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with respect for anonymity. Leukogram indicators were determined on the Diagon D-cell 60 analyzer (Diagon Ltd,
Hungary). Additional analysis of granulocyte populations was performed on a Pappenheim-stained blood smear.

It has been established that during the period of martial law, individuals working in the field of education show
signs of stress, which are manifested by changes in the quantitative indicators of leukocyte populations and their
ratios. These changes have their own characteristics depending on age and duration of work in the field. Some of the
stress-induced changes in natural resistance, especially pronounced among educators of the second mature age, are
signs of mobilization of inflammatory processes and hypersensitivity reactions and can be characterized as primary
markers of immunosenescence.
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MODULATING EFFECT OF MOLECULAR HYDROGEN ON THE GLYCEMIC PROFILE
IN RATS WITH METABOLIC SYNDROME

I. Horbachevsky Ternopil National Medical University (Ternopil, Ukraine)
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Metabolic syndrome (MS) is a complex metabolic disorder in which carbohydrate metabolism disorders and insu-
lin resistance play an important role in its pathogenesis. Molecular hydrogen is considered a promising modulator of
metabolic processes, capable of influencing carbohydrate metabolism and the body's adaptive responses. The aim
of the study was to evaluate the effect of water enriched with molecular hydrogen on carbohydrate metabolism pa-
rameters in rats with experimentally induced MS. The MS model was reproduced by prolonged feeding of a high-cal-
orie diet. Some of the animals received water containing 0.6 ppm hydrogen. Blood serum glucose, insulin, HOMA-IR
index, fructosamine, and glycated hemoglobin levels were determined; assessments were performed after 6, 12,
and 20 weeks. Rats with MS showed a progressive increase in glucose, insulin, and HOMA-IR, reflecting increased
insulin resistance, as well as an increase in fructosamine and HbAIc in the later stages of the experiment. The use of
hydrogen-enriched water was stage-dependent. In the early period (6 weeks), no corrective effect was observed. At
week 12, a moderate decrease in insulin and HOMA-IR was recorded. The most significant changes were observed at
week 20: a decrease in glucose, insulin, HOMA-IR, and HbA1c concentrations compared to uncorrected animals, indi-
cating a reduction in insulin resistance and partial stabilization of metabolic status. Thus, long-term use of molecular
hydrogen contributes to a moderate improvement in carbohydrate metabolism and a reduction in insulin resistance
in MS, although it does not completely normalize metabolic disorders. The results confirm the potential of molecular
hydrogen as an auxiliary metabolic modulator.
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Introduction.

Metabolic syndrome is a complex metabolic disorder
processes under the influence of exogenous toxicants that includes insulin resistance, abdominal obesity, dys-

search work.
The work is part of the SRW “Features of metabolic
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lipidemia, and hypertension [1]. The central element in
the pathogenesis of metabolic syndrome is a disorder of
carbohydrate metabolism, which manifests as elevated
blood glucose levels, compensatory hyperinsulinemia,
and gradual depletion of pancreatic B-cells [2]. In the
early stages, these changes are mainly functional in
nature, but as the syndrome progresses, they turn into
structural and metabolic disorders that form the basis
for the development of type 2 diabetes mellitus and its
complications [3].

Excessive intake of fats and carbohydrates increases
the metabolic regulatory system’s workload. Chronic ex-
cess intake of energy substrates leads to decreased insu-
lin sensitivity, impaired glucose transport, an imbalance
in the secretion of counter-insulin hormones, and in-
creased levels of glycosylated metabolites in the blood.
This metabolic imbalance leads to increased glucose and
insulin levels, the development of insulin resistance, and
elevated concentrations of long-term markers of carbo-
hydrate metabolism disorders, such as fructosamine and
glycated hemoglobin [4]. Assessment of these indicators
allows not only to characterize the state of carbohydrate
metabolism, but also to track the dynamics of metabolic
changes in response to corrective influences.

In recent years, there has been growing interest in
molecular hydrogen as a potential metabolic modulator.
Molecular hydrogen is considered a substance with the
potential to influence metabolic processes and adaptive
responses of the body in pathological conditions [5]. It is
assumed that the use of water enriched with molecular
hydrogen can help normalize certain indicators of carbo-
hydrate metabolism and reduce the negative effects of
insulin resistance.

The aim of the study.

To investigate the effect of molecular hydrogen-en-
riched water on carbohydrate metabolism parameters in
rats with experimentally induced metabolic syndrome.

Object and research methods.

All experiments were conducted in accordance with
the requirements of the Geneva Convention Interna-
tional Guiding Principles for Biochemical Research In-
volving Animals (Geneva, 1990) and in accordance with
the “General Principles of Animal Experiments Approved
by the National Congress on Bioethics” (Kyiv, Ukraine,
2001). The experiment was started on white male Wis-
tar rats aged 5 weeks, weighing 110-120 g. A total of 90
rats were used in the study. All rats were kept in a room
with controlled microclimate conditions (temperature
22+2°C, relative humidity 60%) and were studied at the
same time of day. The animals had free access to water
and food.

The rats were divided into three main experimental
groups based on the duration of their stay in the experi-
ment: Group | — animals that were in the experiment for
6 weeks; Group Il —animals that were in the experiment
for 12 weeks; Group Il — animals that were in the ex-
periment for 20 weeks. Each main group consisted of 30
rats. Within the group, the animals were further divid-
ed into three subgroups (10 animals in each): 1) control
subgroup — animals that were on a standard vivarium
diet and consumed tap water; 2) animals that received
a high-calorie diet and consumed tap water; 3) animals
that received a high-calorie diet and consumed water
enriched with molecular hydrogen.

Euthanasia of animals in group | was performed
under thiopental anesthesia on the 43rd day of the
experiment, in group Il on the 85th day, and in group
IIl on the 141st day from the start of the study. Blood
samples were taken by cardiac puncture. The blood was
immediately placed in anticoagulant-free tubes and kept
at room temperature until a clot formed. After that, the
samples were centrifuged at a speed of 3000 rpm for
10 minutes. The supernatant (serum) was collected and
stored at -80°C until analysis.

To simulate metabolic syndrome, animals in the 2nd
and 3rd subgroups of each group had unlimited access
to a high-calorie granulated diet Kombi TM (Vita PF,
Ukraine) throughout the experiment. The total energy
value of the diet was approximately 3.9 kcal/g, of which
proteins provided 0.6 kcal/g (16%), fats — 1.1 kcal/g
(28%), and carbohydrates — 2.2 kcal/g (56%).

Water enriched with molecular hydrogen was pre-
pared directly in the rats’ drinking bowls by immersing
eight magnesium sticks (length — 5 cm, diameter — 14
mm) in the water. Fifteen minutes after adding the rods,
the concentration of molecular hydrogen in the water
reached 0.6 ppm. The drinking bowls were placed in the
cages with the animals and replaced every two days. The
hydrogen concentration was monitored using a certified
Hydrogen meter ENH-100 (Amtast, USA).

The glucose content in blood serum was determined
by a colorimetric method using a kit from Spinelab,
Ukraine. Glucose oxidase catalyzes the oxidation of glu-
cose to gluconic acid. The resulting hydrogen peroxide
reacts with phenol and 4-aminophenazone in the pres-
ence of peroxidase to form a red quinone complex. The
intensity of the complex’s color is proportional to the
glucose concentration in the sample.

Insulin content was determined by solid-phase en-
zyme-linked immunosorbent assay (ELISA) using a kit
from XEMA, Ukraine (catalog number: K267N). Insulin
determination is based on the use of a “sandwich” vari-
ant of solid-phase enzyme-linked immunosorbent assay.
Mouse monoclonal antibodies against human insulin
are immobilized on the inner surface of the wells of the
plate. When the test sample is added to the wells of the
plate, insulin binds to the antibodies in the solid phase.
The resulting complex was detected using a conjugate
of mouse monoclonal antibodies against insulin with
horseradish peroxidase. As a result, a “sandwich” con-
taining peroxidase bound to the solid phase was formed.
During incubation with a solution of tetramethylbenzi-
dine substrate, the liquid in the wells was stained. The
color intensity was directly proportional to the insulin
concentration in the test sample. The insulin concentra-
tion was determined using a calibration curve relating
optical density to insulin content in the calibration sam-
ples.

Insulin resistance was assessed by calculating the
HOMA-IR (Homeostasis Model Assessment of Insulin
Resistance) index. For this purpose, the concentration of
glucose and insulin was determined in the fasting blood
serum of rats. The index value was calculated using the
following formula:

HOMA-IR = Fasting glucose (mmol/L) x Fasting insulin
(mIU/mL)/22.5

The fructosamine content in blood serum was deter-
mined by a colorimetric method using a kit from Spin-
react, Spain. Under alkaline conditions, fructosamine or
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glycosylated serum proteins reduce nitroblue tetrazoli-
um chloride. The intensity of the color formed is directly
proportional to the concentration of fructosamine in the
blood serum.

Erythrocyte hemolysate was used to determine the
HbAlc level. A portion of blood obtained by cardiac
puncture was collected in EDTA tubes and then cen-
trifuged at 3000 rpm for 10 minutes. The plasma was
carefully removed, and the erythrocyte sediment was
washed twice with isotonic sodium chloride solution. To
obtain hemolysate, 500 ul of distilled water was added
to 100 pl of erythrocyte mass and mixed until the cells
were completely destroyed, after which the resulting
mixture was used for analysis.

HbAlc was determined using a commercial Human
enzymatic kit (Germany) according to the manufactur-
er’s instructions. The method is based on sequential en-
zymatic hydrolysis of hemoglobin with the formation of
free fructosylvaline, which is a product of glycation of
N-terminal valine of the B-chain. Fructosylvaline is oxi-
dized by the enzyme fructosylamino oxidase to form glu-
cose-6-lactone and hydrogen peroxide. In the presence
of peroxidase, hydrogen peroxide reacts with chromo-
gens (4-aminoantipyrine and phenol) to form a stable
colored complex. The color intensity is directly propor-
tional to the HbAlc concentration in the sample. The
optical density of the reaction mixture was measured
spectrophotometrically at a wavelength of A=660 nm.

To calculate the percentage of HbAlc, total hemoglo-
bin was simultaneously determined in the same hemo-
lysate. The concentration of total hemoglobin was de-
termined by a colorimetric method using the Human kit
(Germany), which is based on the formation of a stable
derivative, cyanmethemoglobin, followed by photomet-
ric measurement at a wavelength of A=540 nm.

The results were expressed as a percentage (%
HbA1c) as the ratio of glycated hemoglobin concentra-
tion to total hemoglobin in the sample.

The obtained numerical data were processed using
variational statistics with Student’s t-test and
one-way analysis of variance (ANOVA). The
arithmetic means (M), errors of arithmetic
means (m), coefficients of variation, and mean

The most significant changes were observed in the
third group (20 weeks). In animals with MS, glucose lev-
elsincreased by 76%, which was significantly higher than
those of both the control subgroup and the similar sub-
group with MS in the previous stages of the experiment.
This indicates the progression of insulin resistance and
carbohydrate metabolism disorders in the long-term
course of the pathology.

In animals of group Ill, which were treated with
water enriched with molecular hydrogen, glucose levels
significantly decreased (by 32%) compared to untreated
animals with MS.

The formation of MS in rats is accompanied by a sig-
nificant increase in serum insulin levels, the intensity
of which increases in proportion to the duration of the
pathological process. This apparently reflects the devel-
opment of compensatory hyperinsulinemia aimed at
overcoming the insulin resistance characteristic of this
model. In animals with MS, already in the sixth week of
the experiment, the insulin content exceeded the con-
trol values by approximately 55% (p<0.05), indicating
the onset of insulin resistance and an increase in the
load on the B-cells of the pancreas. The use of water en-
riched with molecular hydrogen during this period did
not significantly affect insulin levels (table 1).

