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Introduction. The nature of gunshot wounds, the development of complications, the course of wound healing with high mortality, and a
significant percentage of complications confirm that ammunition with different damaging properties is used in hostilities that contribute to the
development of specific changes in the gunshot wound.

The purpose. Gunshot wounds and fractures of the upper jaw were modeled in an experimental study on male laboratory rats for a com-
parative assessment of the course of the injuries.

Materials and methods. The modelling of injuries was performed following original methods. The intensity of inflammation and the gen-
eral condition of the body after injury was determined by peripheral blood counts (leukocytes, erythrocytes, and hemoglobin), inflammatory
markers (elastase activity and malondialdehyde content), and antioxidant defense in the blood serum, the markers of bone remodeling (alkaline
and acid phosphatase activity, elastase, and calcium content) in the jaws with the injured area. The analysis of values was performed on days
7, 14,21, and 28 after modeling the injuries.

Results. Gunshot wounds of the jaw caused a more pronounced development of general inflammatory reaction than fractures (by
30.3-41.0%), intensification of lipid peroxidation (by 33.3-55.3%), and decrease in the activity of antioxidant defense. Normalization of blood
values in rats after jaw fracture was observed on day 14-21, and after gunshot wound — on day 21-28. Resorption of bone tissue in the jaws
of rats after gunshot wounds was more intense than after fractures (increasing the activity of elastase — by 17.9-52.8% and acid phosphatase —
29.3-42.9%. Bone formation processes after gunshot injuries began a week later than after fractures. In general, after gunshot wounds of the
upper jaw, more significant disorders in the blood and bone tissue were found compared to non-gunshot injuries of the jaw.

Keywords: rats, maxillofacial area, gunshot wounds, fractures, inflammation and bone remodeling values.

VIK 616-001.45+57.084.1

A.T. Tymoxl, JI. M. Tlenuenxo?, O. A. Makapenko®, O. M. Komiiesoii’

MOPIBHSIJIbHA TUHAMIKA MAPKEPIB 3AITAJIEHHSI TA PEMOJEJAIOBAHHSI KICTKOBOi TKAHUHU
¥ PA3I BOTHEINAJIbHAX MOPAHEHD TA MEPEJIOMIB BEPXHBOI IEJIEITA B EKCITEPUMEHTI

IV «Incmumym cmomamonozii ma wenenno-myesoi xipypeii Hayionanvhoi akademii meduunux nayk Yrpainuy, Odeca, Ykpaina

200ecoruil nayionanvnuti meouynuil ynisepcumem, Qdeca, Yrpaina

800ecvrutt nayionanvhuil yrisepcumem imeni I. I Meunukosa, Odeca, Ykpaina

B excrieprMeHTaNbHOMY TOCITIKEHH] Ha CaMILIX JTa00paTOpHUX IypiB OyI0 IPOBEIEHO MOAECTIOBAHHS BOTHENIATBHIX ypaXKeHb Ta MEPETIOMiB
BEPXHBOI LIENETH JUIs1 HOPIBHSUILHOT OLIIHKK 0COOMMBOCTEH Mepediry MOIIKOLKeHb. MOJIeIIOBaHH S TPaBM [IPOBOIHIIM 32 OPUTTHATBHAMH METO/IH-
KaMH. [HTEHCHBHICTb 3allaIeHHs Ta 3arajlbHOTO CTaHy OpraHi3My IiCIIs IOIIKODKEHHS BU3HAYAIH 3 TTOKAa3HUKaMI MapKepiB 3aralIeHHs! Ta aHTH-
OKCHIQHTHOTO 3aXHCTY Y CHPOBATLI KPOBI, a TAKOXK MAapKEPiB PEMOZICITIOBAHHS KICTKOBOI TKAHWHH Yy IIEJIENaXx 13 MOMIKOHKEHOIO TUTIHKOIO.

V pesyibrarti BCTaHOBJICHO, 1110 BOTHEAIbHI TPABMH IL[EIeNH BUKINKAIH OUTBII BUPAKSHUI PO3BUTOK 3arajibHOT 3araibHOT peaKiii Hix rnepe-
JIOMH, iHTeHCH(DiKaIii IEPeKNCHOT0 OKUCHeHHS JiMiziB (Ha 33—55%) Ta 3HIDKEHHIO aKTHBHOCT] aHTHOKCH/IAHTHOTO 3axucTy (Ha 13-21%).

Kutrouosi ciioBa: niypu, menenHo-11IeBa JiIHKa, BOTHENANbHI TOPaHEHHS, TEPENOMH, TOKa3HHUKH 3aMaleHHs Ta PeMO/IETIOBAHHS KiCT-
KOBOT TKQHHHH.

©A. G. Gulyuk, D. M. Pedchenko, O. A. Makarenko et al., 2024

CTarTs NOLIMPIOETHCS HA YMOBAX JiLEH311 ;:
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Introduction. The nature of gunshot wounds, the
development of complications and the course of the wound
healing with high mortality and a great percentage of com-
plications confirm that ammunition with different damag-
ing properties is used in hostilities, which contribute to the
development of specific changes in the gunshot wound [1;
2]. Among injuries to different parts of the body gunshot
wounds of the maxillofacial area have their own specific
features of the wound canal nature, the clinical course
of wound healing, and delayed complications [3]. In this
regard, many authors point out the need to study the wound
process, the values of which are important for assessing
the nature of the injury and choosing further surgical man-
agement and understanding the gunshot wound formation
mechanisms [4-6]. Laboratory modelling of a gunshot
wound of the maxillofacial area makes it possible to com-
prehensively assess the biochemical changes that occur in
the facial tissues, which makes it possible to influence the
treatment of gunshot wounds of the maxillofacial area in
order to improve treatment outcomes and the speed of a
patient’s recovery.

The aim of the study was to compare the dynamics of
some markers of systemic inflammation and bone remodel-
ling in the reproduction of gunshot wounds and fractures of
the upper jaw in the laboratory rats.

Materials and methods

The experiments were conducted on 48 white Wistar
rats (males, 7 months old, weight 400—450 g), which were
divided into the next groups:

— intact (control) group;

— a group with a modelled non-gunshot fracture of the
left upper jaw;

— a group with a modelled gunshot wound of the left
upper jaw.

The experimental model of gunshot injury in rats was
reproduced by using a low-powered 4 mm Flaubert car-
tridge [7]. The model of non-gunshot fracture of the jaw
in rats was reproduced with sharp scissors according to the
original method [8].

The duration of the experiment was 28 days. Measure-
ment of values in experimental animals were performed in
4 stages by 5 animals per group: in 7, 14, 21 and 28 days
after modelling the injury.

The research with experimental animals was guided by
the “Rules for the Treatment of Animals Used in Scientific
Experiments...” (Article 26 of the Law of Ukraine “On
the Protection of Animals from Cruelty’, 2006), and the
national “Common Ethical Principles for Animal Experi-
ments” (Ukraine, 2001), which are consistent with Council
Directive 2010/63EU of the European Parliament and of
the Council of 22 September 2010 on the protection of ani-
mals used for scientific purposes.

The Bioethics Commission of Odesa National Medical
University (Protocol No. 11 of 06.03.2023) confirmed that
the study meets the bioethical requirements for experimen-
tal work in the biomedical field.

At each stage of the experiment, blood was taken from
the tail vein for general analysis, after total bleeding from
the heart under thiopental anaesthesia (40 mg/kg), blood
was collected to obtain the serum, and the upper jaws with
the injured area were isolated, followed by cleaning of

muscle tissue. The collected biological material was stored
at -20°C before making the biochemical analysis.

The leukocytes, erythrocytes, and haemoglobin count
were determined in the capillary blood to reveal the general
reaction of the animal body to the injury [9]. The blood
serum was used to analyse markers of systemic inflam-
mation (activity of neutrophil elastase, content of malon-
dialdehyde) and a marker of antioxidant defence (catalase
activity). In the jaws’ homogenates (75 mg/ml of 0.1 M
citrate buffer pH 6.1), indicators of bone remodelling were
determined: bone formation (alkaline phosphatase activity
and content of calcium) and resorption (acid phosphatase
and elastase activity) [10].

The statistical processing of the obtained data was car-
ried out using the STATISTICA for Windows XP software
and Microsoft Excel 2003 spreadsheets. The correctness of
the sample distribution was determined by the Kolmogo-
rov—Smirnov test. Based on the results of the parametric
(Student’s test) and nonparametric (ANOVA) methods of
statistical processing were used. The reliability of the dif-
ferences in the results was determined if p<0.05.

Results of the study and their discussion

The results of the analysis of the effect of injuries on the
haematological values mt the experimental rats at different
terms after the injury are presented in Table 1.

The table 1 shows that the erythrocytes and haemoglo-
bin count in the blood of the “fracture” group rats did not
change significantly as compared to the intact group.

In the “gunshot wound” group, no significant changes
were recorded in 7 days of the experiment. However, start-
ing from day 14, according to the nature of the modelled
wound, there was a tendency to a certain decrease in eryth-
rocyte count by 14.3% and a significant decrease in haemo-
globin by 11.5% (p<0.05) compared to the intact animals.
On day 21, the erythrocytes count decreased significantly
by 13.4% (p<0.05) and haemoglobin by 8.2% (p>0.05). On
day 28 of the experiment, these values were in this group
(although p>0.05, p,>0.05) (see Table 1).

Leukocytes count in the blood of rats of both exper-
imental groups significantly increased in 7 days after the
start of the experiment: in the “non-gunshot fracture”
group—1.7times (p<0.002); in the “gunshot wounds” group—
2.5 times (p<0.001) compared to the intact animals. Also,
this indicator in the “gunshot wounds” group was sig-
nificantly higher — 1.5 times (p,<0.01) compared to the
“non-gunshot fracture” group. Leukocytosis indicated an
active inflammatory response in the body under conditions
of modelling pathological conditions, with a predominance
in the “gunshot wounds” group (see Table 1).

In 14 days of the experiment, the leukocytes count in
the “fracture” group significantly exceeded these values in
the intact animals — 1.3 times (p<0.01), and on days 21 and
28 this indicator normalised (p>0.05) (see Table 1).

In the group with gunshot wounds, the leukocytes count
on days 14 and 21 of the experiment was significantly
higher — 2.0 times (p<0.001) and 1.5 times (p<0.05) com-
pared to the intact group. In addition, during the relevant
period, this indicator significantly exceeded the value of the
group of animals with fracture — 1.5 times (p,<0.05-0.001).
In 28 days, the number of leukocytes in the blood of animals
after gunshot wounds decreased slightly, but there was a ten-
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dency to increasing this indicator by 30.1% (p>0.05) com-
paired to the intact animals and by 26.3% (p>0.05) compared
to the “non-gunshot fracture” group (see Table 1).

The results of the analysis of the effect of fracture and
gunshot wound at different periods of the experiment on
the content of malondialdehyde (MDA) and the activity of
elastase (markers of inflammation and lipid peroxidation)
and the antioxidant enzyme catalase in the blood serum of
experimental rats are presented in Table 2.

In the group with uppwe jaw fracture on day 7 of the exper-
iment, the activity of elastase in the blood serum significantly

TEOPIsS TA EKCIEPHUMEHT

increased — by 67.8% (p<0.01), and the content of MDA —
by 46.2% (p<0.05) compared to the intact group. At the same
time, the activity of elastase in the blood of the “gunshot
wound” group significantly increased — by 134.7% (p<0.001),
and the content of MDA — by 136.9% (p<0.001) compared to
the intact animals, which was 1.4 and 1.6 times higher than in
the “fracture” group (p,<0.01). This indicates the presence of
systemic inflammation in the body of animals, which is more
pronounced after gunshot wounds (see Table 2).

On day 14 of the experiment, the activity of elastase
in the “fracture” group significantly exceeded that of the

Table 1
Values of the general blood test in rats at different time periods after a fracture of different origin in the upper jaw
. . Erythrocytes, Hemoglobin,
9
Time period Groups Leukocytes, 109/L 102/ oL
Intact group 10.35+0.54 7.41+0.31 158.65+4.95
17.44+0.95
Fracture p<0.002 7.84+0.62 162.0+£5.96
7 days 25.96+1.15
Gunshot wound p<0.001 7.90+£0.54 151.6+9.24
p,0.01
Fracture 13:5020.54 7.87+0.54 157.3847.47
p<0.01
14 days 20.33+0.62
Gunshot wound p<0.001 6.35+0.30 140'38335'40
p,<0.001 p=v-
Fracture 10.73+0.66 7.41+0.37 161.24+3.59
21 days 15.98+1.64 6.42+0.22
Gunshot wound p <0.05 p <0.05 145.68+8.39
p,<0.05
Fracture 10.67+0.52 8.15+0.47 153.05+5.24
28 days
Gunshot wound 13.48+1.29 7.05+0.20 165.19+6.34

Note: p — the probability between the values in the “fracture” and “gunshot wound” groups to the intact group; p, — the probability

between the values in the “fracture” and “gunshot wound” groups.

Table 2
Values of the blood serum in rats at different periods after fracture
or gunshot wound in the upper jaw
Time veriod Groups Elastase activity, Catalase activity, Content of MDA
P P pkat/L mkat/L mmol/L
Intact group 134.20+£9.42 0.195+0.010 0.52+0.04
225.12+14.36 0.76+0.06
Fracture p<0.01 0.166+0.011 p<0.05
7 days 314.97+11.45 1.18+0.06
Gunshot wound p<0.001 O'”Qé%? 10 p<0.001
p,<0.01 p=Y. p,<0.01
180.0+13.64
Fracture p<0.05 0.172+0.012 0.69+0.08
14 days 253.73+12.48
Gunshot wound p<0.001 0135001 002008
p, 0.02 p=Y. p=Y.
Fracture 152.33+11.51 0.170+0.012 0.57+0.05
198.53+11.23 0.80+0.06
21 days Gunshot wound p<0.02 O'”ZE)E%?B p<0.02
p,<0.05 p=Y- p,<0.05
Fracture 150.45+9.45 0.174+0.015 0.60+0.06
2
8 days Gunshot wound 158.86+12.10 0'1533%2 10 0.54+0.03

Note: p — the probability between the values of the “fracture” and “gunshot wound” groups to the intact group; p, — the probability

between the values in the “fracture” and “gunshot wound” groups.
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intact group — by 34.1% (p<0.01) and the content of MDA
was by 32.7% higher (although p>0.05). In the “gunshot
wound” group these values were also significantly higher:
elastase activity was by 89.1% higher than in the intact
group and by 40.9% than in the “fracture” group (p<0.001
and p <0.02). The content of MDA in the blood serum was
by 76.9% higher than in the intact group and by 33.3% than
in the “fracture” group (p<0.01, p>0.05) (see Table 2).

At the next stages of the experiment, in 21 and 28 days,
the content of MDA in the “fracture” group returned to nor-
mal (p>0.05). The activity of elastase was by 13.5% and
12.1% higher according to these time periods (although
p>0.05). In the group of animals with gunshot wounds in
21 days the studied inflammatory markers significantly
exceeded the values of intact animals: elastase activity —
by 47.9% and the content of MDA — by 53.8% (p<0.02).
This was significantly higher than in the group of animals
with jaw fracture: elastase activity was by 30.3% higher
(p,<0.05) and the content of MDA — by 40.4% higher
(p,<0.05). In 28 days, there was an excess of elastase activ-
ity in the blood serum of animals with gunshot wounds — by
18.4% (p>0.05), and the content of MDA reached the val-
ues in the intact group (see Table 2).

The activity of catalase, a marker of antioxidant defence,
in the blood serum of the group of animals with fracture did
not change significantly at all stages (p>0.05). In the “gun-
shot wound” group, in 7 and 14 days of the experiment, a
significant decrease in this indicator — by 66.7% and 69.2%
(p<0.01-0.02) was observed compared with the blood
serum of the intact animals. At the next stages, in 21 and
28 days, this value was significantly reduced as compared
to the intact group — by 24.6% and 22.1% (p<0.05), respec-
tively. A steady decrease in catalase activity in the blood
serum of animals with gunshot wounds of the jaw indicates
the depletion of the antioxidant defence of the body under
conditions of pathology (see Table 2).

Indicators of the state of bone tissue in

Indicators of the state of the bone tissue of the jaws
of rats at different time periods after fracture and gunshot
wound in the upper jaw are presented in Table 3.

The activity of elastase (a marker of collagen destruc-
tion), alkaline and acid phosphatase (markers of bone for-
mation and bone resorption) and calcium content were deter-
mined in the bone tissue of the jaws of the experimental rats.

Biochemical analysis of the jaw bone tissue in the
“fracture” group in 7 and 14 days after injury revealed a
significant increase — 1.8 and 1.5 times in the activity of
acid phosphatase (AP) (p<0.01-0.02) and elastase — by
42.1% and 28.4% (p<0.01-0.05), indicating activation of
resorption processes in the bone tissue. At the same time,
the activity of alkaline phosphatase (ALP) significantly
increased — by 23.6% (p<0.05) in 7 days and by 54.5% in 14
days (p<0.01). The increase in bone ALP activity indicates
active osteogenesis at these follow-up periods. The calcium
content in the bone tissue of the jaws at these stages of the
experiment decreased by 18.3% and 12.5% compared to
the intact group (although p>0.05) (see Table 3).

