHA NIPH HEAIKOTOJIBHOM CTEATO-
TeNaTUTE U CUHJPOME NEPETPY3KU Kee30M B 1,2 pasza (p <0,05). YCTaHOBIEHO TAKXKE CYIIECTBEHHOE ITOBBI-
IIEHME B KPOBU YPOBHA I'€KCO3AMHHOB: [IPH HUITMYNY CUHAPOMA IIEPETPYIKHU Kene30M — B 1,3 paza (p <0,05),
Ipu €ro orcyrcrsun — B 1,2 pasa (p<0,05), cogepkaHusa CHUAJIOBBIX KUCIOT — COOTBETCTBEHHO B 1,4
u 1,2 pasa (p<0,05), u ycCKOpeHHas Aerpaganus (PyKOTTTUKOIIPOTEUHOB.

BBIBOIBI. 3AaKOHOMEPHOCTSIMH IIPOrPECCUPOBAHIS (PU6PO3A ITEUEHN Y GOTBHBIX A7TKOTOJIBHBIM CTEATOTEIIATH-
TOM C CHH/IPOMOM IHIEPETPY3KU JKEJIE30M SBJIIIOTCSA AKTHBAIMA aHAGOIMYECKOIO KOJUIAT€H4, BO3PACTAHUE
MHTEHCUBHOCTH IIPONECCOB KATAGOMN3MA KOJUIAT€HA BCIECTBUE 3HAYUTEIBHOI'O YBEIUMYEHNS KOJUIAT€HOIH-
THYECKOI aKTUBHOCTH IUIA3MBI KDOBH. BaXKHBIM CIEICTBUEM AKTHUBALIMH ITUTOIN3A U BOCITAJIEHUS SBJLICTCA
CYIIECTBEHHOE TIOBBIIICHUE COAECPKAHHS B KDOBU I'€KCO3AMHHOB. V 60IBHBIX HEAJIKOTOJIBHBIM CTEATOTCIIATH-
TOM OTMEYEHA AKTUBAITH IIPOIECCOB CHHTE3A KOJUIATE€HA, HE3HAYUTEIbHAS MHTEHCU(MUKAIMS PACIIA/IA KOJUIA-
reHa IIpYU CHHAPOME NIEPETPY3KU JKEIEe30M, MTOBBIIIEHUE COAEPKAHMA B KDOBH I€KCO3AMHUHOB M YCKOPEHHAS
JIerpafanys GyKOITTUKOIIPOTEHHOB.

KiarouyeBbli€ CJI0BA: TOMEOCTA3 JKeJ1€3a, CTe€aTOrernaTuT AJIKOT'OJIbHOM STHUOJIOI'MH, CTCATOI'CIIATHUT HCAJIKOI'OJIb-
HOU 9THUOJIOI'NH, D9HJOTOKCHKO3.
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