After 12 weeks, hyperinsulinemia became more
pronounced — the insulin concentration in rats with MS
increased by almost 1.8 times relative to control values
(p<0.05), indicating the progression of insulin resistance.
The use of molecular hydrogen reduced insulin levels by
approximately 21% compared to untreated animals with
MS (p<0.05).

At week 20 of the experiment, a further increase in
insulin levels was observed in rats with MS — 1.7 times
higher than in the control group (p<0.05). This trend
confirms the increase in B-cell dysfunction and the deep-
ening of insulin resistance due to prolonged metabolic
stress. At the same time, in animals that received hy-
drogen-enriched water, insulin concentration was 24%
lower than in the MS group (p<0.05).

Table 1 — Concentration of glucose, insulin, and HOMA-IR
index in the blood serum of rats with MS after correction
with molecular hydrogen-enriched water (M+m; n=10)

square deviations were calculated. Changes Animal groups Glucose, mmol/L|Insulin, mIU/mL| Index HOMA-IR
were considered reliable at p<0.05. Microsoft
Excel (USA) and Statistica 10.0 (StatSoft) com- Group | Control 5.20+0.64 9.25+0.84 2.14+0.19
puter programs were used for calculations. (6 weeks) M 6.25+0.52 14.20+1.26* | 3.94+0.35*
Research results and their discussion. MS +H, 6.42+0.45 12.45+0.95 3.55+0.30%
Animals with metabolic syndrome show a Control 4.84+0.52 12.80+0.92% 2.75+0.18%
persistent tendency toward hyperglycemia, the |Groupll = /o 6.92+0.40* 23.02+41.90"® | 7.08+0.65%@
severity of which increases with the duration | 12 Weeks) VS + H 5807045 | 18.2010.85%%% | 4.69+0.42%%*
of the pathological process (table 1). Six weeks Control 5.25+0.42 15.30+1.10* | 3.57+0.25%
after the onset of MS induction (group I), only a | groyp i
tendency toward an increase in serum glucose | (20 weeks)| ™ 9.25+0.86%®%% | 25.40+1.85%° |10.44+1.24* %
concentration was observed. The use of water MS +H, 6.26+0.48** |19.20+1.58™**%| 5.34+0.58***%

enriched with molecular hydrogen did not lead
to significant changes in blood glucose levels
during this period.

At week 12 of the experiment, hypergly-
cemia in rats with MS intensified: glucose lev-
els increased by 43% compared to the control
(p<0.05). With molecular hydrogen correction,
a slight decrease in glycemia was observed, but
the changes were not statistically significant.

Notes: here and in the following table: control — rats from the control subgroup;
MS — rats with metabolic syndrome; MS + H, — rats with metabolic syndrome that
were treated with water enriched with molecular hydrogen. Within each group,
the changes are significant: * — compared to animals in the Control subgroup, **
— compared to animals in the MS subgroup; # — changes are significant compared
to the control subgroup of group I; ## — changes are significant compared to the
control subgroup of group Il; @ — changes are significant compared to the MS
subgroup of group I; @@ — changes are significant compared to the MS subgroup
of group II; & — changes are significant compared to the MS+H, subgroup of group |;
&& — changes are significant compared to the MS+H, subgroup of group Il. Changes
are considered significant at p<0.05.
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Analysis of intergroup changes in insulin levels re-
vealed certain dynamics. In control animals, an increase
in insulin levels with age was observed: in the second
stage, the control values were approximately 38% higher
than in the first stage, and in the third stage, they were
65% higher than in the first stage (and 20% higher than
in the second stage). In rats with MS in group II, serum
insulin levels were 62% higher than in animals in group
I, and in animals in group Ill, they were 78% higher. A
similar trend was observed in the difference in serum in-
sulin levels in animals of different groups with MS who
underwent molecular hydrogen correction.

Thus, the metabolic syndrome model leads to com-
pensatory hyperinsulinemia, which develops rapidly
during the first 12 weeks and then increases less inten-
sively thereafter. Consuming water enriched with molec-
ular hydrogen modulates this process: short-term cor-
rection has a weak effect, whereas long-term use leads
to a significant reduction in hyperinsulinemia, although
complete normalization to the level of intact animals is
not observed. This indicates that H, exerts a partial an-
ti-insulin-resistant effect—probably indirectly through
reduced oxidative stress, improved insulin signaling, and
support of B-cell function — but does not eliminate the
root cause of metabolic imbalance.

All analyzed data on the HOMA-IR index show a clear
trend toward increased insulin resistance with the de-
velopment of metabolic syndrome. In rats in group |, the
development of metabolic syndrome was accompanied
by an 84% increase in the HOMA-IR index compared to
the control group. The administration of molecular hy-
drogen had virtually no effect on this indicator.

In animals with MS group I, the increase in HOMA-IR
was more pronounced — approximately 157% compared
to the control. Hydrogen correction significantly (by
34%) reduced the index compared to uncorrected ani-
mals, but the indicator remained almost twice as high as
the control. Compared to the 6-week group, in 12-week-
old animals with MS, the index increased by 80% and, in
the MS+H, subgroup, by 32%, indicating the progression
of insulin resistance with age and an increase in the du-
ration of the pathological process.

In 20-week-old rats, the HOMA-IR index in animals
with MS increased by approximately 192% compared
with controls, demonstrating the most pronounced insu-
lin resistance among all age groups. Correction with mo-
lecular hydrogen reduced this indicator by 49% (p<0.05),
but the HOMA-IR level remained 50% higher than the
control. Compared to the 12-week group, HOMA-IR in
rats with MS increased by 47% (p<0.05).

Thus, the HOMA-IR index demonstrates a gradual in-
crease in insulin resistance with prolonged development
of metabolic syndrome, with molecular hydrogen cor-
rection having minimal effect in the early stages, mod-
erate effect with moderate duration of pathology, and
maximum effect with prolonged disease progression. At
the same time, the age-related tendency to increase the
index persists even under correction conditions.

When analyzing fructosamine concentration, group |
showed no significant differences between MS animals
and controls, and correction with molecular hydrogen
did not change the fructosamine index (table 2).

In the middle-aged group, fructosamine in rats with
MS increased by approximately one third compared to
the control (p<0.05), which indicates the progression of

glycemic disorders. The use of water with molecular hy-
drogen did not significantly change this index.

In the older group (20 weeks), the increase in fruc-
tosamineinanimals with MS was even more pronounced,
by approximately 47% compared to the control (p<0.05),
which demonstrates the progressive intensity of meta-
bolic disorders. Correction with molecular hydrogen, as
in the previous case, was not effective.

Intergroup comparisons show that the progression
of MS is accompanied by a gradual increase in fruc-
tosamine concentration.

Table 2 — Concentration of fructosamine in serum
and HbA1c in blood hemolysate of rats with MS
when corrected with molecular hydrogen-enriched
water (M+m; n=10)

Animal groups Fructosamine, umol/I HbAlc, %

Control 225.2+418.6 4.28+0.34
Group | MS 236.5+22.4 5.25+0.42
(6 weeks)

MS+H, 240.4+19.5 5.32+0.40

Control 234.8+20.5 5.54+0.50
Group Il MS 303.0421.4%€ 9.94+0.80%€
(12 weeks)

MS + H. 265.8+18.3 8.85+0.65%&

Control 238.2420.4 5.30+0.32"
Grouplll [y, 350.2428.8%€ 11.22+0.96%€
(20 weeks)

MS +H, 290.2425.4 8.06+0.45%**&

Analysis of changes in glycosylated hemoglobin in
rats with MS showed that in group I, there was no signif-
icant increase in HbA1 compared to the control. Correc-
tion with molecular hydrogen also did not significantly
affect this indicator.

In the middle (12 weeks) group of rats with MS, the
HbAlc level increased almost twice compared to the
control (p<0.05), which reflects progressive glycemic
disorders. Using water with molecular hydrogen did not
significantly reduce HbAlc levels.

In the older group Il animals with MS, glycosylated
hemoglobin increased by approximately 112% compared
with the control (p<0.05), underscoring the significant
progression of metabolic disorders. Correction with mo-
lecular hydrogen reduced HbAlc by approximately 28%
compared to the MS subgroup (p<0.05), demonstrating
a significant, but incomplete therapeutic effect (table 2).

Intergroup comparisons show a gradual increase in
HbAlc with age and duration of exposure to the meta-
bolic syndrome.

The data obtained are consistent with the classical
notions of the pathogenesis of the metabolic syndrome,
in which progressive disorders of insulin signaling, in-
creased oxidative stress, and chronic low-level inflam-
mation play a leading role [6]. The observed gradual
increase in glycemic disorders — from early, still com-
pensated manifestations to severe hyperglycemia with a
significant increase in long-term glycemic markers — re-
flects the typical evolution of metabolic dysregulation in
MS.

The progressive elevation of glucose and insulin
levels in animals with metabolic syndrome is explained
by the classic insulin resistance cascade. Excess energy
substrate and accumulation of reactive oxygen species
impair insulin receptor function via the IRS-1/PI3K/Akt
pathway [7]. The blockade primarily manifests as de-
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creased GLUT-4 translocation in muscle and adipose
tissue, limiting peripheral glucose uptake. In response,
B-cells activate compensatory hypersecretion of insulin
in an attempt to maintain normoglycemia. This mech-
anism is well known in models of MS induced by a
high-calorie diet, and studies in rats often demonstrate
accelerated B-cell exhaustion with prolonged exposure
to metabolic stress [8].

An important component of MS progression is mito-
chondrial dysfunction [9]. Excessive fatty acid influx into
B-cells increases mitochondrial superoxide production,
damaging oxidative phosphorylation enzymes and im-
pairing insulin secretion [10]. At the same time, a phe-
nomenon of “pathological gluconeogenic resistance”
develops in the liver, when hepatocytes continue to pro-
duce glucose despite sufficient insulin levels. This plays a
key role in maintaining hyperglycemia in MS.

The gradual increase in fructosamine and HbAlc is
quite natural, since these markers reflect chronic gly-
cemia and depend on the duration of exposure to high
glucose levels. Accelerated protein glycosylation in MS
is also enhanced by oxidative stress. It is known that the
accumulation of advanced glycation end products in it-
self worsens insulin resistance, closing the pathological
circle [11, 12].

The corrective action of molecular hydrogen is not
instantaneous and does not have a direct hypoglycemic
effect; it is realized by modifying key pathogenic links of
the metabolic syndrome, primarily through antioxidant,
anti-inflammatory, and signal-modulating properties
[13].

Hydrogen selectively neutralizes the hydroxyl radical
and peroxynitrite — the two most damaging components
of oxidative stress [14]. Reducing the levels of these
radicals improves insulin receptor function, as oxida-
tive modification of the tyrosine kinase domain of the
receptor and IRS-1 directly blocks insulin signaling. The
literature indicates that hydrogen can restore Akt phos-
phorylation, increasing GLUT-4 transport into peripher-
al tissues [15]. That is why the effect on glycemic levels
becomes significant later, when oxidative stress is a key
driver of insulin resistance.

Chronic metabolic inflammation is another import-
ant factor in insulin resistance. TNF-a, IL-6, and other
proinflammatory mediators block insulin signaling by
phosphorylating IRS-1 and activating JNK/NF-kB-depen-
dent pathways [16]. H, has been shown to reduce TNF-a
and IL-1B production, as well as macrophage infiltration
into adipose tissue [17]. This potentially restores tissue
sensitivity to insulin and reduces the need for compen-
satory hypersecretion.

With age and the duration of metabolic overload,
B-cells lose the ability to respond adequately to elevat-
ed glucose levels. Hydrogen, by reducing oxidative stress
in B-cells, may reduce apoptosis and help preserve islet
mass. In vivo studies show that hydrogen increases the
expression of antioxidant enzymes in B-cells and reduces
structural damage [18]. This is consistent with the reduc-
tion in hyperinsulinemia found in the study with long-
term use of H,: the better preserved B-cells are, the less
need for compensatory hypersecretion.