In 21 and 28 days after the fracture, the activity of AP
(p>0.05) and elastase (p>0.05) normalized in the bone tis-
sue of the rat jaws, indicating the end of bone resorption. At
the same time, the activity of ALP remained significantly
increased — by 37.7% (p<0.05) in 21 days, i.e. bone forma-
tion processes continued, and in 28 days the activity of ALP
corresponded to the intact group level (p>0.05). No signifi-
cant changes of the calcium content in the bone tissue of the
rat jaws were observed in 21 and 28 days after the fracture
(see Table 3).

Table 3 shows that in the group of animals with gun-
shot wounds the indicators of bone metabolism were much
worse. So, in 7 and 14 days, the activity of AP significantly
increased — 2.4 and 2.1 times (p<0.001) compared to the
intact animals, which was by 29.3% and 42.9% higher
than in the bone tissue of the jaws in the “fracture” group

Table 3
the jaws of rats at different time periods

after a fracture or gunshot wound of the upper jaw

Time period Groups AP activity Elastase activity ALP activity, Content of calcium,
P P pkat/kg pukat/kg pkat/kg mmol/g
Intact group 2.59+0.21 18.76£1.32 39.68+2.41 2.73+0.23
4.78+0.34 26.66x1.14 49.03+£2.10
Fracture p<0.01 p<0.01 p<0.05 2.23+0.20
7 days 6.18+0.32 40.75+1.84
Gunshot wound p<0.001 p<0.001 41.34+2.15 2.05+0.18
p,<0.05 p,<0.002
3.87+0.29 24.08+1.00 61.32+3.45
Fracture <0.02 p<0.05 p<0.01 2.39+0.26
14 days 5.53+0.24 36.34+1.12
Gunshot wound p<0.001 p<0.001 59'9<60i3i10 2154021
p,<0.01 p,<0.001 p=Y-
Fracture 2.8320.20 21.28+1.10 54.63+4.18 2.84+2.84
p<0.05
21 days 3.72+0.28
Gunshot wound p<0.05 25&90% 540 63 "l%igf“ 2.8740.20
p,<0.05 p=b. p=.
Fracture 2.71+0.21 19.42+1.52 43.08+3.26 2.62+0.29
28 days 55.114£3.36
Gunshot wound 2.88+0.22 19.65+1.42 p<0.02 2.97+0.24
p,<0.05

Note: p — the probability between the values of the “fracture” and “gunshot wound” groups to the intact group; p, — the probability

between the values in the “fracture” and “gunshot wound” groups.
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(p,<0.01-0.05). The activity of bone elastase significantly
increased in 7 and 14 days after gunshot wounds — 2.2 and
1.9 times (p<0.001), compared to the control group, which
was 1.5 times higher than in animals with a jaw fracture
(p,<0.001) (see Table 3).

The study demonstrated that against the background
of gunshot trauma in animals, there was a tendency to
reduction of calcium concentration in the jaws in 7 days by
24.9% (p>0.05) and by 21.2% in 14 days (p>0.05), respec-
tively, which confirms the intensification of resorption pro-
cesses in the bone tissue of the rat jaws (see Table 3).

In 21 days after gunshot wound, an increased level of AP
activity in the bone tissue of the jaws — by 43.6% (p<0.05) was
observed, which was higher than in the group after fracture
(p,<0.05), and in 28 days this indicator corresponded to the
norm (p>0.05). Elastase activity in the jaw bone tissue was by
33.7% higher than normal at day 21 (p<0.05), and at day 28 it
corresponded to normal values (p>0.05). The calcium content
in the jaws of rats in 21 and 28 days after gunshot wound nor-
malised to the intact group level (see Table 3).

The activity of ALP in the bone tissue of the animals'
jaws did not change on day 7 after gunshot injury, in con-
trast to this value in the “fracture” group (p,>0.05). This
indicates an inhibition of the osteogenesis onset after gun-
shot wounds compared to fracture. The activity of bone
ALP increased 1.5 times only on day 14 (p<0.01) compared
to the intact group. On days 21 and 28 after gunshot wound-
ing, the activity of bone ALP in the jaws of rats remained at
a high level: 1.6 times (p<0.01) in 21 days and 1.4 times in
28 days (although p>0.05) (See Table 3).

The data obtained indicate more pronounced processes
of bone resorption in the jaws of rats after gunshot wounds
than after fracture. In addition, the processes of osteogenesis
after gunshot wounds begin a week later than after fractures.

So, the study revealed more significant disorders in
the blood and bone tissue of the jaws in rats after gunshot
wounds of the upper jaw compared to non-gunshot injuries.

Conclusions

1. Modelling of jaw fractures in rats on day 7 and 14
caused an increase in leukocytes count in the blood — 1.7

TEOPIsS TA EKCIEPHUMEHT

and 1.3 times, respectively. Gunshot injuries of the jaws on
days 7, 14 and 21 resulted in a 2.5, 2.0 and 1.5-fold increase
in leukocytes count in the blood, respectively. The activity
of elastase in the blood serum after fractures increased by
67.8, 47.9 and 34.1% on injury days 7, 14 and 21, respec-
tively, and after gunshot wound at the same period — by
134.7, 89.1 and 53.8%.

2. Reproduction of jaw fractures in rats led to an
increase of MDA level in the blood serum by 46.2, 32.7
and 13.5% on injury days 7, 14 and 21, respectively, and
gunshot wounds at the same period — by 136.9, 76.9 and
18.4%. Fractures modelling did not affect the activity of
catalase in the blood serum of animals, while gunshot
wounds caused a decrease in this marker of antioxidant
defence by 66.7, 69.2, 24.6 and 22.1% on the 7th, 14th,
21st and 28th day after injury, respectively. In general,
blood values in rats after jaw fracture normalized on day
14-21, and after gunshot wound of the upper jaw — on day
21-28.

3. Indicators of jaw bone resorption in rats after frac-
ture were increased only on days 7 and 14: elastase activ-
ity — by 42.1 and 28.4%, acid phosphatase — by 84.6% and
49.2%, respectively. Gunshot injuries caused an increase
in bone elastase activity by 117.2, 93.7 and 33.7% on days
7, 14 and 21, and acid phosphatase by 138.8, 113.5 and
43.6% on days 7, 14 and 21, respectively. Resorption of the
jaw bone tissue after gunshot wounds was more intense and
lasted a week longer than after fracture.

4. Jaw fracture caused an increase in alkaline phos-
phatase activity in the bone tissue by 23.6, 54.5 and
37.7% on days 7, 14 and 21 and a decrease in calcium
content by 18.3 and 12.5% on days 7 and 14, respec-
tively. An increase in alkaline phosphatase activity after
gunshot injuries was recorded only on day 14 by 51.1%,
and on days 21 and 28 — by 64.0 and 38.9%, with a
decrease in calcium content by 24.9 and 21.2% on days 7
and 14. Activation of osteogenesis after gunshot wounds
began a week later than after fractures, with a more sig-
nificant decrease in calcium content in the bone tissue of
the jaws.
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Background. Using organic germanium compounds is promising for developing pharmacological agents to prevent diabetes mellitus
complications.

The study aimed to investigate the effectiveness of niacin-oxyethylene diphosphonate germanate (MIGU-4) on hyperglycemia, insulin
level, aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP) activities,
content of proteins, bilirubin, cholesterol, triglycerides, low and high-density lipoproteins (LDL and HDL, respectively) in the blood serum of
rats with STZ-induced diabetes. A separate task was to compare the effectiveness of MIGU-4 with the use of vitamin E.

Materials and methods. Diabetes was induced in male Wistar rats by intraperitoneal administration of streptozotocin (65.0 mg/kg).
MIGU-4 was administered intraperitoneally at 25.0 mg/kg for four weeks.

Results. MIGU-4 caused a decrease in glucose levels by 50.9% and increased insulin content by 25.1% (p < 0.05) in diabetic rats. Besides,
MIGU-4 restored albumin content (p < 0.05), reduced total bilirubin by 42.2%, cholesterol — by 30.6%, triglycerides — by 35.4%, LDL — by
58.6% and increased HDL by 48.4% (p < 0.05). The use of MIGU-4 reduced the activity of AST and ALT by 70,1% and 42.3% (p <0.05). The
activity of ALP and LDH was also reduced by 76.6% and 53.3% (p < 0.05). With vitamin E (100.0 mg/kg), AST and ALT activity decreased
by 64.0% and 36.4% (p < 0.05) and remained higher than in control by 33.3% and 37.0%, respectively (p < 0.05). The activity of ALP and
LDH decreased by 79.7% and 52.1% (p < 0.05).

Conclusions. MIGU-4 restores lipid metabolism, corrects serum liver function indices, and positively affects blood glucose and protein
levels in streptozotocin-induced diabetes. Its effects (25.0 mg/kg) were comparable with those caused by vitamin E (100.0 mg/kg).

Key words: streptozotocin, diabetes mellitus, niacin-oxy-ethylidene-diphosphonate germinate, lipids, aminotransferases, vitamin E.
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B. 1. Kpecion, H. JI. Ans-Hanagi

KOPUT'YIOUA E®EKTHUBHICTbh HIAIUWH-OKCIETUJEHIU®OCP®OHATOTEPMAHATY
HA MOJEJII CTPEITO30TOLUH-IHAYKOBAHOI'O JIABETY

O0ecvkuti HayioHanbHull meduynuil yHigepcumem, Qdeca, Ykpaina

MeToro IOCTiKeHHS € BUBYCHHS BIUIMBY HialuH-okcieTiwienandocdonarorepmanary (MII'Y-4) Ha meraboniuHi MOKa3HUKK B CHPO-
BaTI KpoBi mypiB i3 cTpento3otormt (CT3)-inmyKoBannM jiadetom. [liaber BUKINKaIN y IIypiB-caMmuiB JiHii Bicrap 3actocyBanusm CT3
(65,0 mr/kr). MIT'Y-4 BBOoAMM npoTsaroM 28 1116 go3010 25,0 mr/kr. MIT'Y-4 3HmxyBaB BMicT Imoko3u Ha 50,9 %, a Tako 30UIBIIYBaB BMIiCT
incymina Ha 25,1 % (p < 0,05), 3MeH1yBaB piBeHb 3aranbHOro Oinipy0diny Ha 42,2 %, xonecrepuy — Ha 30,6 %, Tpurninepuais — Ha 35,4 %,
JMONPOTeTHIB HU3BKOT IITBHOCTI — Ha 58,6 %, aKTUBHICTH acmaprar- Ta anaHin amiHotpancdepas —Ha 70,1 % ta Ha 42,3 %, myxHOI hocda-
Ta3W Ta JAKTaTAeTiAporenasu — Ha 76,6 % ta 53,3 % Bigmosigno (p < 0,05), 3611611yBaB BMICT TiMOMPOTEiiHIB BUCOKOI IIIBbHOCTI Ha 48,4 Y%
(p <0,05). Bupasuicts epekris MII'Y-4 Bianosinana takum, siki BUkinkas Bitamid E no3oto 100,0 mr/kr.

KurouoBi c;10Ba: cTpenTo30TOIHMH, IyKPOBHH /1ia0eT, HiallMH-0OKCieTUIeHU(OCHOHATO TepMaHar, i, aMiHoTpaHchepasu, BiTamil E.

(MIT'Y-4)

Introduction

Taking into account high prevalence, constant increase
in the incidence of diabetes mellitus and the severity of
complications, the search for effective pharmacological
agents and pathogenetic substantiation of their efficacy is
an urgent scientific and practical problem [1].

Themostwidelyuseddiabetesmodelistheadministration
of streptozotocin (STZ), which is characterised by selective
toxicity to pancreatic B-cells [2, 3]. Under the influence
of STZ, insulin secretion by B-cells is disrupted by DNA
methylation, which leads to an increase in poly ADP-ribose
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polymerase (PARP) activity, followed by a critical decrease
in nicotinamide adenine dinucleotide and ATP production.
At the final stage, intracellular nitric stress occurs with
excessive production of nitric oxide, which causes DNA
fragmentation, making insulin production impossible [2].
Thus, the key events in the onset and further development
of diabetes are associated with the production of free
radicals [2—4].

It has been established that the use of organic
germanium compounds is effective in the treatment of
diseases or pathological conditions, the pathogenesis of
which includes mechanisms of inflammation, oxidative
stress, decreased immunological reactivity, including
manifestations of diabetes mellitus [5]. Accordingly,
the antioxidant effectiveness of niacin-oxyethylene
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diphosphonate germanate [Ge(OH2(Oedph)]*H20 —
(MIGU-4) provides a corrective effect on the manifestations
of experimental diabetes mellitus [3, 4]. It is worth noting
that niacin, as a component of MIGU-4, also has an ability
to block the manifestations of alloxan-induced diabetes in
rats when administered at doses of 10.0 and 15.0 mg/kg [6].
These properties of the components of MIGU-4 indicate
significant prospects for its use in diabetes mellitus.

However, a great number of complications, in particular,
on the side of the functional state of the liver and metabolic
disorders associated with hepatocyte activity, indicate the
need to study the hepatotropic pharmacodynamic effects of
drugs that are tested for antidiabetic activity [3, 4, 6].

The aim of the study is to investigate the antidiabetic
efficacy of the course of MIGU-4 administration in
relation to hyperglycemia, insulin content, activity of
aspartate aminotransferase (CP 2.6.1.1; AST), alanine
aminotransferase (CP 2.6.1.2; ALT), lactate dehydrogenase
(CP 1.1.1.27; LDH), alkaline phosphatase (CP 3.1.3.1;
ALP), as well as the content of proteins, bilirubin,
cholesterol, triglycerides, low and high density lipoproteins
(LDL and HDL, respectively) in the blood serum of rats
with STZ-induced diabetes. A separate task was to compare
the effectiveness of MIGU-4 and vitamin E.

Material and methods

The study was conducted within a long-term
experiment on 47 male Wistar rats weighing 180-270
g from the vivarium of the Odesa National Medical
University (ONMedU). The animals were kept under
standard conditions of temperature (23+2°C), humidity
(60%) and a 12-hour light/dark cycle with free access
to water and food. All procedures were carried out in
accordance with the recommendations of the Guide for
the Care and Use of Laboratory Animals adopted by the
National Institutes of Health (Bethesda, USA) and the
Declaration of Strasbourg, as well as with the permission
of the ONMedU Bioethics Committee (Protocol No. 3 of
14.03.2018).

Male rats (47 experimental animals) were divided into
the following groups:

— Control group 1 — rats with 0.9% NaCl solution
injection (8 animals);

— STZ-diabetes with 0.9% NaCl solution injection
(8 animals);

— Control group 2 — rats with MIGU-4 injection at a
dose of 25.0 mg/kg, i.p. (7 animals);

— STZ-diabetes with MIGU-4 injection at a dose
of 5.0 mg/kg, i.p. (7 animals);

— STZ-diabetes with MIGU-4 injection at a dose
of 25.0 mg/kg, i.p. (9 animals);

— STZ-diabetes with vitamin E administration at a dose
of 100.0 mg/kg, i.p. (8 animals).

Diabetes mellitus was modeled by intraperitoneal (i.p.)
administration of STZ (Sigma Aldrich, USA) at a dose of
65.0 mg/kg, which was previously dissolved in buffered
sodium citrate solution (pH 4.5) [3, 4]. The rats with a
blood glucose level of at least 16.7 mmol/L were used in
the study. After the use of STZ, experimental animals were
observed for four weeks. Then during the next 4 weeks the
rats were treated, and 24 h after the last administration of
drugs, the studied parameters were examined.
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Food intake was determined by subtracting food
residues from the diet of rats — the procedure of weighing
food residues was carried out at intervals of 2 days. The
daily body weight gain of rats was also calculated and daily
water consumption was taken into account [6].

Niacin-oxy-ethylene-diphosphonate-germanate
(MIGU-4, synthesised under the supervision of Professor
I. Y. Seifullina, Doctor of Science in Medicine at the
I. I. Mechnikov Odesa National Medical University) was
administered at doses of 5.0 mg/kg and 25.0 mg/kg, i.p.
MIGU-4 was administered for four weeks, starting from
the 30th day from the inclusion of rats to observation. In
a separate group, vitamin E — (£)-a-tocopherol, DL-rac-
a-tocopherol (Sigma Aldrich) was administered at a dose
of 100.0 mg/kg, i.p. The rats of the control group were
injected 0.5 ml of 0.9% sodium chloride saline under
similar conditions.

Total cholesterol, triglycerides, HDL and LDL were
measured colorimetrically at a wavelength of 520 nm. In
particular, the content of HDL and LDL was determined by
the method of preliminary precipitation of the blood serum
LDL using polyethylene glycol and expressed in mg/dL
[7]. The blood serum insulin content was determined by
the enzyme-linked immunosorbent assay (ELISA) using
reagents of Diaclone (France) [8]. Content of proteins was
determined by Lowry’s method [9]. Albumin was determined
by the bromocresol method and expressed in g/dL [10].

The activity of aspartate and alanine aminotransferases
(AST and ALT), lactate dehydrogenase (LDH) were
determined in the blood serum by the method [11] and
expressed in pM pyruvate/min per mg of protein. The
activity of alkaline phosphatase (ALP) was expressed in
uM of released phenol/min per mg of protein [11].

Statistical processing of data was performed using the
statistical software SPSS 17.0 (USA). The ANOVA method
and Newman Keuls statistical test were used to determine
differences. The mean value (M), standard deviation (SD)
and error of the mean (m) were calculated. The results were
considered significant differences from the control at p<0.05.

Results of the study

The obtained results showed that in rats with diabetes
mellitus, blood glucose level was 4.76 times higher than
in rats of Control group 1, and insulin level was by 39.4%
lower (p < 0.05) (Table 1). In addition, an increase in
water and food consumption was observed — by 75.2% and
30.7%, respectively, as well as a decrease in body weight
growth by 41.7% (p < 0.05).

The use of MIGU-4 at a dose of 25.0 mg/kg was
accompanied by a significant decrease in glucose level —
by 50.9% (p < 0.05), which at the same time remained by
57.2% higher than in rats of Control group 1. Insulin content
significantly increased by 25.1% and remained by 18.0%
lower than in Control group 1 (p <0.05). Daily water intake
decreased by 55.1% (p < 0.05), food intake — by 13.9%
(p > 0.05), while daily body weight gain increased by
22.4% (p < 0.05) (see Table 1).

At the background of vitamin E (100.0 mg/kg)
administration, the glucose content decreased by 75.0%
and was simultaneously higher than in Control group 1 by
40.0% (p < 0.05). It should be noted that the glucose level
also decreased significantly compared to rats treated with
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MIGU-4 (by 28.7%) (p < 0.05). The insulin level remained
lower than in Control group 1 by 14.2% (p < 0.05) and
exceeded the corresponding value in diabetic rats by 29.0%
(p < 0.05). There was also a decrease in water and food
consumption by 46.7% and 17.6%, respectively (p < 0.05).
The daily body weight gain exceeded the same indicator
in diabetic rats by 9.7% (p > 0.05) and was significantly
lower compared to rats treated with MIGU-4 at the highest
of investigated doses (by 13.9%) (p < 0.05) (see Table 1).

The development of STZ-induced diabetes was
accompanied by a decrease in blood proteins (by 14.8%,
p < 0.05), in particular, a decrease in albumin content
was 21.1% (p < 0.05) (Table 2). In addition, there was an
increase in total bilirubin by 44.8% (p < 0.05), cholesterol —
by 33.2%, triglycerides — by 55.9%, low-density lipoprotein
(LDL)—by 69.8% and a decrease in high-density lipoprotein
(HDL) by 43.4% (p < 0.05).

The use of MIGU-4 at a dose of 5.0 mg/kg reduced
triglyceride and LDL cholesterol levels by 21.0% and
21.1%, respectively (p < 0.05). At the same time, both
indicators exceeded those recorded in rats of Control group
1 by 15.5% and 71.5% (p < 0.05).

The use of MIGU-4 at the highest dose (25.0 mg/kg)
caused an increase in the total protein and albumin content
by 7.2% (p > 0.05) and 23.1% (p < 0.05). The content of
total bilirubin decreased by 42.2%, cholesterol — by 30.6%,
triglycerides — by 35.4%, LDL — by 58.6% and HDL
increased by 48.4% (p < 0.05). Moreover, only the level
of triglycerides significantly exceeded the corresponding
indicator in the Control group 1 under similar treatment
conditions — by 31.7% (p < 0.05). On the background of
vitamin E administration, the content of total proteins and
albumin increased by 5.8% (p > 0.05) and 24.4% (p <0.05),
respectively, and the decrease in total bilirubin was 49.0%
(p < 0.05). The content of cholesterol, triglycerides and
LDL decreased by 25.0%, 42.3% and 46.0% (p < 0.05).
All these indicators significantly exceeded those in the
Control group 1 (p < 0.05). LDL level increased by 53.7%
(p <0.05) (see Table 2).

The activity of AST and ALT in the blood of rats with
diabetes exceeded 4.16 and 2.5 times, respectively (p < 0.05)
the corresponding values in Control group 1 (Table 3). The
activity of ALP and LDH was also 2.56 and 2.52 times higher
than in Control group 1 (p < 0.05). The use of MIGU-4 in

Table 1

General characteristics of STZ-induced diabetes under experimental treatment (M+SD)

Investigated parameters
. Water consumption | Food intake | Increase in body
Glucosa (mg/dL) | Insulin (ug/ml) (ml/day) (@/day) weight (/day)
- .
Control gr"“fznlz(%;’ #NaClip) | 94914334 51.43+1.92 27.042.0 18.5+1.13 4.5:0.24
- 1 0, 1
STZ dlabete(jjg-g)ﬂ' NaClip) | 448641036 | 31.62+0.84% 107.0+5.0% 267+1.54% | 2.8+0.15%
Control group 2 MIGU-4(25.0 | g5 37,4 34 49.66+1.524 25.642.7# 19.040.95% |  43£021#
mg/kg) (n=7)
STZ‘d‘abetﬁg (I\IfI:G%"‘ COmg | 398 5501126 | 35.71=1.14* 82.0+4.2%4 25.04176% | 2.90.10%
STZ-diabetest MIGU-4 (25.0 | 1) 341976 %4 | 42.2141.70%# 48.0+3.0%4 23.041.35 3.6:0.18%4
mg/kg) (n=9)
STZ-diabetes+ vitamin E (100.0
mg/kg) 157.047.12 *#& | 44.12+1.83%# 57.044.0%4 22.0£1.24% | 3.1£0.14*&
(n=8)

Note: * — p < 0.05 compared to control group 1; # — p < 0.05 compared to rats with STZ-diabetes; & — p < 0.05 compared to rats

with STZ-diabetes and MIGU-4 (25.0 mg/kg) administration.

Table 2
Effect of MIGU-4 on the level of proteins and lipids in the blood serum of rats with STZ-diabetes (M+SD)
Proteins Albumin bi;Ii—(r)rﬁ)lin Cholesterol | Triglyceride LDL HDL
(g/dL) (g/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Control group 1 (0.9%
. ! 8.0440.22 | 4.55+0.12 | 1.95£0.15 | 63.82+1.79 | 36.51£1.52 | 10.79£1.17 | 41.76+£3.87
NaCl i.p.) (n=28)
-di 0,
STZ dl';‘ge)te(;@-g)ﬁ NaCl | 6 8540.19% | 3.5940.00% | 3.53£0.17% | 95.642.21% | 82.741.95% | 35.64+2.73% | 23.62+1.81*
Control group 2 MIGU-4 | 5 9>, 141 | 4.60£0.16# | 1.88+0.19% | 61.0942.20# | 37.46+1.67# | 122341404 | 38213 30#
(25.0 mg/kg) (n=17)
STZ-diabetest MIGU-4 | 5 0 55 | 4.19£0.18 | 3.07£0.22% | 75.561.25% | 69.322.26% | 28.0142.07%# | 26.52+1.95*
(5.0 mg/kg) (n=17)
STZ-diabetest MIGU-4 | 5 30,51 | 4.6740.184 | 2.04£0.11# | 66.3042.08% |53.4242.12%4 | 147441384 | 45.78+3.89%
(25.0 mg/kg) (n=9)
STZ-diabetes+ vitamin E
(100.0 mg/kg) 7.27+0.23 | 4.75£0.23# | 1.80£0.204 | 71.7542.14%# | 47.80+1.19%# | 19.2242.13*# | 51.03+3.05#
(n=38)

Note: * — p < 0.05 compared to Control group 1; # — p < 0.05 compared to STZ-diabetic rats.
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Table 3

Activity of aminotransferases, alkaline phosphatase and lactate dehydrogenase in the blood serum
under MIGU-4 administration (M+SD)

ALP LDH
AST (uM pyruvate/min | ALT (uM pyruvate/min .
e1(~u m [:) )f, rotein) ef‘u m lg rotein) (}.IM released phenql/ (M pyruvate/n.nn per
P golp P gotp min per mg of protein) mg of protein)
Control group 1 (0.9%
NaClip.) (n=8) 42.45+2.23 27.63+1.12 0.234+0.03 4.27+0.16
-di 0
STZ-diabetes (0.9% 176.83+7.53* 68.8243.63* 1.280.09* 10.75£0.47%
NaCl i.p.) (n=8)
Control group 2 MIGU-4
(25.0 mg/kg) (n=7) 44.67+2.52# 31.13£1.68# 0.29+0.04# 4.5340.17#
STZ-diabetest MIGU-4 160.238.03* 57.2142.52* 1.17£0.05* 9.64+0.41%
(5.0 mg/kg) (n=7)
STZ-diabetes+ MIGU-4 %
(25.0 mg/kg) (n=9) 54.72+2.61# 39.72+ 1.14%# 0.30+0.04# 5.02+0.19#
STZ-diabetes+ vitamin E
(100.0 mg/kg) 63.6+£3.33%# 43.8+1.45%# 0.26+0.03# 5.15+£0.21#
(n=3)

Note: * —p < 0.05 compared to Control group 1; # — p < 0.05 compared to STZ-diabetic rats.

the lowest dose (5.0 mg/kg) was not effective in terms of
significant changes in the studied parameters in diabetic rats
(p>0.05). Against the background of MIGU-4 administration
at a dose of 25.0 mg/kg, AST and ALT activity decreased by
70.1% and 42.3%, respectively (p < 0.05). Moreover, ALT
activity remained higher as compared with Control group
1 by 30.4% (p < 0.05). The activity of ALP and LDH also
decreased by 76.6% and 53.3% (p < 0.05). With vitamin
E (100.0 mg/kg), AST and ALT activity decreased by
64.0% and 36.4% (p < 0.05) and simultaneously exceeded
that in Control group 1 by 33.3% and 37.0%, respectively
(p < 0.05). The activity of ALP and LDH decreased by
79.7% and 52.1% (p < 0.05) (see Table 3).

Discussion

Consequently, the obtained results showed that the
development of experimental STZ-induced diabetes is
accompanied by a decrease in body weight, increase in
food and water intake with a simultaneous decrease in
daily body weight gain in rats against the background of
decrease in insulin level and hyperglycemia. In addition,
a decrease in blood proteins and albumin level, lipid
metabolism disorders with a typical increase in cholesterol,
triglycerides, and LDL with a decrease in HDL content
were detected. Besides, high levels of nonspecific tissue
damage markers such as ALP and LDH with an increase
in blood aminotransferase activity indicate hepatocyte
destruction [7, 8].

These disorders are typical for experimental models of
diabetes mellitus [12]. In particular, diabetes induced by a
high-fat diet in rats is accompanied by severe dyslipidemia
with hypertriglyceridemia, a decrease in high-density
lipoproteins and an increase in high-density lipoproteins
[7, 12]. Such changes are associated with morphological
signs of hepatosteatosis, increased serum bilirubin and
glucuronic acid levels. The results obtained in our study
indicate that lipid metabolism disorders are inherent in
STZ-induced diabetes.

The use of MIGU-4 at the highest dose (25.0 mg/kg)
caused a moderate hypoglycemic effect, increased blood
insulin level, reduced water and food consumption in
rats with STZ-induced diabetes, and increased daily body
weight gain. At the same time, these indicators remained

significantly different from those in Control group 1. The
severity of the effects of MIGU-4 was similar to the use of
vitamin E (100.0 mg/kg), which, however, caused greater
hypoglycemia, while MIGU-4 significantly increased the
daily body weight gain of rats with STZ-induced diabetes.

As for the hypoglycemic effect of MIGU-4, it is
important to note that the antioxidant effects of organic
germanium compounds are associated with an increase
in the content of a-tocopherol in the blood plasma of
mice [13]. In its turn, the use of a-tocopherol (vitamin E)
provides the hypoglycemic effect by stimulating receptors
that activate peroxisome proliferators -alpha and -gamma
(PPAR-a PPAR-y) [14, 15]. Taking into account that similar
a-tocopherol-mediated effects of MIGU-4 are observed
against the background of simultaneous implementation
of its antioxidant, anti-inflammatory and antidyslipidemic
effects, it is possible to enhance the effect of the drug’s
hypoglycemic effect by combining the mechanisms of
these effects. It is also possible that niacin may contribute
to the corrective effects of MIGU-4, as its use at a dose
of 1-2 grams per day causes an increase in HDL content by
20% against the background of a reduction in triglycerides
and LDL content [16], and increases the activity of
antioxidant enzymes in experimental diabetes [17].

Administration of MIGU-4 provided positive dynamics
of protein and lipid content in the blood of rats with STZ-
induced diabetes. The intensity of the effects of MIGU-4
(25.0 mg/kg) on the total protein and albumin content was
similar to the effect of vitamin E (100.0 mg/kg), while
the effectiveness of MIGU-4-induced restoration of lipid
metabolism was somewhat higher, taking into account that
most (three of four) of the studied parameters did not differ
from the control, while during vitamin E administration,
the most (three of four) parameters exceeded those in the
control group.

The enzymatic activity of the blood, which is determined
by hepatic metabolism (aminotransferases AST and ALT),
as well as enzymes-markers of inflammatory tissue damage
(ALP and LDH), the level of which significantly increases
in rats with STZ-induced diabetes [7, 11], showed a clear
trend towards a decrease against a background of MIGU-4
administration. The intensity of the corrective effect was
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similar to the effectiveness of vitamin E (100.0 mg/kg),
except for AST activity, the normalisation of which was
more pronounced under MIGU-4 treatment.

Thus, the results obtained indicate the systemic nature
of the protective effect of MIGU-4 in the development
of STZ-induced diabetes mellitus, which provides the
restoration of lipid metabolism, provides correction of
aminotransferase activity and has a positive effect on blood
glucose and protein levels. The use of MIGU-4 as a drug
in combination with thiazolidinedione antidiabetic drugs,
which are activators of PPAR-y receptors, is promising.

Conclusions

1. The course administration of MIGU-4 has a
moderate hypoglycemic effect and leads to a moderate
increase in insulin level. The intensity of the corrective

effect of MIGU-4 (25.0 mg/kg, i.p.) corresponded to that
of vitamin E (100.0 mg/kg, i.p.), except for the degree of
hypoglycemia, although the effectiveness of MIGU-4 was
higher in terms of daily body weight gain.

2. The use of MIGU-4 (25.0 mg/kg, i.p.) prevents
diabetes-induced lipid metabolism disorders, namely, an
increase in the content of cholesterol, triglycerides, low-
density lipoproteins, with a simultaneous decrease in the
content of high-density lipoproteins in the blood serum.

3. The course administration of the germanium-containing
compound MIGU-4 at a dose of 25.0 mg/kg, i.p., causes a
decrease in the activity of aminotransferases (AST and ALT),
nonspecific markers of tissue alteration — ALP and LDH, as
well as bilirubinemia, hypoprotein- and hypoalbuminemia,
which occur during STZ-induced diabetes.
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BU3HAYEHHSA YANHHUKIB BIIJINBY HA IIEPBUHHY CTABIJIBHICTb
OPTOAJOHTUYHUX MIHIIMIIJIAHTIB

[TonraBcbkuil iepkaBHUI MeqUYHNIN yHIBepcuTeT, [lonraa, Ykpaina
VIIK 616.314-089.23-089.843

JI. B. Cmarimwok, /1. I1. lllaenko, A. B. JIsxoBchka, B. I. Cmarnmok

BU3HAUYEHHSA YWHHUKIB BIIJINBY HA IEPBUHHY CTABIJIBHICTh OPTOAOHTUYHUX MIHIIMIIJIAHTIB

Tonmascwruil Oeporcasnuil meouunuil ynisepcumem, m. llonmasa, Yxpaina

YacTo omoporo s OPTOAOHTHYHOTO MEPEMIIICHHS € OPTOMOHTUYHI MiHIIMIUTAHTATH. Y JOCHIKCHHI BUKOPUCTAHO OPTOJOHTHYHHI
MIHIMIUIAHTATH JiaMeTpoM 1,2 MM, TOBKHHOI 8§ MM Ta 10 MM, i3 mmiikoro 1,5 Ta 3 MM, sIKi BCTAHOBIFOBAIIHCS y KICTKY TEJISIUHX pedep, Ta
MPOBOJMIIOCS BUMIPIOBAHHS 1X MEPBUHHOI cTabLIbHOCTI mpucTpoeM Anycheck. I1in yac ycTaHOBIEHHS MiHIIMILTAHTIB 13 3aHYPEHHSM M-
KM Ha | MM y KiCTKY NOKa3HMKM TEPBHHHOI CTaOLIbHOCTI Oy/IM BUIMMH Ta JOCTOBIPHO BiJPi3HSIMCS BiJ| MOKA3HUKIB 32 BCTAHOBJICHHS JIO
PiBHS IIMHKY. 3HAYHUH IPUPICT TIEPBUHHOI CTAOLTBHOCTI CIIOCTEPIraBcst Mif 4ac 3aHypeHHs (pe3epoBaHoOi MHUIKN Ha | MM y KOPTHKAIbHY
IUIACTUHKY KiCTKU. KpyTHUI MOMEHT, TOBKHUHA BHY TPIITHBOKICTKOBOT YaCTHHHU Ta IIMHKU MiHIIMILIAHTY HE MAJIF CTATUCTHYHO OCTOBIPHOTO

BIUIMBY Ha HOTO TIEPBUHHY CTaOUIbHICTB.