The literature describes that hydrogen is able to
reduce the expression of gluconeogenesis enzymes
(PEPCK, G6Pase), which reduces excessive glucose pro-
duction by the liver - one of the central mechanisms

of hyperglycemia in MS [19]. This explains why the de-
crease in glycemia under H, is most pronounced over
long experimental periods, when the hepatic compo-
nent of insulin resistance plays a dominant role.

In the early stages, insulin resistance is formed main-
ly due to excess fat mass and primary dysregulation of
the insulin receptor. At this stage, the antioxidant effect
of hydrogen does not yet significantly affect systemic
metabolism, which explains the lack of significant chang-
es. In later periods, the pathological process enters a
phase where oxidative stress and inflammation become
the leading pathogenetic determinants. It is then that
the mechanisms of hydrogen action begin to be fully re-
alized.

Fructosamine reflects average glycemia over 2-3
weeks, so it is less sensitive to gradual and mechanisti-
cally mediated changes than HbA1c [20]. It is likely that
the correction of glycemia under the influence of hydro-
gen was not rapid enough to affect the fraction of glycat-
ed serum proteins in a short time interval. In addition,
the glycosylation of serum proteins depends not only on
glycemia, but also on the state of protein metabolism,
which is also disturbed in MS and may partially mask the
effects of correction.

In general, H, demonstrates the greatest effect pre-
cisely during the phase of insulin resistance decompen-
sation, when the pathological process becomes depen-
dent on oxidative stress and systemic inflammation.
The nature of the changes indicates that hydrogen does
not act as a traditional sugar-lowering agent but rather
modulates the fundamental mechanisms underlying the
pathogenesis of metabolic disorders. Therefore, recov-
ery is partial, but stable.

Conclusions.

1. Metabolic syndrome in rats is accompanied by a
gradual increase in carbohydrate metabolism disorders,
which is manifested by hyperglycemia, compensatory
hyperinsulinemia, an increase in the HOMA-IR index,
as well as the accumulation of long-term markers of
disorders — fructosamine and glycosylated hemoglo-
bin HbAlc. The intensity of these changes increases
with the duration of the pathology, which confirms the
progressive nature of insulin resistance and pancreatic
B-cell dysfunction.

2. The effect of molecular hydrogen on glycemic indi-
cators depends on the duration of use and the stage of
development of metabolic syndrome. In the early stages
(6 weeks), the effect of molecular hydrogen was minimal
and statistically insignificant, whereas in the average (12
weeks) and long (20 weeks) courses of the pathology,
significant decreases in glucose and HbAlc levels were
observed, although the indicators did not reach control
values.

3. Regulation of insulin homeostasis under the in-
fluence of hydrogen was manifested in a significant
decrease in compensatory hyperinsulinemia and the
HOMA-IR index in the middle and older groups. This
indicates a partial improvement in tissue sensitivity to
insulin and stabilization of B-cell function.

4. The overall effectiveness of molecular hydrogen
lies in the ability to partially correct metabolic disorders
in metabolic syndrome, especially with long-term use.
Its effect is manifested in reducing hyperglycemia, allevi-
ating hyperinsulinemia and reducing insulin resistance.
Molecular hydrogen can be considered as a promising
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additional means of correcting carbohydrate metabo-
lism disorders in metabolic syndrome, especially in the
stages of moderate and long-term progression of the
pathology.

Prospects for further research.

Further studies should be directed at clarifying the
molecular mechanisms of action of molecular hydrogen
in MS, in particular its effect on insulin sensitivity and

insulin receptor signaling pathways. An in-depth analysis
of changes in gene and protein expression that regulate
glucose transport, protein glycosylation, and antioxidant
defense systems is promising. It is also advisable to in-
vestigate morphological changes in the pancreas, liver,
and adipose tissue to assess the possibility of structural
correction of metabolic disorders.
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Kpaesuyk 10. C., Kopda M. M.

MOLY/TIOBA/IbHUN EQEKT MOJIEKYNIAPHOIO BOAHIO HA ITTIKEMIYHUIA NPO®INb
NPU METABONNIYHOMY CUHAPOMI Y LLIYPIB

TepHONiINbCbKMIA HAaLiOHaNbHUIA MeAUYHUA YHiBepcuTeT imeHi |. fl. TopbaueBcbkoro MO3 YkpaiHu
(m. TepHoRinb, YKpaiHa)
kravchuk_ius@tdmu.edu.ua

Memab6oniyHuli cuHOpom (MC) € KOMNAeKCHUM nopyweHHAM 06MiHy pevyoB8uH, y Namo2eHe3i K020 8aciugy
ponb gidieparoms po3nadu 8yz2nee800HO20 0OMIHY ma [HcyniHope3ducmeHmHicme. MoneKynapHuli 800eHb
po3enadaemeoca AK nepcnekmusHuli Modyaamop memabonidHux npouyecis, 30amHuli enausamu Ha eyaneeo0HuUl
0bmiH ma adanmueHi peakuii opzaaHiamy. Memor 0ocnidxuceHHs byno ouyiHumu enaue eodu, 3b6aza4eHoi
MOSEKYAAPHUM B00HEM, HA MOKA3HUKU 8y2/1e800H020 OBMIHY y Wypie 3 eKcnepumeHmansHo iHOYKOB8AHUM
MC. Modenbo MC sidmeoproganu WASXOM Mpueano20 320008yY8AHHA BUCOKOKAsOpPIliHo20 pauioHy. YacmuHa
meapuH ompumyeana 800y 3 KOHUyeHmpayieo 800H0 0,6 ppm. Y cuposamui Kposi 8u3Ha4aau pieHi 2a10Ko3U,
iHcyniHy, iHOekc HOMA-IR, ¢pykmo3amiH ma eniko3unbosaHuli 2emozsnobiH; OUIHIOBAHHA MPO8OOUaU Yepe3
6, 12 i 20 muxcHis. Y wypis i3 MC cnocmepizanu npozpecusHe 3pOCMAHHA 2/t0Ko3U, iHcyniHy ma HOMA-IR, wo
8i006paX a0 NoCUAEHHA IHCYAIHOPEe3UCMeHMHOCMI, d MAKOMC Nid8UUWEHHA ppyKmo3amiHy ma HbAIc Ha ni3Hix
emanax ekcrnepumeHmy. 3acmocy8aHHA 36aza4eHoi 600HeM 800U MAs10 eman-3aaexcHuli xapakmep. Y paHHeomy
nepiodi (6 muxHie) Kopuayto4o2o egekmy He sussneHo. Ha 12-my muxcHi 3a¢piKkco8aAHO MOMIpPHE 3HUMEHHS
iHcyniHy ma iHOekcy HOMA-IR. Halisupa3sHiwi 3miHu 8i03Ha4yeHo Ha 20-My MUXHI: 3MeHWeHHA KOHUeHmpauii
2/110Ko3U, iHcyniHy, HOMA-IR ma HbAIc nopieHSHO 3 HEKOPU208AHUMU MBAPUHAMU, U0 C8IOYUMb PO 3HUMCEHHS
cmyneHs iHcyniHope3ucmeHmHocmi ma Yacmkosy cmabinizayito memabosniyHo2o0 cmaHy. Takum YUHOM, mpusase
30CMOCYBAHHA MOEKYAAPHO20 B0OHIO CMPUAE MOMIPHOMY MOAINWEHHIO MOKA3HUKIE 8y2n1eso00H020 0bMiHy ma
3MEeHWEeHHIO rposeie iHcyniHope3ducmeHmHocmi npu MC, xo4a He 3a6e3reyye No8HoOI Hopmanizauii memabosniyHux
nopyweHb. OmpumaHi pe3yaemamu niomeepoxcytome MOMeHYian MOeKynAPHO20 B00HIO AK OOMOMIHHO20

memaboniyHo2o modynamopa.

Knrouoei cnosa: memaboniyHuli cuHOpom, 8y2neco0HuUl 06MiH, MoneKynapHuUli 600eHs.

38’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-AoCAiA-
HUMU poboTamu.

Pobota € ¢pparmeHtom HAP «OcobnusocTi meta-
60niYHMX npoueciB 3a Ail eK30reHHMX TOKCUKaHTIB Ta
B YMOBax MNaTOANOrii», HOMEpP AeprKaBHOI peecTpauii
0123U100060.

Bcryn.

MeTaboniyHUI CUHAPOM € KOMMIEKCHUM MOPYLUEH-
HSAM 0OMiHY PEYOBMH, LLO BKIKOYAE iHCYNIHOPE3UCTEHT-
HicTb, abAoMiHanbHe OXUPiIHHA, Aucainigemilo Ta ap-
TepianbHy rinepTeHsito [1]. LleHTpanbHUM enemeHTOM
natoreHesy metaboniyHOro CMHAPOMY BUCTYMAE MOpy-
LUEHHA BYrNeBOAHOro 0bMiHy, Ake NPOABNAETLCA MifBU-
LLEHHAM PiBHA INIOKO3M B KPOBi, KOMNEHCATOPHOLO rine-
piHCyNniHEMIiEIO Ta MOCTYNOBMM BUCHAXKEHHAM B-KAiTUH
niaWwnyHKoBoi 3an103m [2]. Ha paHHix cTagiax ui 3miHn
MatoTb NepeBaXKHO GYHKLOHAaNbHUI XapaKTep, OAHAK i3
nporpecyBaHHAM CUHAPOMY NepPexoATb Y CTPYKTYPHI Ta
MeTaboniyHi nopyweHHsA, Wwo GopmyoTb NiAFPYHTA AnA
PO3BUTKY LYKPOBOrO Aiabety 2 TUny Ta MOro ycKnag-
HeHb [3].

B ymoBax HaaMipHOro HaaXO4KEHHA XUpiB i Byrie-
BOAIB BigbOyBa€TbCA MiABULLEHHA HABAaHTAXKEHHA Ha pe-

rYNATOpHI cuctemmn metaboniamy. XpoHiuHe HagaMLWKoO-
BE HAOXOMXKEHHA eHepreTUYHuX cybcTpaTiB CNpUYUHAE
3HUXKEHHA YYTAIMBOCTI KAITUH [0 iHCYAiHY, NOpyLIEeHHA
TPaHCMOPTY FNOKO3K, AncbanaHc cekpelii KOHTPIHCYi-
HOBMWX FOPMOHIB Ta NiABULLEHHSA PIBHA MTiKO3UIbOBAHNX
meTabonitie y Kposi. Taknin metaboniuHmii gucbanaHc
npu3BOAUTb A0 MiABULLEHHA PIBHA [OKO3M, iHCYAIHY,
bopMyBaHHA HCYNIHOPE3UCTEHTHOCTI Ta 3POCTaHHA
KOHLeHTpaLii [0BroTpMBasMX MapKepiB MOpyLleHHA
BYI/1€BOAHOM0 06MiHY, TaKMX AK GPYKTO3aMiH Ta MMiKo3u-
NboBaHM remornobiH [4]. OujiHKa UMX NOKa3HUKIB 003-
BONIIE He /MLle XapaKTepu3yBaTWU CTaH BYI1E€BOAHOIO
06MiHy, ane 1 NpocTeXKyBaTU AMHAMIKY MeTaboniyHnX
3MiH Yy BigNoOBiAb Ha KOPUTYBaNbHI BNNBW.