KitiouoBi ci1oBa: MiHIIMIUTaHTH, TEPBUHHA CTA0LTBEHICTD, QHKOPAXK, HIDKHS IIEJIETa, OPTOTOHTHIHE JIKYBaHHS.

UDC 616.314-089.23-089.843

L. V. Smaglyuk, D. P. Shaienko, A. V. Liakhovska, V. I. Smaglyuk
DETERMINATION OF FACTORS INFLUENCING THE PRIMARY STABILITY OF ORTHODONTIC MINI-IMPLANTS

Poltava State Medical University, Poltava, Ukraine

Relevance. Orthodontic mini-implants are often used as anchorage for orthodontic movement. There is currently no consensus on what

has a decisive impact on the primary stability of mini-implants.

Methods and Materials. The study used orthodontic mini-implants with a diameter of 1.2 mm and lengths of 8 mm and 10 mm, with
necks of 1.5 mm and 3 mm, which were inserted into the cortical bone of calf ribs, and their primary stability was measured using the

Anycheck device.

Results and Discussion. When the mini-implants were inserted with the neck submerged by 1 mm into the bone, the indicators of primary
stability were higher and significantly different from the indicators when inserted up to the neck level.

Conclusions. A significant increase in primary stability was observed when the neck of the mini-implant was submerged by 1 mm into
the cortical bone plate. The torque, length of the intraosseous part and neck of the mini-implant did not have a statistically significant impact

on its primary stability.

Key words: mini-implants, primary stability, anchorage, mandible, orthodontic treatment.

Beryn. OnHi€ero 3 OCHOBHIX BUMOT OiOMeXaHIKH mepe-
MIIIeHHS 3y0iB ITiJ] 9aC OPTOIOHTHIHOTO JIIKyBaHHS € HasIB-
HICTB CTAOUTFHOI OTTOPH, 10 3MEHIITY€ BEIMIUHY MOMEHTY
cwm Ta npotuii. Le, cBoero eproro, 3abe3nedye mporHo-
30BaHe MEPEMIICHHs 3y0iB 13 MiHIMI3aIier0 MOOIUHOT il
Ha omnopHi 3you [1-3].

Takuii eekT miJ yac OPTOAMYHOTO JTIKYBaHHS peai3y-
€TBCS 3aCTOCYBAHHSM JUIsl aHKOPAXKy CUCTEM ISl CKEJIeTHOT
¢ixcartii [4]. [Tepri KOHCTPYKIiT METAIEBHX EJIEMEHTIB, 1110
(IKCYIOTBCS y BEPXHIO 200 HYKHIO ILEJICTIH IS TTOKPAICHHS
OPTOIOHTUYHOI oropw, Oynmu omyOmikoBadi me B 1945 p.
Gainsforth 1 Higley. Bigroxmi moganocst po3poOieHHs eH-
TANBHUX IMIDIAHTATIB 13 MOXJIMBICTIO (DYHKINI aHKOpPaXYy,
0 CTIPHSIIO CTBOPEHHIO OPTOAOHTHYHUX MiHIIMIUTAHTATIB
[1-3], AKi IIIPOKO BUKOPHUCTOBYIOTHCS IS CKEJIETHOI OIIOpH

© JI. B. Cmanmiok, [1. I1. Ilaenxo, A. B. JIsxoBceKa Ta iH., 2024

CrarTs MOUIUPIOETHCS HA YMOBAX JIIICH3I1T ::

B KJIIHIYHIN npakTuti gorerep [5]. YemimHicTs TiKyBaHHS i3
3aCTOCYBAHHSIM OPTOJOHTHYHMX IMIUIAHTIB JOCUTh BHCOKA
[6]. B oraai panzoMi3oBaHUX TOCTIHKEHb OPTOTOHTHIHIH
MIHIIMIUTAaHTAT YBa)KaBCsl yCIIITHAM, SIKIIO BiH HE MaB PyX-
JIMBOCTI, TOOTO 3aJIMIIABCs CTA0UILHUM Y KiCTKOBIil TKaHHHI
a00 BUTPUMYBAaB OPTOIOHTHYHY CWJIy MiJ 4Yac JIiKyBaHHS
[7]. EdexruBHicTh OnOpM 3a paxyHOK OPTOJOHTUYHOIO
MIHIIMIIIaHTY ITOBHICTIO 3aJISKHUTH Bijl 1Or0 NepBUHHOI CTa-
O17IBHOCTI, SIKa BUHHUKAE 32 PAXyHOK MEXaHIYHOTO 34CILICHHS
MOBEPXHI MIHIIMIDIAHTY 3 KICTKOIO HiJ{ 4ac HOro BCTAHOB-
nenns [8; 9]. I3 nanux miteparypu BiziomMo, 1110 Ha IEPBUHHY
CTaOUTBHICTh MiHIIMITDTIAHTIB BIDIMBAE SK MIUTBHICTD KOPTH-
KaJIBbHOI KiCTKH, TaK i BHYTPIITHHOKICTKOBA TOBKHHA CAMOTO
immmanTy [10]. I eqpae, Ha 10 MOXKITBO OpPIEHTYBATUCS TTi T
9Yac YCTAHOBJICHHS MiHIIMITIaHTY, — II€ KPYTHHI MOMEHT,
SIKMH OakaHo, 00 He nepeBuiyBaB 10 Ncum [7]. Ane kpyT-
HUH MOMEHT He BinoOpaxkae peajbHy CTAOLILHOCTB 1MII-
JIAHTY B KICTKOBIH TKaHUHI.

Ha nymKky onHOro 3 aBTOpiB, IPOTHO30BaHICTh Iiepe-
MIIIICHHS 3y0iB i3 3aCTOCYBaHHSM MIHIIMIUIAHTIB € JOCUTh
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BUCOKOIO 1 KonuBaeTbest Big 70% no 87% 3anexHo Bij
XapaKTepUCTUK CaMOro MiHIIMIUIaHTy, a came: HOro
JNOBKUHMA (> 8 MM) Ta ToBuMHU (>1,4 mm) [11]. [deski
ABTOPH YNHHUKaMHU PU3HKY MTOPYILIEHHS CTaOLIbHOCTI iIMII-
JIAHTY BBaXKAIOTh 3aMajly TOBIIMHY KOPTHKAJIBHOI KiCTKH
(menme 0,5 MM) Ta HU3BKY HIJIBHICTH T'y04aTol KiCTKH
y OUIAHII Horo BcTaHoBNeHHS [ 12]. Ha mincraBi KiTiHIYHIX
nociimkerb Motoyoshi Ta iH. [12] qoBegeHo, Mo TOBIIHHA
KOPTHKAJBHOI KICTKM [IOBKOJIA MiHIIMIUIAaHTY Mae OyTu
1,0 MM abo Oirpinie, a ageKBaTHUM KPYTHHUH MOMEHT ITiJT 9ac
YCTaHOBKH iMITIaHTaty — y Mexkax 5—10 Hem. Bubip micus
BBEJCHHS € BAKIMBUM Ul 3al00IraHHsA IIOAPA3HEHHIO
M’SIKHX TKaHUH a00 3alajicHHIO, 1 3a3BHYail PEKOMCHIY-
€ThCS JIUISTHKA KEPAaTUHI30BAaHMX a00 MPUKPIMJICHHUX SICEH,
a He pyxoMma CIli30Ba 000J0HKa. Pesynbraru nociikeHb
Uemura Ta iH. [13] yka3ywoTh, IO JiaMeTp OTBOPY [UIS
JOCSATHEHHSI CTaOUTPHOCTI MiHIIMIUIAHTaTy maiamMeTpom 1,3
MM Ma€ CTaHOBUTH 69—77% Bif qiaMeTpa MiHIIMIUIAHTATY.

VYTpara cTabUIbHOCTI IPOSIBIISIETHCS PYXOMICTIO CaMOT0
MiHIIMIUTaHTa, oT0 TepeMimmeHHsIM Bif 1 1o 1,5MM y KicT-
KOBif TKaHWHI 03 OCTEeOiHTerparii i MO)ke BHHHUKATH SIK
y KOPOTKHH TEpMiH IicJsl BCTAHOBICHHA, Tak 1 OyTH Bif-
TepMiHoBaHo0 y 4yaci (mo 100-150 mmiB micis BCTaHOB-
neHHst) [14]. Lle HeraTMBHO BIUIMBAE HA SIKICTh Ta TEPMiH
OPTOAOHTUYHOTO JIIKYBaHHSI.

BonHovyac HOCTOBIpHHX CIIOCOOIB BUMIPIOBAHHS Iep-
BUHHOI CTaOUILHOCTI OPTOAOHTUYHUX MiHIIMILIAHTIB ChO-
rONIHI HeMae, a 00’ €KTHBHICTh ICHYFOUHX METOIIB TOTPeOye
BHBUCHHS Ta aHai3y, a JJIsl YCHIIIHOTO OPTOAOHTUYHOTO
JIKYBaHHS Ta MiHiMi3amii BTpaT OPTOJOHTUYHUX MiHIIMII-
JIAHTIB MAIOTh OYTH YiTKi pEKOMEHaIlii CTOCOBHO TIEPBUH-
HOT cTaOUTFHOCTI Ta TePMiHIB HABAaHTAKEHHS IMTICIIA iX (iK-
carii y KiCTKy.

3 omrAay Ha BHIEBHKIIAACHE, JUISA MiABUIICHHS e(eK-
TUBHOCTI OPTOJOHTHYHOTO JIKyBaHHS 1 IS 3MEHIICHHS
YaCcTOTH JE3IHTErpamiii OPTOMOHTUYHUX MIiHIIMIUIAHTATIB
JIy’K€ B)KJIMBO OLIIHUTHU X MEPBUHHY CTaOUIBHICTH 1 Bpa-
XOBYBATH 11 MMiJ] 4ac 3aCTOCYBaHHs CHIH [8].

MeTow nocaimKeHHsT OyJI0 BHU3HAUUTH HAWOUIBII
Baromi napamerpy BIUIMBY Ha NEpPBHHHY CTaOUIbHICTDH
OPTOIOHTUYHOTO MiHIIMILIAHTaTA.

Marepiaim Ta MeToam aocaimkeHHs. J[aHe mocii-
JDKCHHS BHKOHAHO Yy (OpMi EKCIIEpHMEHTY 3 BHKOpHC-
TaHHSIM CHCTEMH OpPTONOHTHYHHX MiHIMIUTaHTIB Cut
miamerpoMm 1,2 mm dipmu Connect (Vkpaina) ta mpena-
pary KicTKOBOI TKaHWHH 3 Telnsuux pebep. Po3pobieHHs
IU3aifHy MOCIHIDKEHHS TPYHTYBAJIOCS Ha aHAi3l JiTepa-
TypHHUX JDKEpes 1 BUAUICHHI HalOUIbII BaroMHUX Iapame-
TPIB BIUIMBY Ha IEPBUHHY CTaOIJIBbHICTh OPTOAOHTUYHOIO
MIHIIMIUIAHTY, & caMe:

— JIOBKHHI BHYTPIIIHHOKICTKOBOT YaCTWHM MiHIIMII-
JIaHTA;

— BEJIMYMHI 30BHIIHBOTO iHTEepdeiicy (Iuika MiHiiMIT-
JIaHTA);

— BeNMYMHI KPYTHOTO MOMEHTY MJI BCTAHOBJICHHS
MiHIIMIUTAaHTATY (TOPKY).

Cucrema BHOpaHUX MiHIIMIUIAHTIB Bifpi3HsJIacs BHY-
TPIITHBOKICTKOBOIO JJOBXKHHOTO 1 TOBKHUHOO MIMUKH (puc. 1).
Jist cBep UTiHHS OTBOPY B KICTKOBiM TKaHUHI ITiJT MiHIIMII-
JIaHT BUKOPUCTOBYBAJIOCS PeKOMeHIoBaHe cBepio 0,8 MM
i craHoBuTh 66,6% Jgiamerpa MiHiimMIIaHTa. [nnOuHa

20

3aHYpPEHHS CBep/yia Oyia Pi3HO 3aJICXKHO BiJl TOTO, SKUN
TOPK IMITIAHTATa MM XOTUTH OTPUMATH. Y BHIIAAKaX IS
TOPKY BCTAHOBIICHHS MiHIIMIUIaHTY 5 HcMm mMu npoxomwim
CBEPJIOM KICTKY Ha BCIO NIUOUHY IMILIAHTY, 1Sl TOPKY B 10
Hcm mpoxoauiu cBepiioM JIHIe KOPTHKATIbHY IIACTHHKY,
HABITh y JISIKUX BUMAJIKAX HE JI0 KIHIIS.

a 0 B
Puc. 1. 3acTocoBaHni opTOTOHTHYHI iMILIAHTH
(a — noBxkuHA 8 MM 3i cTaHAAapTHOI KiiKo0 1,5 MM),
0 — noB:xkuHa 10 MM 3i crangapTHolo mmiikorw 1,5 mm,
B — JIOB;KHHA 8 MM 3i IT0O0B:KEHOI0 INNIKOI0 3 MM

Jns excriepuMeHTy M BHOpamu Tesstai pebpa. Tun
KICTKM BU3HAYaJlM 3a JOMOMOTOI0 CIpajbHOI KOMITBIOTEP-
Hoi Tomorpadii (KT) pebep Ha amapari Toshiba Aqulion
noto XayHchinma (HU) Oyrma momibHa 1o miemnern JIFOTUHA
i cranoBmia B Mexkax 400—1200 HU, mo Binmnosinae 2-my Ta
3-my THnaM KicTku 3a Tadmuiero C. Misch (taom. 1).

Tabmuus 1
BignmoBigHicTh, THINIB KiCTKH OOMHUIAM IIIJILHOCTI
mkaau XayHnepinpa(HU) (3a C. Misch, 1999)

Tunm kicTkn Opunnui migsaocti (HU)
D1 Binbie 1250
D2 850-1250
D3 350-850
D4 150-350

3a HaMMHU JaHUMH, Y OUTBIIOCTI JOCTIKEHUX pedep
nepeBakaB 2-i TUM KicTkH (puc. 2-5).

Puc. 2. Caritanbnmii 3pi3 KT Tpbox pedep
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1. YcranoBnennss 10 MiHIIMIUIAHTIB 13 KPyTHUM
MoMeHTOM 5 Hewm 10 piBHS mIMHKH.

2. YcranoBneHas 10 MiHIIMIUTaHTIB i3 KPYTHHM
MomeHToM 10 Hem o piBHS mmiiky.

3. VYcranosnenns 10 MiHIIMIUIAaHTIB i3 KpPyTHHM
MOMEHTOM 5 HcM i3 3aHypeHHSIM IIMHKK IMIUIAHTY NpH-
6nm3HO Ha 1 MMm.

4. VYcranosieHHs 10 MIHIIMIDIAHTIB 13 KPYTHHM
MomeHTOM 10 HeM i3 3aHypeHHSIM MIMAKK IMITIaHTY NpH-
6mm3HO Ha [MM.

[Ticnss BCTAHOBJICHHS IMIUIAHTIB MPOBOIMIOCS BUMI-
pIOBaHHS TICPBHHHOI CTAOITFHOCTI KOXKHOTO IMIUTaHTa 3a
Joromororo npuctoro Anycheck, sikuit OyB BinkaiaiOposa-
HHUI U1 MaKCUMAaJIbHOI TOYHOCTI ITOKA3HHUKIB BIAIIOBIIHO
IO IHCTPYKIIIT ITepe] MoYaTKOM eKCIiepuMenTa (puc. 7).

L

Puc. 7. 300paskeHns eTany kajaiopyBaHHs
anapaty Anycheck

Puc. 5 Axciansumnii 3pi3 KT peopa 3 . R
BI/IMlpIOBaHHH MMPOBOAMJIN 3 HOTUPHOX CTOPIH MIHIIMII-

3a [0MOMOrOI0 KyTOBOrO XipypriuHOro HakOHEUHHKA o0ty (puc. 8 2, 6; 9 a, 6).

20:1 ta ¢iziogucnencepa DTE Implant-X mu BcTanosio- 7
BaJIM MiHIIMIUTAaHTH B KICTKY TelsTanx pedep (puc. 6).

a) 6)
Puc. 8. ®oro 3aHypeHuX MiHiiMIIaHTIB y KicTKy
10 piBHA MiikK () Ta iX BUMiploBanus (0)

Puc. 6. ®0T0 MOMEHTY BCTAHOBJICHHS
MiHiiIMILIAHTATY B TeJisiye pedpo

Ha ¢izionucnencepi Mu BUCTABIATH KPYTHUH MOMEHT
B 5 Hem ta 10 Hem. st 3akpydyBaHHS BCiX MiHIIMITIaHTIB

MU BUCTaBJLUTH MBUAKICTE y 10 06eptiB Ha 1 XB. a) 6)
Excnepument CKJIAaBCs 3 ICKIIBKOX MaCTHH: ] Puc. 9. ®oto MiHiiMIIaHTIB i3 3aHypeHHIM IMIMIAKH
1. YcraHOBIECHHS MiHIIMIUIAHTIB IOBXKHHOIO BHYTpIII- Ha 1 MM y KicTKy (a) Ta ix BumipoBanns (6)
HBOKICTKOBOI YaCTHMHHU 8 MM Ta JTOBKHHOIO IIHHKH 1,5 MM.
2. YcTaHOB/ICHHS MIHIIMIUIAHTIB JOBKMHOKO BHYTpIIII- 3HaueHHS! ITEPBHHHOI CTaOUIBHOCTI KOKHOTO MiHi-

HBOKICTKOBOT yacTHHH 10 MM Ta JOBKHMHOIO IIHHKK 1,5 MM. iMITaHTy BHOCHIIMCS B TAGIIHIO T4 BUBOIMIACS CepeIHi
3. YcTaHOBICHHS MiHIIMIUTAHTIB JOBXHHOIO BHYTPILI-  okasHuky MIEPBUHHOI CTa0IIBHOCTI IT0 KOXKHIH TpyTi eKc-

HBOKICTKOBOI 4aCTHHHU & MM Ta JJOBKMHOIO IIMHKH 3 MM. nepumenty. IIporpaMa JOCITi/KeHHSI Oyila 3aTBEpIUKeHA
KoxHa 13 IMX 4aCTHH €KCIIEPUMEHTY BKJIIOYANA YOTHPH  yoMiciero 3 TUTAHD 6iomenuanoi eTrku [TonTaBchKOTO NIEP-
eranu: ’aBHOTO MeinuHOro yHisepcutety Ne 209 Bin 25.10.2022.
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CraTUCTHYHE ONpALIOBAHHA OTPHMAaHUX pe3yibIa-
TIB MPOBOAMJIOCS 32 JIOTIOMOTOI0 MPOTPAMHUX IIaKeTiB
Prism 5 (version5/03) ta Microsoft Excel 2010, meTonis
OITMCOBOi CTAaTUCTUKW Ta CTAaTHCTHYHOrO aHamizy. Jlis
OLIIHKK HOPMAJIbHOCTI PO3IMOJiTy BUKOPHCTOBYBAJIM TECT
J'Aroctino — [lipcona. BixmiHHOCTI MiXX TpynaMu BU3HA-
Yaau 3a JIONOMOTOI0 OAHO(AKTOPHOTrO IHCHEPCIHHOro
aHanizy Anova 3 momnpaBkoro boudepponi. nst mopis-
HSIHHS TTOKa3HUKIB MK 2-Ma BUOipKaMi BUKOPUCTOBYBAITH
t-kpurepiit CteromenTa. [ OmiHKH €(EeKTHBHOCTI 3a1po-
MMOHOBAaHHUX MOJIEJIeil YCTAHOBJICHHs MiHIIMIUIAHTATIB Ha
OCHOBI TEPBUHHOI CTaOLILHOCTI OPTOJOHTHYHOIO MiHi-
IMIUTaHTaTa BUKOPUCTOBYBAJIM METOX T'OJIOBHUX KOMIIO-
ueHT (Principal Components Analysis) Ta OymyBaiu kope-
JSIIAHY Marpuio. BigMiHHOCTI BBaXKajiM CTaTHCTHYHO
3"Haunmumu npu p<0,05 [15].

Pe3ysnbraTu qociixzkeHHs Ta iX 00roBopeHHsi. 3TiaHO
3 OTPUMAHUMH ITOKa3HHKAMH SKCIIEPUMEHTAIBHOTO JI0CITi-
JDKCHHS, HaMH BH3HAYCHO, II0 HAHOINbLIIMI BIUIMB Ha
TICPBUHHY CTA0IIBHICTh MA€ BEIIMUMHA 3aHYPEHHS MINHKH
MiHIIMIUTAaHTY B KiCTKOBY TKaHUHY (pHc. 10).

VY mpUIMAKOBiHA 30HI KICTKOBOI TKaHWHH, SIKa OTOUYE
MIHIIMIUTIAHT, 4aCTO BHHUKAE CTPEC, OCOOJIIMBO B MOYATKO-
BOMY IIapi KOPTHUKAJIbHOI KICTKH 32 MOHOKOPTHUKAJILHOTO
po3mimienns [16; 17]. Lle BaxknuBuii MoMeHT, 00 pizbOOBa
YacTHHA OPTOJOHTUYHOTO MIHIIMIUIAHTY 4YacTo 3ajMIia-
€ThCsI B KOPTHKAJBHIM YaCTHWHI KICTKH Ta IHOJI HAaBiTh
y ciu3oBid. lle MOXke CHPUYMHHMTH TpaBMaTH3aIIIO CIU-
30BOI, KOPTUKAJIBHOI IUIACTMHKU Ta PAHHIO HOTO BTpPATY.
VY HamoMmy JOCTI/DKEHHI IIiJ] 9ac YCTAQHOBJICHHS MiHi-

IMIUTaHTa B KICTKOBY TKaHHMHY 1O PiBHS IIMHAKHA CepenHi
MOKa3HUKH MEPBUHHOT CTA0IIBHOCTI KOJIMBAIUCS B MEXKax
45-47 omuuuilh. JlaHi MOKa3HUKKA BU3HAYAINCS IS MiHi-
IMILTaHTIB pi3HOI foBxkuHM (8, 10 MM i3 wmmiikoto 1,5 MM
a00 3 MM), Tax i pu pi3HIA BEJIMYUHI KPYTHOrO MOMEHTY
(5 Hem, 10 Hem).

[Tin yac ycraHOBIEHHS MIHIIMIUIAHTIB 13 3aHYPEHHSIM
TXHBOI IIMHKK HA | MM Yy KICTKOBY TKaHWHY NMOKa3HUKH TIep-
BUHHOI CTaOUTFHOCTI OyJIM BUIIUMH Ta JOCTOBIPHO Bimpi3-
HSUTHCSI BiJT TOKA3HHUKIB IMIUIAHTIB, YCTAHOBJICHUX JI0 PiBHSA
mmiiku. Cepel OCTaHHIX HAWBUINI MOKa3HUKH MEPBUHHOT
CTaOUIbHOCTI BUMIPSIHI y MiHIIMIUIQHTIB JIOBXKHHOIO 8 MM
1 iaMeTPOM IIMHAKHK 1,5 MM i1 4ac 3aKpyqyBaHs 3 BETHYH-
HOIO KPYTHOTO MOMEHTY 5 HeM Ta B yCiX TOCITIIHUX MiHIIMIT-
JIAHTIB PI3HOT JOBKHMHH ITiJ] 4ac 3aKpy4UyBaHHs 3 BETMINHOIO
kpyTHOro Momenty 10 Hem. AHaii3 oTpuMaHMX MOKa3HHU-
KiB yKa3ye Ha JOCTOBIpHHMH TiCHHH KOPEJAIIMHHUN 3B’S30K
MDK MOKa3HHKaMH NEpBUHHOI cTaOUTBHOCTI Ta (iKcaliero
OPTOIOHTUYHOTO MIHIIMIDIAHTY B KICTKY 13 3aHYpEHHSIM
IIMHAKA Ha | MM y KopTHKaNBHY KicTKy (1=0,853; p<0,0001).
Ha namry mymKy, HasBHICTB TakOi TOCTOBIpHOI 3aJI€KHOCTI
Moke OyTH TIOB’sA3aHa 3 OLTBIIO0 1 PIBHOMIPHOIO IIIOIICIO
KOHTaKkTy ()pe3epoBaHOi YaCTUHM IMIUIAHTA MOPIBHIHO
3 HEOJHOPITHOIO CTPYKTYPOIO pi3b00OBOI yacTuHH. Baxim-
BUM MOMEHTOM BHCOKOI IMEPBUHHOI CTAOITBHOCTI MiHIIMII-
JIAHTY € MOXKJIMBICTH JOBTOTPHUBAJIO 3a0e3reuyBaTy Halii-
HHUH aHKOPaX, 38 MaJIOIHBa3UBHOT'O CIIOCOOY BCTAHOBIICHHS
MiHIMAJIbHO BIUTMBAIOYM HA TKAHWHU mapojoHTa [ 18].

TicHUX KOpeJSIMHUX B3a€MO3B’SI3KIB 13 JIOBKHHOIO
camoro immanra (r=0,218; p>0,05) i TOBKXHHOIO MUHKH

p<0,0001

p<0.,0001 "
| p=00030 |

p=00018

20,00

70,00 -
60,00
50,00
40,00 -
30,00
20,00

10,00 1

[
71,53
5 71,98

71,33 57,78 69,45

0,00 4 T
Pircarma ga 10H cma
A0 pIEHA NIHFER

Pigcara Ha 10H 3
NBFHOH

Pikcama Ha s N 3
NTFEOH

Pigcamama i N go
PIBEA NTMETER

oI nvrmaETH S ® negiEoi 1.5 wea @I nomasT ] Oeea s negmor 1.5 voa @ [ rmmaHTe 2 0 3 DOOIRO0 3 B

Puc. 10. Pe3yabTaTi BUMipIOBaHHS MEPBUHHOIL CTA0LILHOCTI OPTOAOHTHYHHX MiHIIMIJIaHTIB
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immianTa (r=-0,084; p>0,05) He BU3HAYEHO, 110 CBIIYUTH
po Te, MO0 JaHi XapaKTepUCTHKH CaMoro MiHiiMILIaHTa
HE BIUIMBAIOTh Ha HOTO NMEPBUHHY CTaOLIBHICTH Yy KICTKO-
Biif TKaHWHI. Taki OTpUMaHi JaHi € KIIHIYHO 3HAYYIHUMU
y pa3i BCTAaHOBJICHHS MiHIIMITIAHTIB y UISHII 3 TTOTOBIIC-
HOIO CIIU30BOIO 0OOJIOHKOIO.

Mix moka3HUKaMHU IEPBUHHOI CTab1IBHOCTI MiHIIMII-
JIAHTa Ta BEJIMYUHOIO KPYTHOTO MOMEHTY, 3a SIKOTO BiJi-
OyBayiocsi 10ro BCTAHOBJICHHS, BU3HAYEHO CTATHCTUYHO
cnabkuit xopensuidauid 3B'a30k (r=0,034; p>0,05). Lle
BKa3ye, 1110 BEJIMYMHA KPYTHOTO MOMEHTY HE Ma€ JJ0CTO-
BIPHOIO BIUIMBY Ha CTallIbHICTh MiHiiMILIaHTIB. Lle
Ma€ MpakTUYHE 3HAYCHHs AJIsl Xipypra, OCKUIbKH J0BO-
JIUTh, 110 3aCTOCYBaHHS BUCOKOTO KPYTHOTO MOMEHTY HE
MOKPAIUTh IEPBUHHY CTA0IBHICTD, a JIUILE MOXE IPH-
3BECTH JI0 3JI0MY MIHIIMIUIaHTa YM TPAaBMYBaHHS OTOYY-
I0YMX TKaHUH ITiJ] Yac ycTaHOBJIEHHs. [Ipore HeoOXiHO
3a3HAYUTH, 110 B MPOLECI EKCIIEPUMEHTY MM ITO0A4YMIIH
MIeBHY OCOOIHBICTD, KA CTOCYETHCS T HAPUIHUX 1MII-
JIAHTATIB 1 MOJIATAE y TOMY, L0 IMiJI Yac 3aKpy4yBaHHs
MiHIIMITIaHTIB JOBKHHOIO 10 MM cmocTepiranocs 30171b-
IIeHHS TOPKY Npuban3Ho a0 2/3 i#oro gosxkuuu. Ilicms
MIPOXOKEHHS IIHOTO MPOMIKKY TOPK HE 301TbITyBaBCS.
Bin yacrinie 3ajuiiaBcsi HE3MIHHHUM, alie B JIEKIIBKOX
BHIIQJIKaX 3MCHIIYBAaBCs, BiIOYBaBCS «IIPOBA» TOPKY.
Ils ocobmuBicTh, CKOpillle 3a BCE, OB’ sI3aHA 3 THUM, IO
OUAJTIHIPUYHANA IMIUTAHTAT i 9ac MPOXOKCHHS KICTKU
JI0 IEBHOTO MOMEHTY Hapi3ae cobi HmuIsix, a HOTiM Hpo-
CTO 3aKPY4YyeEThCS B HBHOTO O3 30UIBIICHHS 3YCHIIb.
Teopernyno BoHa Moke OyTH IMOB’Si3aHa 3 JiaMETPOM
iMIIaHTaTy a0 THIIOM pi3b0H 1 mOoTpedye MOambIIuX
nociikeHb. Lle oxHiero 0COONMBICTIO TAaHUX IMIUIAHTIB
Oymo Te, MO 32 BCTAHOBJICHOI BUPOOHMKOM MaKCHMallb-
HOI CHUJTH KpyTHOTO MOMeHTY B 20 Hewm mix gac 3akpydy-
BaHHS IMIUTaHTaTiB cTaBamucs nepenomu i Ha 10 Hewm.

TEOPIsS TA EKCIEPHUMEHT

VY TphoX BHUNAJIKax ILie CTAIOCS Ha IMILIAHTATaX JIOBXKH-
HOt 10 MM 1 B OTHOMY BHMAJAKY Ha IMIUIaHTI § MM, aje
3 MIOJIOBXKEHOIO0 IHiikoto (puc. 11).

Puc. 11. 300pa:xkeHHst 3J10MaHOT0 MiHiiMILUIaHTA

VY KOXHOMY BUIAIKy II€ BiIOyBajoCs 3a YMOBH, IO
Topk y 10 Hecm HacTaBaB mpru0iIM3HO HA CepeInHI JTOBKHHU
IMIUTAHTY, 1 MU TIPO/IOBKYBaJI BCTAHOBIIOBATH IMIUIAHTAT
nani, i Topk He nepesuinysas 10 Hem. [Ipuunna nanoi npo-
Onmemu Moke OyTH IOB’s3aHa 31 CIUIABOM MiHiiMILTaHTATa.
AJte 11e TakoXX NOTpeOye MOAAIBIINX JI0CIiPKEHb.

BucHoBku. J[oBkrnHa BHYTPIITHHOKICTKOBOI YaCTHHH
MiriiMmmmanTy (8, 10 mm), gomxkwnHa muitku (1,5, 3 M)
1 BeTMUMHA KPyTHOTO MOMEHTY (5, 10 Hem — Topk) He Manu
CTaTUCTHYHO JOCTOBIPHOTO BIUIUBY Ha IHOro IEpBUHHY
cTabUIbHICTh. 3HAYHMH TNPHUPICT BEJIMYMHU TEPBUHHOT
crabuipHOCTI (32 manuMmu anapary Anycheck) BinOyBaBcs
B TPyNax JOCII/PKeHHS MiHIIMILIAHTIB 13 3aHYpeHHsIM Ha |
MM (pe3epoBaHOi NIMHKK IMIUIAHTY B KOPTHKAJIBHY ILIac-
THUHKY KiCTKOBOi TKaHWHH.
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The purpose of the present paper was to conduct a comparative study of the short-term and long-term results of transabdominal
laparoscopic adrenalectomy (TLA) and retroperitoneal adrenalectomy (RPA) to develop clear indications for the use of optimal methods of
endoscopic adrenalectomy.

Materials and methods. A retrospective analysis of the results of endoscopic adrenalectomy was conducted in 472 patients, including 282
with hormone-active tumors of the adrenal glands, operated in 20002021 at the Odesa Regional Hospital (Odesa, Ukraine). The mean age of
the patients was (50.7+0.6) years, with a predominance of women (65.2%).

The results. The duration of surgical intervention in TLA group was (83.1+3.8) min, RPA group — (56.7+4.9) min (p<0.05). Blood loss
in TLA group was (111+7) min, RPA group — (82+9) min (p<0.5). The need for conversion occurred in 8 (4.9%) cases in TLA group and in
3 (2.5%) cases in RPA group (p>0.05). Indicators of the quality of life in remote period after the operation were studied in 76 patients (43 of
TLA group and 33 of RPA group). Our study proved that two years after the intervention the quality of life did not differ in patients of TLA
and RPA groups (67.5 vs. 69.2 points).

Better results of quality of life in RPA group are achieved in patients with smaller hormone-active tumors (r = -0.63 p < 0.05). In TLA
group, the dependence of quality of life on tumor size was lower (r =-0.34 p < 0.05).

Conclusions:

1. The complications rate after RPA is much lower than after TLA.

2. At the long-term period, the use of RPA is associated with a higher quality of life.

3. Retroperitoneal adrenalectomy should be recommended as the method of choice for the surgical treatment of small hormone-active
adrenal tumors.