OcCTaHHIMKM pOKaMM 3pOCTAE iHTepecC A0 BUKOPUCTAH-
HA MOJIEKY/IAPHOTO BOAHIO AK NOTEHLiMHOro meTaboniy-
HOro mopynatopa. MonekynapHuii BOAeHb po3rnsafa-
€TbCA AK PEYOBMHA 3 MOXKJ/MBO 34aTHICTIO BNIMBATK Ha
meTaboniyHi npouecy Ta afganTUBHI peakuii opraHismy
npu naTonoriyHux ctaHax [5]. MepenbayaeTbes, WO 3a-
CTOCYyBaHHA BOAM, 36arayeHoi MONEKYNAPHUM BOLHEM,
MOe CNPUATU HOPMasi3aLii OKPeMUX MOKA3HUKIB BYr-
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N1eBOAHOrO OBMiHY Ta 3MEHLUEHHI0 HEraTUBHUX HaCAia-
KiB iHCYNiIHOPE3UCTEHTHOCTI.

MeTa gocnigKeHHs.

Jocnigntn Bnave 36arayeHOi MONEKYNAPHUM BOA-
HeM BOAM Ha NMOKA3HWKWU BYINEBOAHOrO OOMIHY Y LypiB
3 eKCNepUMEHTaNbHO iHAYKOBAHUM MeTaboNiYHUM CUH-
LPOMOM.

O6’eKT i meTOAM AOCNIAXKEHHA.

Yci ekcnepnMmeHTM NpoBeAEeHO BiANOBIAHO 40 BUMMOT
MeHeBcbKOT KOHBeHLT International Guiding Principles
for Biochemical Research Involving Animals (Geneva,
1990) Ta 3rigHo i3 «3aranbHUMK NPUHLMNAMWN EKCNEepK-
MEHTIB Ha TBapWHax, CxBaseHMMM Ha HauioHanbHomy
KOHrpeci 3 bioeTuku» (Kuis, YkpaiHa, 2001). Exkcnepu-
MEHT PO3MoYMHaNM Ha Binnx camusax wypis niHii Wistar
BiKOM 5 TUXKHIB i3 macoto Tina 110-120r. Y npoueci pobo-
T 6yn0 BnKkopmctaHo 90 wwypis. Yci WwWypw yTpumyBsanuca
B NPUMILLEHHI 3 KOHTPONbOBAHMMM YMOBAMMU MiKPOKI-
maTy (Temnepatypa 22+2°C, BigHOCHa BosioricTb 60%) i
[OCNIAMKYBANUCA B OA4HAKOBUI Yac 2obu. TBApPUHU Manu
BifIbHWI JOCTYN A0 BOAM Ta KOPMY.

LLlypis 6yn0 nogineHo Ha TPW OCHOBHI eKCnepuMmeH-
Ta/bHi TPYNW 3aneXkHo Big, TpuBanocTi nepebyBaHHSA
B eKcnepumeHTi: | rpyna — TBapuHu, Aki nepebysann B
eKCNepuMeHTI NPoTArom 6 TUXKHIB, Il rpyna — TBapuHy,
AKi nepebyBann B eKCNepMMEeHTi NpoTArom 12 TUXKHIB,
IIl rpyna — TBapuHK, AKi nepebyBann B eKCNepUMEHTI
npotarom 20 TMXKHiB. KoXKHa OCHOBHa rpyna HanivyBana
no 30 wypis. YcepeanHi rpynun TBAPMHU 40LATKOBO PO3-
noainanuca Ha Tpu niarpynu (no 10 TBapuH y KOXKHIl):
1) KOHTpOANbHa Migrpyna — TBapuHK, AKi NepebyBanm Ha
CTaHZAPTHOMY paLLioHi BiBapito Ta CNOXKMBAN MUTHY BO-
OONPOBiAHY BOAY; 2) TBAPUHMU, AKI OTPMMYBANN BUCOKO-
KaNoPiMHWI paLioH i CNOXMBaAW NUTHY BOAONPOBIAHY
BOAY; 3) TBapuHU, AKi OTPUMYBANN BMCOKOKANOPIAHUIN
pauioH i cnoxueanu Boay, 36aravyeHy MONEKyAAPHUM
BOAHEM.

EBTaHasito TBapuH | rpynu nig TioneHTanoBMM HapKo-
30M 34iMCHI0BaNN Ha 43-i AeHb eKcnepumeHTy, |l rpynu
— Ha 85-11 aeHb, a lll rpynn — Ha 141-i geHb Big noyaTky
[OCNiAXKeHH:A. 3abip KpoBi 34iiICHIOBANM WAAXOM MyHK-
uii cepusa. OTpMMmaHy KpoB Bifpasy nomiwanu B npobip-
KM 6€3 aHTMKOArynaHTy Ta BUTPMMYBAAM 33 KiMHATHOI
TemnepaTypu A0 YTBOPEHHA 3rycTKy. Micns uboro npobu
ueHTpudyrysanm 3i wenakictio 3000 06/xs npoTarom 10
XBWAVH. HapocafnoBy pignHy (cuposaTky) Bigbupanu Ta
36epiranu 3a Temnepatypu — 80°C 40 MOMEHTY aHanisy.

Ona mopentoBaHHA meTaboniyHOro CMHAPOMY TBa-
pUHM 2-i Ta 3-i Nigrpyn KOXHOI rpyny maan Heobmeke-
HWI AOCTYN 10 BUCOKOKANOPIMHOIO rpaHy/IbOBAHOrO pa-
uioHy Kombi TM («Bita Md», YKkpaiHa) npoTarom BCbOro
eKCnepumeHTy. 3aranbHa eHepreTMYyHa LLiHHICTb paLioHy
cTaHoBWAa NpubaM3HO 3,9 KKan/r, 3 akux 6inku 3abes-
neuysanun 0,6 kkan/r (16%), xunpu — 1,1 kkan/r (28%), a
Byrnesogm — 2,2 Kkan/r (56%) Big 3aranbHOI eHepreTny-
HOI LiHHOCTI.

Boay, 36arayeHy MoNeKyNApHUM BOAHEM, rOTyBaAM
6e3nocepefHbO B NOINKAX LUYPIB LUAAXOM 3aHYPEHHA
Yy BOAY BOCbMM MArHi€eBMX MasMyoK (JOBXKMHA — 5 cMm,
aiameTtp — 14 mm). Yepes 15 XBWUAMH NicNA BHECEHHSA
NasIMYOK KOHLLEHTPALif MONEKYNAPHOro BOAHIO Y BOA
pocArana 0,6 ppm. MoinKyM BCTAHOB/OBAAN Y KJITKaxX i3
TBapMHAMM 1 OHOBHOBAIN KOXKHI 2 AHi. KOHTPO/Ib KOH-
LeHTpaLlii BogHO NpoBoAMAN 33 AOMNOMOrot ceptudi-
kosaHoro H,-meTpa ENH-100 (Amtast, CLLIA).

BMmicT rnoKko3m B cMpoBaTLi KpOBi BU3HAYanu Ko-
NIOPUMETPUYHMUM METOLOM i3 BMKOPUCTAHHAM Habopy
dipmun Cnain/1ab, YkpaiHa. [oko300KcKMAa3a KaTanisye
OKWC/IEHHA /II0KO3M [0 [IOKOHOBOI KMC/IOTU. YTBOpe-
HWI NepoKcua, BoAHK pearye 3 peHonom Ta 4-amiHo-
$deHa3oHOM B MPUCYTHOCTI NepoKCcUAA3N i YTBOPIOE Xi-
HOHOBWMIM KOMMAEKC YePBOHOTO KONbOPY. IHTEHCUBHICTD
3a6apBNEHHS KOMMJIEKCY MNPOMopLiiHa KOHUEeHTpauii
T/IIOKO3M B 3pasky.

BMicT iHCyniHY BU3HaYann meTogom TBepaodasHoro
imyHodepmeHTHOro aHanisy (ELISA) i3 BUKOpUCTAHHAM
Habopy ¢ipmn XEMA, YkpaiHa (HOmep 3a KaTa/iorom:
K267N). Bu3Ha4YeHHs iHCYNiHY TPYHTYETbCA Ha BUKO-
PUCTaHHI «ceHABiY»-BapiaHTa TBepAodasHOro imyHo-
bepMeHTHOro aHanisy. Ha BHYTpILHiA NOBEPXHi NIYHOK
naaHweTa iMmMobini3oBaHi MMLWIAYi MOHOKNOHabHI aH-
TUTINA NPOTK iHCYNiHY AtoanHK. TNpu AofdaBaHHI Aochi-
[AXKYBAHOrO 3pasKa Yy JlyHKax Mn/aHweTa BifbyBaeTbcA
3B’A3YBaAHHA iHCYNiHY 3 aHTUTIIaMKM Ha TeBepain ¢asi.
Komnnekc, wWo yTBOpPMBCA, BUABAAAM 3@ A0MNOMOIOH
KOH'toraTy MMLIAYMX MOHOK/IOHANbHUX aHTUTI NPOTK
iHCYNiHY 3 NepoKcMAasoto XpiHy. Y pesynbraTi yTBO-
ptoBaBcA 3B’A3aHUI i3 TBepaoto $a3o «ceHaBiu», Wo
MiCTMB nepokcmnaasy. MNig vac iHkyb6aLii 3 po3umHom cyb-
CTpaTy TeTpameTunb6eH3naANHY pianHa B NyHKax 3abaps-
ntoBanaca. [HTEHCUBHICTb 3abapBaeHHS NPAMO Nponop-
LiHA KOHUEHTPALLT iHCYNiHY B A0CNIAXKYBAHOMY 3pa3kKy.
KoHueHTpaLiito iHCyNiHY BU3HaYanu 3a KanibpysasibHUM
rpadikom 3aNeKHOCTi ONTUYHOI F'YCTUHM Big, BMICTY iHCY-
NiHy B KanibpyBaibHMX npobax.

OuiHKa iHCYNiHOPEe3NCTeHTHOCTI NpoBOAMAACA LWAA-
XOM po3paxyHKy iHaekcy HOMA-IR (Homeostasis Model
Assessment of Insulin Resistance). [lna uporo y cuposa-
TLi KPOBI LLypiB HATLLE BUM3HAYa/IM KOHLEHTPALO Mto-
KO3W Ta iHCyNiHy. 3HA4YeHHs iHAeKcy obumcatoBanu 3a
dopmynoto:

HOMA-IR = ntoKko3a Harle (MMmonb/n)x
IHcyniH HaTwe (MkOa/mn)/22,5

BmicT ¢pyKTO3amiHy B CMpoOBaTLi KPOBi BM3Haya-
I KONOPUMETPUYHMUM METOAOM i3 BUKOPUCTAHHAM
Habopy d¢ipmu Spinreact, IcnaHia. Y nyxHWX ymoBax
bpyKTO3amiH abo riKO3MAbOBaHI NPOTeiHW CMPOBATKM
Bi4HOB/IOKOTb HITPO-CUHIO Ciflb TETPA30AI0 Xopuay.
IHTEHCMBHICTb 3abapBieHHA, AKe YTBOPHETHCA, NPAMO
nponopujinHa KOHLEeHTpauii GpyKTo3amiHy B cMpoBaTLi
KPOBI.

Ona BuM3HauyeHHA pisHA HbAlc BMKOpMCTOBYBaAM
remoni3aTt epuTpoumTiB. YacTMHY KPOBIi, OTPMMAHY WAA-
XOM MyHKL|i cepun, 36upann y npobipku 3 EATA, nican
yoro ueHTpuoyrysanu npu 3000 o6/xs npotarom 10
xB. Mnasmy obeperkHo BigbMpann, a ocas epuTPOLMTIB
ABiYi NPOMMBANM i30TOHIYHMM PO3YMHOM HATPItO X10PU-
ay. Ona otpumanHa remonizaty go 100 mka eputpoum-
TapHOi macu gogasanm 500 MKn ANCTUABOBAHOI BOAM Ta
nepemiwysann A0 NOBHOIMO PYWHYBAHHS KAITUH, nicna
4YOro OTPMMaHy CyMill BUKOPUCTOBYBA/IM ANA aHaNi3y.