Keywords: adrenal tumors, surgical treatment, endoscopic interventions, retroperitoneal access, quality of life.
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HAWUBJIMKYI TA BIIJAJEHI PE3YJIbTATH TPAHCHEPUTOHEAJBHOI TA 3AOYEPEBUHHOI
BIIEOEHIOCKOMNIYHOI AJPEHAJEKTOMII V PA3I TOPMOHAJBHO AKTHUBHHUX MNYXJIHAH
HAJHHUPKOBHUX 3AJI03

Ooecvkuti HayionanbHull meouynuil yuigepcumem, Qoeca, Ykpaina

MeTot0 IIHOTO JIOCIPKEHHS OyI0 OPIBHSIHHS KITIHIYHOT €(peKTUBHOCTI Pi3HHX IMTiIXOMIB IO BUKOHAHHS BiJICOCHIOCKOIIYHOT a/IPEHATIEKTOMIl.

[IpoBeneHO pETPOCTICKTHBHMII aHami3 pe3y/brariB JiKyBaHHS 472 TamieHTIB 3 MyXJMHAMH HAaIHUPKOBHX 3aJ03, OIEPOBAHHX
y 2000-2021 pp. Ha 6a3i Onecbkoi obmacHoi fikapHi (M. Omeca, Ykpaina). [TokasaHo, 110 4acToTa YCKIaIHEHb MiC/s PETPOIICPUTOHEATBHOT
anpenanextomii (PITA) 3HauHO HIDKYA, HIX TCIS TpaHCAOMOMHHANBHOI Jamapockomiynoi axpenanexkromii (TJIA). Ha mosrocrpoxoBomy
erari BukopucTtanHs PIIA 1moB’s3aHe 3 BUIIOIO SKICTIO KHTTS. 3204EPEBHHHY aJPEHATICKTOMIIO CITiJ] pEKOMEHIYBAaTH K METOA BHOOPY UL
XipyprigyHOro JiKyBaHHS TOPMOHAJIBHO aKTHBHUX ITyXJIMH HaJHUPKOBUX 3aJ103 HEBEIMKOIO PO3MIpYy.

KitrouoBi ciioBa: myxJMHYM HaJHUPHUKIB, XIpypridHe JTiKyBaHHs, BiI€OCHIOCKONIUHI BTPYJaHHs, PETPONEPHTOHEAIBHHIT TOCTYTI, SIKICTh
KHUTTA.
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Adrenal tumours are rare [1-3]. With the use of
modern medical imaging technologies, it has become
known that the prevalence of adrenal tumours is 4-7%
in people over 40 years of age, rising up to 5-10% at 70
years and older. The similar data were obtained in post-
mortem studies. Most of these tumours do not manifest
themselves clinically. However, from 3 to 30% of all the
adrenal tumours are malignant, and 11-25% are hormone-
active [1]. Conservative treatment of symptomatic adrenal
tumours is ineffective [4].

Since the time of Knowsley—Thornton J., who first
successfully performed adrenalectomy in 1889, scientific
progress has significantly changed approaches to the
surgical treatment of adrenal tumours. A laparoscopic
removal of adrenal tumours has been recently developed,
having significant advantages over laparotomy [5].
Approaches to surgical treatment changed dramatically in
1992, when a Canadian surgeon Gagner M. developed a
laparoscopic technique for the removal of adrenal tumours.
Much later, a Turkish surgeon Marcan S. and a German
surgeon Waltz M. developed the retroperitoneal endoscopic
adrenalectomy technique [6].

Despite ample literature data about the results of
transabdominal laparoscopic adrenalectomy (TLA) [6-9]
and retroperitoneal adrenalectomy (RPA) [10,11], it is not
yet clear which method gives better results.

The aim of the present study was to investigate and
compare shot-term and long-term results of TLA and RPA
in order to develop clear indications for the use of optimal
methods of endoscopic adrenalectomy.

Materials and methods. retrospective analysis of the
results of endoscopic adrenalectomy was conducted in
472 patients (including 282 with hormone-active adrenal
tumours) who were operated at the Odesa Regional Hospital
(Odesa, Ukraine) from January 2000 to December 2021.
The structure of interventions in patients with hormone-
active tumours is shown in Figure 1.
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Fig. 1. Structure of surgical interventions for hormone-
active adrenal tumours

The age of patients ranged from 19 to 79 years (mean age
(50.7+0.6) years); women predominated — 184 (65.2%). The
size of tumours in the largest diameter ranged from 1 to 10 cm.

In order to verify the diagnosis, ultrasound, spiral
computed tomography (CT) of the abdominal cavity
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and magnetic resonance imaging (MRI) were used
[12]. Adrenal hormonal activity was assessed by
urinary methoxycatecholamine excretion, salivary and
blood cortisol levels, renin and aldosterone Ilevels,
dehydroepiandrosterone sulfate and blood electrolytes,
results of dexamethasone stress tests, and ACTH levels.

Indications for unilateral adrenalectomy were hormone-
active adrenal tumours up to 10 cm in diameter. The
patients with pheochromocytoma received high doses of
alpha-blockers (phenoxybenzamine 2—4 mg/kg orally)
before surgery. Patients with aldosteronoma received oral
potassium-sparing diuretics and potassium chloride before
surgery [6].

Unilateral total adrenalectomy was performed by two
experienced surgeons. The single combined anaesthesia
protocol was used for all patients. TLA and RPA were
performed according to the methods described in the
literature [13, 14]. Duration of surgery, intraoperative
blood loss, speed of transition to open surgery, intensity
of postoperative pain, need for analgesics, episodes of
nausea and vomiting, time to oral intake restoration,
time to moving, length of hospital stay and postoperative
complications (trocar hernia, need in hernioplasty) were
recorded. The dynamics of blood pressure and the content
of adrenal hormones in the blood and their metabolites in
the urine were assessed. Postoperative complications were
evaluated during hospitalisation and in 10-14 days, 1, 3,
12, 24, 36, 48 and 60 months after surgery.

The duration of the operation was measured from
the moment of skin incision to surgical wound closure.
Intraoperative blood loss was calculated on the basis of the
saline hematocrit of the irrigation fluid in relation to the
blood hematocrit.

Pain intensity was assessed using the visual analogue
scale (VAS) [15] in 6, 12, and 24 hours after surgery.

In addition, patients’ quality of life was assessed
using the SF-36 questionnaire [16]. For this purpose,
special questionnaires were sent to patients 10-14 days
before surgery and 1, 2, and 3 years after surgery, which
were used to calculate quality of life indicators. The data
obtained were interpreted by individual subscales and a
total weighted score.

The study was conducted in compliance with the
requirements of the Law of Ukraine “On Medicines”
No. 123/96-VR of 04.04.96, Art. 8; Directive 2001/20/
EC of the European Parliament and of the EC Council;
Convention for the Protection of Human Rights and
Dignity of the Human Being with regard to the Application
of Biology and Medicine Convention on Human Rights
and Biomedicine (1997), Section II “Consent”, Section
V “Scientific Research” — Art. 15, 16, 17, the Declaration
of Helsinki: Guidelines for Physicians for Biomedical
Research Involving Human Subjects (1964); WHO
recommendations; requirements of Good Clinical Practice
(GCP); ethical and moral and legal aspects (clause 2.1.)
of the Regulation on the Ethics Commission (Order of the
Ministry of Health of Ukraine No. 66 of 13.02.2006). All
the study participants were informed about the objectives,
organisation, and methods of the study and signed an
informed consent to participate in the study; all measures
were taken to provide patient anonymity during the

ISSN 2226-2008 OAECBKUI MEJIUYHUI JKXYPHAJI Ne 3 (188) 2024



study. The study protocol was approved at the meeting
of the ONMedU Bioethics Committee (protocol la/N
12.02.2000).

The statistical significance of categorical variables was
determined using the y? criterion, and continuous variables
were analysed using the Student’s t-test. All statistical
analyses were performed using Statistica 14.1.25 (TIBCO,
USA) [17].

Results and discussion. All the surgical interventions
were performed successfully. The duration of surgical
intervention in TLA group was (83.1£3.8) min, RPA
group — (56.74+4.9) min (p < 0.05). Blood loss in TLA group
was (111£7) min, RPA group — (8249) min (p < 0.5). The
need for conversion was in 8 (4.9%) cases in TLA group
and in 3 (2.5%) cases in RPA group (p > 0.05).

All patients experienced pain in the postoperative
period. In 6 hours, the pain intensity was (5.3+0.3) points
by VAS scale in TLA group and (2.6+0.2) points in RPA
group. In 12 hours, the pain intensity was (4.94+0.2) points
in TLA group and (2.3+0.1) points in RPA group, and in
24 hours — (3.9£0.2) and (1.9£0.2) points, respectively.
In some patients, nausea (28.2% vs. 19.3%) and vomiting
(16.0% vs. 5.0%) were observed at the postoperative period.

Among 282 patients with hormone-active tumours,
complete normalisation of blood pressure (BP) occurred in
36(25.2%) patients with pheochromocytoma. Normalisation
of BP did not take place in 19 (21.1%) patients with
aldosteroma and 9 (18.4%) patients with corticosteroma;
they continued therapy with antihypertensive drugs. So, the
unilateral adrenalectomy did not help to normalise BP in
22.7% of patients with hormone-active tumours.
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Of 163 patients who underwent TLA, trocar hernias
were observed in 15 (9.2%). Repeated operations for trocar
hernias were performed in 13 patients, in 7 cases by a
laparoscopic approach, in 6 patients by an open approach.
2 patients refused from surgical treatment of trocar hernias
because of advanced age, the bandages were used to prevent
hernia strangulation.

Of 39 patients who underwent transabdominal surgical
interventions after TLA, symptoms of adhesive disease
with partial intestinal obstruction were observed in 8
(20.5%); 6 of them were performed repeated operations for
adhesive intestinal obstruction, 2 — laparoscopic operations,
4 patients had open laparotomy. Hernia formation was not
observed in 156 patients who underwent retroperitoneal
laparoscopic adrenalectomy. Despite the fact that 34
(21.8%) patients underwent abdominal interventions before
RPA, no symptoms of adhesion with clinical signs of partial
intestinal obstruction were detected in any case. So, RPA
has advantages over TLA in the absence of postoperative
hernia formation and adhesive disease with elements of
intestinal obstruction.

In 76 patients (43 of TLA group and 33 of RPA group),
we studied the quality of life in remote period after surgery.
As our studies have shown (Fig. 2), in two years after the
intervention, the quality of life did not differ in patients of
TLA and RPA groups (67.5 vs. 69.2 points).

At the same time, the quality-of-life indicators of patients
with hormone-active tumours were slightly lower than those
with inactive tumours (68.2 vs. 47.4 points, p < 0.05). In 3
years, the quality-of-life indicators improved in both groups
of patients and did not differ significantly in the TLA and

control basic control basic control

in 12 months in 24 months

VT u SF mRE = MH

Fig. 2. Quality of life of patients before and after adrenalectomy:

PP — physical performance

RP — physical role functioning
BP — body pain

GH — general health perception
VT — vitality

SF — social functioning

RE — emotional role functioning
MH — mental health
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RPA groups (80.3 vs. 85.4 points, p < 0.05). The quality-
of-life indicators increased significantly in patients with
hormone-active tumours as compared to the preoperative
level than in patients with hormone-inactive tumours.

Further analysis showed that the best quality of life
indicators in RPA group were achieved in patients with
smaller hormone-active tumours (r = —0.63, p < 0.05). In
TLA group, the dependence of quality of life on tumour
size was less (r =—0.34, p < 0.05).

These results are compliant to observations of other
authors to certain extent. For example, Prudhomme T et al.
(2021) state that both transabdominal and retroperitoneal
approaches for endoscopic adrenalectomy are safe, with
equivalent rates of serious complications and mortality. The
surgical conversion rate is higher for the transperitoneal
approach. The authors believe that the retroperitoneal
approach should be used for small adrenal lesions [10].

In the other work, RPA was shown to be a safe procedure
and provide satisfactory results. The method offers the
additional benefits of direct surgical access, opportunities
for patients with previous abdominal surgery, a high body
mass index and several comorbidities. The authors consider
the possibility of intensive training of surgeons in this
promising method [11].

Conclusions:

1. The incidence of complications after retroperitoneal
adrenalectomy is significantly lower than after
transabdominal laparoscopic adrenalectomy.

2. In the remote period, the use of retroperitoneal
adrenalectomy is associated with a higher quality of life.

3. Retroperitoneal adrenalectomy should be
recommended as a method of choice for the surgical
treatment of small hormone-active adrenal tumours.

The authors declare no conflict of interests.
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Introduction. Heart failure (HF) remains one of the greatest problems today. One of the causes of HF is ischemic cardiomyopathy (ICM).
The prognosis is particularly disappointing and the most difficult to treat patients with concomitant diabetes mellitus (DM) due to the effect of
hyperglycemia on vessels of different caliber and damage to nerve endings.

Cardiac shock wave therapy (CSWT) is one of the most promising noninvasive means of revascularization in the area of chronic myo-
cardial ischemia.

The aim of the study is to evaluate the effectiveness of CSWT in the complex treatment of ICM in patients with type 2 diabetes.

Materials and methods. The study was conducted at the Regional Center for Cardiac Surgery of Odesa Regional Clinical Hospital
(Odesa) in 2012-2022. 100 patients with ICM and type 2 DM were randomly divided into 2 groups. Patients in the first group (n=49) received
standard therapy following current protocols. The second group (n=51) of patients additionally received CSWT complementary to standard
therapy. The treatment results were evaluated at the end of the CSWT course, after 6 months, 1 year, and 2 years.

Results. The additional use of CSWT in patients with ICM with diabetes mellitus, in whom standard therapy was insufficient, showed an
improvement in the quality of life and adherence to treatment. CSWT improves the contractile function of the heart, as evidenced by an increase
in the ejection fraction. CSWT has a direct short-term and indirect long-term effect on the coronary vessels, in particular the microcirculatory part.

Conclusions. 1. The clinical effect of CSWT in patients with ischemic cardiomyopathy and type 2 diabetes mellitus consists in improve-
ment of LV systolic function, increase in exercise tolerance, and reduction of heart failure severity. 2. CSWT has shown high clinical efficacy
and can be recommended for use in patients with ischemic cardiomyopathy on the background of type 2 diabetes mellitus.
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KAPIIOJOTTYHA VIAPHO-XBHUJIBOBA TEPAIIA B JIKYBAHHI IIEMIYHOI KAPIIOMIOIATII
Y XBOPUX HA IIYKPOBHM JIABET 2 TUITY

Ooecvkuti HayioHanbHull meouynuil yHigepcumem, Qdeca, Ykpaina

Merta nOCTiPKEHHS — OLIHUTH €(PEKTUBHICTD KapAi0NOridHO1 ynapHo-xBuiboBoi Tepanii (KYXT) y koMIieKkcHOMY JTiKyBaHHI ieMiqHOT
kapaiomiomnarii (IKMII) y xBopux Ha 11ykpoBuii iadet 2 THILy.

Pesyasrarn. Jlonarkose 3acrocyBanns KYXT y xBopux Ha IKMII Ha i [/], y siknx cranmapTHa Teparris Oyia HeOCTaTHBOIO, BUSIBIIIO
TIOKPAICHHS SKOCT1 )KUTTS, IPUXUIBHOCTI JI0 IKyBaHHS, CKOPOIYBAIIbHY (YHKIIIO CEepILs, IO MiATBEPIKY€eThCs 30inpeHHsM OB Ta Kinb-
KOCTi METpIB, SIKi MOYE MPOITH MALIEHT MiJ{ Yac TeCTy 3 6-XBHIMHHOIO X0Ib00I0.

Bucnosku. 1. Kniniunnii eext KYXT y xBopux na IKMII ta mykposnii giabet 2 Tuily nojsrae y IOKpamieHHi CHCTONIYHOI (yHKIT
JILI, miABUIIEHHI TOJEPAHTHOCTI 0 (hi3MIHOTO HABAHTAXKEHHS TA 3MEHIIECHH] TSHKKOCTI CEpIIeBOi HEIOCTATHOCTI.

2. KYXT noka3aB BUCOKY KITiHI4HY e)eKTHBHICTB i MOKe OyTH peKoMeH/10BaHu# st 3acTocyBanHs y nauieHTis 3 IKMIT wa downi 11 2 Tumy.

Kutrouogi ciroBa: imemiuna kapaiomionaris, ineMigHa XBopoOa ceplys, IyKpoBHii Aia0eT, kKapaioJoTiuHa yAapHO-XBHIILOBA TEparis.

Introduction

Ischemic cardiomyopathy (ICM) is the most common cause
of heart failure (HF) in developed countries, with significant
morbidity and mortality, despite continuous improvements in
the treatment of coronary heart disease [3, 9]. This pathology
may occur as a result of prolonged ischemia either after a
single large acute myocardial infarction (MI) or after repeated
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smaller MIs that cause left ventricular (LV) dysfunction and
myocardial remodeling [5, 12].

One of the main clinical consequences of ICM is
chronic heart failure (CHF), one of the most serious health
problems in the developed world. According to scientists,
more than ten million people in Western Europe, or more
than 3 per cent of the population, suffer from CHF (over
300.000.000) [6].