BusHauyeHHa HbAlc npoBoaunu 3 BMKOPUCTaHHAM
KOMEepLiAHOro eH3MMaTuYHoro Habopy Human (Himeu-
YMHa) BiANOBIAHO A0 IHCTPYKLIT BUpobHMKa. MeTog 6a-
3YETbCA Ha NOCNig0BHOMY depMeHTaTUBHOMY rigpoi3i
remornobiHy 3 yTBOPEHHAM BiJibHOro GPyKTO3UNBANIHY,
AKMI € NPOAYKTOM riKawii N-KiHLeBOro BaniHy B-naHuto-
ra. ®pyKTo3mnBaniH nig aieto depmeHTy GpyKTO3MIaMI-
HOKCMAa3M OKUCHIOETLCA 3 YTBOPEHHSIM [/IFOKO30-0-NaK-
TOHY Ta MepeKncy BOAHI0. Y NPUCYTHOCTI NepoKcnaasm
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nepeKkunc BOAHIO pearye 3 XpomoreHamu (4-amiHoaHTMNI-
puUHOM i beHoNoM) 3 YTBOPEHHSM CTabifibHOro 3abaps.-
JIEHOTO KOMMEKCY. IHTEHCUBHICTb 3abapBaeHHA NPAMO
nponopujiiHa KoHueHTpauii HbAlc y 3pasky. OnTuyHy
WiNbHICTb peakujiiHoi cymiwi BUMiptoBanu cnektpodo-
TOMETPUYHO NPU AO0BXKUHI XBUNI A=660 HM.

Ons pospaxyHKy Biacotkosoro Bmicty HbAlc op-
HOYaCHO BM3HAYanW 3arasibHUN remornobiH y Tomy
caMomy remoniszaTi. KOHLeHTpaLito 3arafbHOro remor-
NoBiHY BCTAHOB/OBANN KOMOPUMETPUYHUM METOLOM
i3 BUKOpUCTAHHAM Habopy Human (HimeuuuHa), skui
I'PYHTYETbCA Ha YTBOPEHHI cTabinbHOro noxigHoro — uja-
HMeTremornobiHy — 3 noganbliMm GOTOMETPUYHUM BU-
MipHOBaHHAM NPW JOBXUHI XBUAI A=540 HM.

PesynbTaTn BUpaxanu y Biacotkax (% HbAlc) sk Bia-
HOLLEHHSA KOHUEHTpaL,i IMiko31Mab0BaHOro remornobiHy
[0 3aranbHOro remorn106iHy y 3pasky.

OTpumaHuin undposuii matepian obpobnsanm meto-
OOM BapialiMHOI CTaTUCTUKM 3 BMKOPUCTAHHAM t-Kpu-
Tepito CTblogeHTa Ta 04HO(AKTOPHOro AMCNepcCiiHOro
aHanisy (ANOVA). Po3paxoByBanu cepeaHi apudmeTny-
Hi BenMunHKU (M), NoxmMbKu cepegHix apuOMeTUYHUX
(m), KoediuieHTH BapiaLii, a TaKOX cepeaHi KBagpaTUUHI
BiAXWNEHHA. 3MiHM BBaXKaan JocToBipHUMM npu p<0,05.
[na po3paxyHKiB BUKOPUCTOBYBa/IM KOMM'HOTEPHY NpPO-
rpamy Microsoft Excel (USA) Ta Statistica 10.0 (StatSoft).

Pe3ynbTatu gocnigyKeHHs 1a ix 06roBopeHHs.

Y TBApWH i3 MeTaboniyHUM CUHAPOMOM BiA3Haya-
€TbCA CTiliKa TEeHAEHLUIA A0 rinepraikemii, BUpaXKeHicTb
AKOI 3POCTaE 3i 36iNbLUEHHAM TPMBANOCTI NATONONYHOIO
npouecy (Tabn. 1). Yepes 6 TUKHIB Big, NoyaTry iHAYKLIi
MC (I rpyna) cnocTepiranacs nuwie TeHAEHLUiA A0 NigBK-
LLEHHA KOHLEHTPAaLii FNHOKO3M B CMPOBATL, KPOBI. 3acTo-
cyBaHHA Boau, 3barayeHoi MONEeKyNAPHUM BOAHEM, He
npu3BOAM/IO 40 AOCTOBIPHUX 3MiH BMICTY IIFOKO3M KPOBI
y Len TepmiH.

Ha 12-my TWXHI eKCcnepuMMeHTy rinepraikemia y
wypis i3 MC nocunatoBanaca: piBeHb [/IIOKO3M 3pic Ha
43% nopiBHAHO 3 KOHTposiem (p<0,05). Mpn Kopeku,ii
MOJIEKYNAPHUM BOAHEM CMOCTEPIranocs He3Ha4YHe 3HU-
YKEeHHA rnikemii, npoTe 3miHKn 6yan cTaTUCTUUHO
Hea0CTOBIPHUMN.

Halibinblw cyTTeBi 3miHM cnocTepiranuca y
TpeTii rpyni (20 TUKHIB). Y TBapuH i3 MC pi-

BMICT iHCYNiHY nepeBMLLyBaB KOHTPO/IbHI MOKA3HUKM
npubausHo Ha 55% (p<0,05), WO BKasye Ha MOYaToK
dOopMyBaHHA PE3UCTEHTHOCTI A0 iHCYAiIHY Ta NiABULLEH-
HAl HaBaHTAXKEHHA Ha B-KNITUHW MigWAyHKOBOI 3a7103MK.
3actocyBaHHA BOAM, 36arayeHoi MONEKYAAPHUM BOZA-
HeMm, y Len nepiog AOCTOBIPHO He BM/MBAJIO Ha PiBEHb
iHCcyniHy (Tabn. 1).

Yepes 12 TUXKHIB rinepiHcyniHemia ctaBana 6inbuw
BUPAXKEHOK — KOHLEHTpauia iHcyniHy y wypis i3 MC
3pocTana maiixe y 1,8 pasa BiAHOCHO KOHTPOIbHUX 3Ha-
yeHb (p<0,05), Wo CBiAYNTb NPO NPOrpPecyBaHHA iHCYNi-
HOPE3WUCTEHTHOTO CTaHY. 3aCTOCYBaHHA MONEKYNAPHOTO
BOZHIO 3MEHLUYBAJI0 piBEHb iHCYNiHY NpMbAn3HO Ha 21%
NopiBHAHO 3 HenikoBaHMMM TBapmMHamu 3 MC (p<0,05).

Ha 20-my TUKHI eKcnepuMMmeHTy BiA3HA4yanoca no-
Janblue 3pOCTaHHA PiBHA iHCyANiHy y wypis i3 MC — B
1,7 pa3a BigHOCHO KoHTpoto (p<0,05). Taka TeHAeHLs
niaTBEPAXKYE HAPOCTAHHA ANCPYHKLIT B-KAITUH | norau-
671eHHA HCYNiIHOPEe3MCTEHTHOCTI BHACNiAOK TPMBANOoro
meTaboniyHoro cTpecy. BogHoyac y TBapwH, AKi OTpu-
MyBann 36arayeHy BOAHEM BOAY, KOHLEHTpaLia iHCy-
NiHy 6yna Ha 24% HUXK4YOK NOpPiBHAHO 3 rpynoto 3 MC
(p<0,05).

AHani3 MiXKrpynoBux 3MiH NOKa3HWKIB BMICTYy iHCY-
NiHY BUABMB NEBHY AUHAMIKY. Y KOHTPOJIbHUX TBApPUH
KOHCTAaTOBAHO HApPOCTaHHA PiBHA iHCYNiHY 3 BIKOM: Ha
Apyromy eTani MOKasHWKW Yy KOHTponi 6ynn sBuwmmm
npunbansHo Ha 38% NOPIBHAHO 3 NepLWNM eTanoMm, a Ha
TPeTboMy — Ha 65% nopiBHAHO 3 Nepwum (Ta Ha 20% no-
piBHAHO 3 apyrum). Y wypis 3 MC Il rpynu piBeHb iHcyAi-
HY B CMPOBaTL,i KpoBi 6yB Ha 62% BULLMM, HiXK Yy TBApWH
| rpynu, a y T8apuH Il rpynu — Ha 78%. AHaNOriYHA TeH-
OeHUia cnocTepiranaca WwoAo pisHMLi MOKA3HMKIB BMICTY
iHCYNiHY B CMpOBATLi KPOBIi TBApMH pisHUX rpyn 3 MC,
AKMM MPOBOANAN KOPEKLLID MONEKYNAPHUM BOAHEM.

OTKe, MmoZenb MeTaboniyHOro CMHAPOMY BUK/IMKAE
KOMMNEHCATOPHY rinepiHCyNniHEMilO, AKA PO3BMBAETLCA
LWBMAKO B nepLi 12 TMXKHIB i Aani HApOCTaE MeHLW iH-
TEHCUBHO. BXKMBaHHA BoAM, 36arayeHoi MONEKYNSPHUM
BOZHEM, MOAY/HOE Lel NPOLEC: KOPOTKOYACHA KOpPeKLia
A€ cnabkuii edeKT, ToAi AK TpMBae 3aCTOCYBaAHHSA NpU-

Tabnuua 1 — KoHueHTpauia roKo3u, iHCYyNiHy, iHAeKC
HOMA-IR B cupoBaTui Kposi wypis 3 MC npu KopeKuii
36araueHo0 MoeKyNApPHUM BogHem Bogoto (M+m; n=10)

BEHb [/II0KO3M 3POCTaB Ha 76%, WO A0CTOBIp- FracEn IHCYniH, e

HO MepeBMULLYBas0 NOKa3HUKM AK KOHTPOIbHOI fpynu TBapuH MMOAB/A MKOA/MA HOMA-IR
niarpynu Tak i aHanoriyHoi nigrpynu 3 MC Ha KoHTponb |  5.20+0.64 9.25+0.84 2.14+0.19
nonepeaHix eTtanax ekcnepumeHTy. Lle csig- |lrpyna [, 6.25+0.52 14.20+1.26* 3.94+0.35*
YUTb MPO MPOrPecyBaHHs iHCyNiHOpe3ucTeHT- | (6 TWXHIB) VCTH 6429045 12.4510.95 3551030
HOCTI Ta NOPYLIEHHSA BYrNEBOAHOro 06MiHy npu 2 : : - — . —
TpUBanomy nepebiry natonorii. rpyna KoHTposb 4.84+0.52 12.80+0.9% 2.75+0.1%

Y T8apuH 1Il rpynu, AKMM NPOBOAAM KO- | (12 smris) LMC 6.92+0.40* | 23.02+1.90°° | 7.08+0.65"°
peKLilo BOAOK, 36arauyeHo0 MONEKYIAPHUM MC+H, 5.80+0.45 | 18.20+0.85**& | 4.69+0.42***
BOZIHEM, PiBEHb [IIOKO3M AOCTOBIPHO (Ha 32%) Kowtponb |  5.25+0.42 15.30+1.10* | 3.57+0.25%*
3HUKYBaBCA MMOPIBHAHO 3 HEKOPMIOBaHUMMMU ;ggpyﬂa_ ) MC 0.25+0.86%@@@ | 25 40+1.85%€ |10.44+1.24*@ @@

TUXHIB
TBapunamy 3 MC. MC+H, | 6.26+0.48"* [19.20+1.58***%| 534+0.58***=

dopmyBaHHA MC y WypiB CynpoBOAKYETb-
CA AOCTOBIPHMM NiABULLEHHAM PiBHA iHCYAIHY
B CMPOBATLi KPOBi, iIHTEHCMBHICTb AKOTO 3pO-
CTa€ NPOMNOPLiAHO TPMBANOCTI MaTONOrNYHOTO
npouecy. Lle, oueBnaHo, Bigobpaxkae po3Bu-
TOK KOMMEHCATOPHOI TinepiHcyniHemii, cnps-
MOBAHOI Ha NOAO0NAHHA IHCYNIHOPE3UCTEHTHO-
CTi, XapaKTepHOi Ana faHoi moaeni. Y TBapuH
i3 MC y>e Ha WOoCTOMY TUXHI eKCnepumeHTy