According to national registries and epidemiologic
studies in different European countries, the prevalence of
CHF among the adult population ranges from 1.5 to 5.5%
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and increases with age. At the same time, 10—15% of people
over 70 years old have CHF [6]. According to the literature
data, at least 30% of cases are caused by ICM [12]. This
is especially true for patients with concomitant diabetes
mellitus (DM). On the one hand, chronic uncontrolled
hyperglycemia has an extremely negative effect on large-
caliber vessels, leading to rapid and severe progression
of atherosclerosis. Microangiopathy develops almost
simultaneously, resulting in the frequent ineffectiveness
of classical operations for coronary heart disease (CHD),
which allow opening of large vessels but are unable to
affect the microcirculation. The diabetic autonomic
neuropathy, which causes, in particular, painless forms
of CHD, is a great problem. The scientists are searching
for different ways to help patients with chronic coronary
syndrome and ineffective surgical revascularization
in the past.

Cardiac shock wave therapy (CSWT) is one of the most
promising non-invasive revascularization tools in the field
of chronic myocardial ischemia. Experimental studies have
shown that CSWT can induce shear stress on endothelial
cells and trigger a complex cascade of short- and long-
term responses leading to angiogenesis [7]. An immediate
increase in blood flow due to local vasodilatation and
formation of new capillaries in treated tissues was detected
[7; 15]. The effects of CSWT on the heart have been studied
in clinical trials since 1991.

The Cochrane review analyzed the effectiveness of
CSWT in patients with stable angina. The 39 studies
involved 1.189 patients. The largest of these studies included
111 patients. All selected studies showed significant
improvement in subjective angina symptoms and/or
quality of life, and most studies showed improvement in
LV function and myocardial perfusion. Overall, CSWT is
a promising non-invasive method for patients with severe
or poorly controlled coronary artery disease, but data are
limited to small samples of single-centre studies [15].

The aim of the study is to evaluate the effectiveness
of CSWT in the complex treatment of ICM in patients
with type 2 DM by evaluating the dynamics of structural
and functional parameters of the LV, patients’ tolerance to
physical activity and quality of life indicators.

Material and methods

The study was conducted at the Regional Center for
Cardiac Surgery of Odesa Regional Clinical Hospital
(Odesa) in 2012-2022. 100 patients with ICM and
type 2 DM were included in an open-label, controlled,
prospective, and single-center study. The following
criteria were used to diagnose ICM: decreased myocardial
contractility (LVEF (left ventricular ejection fraction)
<40% according to echocardiography) due to coronary
heart disease (patients either had a history of infarcts and/or
critical changes on coronary ventriculography). Inclusion
criteria: men and women of 42 to 78 years old diagnosed
with ICM and concomitant type 2 DM; regular use of
prescribed therapy for at least 1 month before inclusion
and insufficient effectiveness of drug treatment (patients
had clinical signs of heart failure and reduced ejection
fraction), LVEF less than 40%, confirmed coronary artery
disease (history of coronary angiography). Verification of
the diagnosis of ICM and type 2 DM was performed in
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accordance with European and North American guidelines
[1; 5; 14]. Exclusion criteria: acute coronary syndrome for
less than 30 days, presence of thrombi in the LV cavity,
severe decompensated DM, acute heart failure, active
cancer, life expectancy less than a year, alcohol or drug
dependence, terminal hepatic or renal failure. All patients
voluntarily signed the initial intake form No. 003-6/0
“Informed voluntary consent of the patient to diagnosis,
treatment, surgery and anesthesia and to the presence or
participation of participants in the educational process”,
approved by the Order of the Ministry of Health of Ukraine
No. 110 dated February 14, 2012 (as amended by the
Order of the Ministry of Health of Ukraine No. 2837 dated
December 09, 2020).

The patients were randomly divided into 2 groups.
The patients in the first group (n=49) received standard
therapy for CHD and DM according to current standards.
The second group (n=51) of patients received CSWT in
addition to the standard therapy. Treatment results were
evaluated after the end of the CSWT course, in 6 months,
1 year and 2 years.

The study protocol was created in accordance with
the recommendations of the Consolidated Standards
of Reporting Trials (CONSORT) for randomized trials
in parallel groups [8], and the study was conducted in
accordance with good clinical practice, the Declaration of
Helsinki, 2013.

The technique of the procedure, indications and
contraindications were in accordance with the recommended
international protocol for CSWT using the Medispec
Cardiospec device (Medispec Ltd., Germantown, Maryland,
USA) [11]. The treatment consisted of 9 sessions, 3 sessions
each at weeks 1, 5 and 9. During one procedure, 2-3 zones
of hibernating myocardium were treated with 100 pulses
per zone. The principle of operation of Cardiospec is
electrohydraulic. A high voltage generator creates an electric
discharge in a chamber filled with water. A micro-explosion
then occurs underwater, producing a high-energy shock
wave. The wave is reflected from the ellipsoidal surface
of the chamber, passes through the rubber membrane and
is focused in the target area of the myocardium (Fig. 1).
Treatment does not require anesthesia [13].

¥ 1 fr‘rf— In-line echo

Fig. 1. Cardiac shock wave therapy procedure
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At the time of inclusion in the study and at visits after
3, 6, 12, 24 months of follow-up, quality of life (QOL)
parameters of patients were assessed using the EQ-5D-5L
questionnaire [4], adherence to treatment using the
Morisky-Green questionnaire [2], NYHA functional class
of heart failure, transthoracic echocardiography (TTE)
with LVEF measured with the Simpson method (ESAOTE,
MyLab 40 (Esaote Ltd, Maastricht, The Netherlands)),
areas of hibernating myocardium were determined
by stress echocardiography with dobutamine, stress
echocardiography was performed in dynamics to monitor
changes in the location and size of hibernating myocardial
zones [10]. The mean duration of follow-up was 24 months.

Statistical analysis was performed using Statistica 13.0
(TIBCO, USA). Continuous data with normal distribution
are expressed as mean * standard deviation and were
compared using paired t-test at baseline and follow-up.
Categorical data are expressed as frequency (n) or ratio
(n/N) and compared using chi-square test. Rank data were
tested using non-parametric rank sum test. A value of two-
sided p<0.05 was considered statistically significant.

Results

Both groups consisted predominantly of men. At the
time ofinclusion, patients in groups 1 and 2 were comparable
in age, fasting glycaemia and glycated haemoglobin levels,
heart rate and blood pressure (Table 1).

All patients had CHD with reduced EF at the time of
inclusion, and in both groups more than half of the patients
had NYHA class III. All patients had a history of coronary
angiography, which revealed coronary vessel lesions >70%.

At the beginning of the study, patients in both clinical
groups were taking several medications, usually more than
5 drugs. In most patients, all the recommended classes
of prognosis-modifying drugs were represented (83%
in group 1 and 85% in group 2. The distribution of drug
groups received by patients is shown in Table 1).

The areas of hibernating myocardium identified by
stress echocardiography with dobutamine were exposed
to shock wave impulses. In group 1, the average number
of myocardial hibernation zones was 1.9+0.1, in group 2 —
2.0+0.1, p=0.9.

The average follow-up period was 1.8 years.

At the beginning of treatment (at the time of inclusion
in the study), the average level of treatment adherence was
3.7#0.1 and 3.6£0.1 (p=0.9) in groups 1 and 2, respectively.
When assessing the level of patient compliance in both
clinical groups, it was found that adherence to therapy
improved over time in group 2. So, if in group 1, a year
after the start of therapy, the average score was 3.1+0.3,
then in group 2 it was 2.2+0.2 (p =0.03). After a 2-year
follow-up, treatment adherence was 2.5+0.4 in group 1 and
2.1+£0.3 in group 2. This corresponded to a low level of
adherence in both groups. Increased adherence to treatment
in both groups is primarily due to more frequent visits to
the doctor and more careful monitoring by medical staff.

According to the results of the EQ-5D-5L questionnaire,
patients in group 1 rated their quality of life at 48+5
points, and patients in group 2 — 51+7 points at the time of
inclusion in the study. Patients in group 1 rated their quality
of life at 3 months at 55+4; 6 months at 62+5; 12 months
at 5846, and 24 months at 52+4 points. Accordingly,
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Table 1
Comparison of clinical characteristics of patients
in groups 1 and 2 at the time of inclusion

Group 1 Group 2

Parameter (n=49) (n=51) p
Gender, % men/women 84.1/15.9 86.3/13.7 0.50
Age, years 62+6.8 62.5+5.5 0.11
Fasting blood glucose, 7.4+1.2 7.7+1.3 0.15
mmol/l
HbAIL_, % 7.8+1.1 8.2+1.2 0.10
Heart failure
I FC, % 34.5 28.2 0.08
NI FC, % 56.8 63.5 0.25
IV FC, % 8.7 8.3 0.13
LVEEF, % 34.4+4.6 35.243.2 0.22
Heart rate, beats/min 84.3+11.3 85.6+13.1 0.40
Systolic BP, mm Hg 131.9£17.8 | 128.5¢17 | 0.27
Diastolic BP, mm Hg 79.5+13.5 75.5+9.0 0.08
Drug therapy, % of
patients
— angiotensin-converting 80 85 0.38
enzyme inhibitors/
angiotensin receptor
blockers 71 63 0.08
— beta blockers 41 47 0.14
— mineralocorticoid
receptor antagonist 29 25 0.33
— sodium-glucose
co-transporter 2 inhibitors 94 96 0.16
— diuretics 86 88 0.09
— antiplatelet drugs 71 73 0.08
— statins

patients in group 2 assessed the quality of life at 3 months
at 59+£5, 6 months at 75+£3, 12 months at 68+4 and
24 months at 60+7 points (Fig. 2).

Questionnaire EQ-5D-5L, quality of life
80

70
60 % 60
50
40

30

20

Beginning Month 3 Month 6 Month 12 Month 24

group 1 e group 2
Fig. 2. Comparison of the quality of life in the groups

The dynamics of changes in LVEF during follow-up is
shown in Figure 3. The addition of CSWT to the standard
therapy of patients with ICM and concomitant type 2 DM
leads to improvement in LV systolic function. Both groups
showed an increase in EF compared with baseline (group
1 —(34.4+4.6)%, group 2 — (35.243.2)%, but in group 2 the
changes were more pronounced. From 3 months onwards,
some differences were observed between the groups.
By the third month of follow-up they were insignificant
(group 1 — (39.2+1.1)%, group 2 — (42.442.2)%), but
pronounced — by the sixth month (group 1 — (38.1+1.8)%,
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group 2 — (45.9+2.1)%). After 12 months of the follow
up, statistically significant differences between the groups
persisted (group 1 — (36.3+£2.2)%, group 2 — (43.0£3.1)%).
After 24 months, LVEF almost returned to baseline in group
1 (35.8+0.7)%. In group 2, LVEF gradually decreased, but
remained statistically higher than the baseline (42+0.7)%
(Fig. 3). Positive changes in LVEF in group 2 indicate the
compliance of the applied dose load with CSWT.

48
46
44
42
40
38
36
34
32
30

before

month 3 month 6 month 12 month 24
treatment
—e—group 1 34,4 39,2 38,1 36,3 35,8
—=—-group 2 35,2 42,4 45,9 43 42

Fig. 3. Dynamics of LVEF in clinical groups

Discussion of the results

Atthe time of inclusion in the study, standard drug therapy
was poorly effective in all patients, which allowed us to
randomize patients into groups. The additional use of CSWT
in patients with ICM and DM, in whom standard therapy was
insufficient, showed an improvement in the quality of life and
adherence to treatment. Improved adherence to treatment,
in turn, improved the course of ICM, most likely due to
frequent visits to the doctor, greater control and motivation.
Improved quality of life also encouraged patients to pay
more attention to therapy. CSWT has a positive effect on the
quality of life of patients with ICM and type 2 DM, reduces
patient’s dependence on outside help, improves emotional
state and perception of their own health.

CSWT improves the contractile function of the heart,
which is confirmed by EF increase. A difference in
performance was observed as early as month 3, but it was

statistically insignificant. After 6 months of the study, there
was a statistically significant trend between the groups (by
the 6th month LVEF in group 1 was (45.9+0.7)%, in group
2 — (38.1+£0.9)%, p=0.09). In 24 months, the indicators in
both groups almost returned to the initial ones. However,
in group 2, there was a tendency to improve EF, and
quality of life even compared to the initial values. These
changes may be due to the following factors: increased
supervision by medical staff and CSWT effect. CSWT
has a direct short-term and indirect long-term effect on
coronary vessels, in particular the microcirculatory part.
According to the researchers, CSWT causes a temporary
dilation of the coronary arteries by stimulating NO
production. In the long-term period local exposure to
electromagnetic waves stimulates angiogenesis of small
vessels [12]. These processes are especially relevant for
patients with DM, which is characterized by a combination
of macroangiopathy and microangiopathy. During the
follow-up period, 8 patients in the first group and 4 patients
in the second group died of MACE. The difference is not
statistically significant, but we see a tendency to better
survival of patients who underwent CSWT.

Considering that the maximum changes were observed
6 months after the start of CSWT procedure, and after
2 years of the study in the patients of the second group there
was a tendency for all parameters to return to the baseline
level, it makes sense to repeat the CSWT to achieve a better
and longer effect.

Conclusions:

1. The clinical effect of CSWT in patients with ICM
and type 2 DM lies in the improvement of the quality of
life (assessed by the EQ5D questionnaire) and the state of
myocardial contractility (as measured by an increase in
EFLV).

2. There is a tendency to improve treatment adherence
in both groups, which is mainly due to more frequent visits
to the doctor and more careful monitoring by medical staff.

3. CSWT has shown high clinical efficacy and can be
recommended for patients with ischemic cardiomyopathy
and type 2 diabetes mellitus.
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Aim. To study the effectiveness of using sulodexide in the complex treatment of patients with arterial hypertension with accompanying
diabetes in the post-COVID period.

Methods. According to the inclusion criteria, 87 patients with hypertension and concomitanttype 2 diabetes participated in the study.
Patients were included in the study after having COVID-19 at an average of 57.82+3.2 [46—112] days after the onset of infection. The first,
main group, consisted of 45 patients who additionally used sulodexide capsules (250 LO twice a day for 3 weeks) against the background of
the basic treatment of hypertension and diabetes. The second (control) group consisted of 44 patients, who received only the basic treatment
of hypertension and diabetes.

Results. It was established that the use of sulodexide (250 LO twice a day for 3 weeks) in the complex treatment of patients with hyper-
tension and diabetes in the post-COVID period compared to the control group was accompanied by a reliable disappearance or reduction of
the symptoms of the post-COVID syndrome, an additional decrease in blood pressure, a significant decrease in the ankle-brachial index, which
indicated improvement in peripheral blood circulation and quality of life of these patients.

Conclusions. Addition of sulodexide capsules to basic therapy in patients with hypertension and concomitant diabetes mellitus contrib-
utes to increasing the effectiveness of complex treatment, as evidenced by the reduction of symptoms of long post-COVID syndrome against
the background of improvement in the course of comorbid pathology, improvement in the quality of life of patients.

Key words: arterial hypertension, diabetes mellitus, COVID-19, post-COVID period, sulodexide.
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E®OEKTUBHICTb BUKOPUCTAHHSA CVYJAOJEKCUAY Y KOMIIVIEKCHOMY JIIKYBAHHI XBOPHUX
HA APTEPIAJIBHY I'IEPTEH3IIO 3 CYITYTHIM IYKPOBUM JIABETOM Y IOCTKOBIJJHOMY NEPIOAI

Ooecvkuil HayioHanbHutl meouynuil yHigepcumem MO3 Ykpainu, Odeca, Ykpaina

Mertoro pociiukeHHs Oyin0 BUBYNTH e(EKTHBHICTb BUKOPUCTAHHS CYJIOAEKCHUIY Y KOMIUIEKCHOMY JiKyBaHHI XBOPHX Ha apTepiajbHy
rineprensito (Al') 3 cymyTHiM mykpoBum aiaberom (LIJ1) y noctroBigHOMY mepioni. Y DOCHIDKEHHI BiANOBIAHO JI0 KPHTEPIiB BKIIOUYCHHS
TpUAHAIN y4acTh 87 mamieHTiB, xBopux Ha Al i3 cymyrtrim L] 2 Tumy. [lanienTn Oynu BKITIOYEHI O JOCIHIHKEHHS IMICIs MEPEHECEHOTO
COVID-19 B cepennbomy uepes 57,82 + 3,2 [46—112] nuiB nicng noyarky indekuii. Cepenniit Bik craHoBuB 57,8 +3,9 pokis.

Pesyasraru. Beranosiero, mo 3acrocyBanss cynonexcuay (mo 250 JIO Bivi Ha ieHb IPOTATOM 3-X THXKHIB) Y KOMIUIEKCHOMY JIIKYBaHHI
namienTis 3 Al Ta LI/ y mocTKoBiZHOMY mepiofii MOPiBHAHO 10 KOHTPOJIBHOI TPYIH CYNPOBOIKYBAIOCH JOCTOBIPHAM 3MEHIICHHSM MPOSBiB-
TMIOCTKOBIZIHOTO CHH/IPOMY, OKpPAIAHHAM NMepH(pEPUIHOTO KPOBOOOITY Ta MOKA3HUKIB SKOCTI KUTTS LIHX MALliEHTIB.