MPUMITKK: TYT | B HAaCTYMHi Tabanui: KOHTPOAb — LLypi KOHTPOILHOI Nigrpynu; MC
— Wwypi 3 meTaboniyHum cuHapomom; MC + H,—wypi 3 MeTaboNiYHUM CUHLPOMOM,
AKUM NPOBOAMAM KOPEKLLit0 36arayeHo0 MONEKYNSAPHUM BOAHEM BOAOH. B mexax
KOKHOI rpynu 3miHM AOCTOBIpHi: ¥ — NOPIBHAHO 3 TBapUHamu Nigrpynu KoHTposb,
** — nopiBHAHO 3 TBapMHamu nigrpynu MC; # — 3MiHW [OCTOBIPHI NOPIBHAHO 3 KOH-
TPONbHO Niarpynoto rpynu |; ## — 3miHM AOCTOBIPHI MOPIBHAHO 3 KOHTPO/IbHOMO
niarpynoto rpynu ll; @ — 3miHW f0CTOBipHI NopiBHAHO 3 niarpynoto MC rpynu |; @ @
— 3MiHM JOCTOBIpHI NopiBHAHO 3 nigrpynoto MC rpynu Il; & — 3MiHK JOCTOBIpHI No-
piBHAHO 3 nigrpynoto MC+H, rpynu |; && — 3miHu [OCTOBIPHI NOPIBHAHO 3 NiArpy-
noto MC+H, rpynu 1. 3miHn BBaXKatoTbes focToBipHUMM npu p<0,05.
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3BOAMTb A0 AOCTOBIPHOTO 3HUMMKEHHSA TinepiHcyniHeMmii,
X04Ya MOBHOI HOpMai3aLuii 4O PiBHA IHTAKTHMUX TBApWUH
He crnocTepiraeTbea. Lie BKasye, wo H, peanisye yactkosy
QHTUIHCYNIHOPE3UCTEeHTHY Ao — iMOBIpHO, onocepea-
KOBAHO Yepe3 3HUKEHHA OKCUMAATUBHOIO HABAHTAMKEH-
HA, NOANIMNWEeHHA iIHCYNIHOBOI CMrHani3aLii Ta NiATPUMKY
bYHKUjT B-KNITMH — ane He ycyBae NepLlIonpUYMHN MeTa-
6oniyHoro ancbanaHcy.

Yci npoaHanizoBaHi gaHi wopao iHaekcy HOMA-IR ge-
MOHCTPYHOTb YiTKY TEHAEHLLiLO A0 3pPOCTaHHA iHCyniHOpe-
3UCTEHTHOCTI NPU PO3BUTKY METaboNiYHOTO CUMHAPOMY.
Y wypis | rpynn po3BUTOK METaboNIYHOrO CUHAPOMY CY-
npoBOAXKYyBaBCA 3pocTaHHAM iHAeKkcy HOMA-IR Ha 84%
NOPIBHAHO 3 KOHTponem. BBeaeHHA MONEeKynApHOro
BOZHIO MPAKTUYHO HEe BNINBA/O HA Liel NOKa3HUK.

Y 1B8apuH i3 MC Il rpynu nigsuweHHa HOMA-IR 6yno
6inbl BUpaxkeHUm — npubansHo Ha 157% nopiBHAHO
3 KOHTposiemM. KopekKuis BogHeM AocToBipHO (Ha 34%)
3MeHLWyBana iHAEKC MOPIBHAHO 3 HEKOPUIOBaHMMMU
TBApMHaMM, NPOTe MNOKA3HUK 3a/MLWIABCA MaWKe yaBidi
BULLMM 33 KOHTPO/b. [TOPIBHAHO 3 6-TUXKHEBOIO FPYNoto,
y 12-TmkHeBMx TBapmH i3 MC iHaeKc 3pocTaB Ha 80%, a
y niarpyni MC+H;, — Ha 32%, o cBig4mMTb NpO nporpecy-
BaHHA IHCYNIHOPE3UCTEHTHOCTI 3 BIKOM Ta 36i/bLLUEHHAM
TPMBANOCTi NATONOFYHOro Npouecy.

Y 20-tv>kHeBux wypis iHaekc HOMA-IR y TBapuH
i3 MC nigsuuyBasca npubansHo Ha 192% BigHOCHO
KOHTPO/IO, WO AEMOHCTPYE HalBUPAXKEHiWy iHCyAiHO-
PE3UCTEHTHICTb cepes yCix BiKoBMX rpyn. KopekLia mo-
NEeKYNAPHUM BOAHEM 3HUKYBaANA Lel NOKasHUK Ha 49%
(p<0,05), ogHak piBeHb HOMA-IR 3anuwasca Ha 50%
BULLMM 32 KOHTPO/b. MOpPiBHAHO 3 12-TUXHEBOW rpy-
noto, HOMA-IR y wypis i3 MC 3pocna Ha 47% (p<0,05).

Takum ynHom, iHgekc HOMA-IR geMoHCTpye nocTy-
NnoBe HAPOCTAHHA iHCY/NIHOPE3UCTEHTHOCTI NpW TPUBa-
IOMY PO3BUTKY MeTaboiYHOro CUHAPOMY, MPUYOMY KO-
peKLia MOIeKYIAPHMM BOAHEM MAE MiHIMaIbHUN epeKT
Ha paHHiXx eTanax, NOMipHUI — NpW cepeaHili TpMBaNOCTI
naTo/orii Ta MakcMmanbHUIA — 3a TpuBanoro nepebiry
3aXBOpPIOBaHHA. BogHouac BiKOBa TeHAeHLUIA A0 NiaBu-
LLLeHHS iHAEeKcy 36epiraeTbca HaBiTb 3@ YMOB KOpeKLji.

Mpw aHanisi KoHUEeHTpaLji $ppyKTOo3amiHy Byno BusB-
NeHo, Wwo | rpyni 4OCTOBIPHMX BiAMIHHOCTEN MiXK TBapu-
Hamu 3 MC i KOHTpO/IeEM He cnocTepiranocs, i Kopekuia
MOJIEKYNSAPHUM BOLHEM He 3MiHIOBaA MOKA3HUK GpyK-
To3amiHy (tabn. 2).

Y cepegHili BikoBil rpyni y wypis 3 MC ¢pyKkTO3amiH
36inbwKMBCA NPUBNM3HO HA TPETUHY NOPIBHAHO 3 KOHTP-
Ta6nuua 2 — KoHueHTpauia ¢pyKkTozamiHy B cupo-
BaTui Kposi i HbAlc B remonisari Kposi wypis 3 MC
npu KopekLuii 36arayeHo0 MoNeKyISPHUM BOAHEM
sogoto (M+m; n=10)

onem (p<0,05), Wo CBiAYNTb NPO NPOrpecyBaHHs rnike-
MiYHUX MOPYLIEHb. BXMBaHHA BOAM 3 MONEKYAAPHUM
BOAHEM AOCTOBIPHO HE 3MIHIOBA/IO LLei MOKA3HUK.

Y ctapuwiii rpyni (20 TUXKHIB) NiABULLEHHA PpPYKTO3a-
MiHy y TBapuH 3 MC 6yno Lie 6inbll BUPasKeHUM — Mpu-
6113HO Ha 47% nopiBHAHO 3 KOoHTposem (p<0,05), wo
AEMOHCTPYE NPOrpecytody iHTEHCUBHICTb MeTaboniyHNnx
nopyleHb. KopeKuia MonekynapHUm BogHeM, AK i B No-
nepeaHbOMy BMNaaKy, ebeKTMBHOM He byna.

MiKrpynoBsi MOpPiBHAHHA MOKa3yoTb, WO Nporpecy-
BaHHA MC cynpOBOAKYETLCA MOCTYNOBMM 3POCTAHHAM
KOHUEHTpauii dpyKTO3amiHy.

AHani3 3MiH rMiKo3n/1bOBAHOIO reMorobiHy y Wwypis
3 MC nokasas, Wwo y | rpyni He cnocTepiranoca AoCToBip-
Horo nigsuweHHA pisHA HbA1 nopiBHAHO 3 KOHTpOIEM.
KopeKLuia mosiekynapHMm BOAHEM TaKOX AOCTOBIPHO He
BN/IMBANA Ha AAHWI NMOKA3HUK.

Y cepegHin (12 TuKHiB) rpyni wypis 3 MC piBeHb
HbAlc 36inbwmBcA maiixe BABIYIi NOPIBHAHO 3 KOHTPO-
nem (p<0,05), wo Bigobparkae nporpecytodi rikemiyHi
nopyLueHHsA. 3acToCyBaHHA BOAWU 3 MONEKYNIAPHUM BOZA-
HeM He Kopuryeano aocTtoBipHo piBeHb HbAlc.

Y ctapuwit Il rpyni TBapuH 3 MC rniko3n/iboBaHUM re-
MOT106iH 3pic NpUbaN3HO Ha 112% NOPIBHAHO 3 KOHTpP-
onem (p<0,05), o NigKPeCtOE 3HAUYHY Nporpecito meTa-
60niuHMX nopyweHb. KopekKLia MoneKkynapHUm BOgHEM
3HM3una HbAlc npmnbnunsHo Ha 28% NopiBHAHO 3 MiArpy-
noto MC (p<0,05), AeMOHCTpytoUn CYyTTEBUIA, NPOTE He-
NOBHWUI TepanesTUYHUI edekT (Taba. 2).

Mixrpynose MOpPIiBHAHHA MOKa3ye MOCTynoBse
3pocTaHHa HbAlc 3 Bikom Ta TpMBasicTio ekcrnosuuii me-
TaboniyHoro cMHZpomy.

OTpMMaHi AaHi y3rofKylTbCA 3 KAACUYHUMU YAB-
NeHHAMM Npo naToreHe3 meTaboniyHoro cuHApomy, y
AKOMY MNpPOBigHY POAb BiAirpatoTb Nporpecytodi nopy-
LEHHA IHCYNIHOBOI CUrHani3au,ii, 3pOCTaHHA OKCMAATMB-
HOTO CTpecy Ta XPOHiYHEe HMU3bKOPIBHEBE 3ananeHHs [6].
BuAsneHe nocTynose 3pOCTaHHA iKEMIYHUX NOPYLUEHb
— BiJ, PaHHiX, e KOMNEHCOBAHMX NPOABIB 4,0 BUPAXKEHOT
rinepraikemii 3i 3HaYHMM NiABULLEHHAM OOBrOTPUBAINX
rNiKEMIYHMX MapKepiB — Bigobparkae TMNOBY eBOIOLLi1O
meTaboniuHoi aucperynauii npn MC.

MocTynose NigBULEHHA PIBHA [IOKO3M Ta iHCYNiHY
y TBAapUH i3 MeTaboNniyHUM CUHOPOMOM MOACHHOETLCA
KMACUYHUM KacKagoM iHcyniHope3ucTeHTHocTi. Hag-
JILLIOK eHepreTMyHoro cybcTpaTty Ta HAKOMUYEHHs ak-
TUBHUX GOPM KUCHIO NOPYLLYIOTb PYHKLiKO iIHCYNiIHOBMX
peuenTopiB Ha piBHi IRS-1/PI3K/Akt-winsxy [7]. Baokaaa
nepeaycim nNpoOABAAETbCA 3MEHLIEHHAM TpaHCAOKaLl
GLUT-4 y M’A30Bili Ta }XMPOBIll TKAHMHAX, WO 0bMexKye
nepudepuyHe CNoXKMBaHHA MOKO3K. Y Bignosigb B-Ki-
TUHU aKTUBYIOTb KOMNEHCATOPHY rinepcekpeLito iHcyni-
HY, Hamaral4mcb NiATPMMATU HOpPMOrniKeMito. Takui
MexaHi3m fobpe Bigomuii y mogenax MC, iHAyKoBaHUX
BMCOKOKA/IOPIMHOW AiETOM, | AOCAIAMKEHHS Ha Wypax
YacTo LEeMOHCTPYIOTb NMPUCKOPEHE BUCHAXKEHHA B-KAi-
TUH 3a TpMBanoi ekcnosuuii metaboniyHoro ctpecy [8].

BarknmBmMm KOMMNOHeHTOM nporpecyBaHHA MC € mi-
ToXxoHApianbHa AucoyHKuia [9]. Hagaumwkose Hagxo-
OKEHHA KUPHUX KUCAOT Y B-KNITUHW CNpUYUHAE 36inb-
WeHHA MpPOAYKLii cynepokcMay B MITOXOHAPIAX, LWO
ylwKoaKye depMeHTU oKucHoro ¢pocdoputoBaHHA Ta
nopyLuye cekpeuito iHcyniHy [10]. OgHo4YacHO B neYiHu,i
bopmyeTbcA heHOMEH «MaTOMOrYHOI FHOKOHeoreHe-
TUYHOT CTIMKOCTI», KON renaTouUTM NPOLOBKYIOTb NPO-

PpyKTO3aMiH, o
lpynu TBapuH MKMOAL/A HbAlc, %
KoHTponb 225.2+18.6 4.28+0.34
I rpyna
- mc 236.5+22.4 5.25+0.42
(6 TUKHIB)
MC+H, 240.4+19.5 5.32+0.40
KoHTponb 234.8+20.5 5.54+0.50
llrpyna  Fyc 303.0421.4%€ 9.94+0.80*@
(12 TmkHiB)
MC+H, 265.8+18.3 8.85+0.65%&
KoHTponb 238.2+20.4 5.30+0.32%
Il rpyna * *
.| MC 350.2428.8%@ 11.22+0.96%@
(20 TmxkHiB)
MC +H, 290.2+25.4 8.06+0.45%**&
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OYKYBaTW [IIOKO3Y MONpPUY AOCTaTHiN piBeHb iHCyiHy. Lle
Bifirpae KNYOBY POb Yy NiATPMMAHHI rinepraikemii npm
MC.

MocTynoBse niasuweHHA ¢ppyKkTo3amiHy Ta HbAlc uin-
KOM 3aKOHOMIpHE, OCKIiNbKK Lii MapKepu BigobparkatoTb
XPOHIYHMI piBeHb rikemii i 3anexartb Big TPUBaANOCTI
€KCMNo3uL,ji BUCOKMUX KOHLLEHTpaL,ii ritoKkosu. Mpuckope-
He rNiko3naBaHHA 6inKiB Npy MC NOCUNIOETLCA TAaKOXK
OKCMAATUBHUM CTpPecoM. Bifomo, Wwo HaKoNMYEeHHA KiH-
LeBUX MPOAYKTIB MiKyBaHHA came no cobi nornnbnioe
iHCYNiIHOPE3UCTEHTHICTb, 3aMMKao4YM MaATONOrIYHE KOO
[11, 12].

KopekUuiliHa aia MONeKynsipHOro BOAHIO HE € MUTTE-
BOIO i HE MA€E MPAMOrO rinornikemiyHoro edekTy; BOHa
peanisyetbca yepe3 moandiKaLito KNOYOBUX NaToreHe-
TUYHMX NIAHOK MeTaboniyHOro cMHAPOMY, Hacamnepes
yepe3 aHTMOKCUAAHTHI, MpPOTM3anasibHi Ta CUTHaNb-
HO-MmoAYNtoBasbHI BAactmueocTi [13].

BoaeHb ceNleKTUBHO HENTPANI3YE rigAPOKCUNbHNI pa-
AMKan i NePOKCUHITPUT — ABa HaMBiNbLL YLLIKOANXKYBA/bHI
KOMMOHEHTN OKcuaatTuBHoro crtpecy [14]. 3meHLWeHHA
piBHA LMX paguKanis nokpawye GpyHKLiOHYBaHHA iHCY-
NIHOBMX PeLLEenTopiB, OCKi/IbKM OKCHMAATUBHE MoANDIKY-
BaHHA TMPO3MHKIHA3HOTO AOMEHY peuenTopa Ta b6inkis
IRS-1 6e3nocepenHbo 60KYE iHCYNIHOBY CUrHani3aLito.
[aHi niTepatypu cBigyaTh, WO BOAEHb 34aTHUI BigHOB-
ntosatn pocdopuntoBaHHa Akt, nigBumLLytoumn TpaHcnop-
TyBaHHA GLUT-4 y nepudepuyHi TKaHuHu [15]. Came
TOMy epeKT Ha piBeHb riKemii cTae 3Havywmum y binbLu
Ni3Hix nepiogax, KOAM OKCMAATUBHUIA CTpec € nposia-
HOH JTAHKOIO MiATPUMAHHA iHCYNiIHOPE3UCTEHTHOCTI.

XpoHiuHe meTaboniyHe 3ananeHHA — We OAUH BaXK-
NINBUIN YMHHUK iHcyniHope3ucTeHTHocTi. TNF-a, IL-6 Ta
iHWIi Npo3ananbHi Megiatopn 6710KyOTb iHCYNIHOBY CUT-
Hanisauito yepes pochopuntoBaHHs IRS-1 Ta aKTUBAL,O
JNK/NF-kB-3anexkHux wnaxis [16]. MNMokasaHo, wo H,
3HMXKYE npoaykuito TNF-a Ta IL-1B, a TaKoX 3MeHLIye
iHbinbTpaujito makpodaramm Kuposoi TKaHMHK [17]. Lle
NOTEHL,NHO BiQHOB/IOE YYTAMBICTb TKAHWUH A0 iHCYAIHY
Ta 3HMXKYE NoTpeby B KOMNEHCATOPHIN rinepcekped;i.

3 BiKOM i TpuBanicTio MeTaboniYHOro nepeBaHTa-
YKEHHA B-KNITMHM BTPayaloTb 34aTHICTb aAEKBATHO BiA-
noBigatT Ha nNiABULLEHW piBEHb TNOKO3U. BoaeHb,
3MEHLUYIOYM OKCMAATUBHUI CTpec y B-KNiTMHaX, Moxe
3HUKYBATM anonTo3 Ta cNpuATU 36eperkeHHI0 MacK oc-
TpiBLiB. [laHi ekcnepMmeHTiB in Vivo NMOKasytoTb, WO BO-
AeHb 36iNblUye eKcnpecito aHTUOKCUAAHTHUX pepmeH-
TiB Y B-KANiTMHAX i 3MEHLUYE X CTPYKTYPHE YLIKOAMXKEHHA
[18]. Lle y3roasKyeTbcA 3 BUABAEHUM Y AOCAIAMKEHHI
3MEHLLEHHAM rinepiHcyniHeMIi Npn TpMBanomy 3actocy-
BaHHI Hy: unm Kpalue 36eperkeHi B-KNiTUHNU, TUM MeHLue
notpeba B KOMMNEHCATOPHIN rinepcekpedii.

Y niTepaTypi onucaHo, WO BOAEHb 3AaTHUIN 3HUNKY-
BaTM eKcnpecito depmeHTiB rntokoHeoreHesy (PEPCK,
G6Pase), Wo 3MeHLYye HaaMipHe NPOAYKYBaHHA IMHOKO-
3M NEYiHKOK — OAMH i3 LeHTPasbHUX MexaHi3miB rinep-
rnikemii npyu MC [19]. Lle NOACHIOE, YOMY 3HUMKEHHS M-
Kemii nig BnavBom Hy Halibinblu BMparkeHe y TpUBaNnX
eKcrnepMMeHTaNbHUX Nepioaax, Koam came neviHKoBMUi
KOMMOHEHT iHCYNiHOPE3UCTEHTHOCTI Bifirpae AOMiHYO-
4y ponb.

Y paHHi CTPOKM iHCYNIHOPE3UCTEHTHICTb GOPMYETb-
CA NepeBa*kHO BHACNIAOK HAA/MLLUKY KMPOBOI Macu Ta
NepBMHHOI anucperynauii iHcyniHoBoro peuentopa. Ha
LbOMY eTani aHTMOKCUAAHTHA Aif BOAHIO Lie He BNau-

BA€ iCTOTHO Ha CUCTEeMHUI MeTaboniam, WO MNOACHIOE
BiACYTHICTb 3HaYyLWMX 3MiH. Y Ni3HIWMX Nepiogax nato-
NOrivyHMI Npouec nepexoauTb y ¢asy, Ae OKCUAATUBHUIM
CTpec i 3aManeHHA CTaloTb MPOBIAHUMU NATOTEHETUYHU-
MU geTepMiHaHTamu. Came ToAi mexaHi3mu aii BOAHIO
NOYMHAIOTb PeasisoByBaTUCA MOBHOK MipOIO.

®pyKkTO3aMiH Bigobpakae cepesHIo rikemito 3a 2-3
TUXKHI, TOMY BiH MEHL YyTAMBUIA [0 NOCTYMOBUX i Me-
XaHICTMYHO onocepenKoBaHMX 3MiH, Hix HbAlc [20].
MmoBipHO, KopeKLia rmikemii nig BnaMBom BogHIO byna
HEeOCTaTHLO LWBMUAKO, W06 Y KOPOTKOMY HaCOBOMY iH-
TepBasi BNAMHYTM Ha paKLito rikoBaHMX BinKiB cnpo-
BaTKW. Kpim Toro, riko3nioBaHHA CUPOBATKOBUX BiNkiB
3a/1IeKNUTb He NiuLe Big, rnikemii, a i Big, ctaHy 6inkosoro
06MiHy, AKMI Npn MC TaKoXK NOPYLUYETLCA | MOXKe YacT-
KOBO MacCKyBaTh epeKTn KopeKLii.

Y uinomy H, nemoHcTpye Haltbinblu edeKTUBHY Aito
came y ¢asi aekomneHcauii iHCyniHOPEe3UCTeHTHOCTI,
KO/IM MaTONOFYHUI MpPOLEC CTAaE 3a/I€KHUM Bif, OKCU-
[ATUBHOIO CTPECcy Ta CUCTEMHOTO 3ana/sieHHA. XapaKkTep
3MiH CBiAYMTb NPO Te, WO BOAEHb HE A€ AK KNACUYHWI
LYKPO3HWIKYIOUUIA areHT, @ Moayntoe 6a3oBi mexaHismu
natoreHesy meTtaboniyHux nopyweHb. Tomy i BigHOB-
JIeHHsA BiabyBaeTbCsA YacTKoBe, ane cTabinbHe.

BucHOBKM.

1. MeTaboniyHNn CUHAPOM Y LLLYPIB CYyNPOBOAKYETb-
CA NOCTYNOBMM HapOCTaHHAM MOpPYLUEHb BYI1€BOAHOIO
0OMiHY, WO NpPOABASETLCA FiNeprnikemieto, KOMMeH-
CaTOPHO TinepiHcyniHeMielo, NiABULLEHHAM iHAEKCY
HOMA-IR, a TaKOX HAaKOMUYEHHAM 4OBrOTPMBANUX Map-
KepiB nopyweHb — GPYKTO3aMiHy Ta rMiKO3MAbOBAHOIO
remornobiHy HbAlc. IHTEHCUBHICTb LMX 3MiH 3pOCTaE 3
TPUBaNICTIO NaTOANOrI, WO NiATBEPAKYE NPOrpPecyoUnii
XapaKTep iHCyNiHOPE3UCTEHTHOCTI Ta AUCHYHKUIT B-Kni-
TUH NiALWAYHKOBOI 3a7103U.

2. BnavB MONEKynsipHOro BOAHIO Ha FAiKeMivHi no-
Ka3HWKW 3aneuTb Bif, TPWBANOCTI 3aCTOCYBaHHA Ta
cTaaii po3BUTKY MeTaboniyHoro cuHapomy. Ha paHHix
eTanax (6 TMXHIB) edpeKT MONEKYNAPHOTO BOAHIO ByB Mi-
HIMANbHUM | CTaTUCTUYHO HEAOCTOBIPHUM, TOAi AK NpwU
cepeaHboMy (12 TUKHIB) Ta TpmBanomy (20 TUKHIB) ne-
pebiry naTosorii cnoctepiranoca AOCTOBIPHE 3HUMKEHHA
piBHA rnoko3un Ta HbAlc, xouya NOKasHMKKM He gocsaranm
KOHTPOJ/IbHWUX 3HAYEHb.

3. Perynauifa iHCyniHOBOro romeocTasy nig BnivMsom
BOZHIO MPOABMAANACA Y LOCTOBIPHOMY 3HUMXKEHHI KOM-
NneHcaTopHOI rinepiHcyniHemii Ta iHaekcy HOMA-IR y
cepeaHil Ta cTapwin rpynax. Lle ceiguntb npo yacTtkose
NOANINWeHHA YYTNMBOCTI TKAHWH A0 iHCYNiHY i cTabiniza-
Lito GYHKLiT B-KNiTUH.

4, 3aranbHa e(peKTUBHICTb MONEKYNSPHOIO BOAHIO
NoNAra€e y 34aTHOCTi YaCTKOBO KOPUryBaTU meTaboniyHi
NopyLeHHA Npu meTaboniyHomy cMHApPOMi, 0cobanso
3a TPUBANOro 3actocyBaHHA. Moro aia npoasnaeTbea y
3MeHLUEeHHi rinepraikemii, MoM’AKWeHHI rinepiHcyniHe-
Mii Ta 3HWXKEHHI iHCyniHOpe3ncTeHTHoCTIi. Monekynap-
HWI BOAEHb MOXHa PO3rAAATM AK NEPCNEKTUBHUIM
[O0AATKOBMI 3acib KopeKLii nopylueHb BYrn1esBoAHOro
0bmiHy npu metaboniyHOMy cMHAPOMI, 0CO6AMBO Ha
CTagiaXx NOMIPHOro Ta TPMBANOro MPOrpecyBaHHA NaTo-
norii.

MepcnekTMBM NOAANBLUNX AOCNIAMKEHD.

Mopanbwi fOCNigXKEHHA AOUiNIbHO CMpAMYBaTU Ha
YTOYHEHHA MONEKYNAPHUX MEXaHi3miB Aii monekynap-
HOro BogHt npu MC, 30Kpema Moro BNAMBY Ha 4yT-
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JIMBICTb A0 IHCYNiHY Ta CUTHANbHI WAAXM iHCYNIHOBOFO  @aHTMOKCUAAHTHOTO 3aXMCTy. JOLiNbHO TaKOXK A0CNIANTU
peuentopa. MepcnekTMBHUM € norubneHunin aHanis  MopdONOTivHI 3MiHW Y NiALWAYHKOBINM 3a103i, NeYiHLi Ta
3MiH eKcnpecii reHis i 6iNKiB, WO PeryntoloTb TpaHcnop-  KMPOBI TKAHWUHI, abu OLIHUTU MOXK/IMBICTb CTPYKTYPHOT
TYBaHHA [IOKO3M, TNIKO3MNIOBAHHA BiNKiB Ta cucTemm  KOpeKLuii meTaboniuHmx nopylueHs.
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MOAYNIOBANbHUIA EDEKT MONEKYIAPHOIO BOAHIO HA MMIKEMIYHUIA NPO®I/Ib MPU METABONIYHOMY
CUHAPOMI Y LLIYPIB

Kpasuyk 0. C., Kopga M. M.

Pestome. MeTaboniyHnin cuHapom (MC) — Le KomMNieKcHe NopyLeHHs 0bMiHy peyYoBUH, OOHUM 3 K/IHOUYOBUX
LNAXIB NAaTOreHesy AKOro € po3naam ByrnesogHoro obmiHy. MonekynapHuii BOgeHb PO3rNALAETLCA AK PEYOBMHA 3i
3[aTHICTIO BN/IMBATU Ha MeTabonivHi npouecu Ta afAanTMBHI peakKL,ii opraHiamy npu NaTooriYHMUX CTaHax.

MeToto poboTn Byno gocnianti Bnamne 36arayeHoi MONEKYNSPHUM BOAHEM BOAM HA NMOKA3HUKK BYINEBOLHOIO
06MiHY Y LLypiB 3 eKcnepuMeHTanbHO iHAyKoBaHMM MC.

MC y wypiB BiATBOPOBANM LWIAXOM TPMBAIOTO 3rofl0BYBaHHA BUCOKOKANOPIMHOIO paLioHy. YacTuHa LypiB oT-
pvmyBana Boay, 3baraueHy monekynsapHum sogHem (0,6 ppm). B crpoBaTLi KPOBi BU3HAYaIM KOHLEHTPALLtO KO-
31, iHcyniHy, iHaekc HOMA-IR, dpyKTO3amiHy Ta rMiKo3M/IbOBAHOrO remMornobiHy. EQeKTUBHICTb KopeKL,ii ouiHoBaAn
yepes 6, 12 i 20 TMKHIB NicnA NoYaTKy ekcnepumeHTy. Y TBapmH 3 MC BCTaHOB/IEHO NOC/IA0BHE HAPOCTaHHA rinep-
rnikemii, Ake A0CAraNIo MaKCUMaibHUX 3HaYeHb Ha 20-My TUKHI (NiABULLEHHA ITIOKO3M Ha 76% NOPIBHAHO 3 KOHTPO-
nem). KoHUeHTpaL,is iHcyniHy 36inbluyBanacsa BKe Ha paHHix eTanax (Ha 55% Ha 6-my TUKHI), @ Ha Ni3HiX — 3pocTana
y 1,7 pa3a. AHanoriyHo 3pocTas iHaekc HOMA-IR, o Bifobparkano nporpecyBaHHA iHCYNiHOPE3UCTEHTHOCTI. PpyK-
To3amiH i HbAlc 3anuwanunca sigHocHO cTabinbHMMM Ha NOYaTKy, OAHAK CYTTEBO MiABULLYBaAUCA Y 12-TUMKHEBIMN i
ocobnunBo 20-TUKHeBIl rpynax. KopekKLis Bogoto, 36arayeHor0 MONEKYNAPHUM BOGHEM, Mana Pi3HUI BNIMB 3a/1eX-
HO Big, eTany natonorii. Ha 6-my TUXHI 3MiH He BMABAEHO. Ha 12-my TUXKHI cnocTepiranoca NoOMipHe 3HUMKEHHA iHCy-
Niny (Ha 21%) Ta HOMA-IR (Ha 34%). HaliBupasHilwmnit edeKT Big3HauYeHo Ha 20-My TUKHI: [1I0KO3a 3HMXKYBaiaca Ha
32%, iHcyniH — Ha 24%, HOMA-IR — Ha 49%, a HbAlc — Ha 28% nopiBHAHO 3 HEKOPUrOBaHUMM TBapuHamu 3 MC. Lie
CBiAYMTb, LWLO TPMBane 3aCTOCYBaHHA MOMEKYNIAPHOrO BOAHIO YaCTKOBO HOPMai3ye BYrNEBOAHUN OBMiH, 3MEHLLYE
NPoOsBU iHCYNIHOPE3MCTEHTHOCTI Ta 06MeEXKYE Nporpecito MeTaboniyHOi AeKoMMeHcallii, Xxo4a NoBHOI HopManisau,i
He 3abe3nevye.

TaKMM YMHOM, OTPMMAHI AaHi CBiAYaTb NPO NEPCMNEKTUBHICTb BUKOPUCTAHHA MOIEKYIAPHOTO BOAHIO AK MeTa-
60ni4yHOro moaynAaTopa, 34aTHOro NOC/abABaTU MiKeMIYHI Ta ropMOHanbHi AMchyHKLIi Npu Tpueanomy nepebiry
MC.

KnrouoBsi cnosa: metaboniuyHmii CMHAPOM, BYrN1eBOAHU 0BMiH, MOIEKYNSPHUIA BOAEHb.
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MODULATING EFFECT OF MOLECULAR HYDROGEN ON THE GLYCEMIC PROFILE IN RATS WITH METABOLIC
SYNDROME

Kravchuk Y. S., Korda M. M.

Abstract. Metabolic syndrome (MS) is a complex metabolic disorder in which disturbances of carbohydrate
metabolism represent one of the key pathogenic pathways. Molecular hydrogen is considered a substance capable
of influencing metabolic processes and adaptive responses of the organism under pathological conditions.

The aim of this study was to evaluate the effect of molecular hydrogen-enriched water on carbohydrate
metabolism parameters in rats with experimentally induced MS.

MS was induced by long-term administration of a high-calorie diet. A subgroup of rats received water enriched
with molecular hydrogen (0.6 ppm). Serum levels of glucose, insulin, the HOMA-IR index, fructosamine, and glycated
hemoglobin were assessed. The effectiveness of correction was evaluated at 6, 12, and 20 weeks from the onset
of the experiment. Rats with MS demonstrated a progressive increase in hyperglycemia, reaching its highest values
by week 20 (a 76% rise compared to controls). Insulin concentration increased at early stages (by 55% at week 6)
and rose 1.7-fold at later stages. A similar trend was observed in HOMA-IR, indicating advancing insulin resistance.
Fructosamine and HbAlc remained relatively stable initially but increased markedly at 12 and especially 20 weeks.
Correction with hydrogen-enriched water exerted stage-dependent effects. No changes were detected at week 6.
By week 12, moderate reductions in insulin (21%) and HOMA-IR (34%) were observed. The most pronounced effect
was recorded at week 20: glucose decreased by 32%, insulin by 24%, HOMA-IR by 49%, and HbA1c by 28% compared
with untreated MS animals. These findings indicate that prolonged intake of molecular hydrogen partially normal-
izes carbohydrate metabolism, alleviates insulin resistance, and slows metabolic decompensation, although it does
not achieve full normalization.

Thus, the obtained data support the potential of molecular hydrogen as a metabolic modulator capable of miti-
gating glycemic and hormonal dysfunction during the long-term course of MS.

Key words: metabolic syndrome, carbohydrate metabolism, molecular hydrogen.
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GLYCEROL DEHYDRATION TEST IN PATIENTS WITH SUSPECTED MENIERE’S DISEASE:
A CLINICAL OBSERVATIONAL STUDY

Azerbaijan Medical University (Baku, Azerbaijan)
statya2021@mail.ru

Meniere’s disease is a chronic inner-ear disorder characterized by episodic vertigo, fluctuating sensorineural
hearing loss, tinnitus, and aural fullness. Its underlying pathology is associated with endolymphatic hydrops, yet
timely diagnosis remains clinically challenging. Functional diagnostic tests play an important role in evaluating co-
chlear involvement, particularly when imaging methods are unavailable. The glycerol dehydration test (GDT) is a
non-invasive procedure based on the osmotic action of orally administered glycerol, which can temporarily reduce
endolymphatic volume and improve hearing thresholds.

This observational clinical study assessed the diagnostic utility of the GDT in 39 patients with suspected Meniere’s
disease. Pure-tone audiometry was performed before glycerol administration and repeated at 1, 2, and 3 hours after
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