KutrouoBi ciioBa: aprepianbsHa rineprensis, mykposuii giader, COVID-19, TpuBaimii MoCTKOBIIHUI CHHAPOM, CYJIOEKCH]L.

Introduction. The combination of arterial hypertension
(AH) and diabetes mellitus (DM), taking into account
the common pathogenetic mechanisms of occurrence
and progression, leads to a significant increase in micro-
and macrovascular disorders and a risk increase of
cardiovascular complications [1, 2].

The guidelines of the European Society of Cardiology
(ESC) [3] and the European Society of Hypertension [4]
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recommend considering the presence of diabetes mellitus
with or without target organ damage when classifying the
stage of arterial hypertension.

It has been established that coronavirus disease
2019 (COVID-19) in patients with hypertension with
accompanying diabetes mellitus causes deterioration
of blood pressure (BP) control, functional state of the
cardiovascular system (CVS), and deterioration of
carbohydrate metabolism indicators, which persist in the
post-COVID period [5, 6].

Long-lasting COVID is a clinical syndrome
characterized by the persistence or development of
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symptoms caused by COVID-19 for at least 4 to 12 weeks
after the initial infection [7]. In the TUN-EndCOV study
[8], patients with long post-COVID, most of whom had
hypertension (in 36.9%) and diabetes mellitus (27.9%),
were found to have long microvascular and endothelial
dysfunction, which may explain the large number of
symptoms of long COVID-19. In a subsequent publication
[9], the authors demonstrated that the use of sulodexide in
patients with long post-COVID syndrome (PCS) improves
endothelial function and reduces symptoms provoked by
COVID-19.

The above substantiates the relevance of further
research on using sulodexide in the post-COVID period
with this comorbid pathology.

The aim of the study was to investigate the efficacy
of sulodexide in the complex treatment of patients with
arterial hypertension with concomitant diabetes mellitus in
the post-COVID period.

Materials and methods. It is an open comparative
study with a prospective set of patients under inclusion
and exclusion criteria. The study was conducted at the
Center for Reconstructive and Restorative Medicine
(University Clinic) of Odesa National Medical University
(ONMedU) from November 2021 to December 2023.
The study was carried out pursuant to the Protocol
approved by the Commission on Bioethics of ONMedU
(protocol No. 2/21 dated 18.10.2021) and conducted in
accordance with the written consent of the participants
and the principles of bioethics set forth in the Declaration
of Helsinki “Ethical Principles of Medical Research
Involving Humans” and “Universal Declaration of
Bioethics and Human Rights (UNESCO)”. Before
inclusion in the study, patients gave informed written
consent to participate in the study.

Following the inclusion criteria, 87 patients with arterial
hypertension (AH) with concomitant type 2 diabetes
mellitus (T2DM) who suffered from COVID-19 infection
more than 4—12 weeks ago were included in the study. The
mean age was (57.8 +3.9) years.

The criteria for inclusion in the study were as follows:
male and female patients aged 45-74 years, duration of
hypertension and diabetes for at least a year, presence of
symptoms of post-COVID syndrome or worsening of the
general condition that last longer than 4-12 weeks after the
coronavirus infection, signing of the informed consent to
participate in the study. Among the 19 exclusion criteria,
special attention was paid to decompensated chronic
diseases and conditions with a life expectancy of less than
1 year, for women of childbearing age — pregnancy or
breastfeeding, taking anticoagulants and known disorders
of the blood coagulation system.

All patients underwent a comprehensive clinical
examination, in which complaints were taken into account
(their severity and duration, the relationship of symptom
amplification with exercise, stress, dietary disorders);
anamnestic data were analysed (duration of hypertension
and diabetes mellitus, frequency of exacerbations, family
history, etc.); information on other comorbidities, in
particular COVID-19, was collected. Particular attention
was paid to assessing the efficacy of drugs of basic therapy
for hypertension and diabetes, the presence of allergies
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or intolerances to the drugs that patients were using, and
patients' adherence to treatment in general.

The patients were divided into 2 groups depending
on ttherapy. The first (main) group included 43 patients
who additionally used sulodexide (VesselDue, Alfasigma
Sp.A., Italy, 250 IU twice a day for 3 weeks) against the
background of baseline therapy of AH and T2DM. The
second (control) group included 44 patients, who received
only the basic treatment of AH and T2DM. Information
on COVID-19 infection was obtained from the outpatient
records of patients who were treated as outpatients by a
family physician and from the inpatient records of patients
who were treated in a hospital setting.

Patients in both groups underwent general clinical
examination at the first visit and 3 weeks later at the second
visit, namely: collection of complaints and anamnesis
with analysis of previous medical records, objective
clinical examination, office blood pressure measurement.
Anthropometric data (body weight, height, body mass
index (BMI), waist circumference) were necessarily
recorded. Body weight calculated with BMI was measured
at each patient visit. In addition to the general clinical
examination, the level of office blood pressure (BP office),
ankle-brachial index ABI, home blood pressure monitoring
(HBPM), electrocardiography (ECG), and transthoracic
echocardiography (TTE) were analyzed in detail.

Verification of symptoms of post-COVID syndrome,
which lasted longer than 4 weeks after the onset of the
coronavirus disease, was carried out in accordance with the
generalized recommendations of NICE, SIGN, and RCGP
rapid guideline [7].

In all patients, the risk of the probability of developing
cardiovascular complications within 10 years was
calculated using the SCORE2 scale, in which patients with
diabetes mellitus were included in the risk calculation [10].

Fatigue was assessed using a modified fatigue severity
scale [11, 12]

Quality of life indicators of patients were assessed
using the validated EQ-5D questionnaire developed by the
European Quality of Life Research Group [13].

Statistical processing of the obtained data was carried
out using Microsoft Excel 2013 (Microsoft Corporation,
USA, 2013) and Statistica 6.0 (StatSoft, version 13.3.721)
computer programs. Fisher's test was used to check the
groups of the studied patients for normal distribution.
In case of normal distribution, parametric methods of
statistical processing of the obtained data were used. The
average values were marked by M, the error by m. The
indicators are given as the average value and the standard
error of the average value (M £ m). The probability of the
difference in indicators was calculated using the ? test and
Student's t-test with normal distribution of values. The
results of comparison under conditions of p<0.05 were
considered reliable [14].

Results and their discussion. 87 patients were
randomized to the study after past COVID-19 on average in
(57.82 £3.2) [46—-112] days after the onset of the infection.
The groups of patients who were divided into the main
and control groups were approximately identical by age,
gender, duration of hypertension, type 2 diabetes, and the
post-COVID period (Table 1).
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Table 1
Characteristics of patients with arterial hypertension with accompanying diabetes who were included in the study
Group 1 Group II (control
Index (main) (£=43) p(n=4§4) ) P
Age, M + m, years 58.7+3.9 56.8 +4.8 >0.05
Men, n, % 24 (55.8%) 25 (56.8%) >0.05
SBP level, M = m, mmHg 153.8+3.7 159.8 +£3.2 >0.05
DBP level, M £ m, mmHg 86.7 4.1 89.3+49 >0.05
;’;‘Tﬁf glucose evel, 8.9+0.9 92+ 1.1 >0.05
BMI (kg/m?) 33.0+3.3 29.3+2.7 >0.05
AH duration, M + m, years 52+0.9 4.4+1.1 >0.05
T2DM duration, M + m, years 39+0.9 41+1.2 >0.05
Post-COVID period duration (M + m, days) 54.9+8.2 60.4 +7.8 >0.05
COVID-19, which required hospitalization (n, %) 9 (20.0) 11 (25.6) >0.05

Notes: 1. Data of quantitative indicators are presented as (M = m) — mean value + mathematical error of the mean. 2. the comparison
of percentages between groups was carried out using the y? criterion 3. the difference was considered reliable at p<0.05. 4. AH is arterial
hypertension. 5. BP — blood pressure. 6. DBP — diastolic blood pressure.7. BMI — body mass index. 8. SBP — systolic blood pressure.

9. T2DM- 2 type diabetes mellitus

The analysis showed that according to the main
indicators of clinical characteristics, age, sex, duration of
diseases, and the patients of both groups were comparable
(Table 1).

The basic therapy of AH, following the international
recommendations of ESC/ESH [3, 4], included the use
of angiotensin-converting enzyme inhibitor (ACEI) or an
angiotensin receptor blocker (ARB) in combination with a
calciumchannelblocker,amlodipine orhydrochlorothiazide.
The proportion of patients who received double
antihypertensive combinations of ACEI in combination
with hydrochlorothiazide or amlodipine in the main group
was 35.0%, in the control group —33.3% (p>0.05), ARB in
combination with hydrochlorothiazide or amlodipine in the
main group was 45.0%, in the control group—41.7% (p>0.5).
The triple antihypertensive combination (ACEI or ARB in
combination with hydrochlorothiazide and amlodipine in
the main group was 20.0%, in the control group — 25.0%
(p>0.5). Metformin was included in the basic therapy of
DM 2 in most patients in combination with glimepiride
(83.3% in the main group and 80.0% in the control group
(p>0.5)). Triple combination of antidiabetic drugs, which
included metformin in combination with glimepiride
with the addition of dapagliflozin or empagliflozin, was
received by 11.7%. patients of the main group and 13.3%
of the control group (p>0.5)). Only 3 (0.5%) patients of
the main group and 4 (0.7%) patients of the control group
received metformin monotherapy (p>0.5). That is, in the
main group and the comparison group, the composition
of basic therapy for hypertension and diabetes was almost
similar. 14 (23.3%) patients of the control group and 16
(26.7%) of the main group additionally received sulodexide
capsules of 250 IU twice a day. All patients were also
prescribed statin therapy with atorvastatin or rosuvastatin
in mean therapeutic doses. All patients were also given
recommendations for dosed physical activity, which are
approved by the World Health Organization for patients
who were ill with COVID-19 [15].

The majority of patients (78.2%) had symptoms of
long post-COVID syndrome, which was already described

earlier [5]. Most often, complaints of headache, cough,
palpitations, and general weakness were registered in
patients with this comorbid pathology.

After the correction of the complex treatment of
hypertension and diabetes mellitus at the 2nd visit after
3 weeks, the patients of both groups, especially those
who additionally received sulodexide, had reduction in
symptoms of post-COVID syndrome (Table 2).

Table 2 shows that the patients of both groups suffering
from hypertension with accompanying diabetes in the post-
COVID period had a decrease in symptoms of post-COVID
syndrome after treatment, especially the patients of the main
group. However, the patients who used sulodexide had a
significant decrease in complaints of increased fatigue,
general weakness, sweating, and muscle pain. It should
be emphasized that when using sulodexide in the complex
therapy of this comorbid pathology in patients included in
the study, in all cases no side effects or violations of clinical
and laboratory parameters were observed.

In patients with arterial hypertension and concomitant
diabetes mellitus, 32 (74.4%) people in the main group and 34
(77.3%) people in the control group (p>0.05) had uncontrolled
arterial hypertension in the post-convulsive period, which was
reflected in the blood pressure indicators in the middle groups
regardless of whether the patients took antihypertensive
drugs. In both groups, 3 weeks after treatment correction, a
decrease in blood pressure was observed, but this decrease
was significant only in the main group (Table 3).

In the group of patients in which sulodexide was used
in the complex treatment, an improvement in peripheral
blood circulation was also observed, which was reflected
in a significant increase in ABI in the main group (Table 3).

The additional reduction in blood pressure and
improvement in peripheral circulation in patients of the
main group can be explained by the fact that sulodexide has
an endothelium-modulating effect. Our data confirm the
results of the study [9], in which the inclusion of sulodexide
capsules in the complex therapy of patients who had signs
of reduce the symptoms of post-COVID syndrome and
improve endothelial function.
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Table 2

The frequency of detection of symptoms of long post-COVID syndrome in patients with arterial hypertension
and concomitant diabetes mellitus after complex treatment (n, %, p)

Group 1 -
Indices (main) (n=43) p Group II (control) (n=44) p
1tvisit 2"dyisit 1stvisit 2"dvisit
24 5 27 9 <0.001
Headache (55.8%) (11.6%) <0.001 (61.4%) (20.5%)
19 12 21 14
Cough (44.2%) (27.9%) 0.10 (47.7%) (31.8%) 0.11
. 38 11 40 34
Fatigue, general weakness (88.4%) (25.6%) <0.001 (90.9%) (77.3%) 0.08
o 3 14 11
0,
Muscle and joint pain 12 (27.9%) (6.9%) 0.011 (31.8%) (25.0%) 0.44
. 11 4 13 8
Sweating (25.6%) (9.3%) 0.047 (29.6%) (18.2%) 0.210
. 21 17 24 22
Smell disorder (48.8%) (39.5%) 0.34 (54.6%) (50.0%) 0.67
. 8 8 7 6
Taste disorder (18.6%) (18.6%) - (15.9%) (13.6%) 0.76
. 22 11 23 18
Sleep disorder (51.2%) (25.6%) 0.015 (52.3%) (40.9%) 0.29
Patients having 1 PCS 33 14 37 21
symptom (76.7%) (32.6%) <0.001 (79.6%) (47.7%) <0.001
Patients having 2 or more 14 3 15 o
PCS symptoms (32.6%) (6.9%) 0.003 (34.1%) 12(27.3%) 0.026

Notes. 1. comparison of percentages between groups was carried out by the y? criterion. 2. the difference was considered reliable at

p<0.05. 3. PCS — post-COVID syndrome.

Table 3

Changes in blood pressure indices and ankle-brachial index in patients with arterial hypertension combined
with diabetes mellitus depending on the type of treatment, M+m,

Indices Main group, n=43 p Control group, n=44 p
SBP, mmHg:
visit 1 153.843.7 159.8£3.2
visit 2 1342+ 42 <0.05 1446 +59 >0.5
DBP, mmHg:
visit 1 86.7+ 4.1 g?g i ‘5"2
visit 2 79.8+4.4 <0.05 ’ ’ >0.05
ABI ‘V’I“SI‘thle left: 0.74+0.05 o001 0.76£0.07*
. 0.89+0.04 ) 0.82+0.05 >0.05
visit 2
ABI %I;sti}t‘el“ght: 0.75+0.04 0,05 0.76+0.06*
visit 2 0.86+0.05 ) 0.81+0.04 >0.05

Notes:

1. ABI — ankle-brachial index.

2. DBP — diastolic blood pressure.
3. SBP — systolic blood pressure.

The reliability of the difference in indicators between the 1st and 2nd visits of each group is indicated by p.

The analysis of the hypoglycemic therapy effectiveness
showed that after 3 weeks of treatment, the target fasting
glucose level (less than 7.0 mmol/l) in the main group
was achieved in a significantly greater number of patients
compared to the control group (respectively, in (44.2+7.6)%
of patients against (20.5+6.1)%, p<0.01).

The disappearance or reduction in the severity of
symptoms of long post-COVID syndrome, a decrease
in blood pressure, and an improvement in peripheral
hemodynamics resulted in an improvement in the quality of
life (EQ-5D questionnaire) of patients. In particular, in the
main group, the integrated quality of life index increased
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from (46.4£6.1) to (65.3+5.4) points (p<0.05), and in the
control group, not so significantly — from (47.8+4.8) to
(59.1£5.6) points (p>0.05).

Therefore, after suffering from COVID-19, many
patients continue to experience symptoms of long post-
COVID syndrome, and the course of hypertension with
concomitant diabetes mellitus worsens, which significantly
affects the quality of life of these patients. It was established
that the use of sulodexide in the complex treatment of
patients with hypertension and diabetes in the post-COVID
period, compared to the control group, was accompanied by
a reliable disappearance or reduction of the manifestations
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of the post-COVID syndrome, an additional decrease
in blood pressure, an improvement in peripheral blood
circulation, which was manifested by a reliable increase in
the ankle-brachial index, an improvement of the quality of
life indicators.

Conclusions. Addition of sulodexide capsules to basic
therapy of patients with hypertension and concomitant
diabetes mellitus contributes to increasing the effectiveness
of complex treatment, as evidenced by the reduction of
symptoms of long post-COVID syndrome against the

background of improvement in the course of comorbid
pathology, improvement in the quality of life of patients.

Prospects for further research

Studies of the optimal dosage and duration of sulodexide
use in comorbid pathology, in particular in hypertension
and diabetes mellitus, combined macro- and microvascular
disorders, in patients with other cardiovascular pathology
are considered promising.
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GEOCHEMICAL AND ANTHROPOGENIC PREDICTORS OF DENTAL CARIES IN A POPULATION OF
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Yvan Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine, Ternopil, Ukraine

?Odesa National Medical University, Odesa, Ukraine

3Private practice, Ternopil, Ukraine

Today, the harmful effects of geochemical and anthropogenic predictors are provocative factors for the development and activity of dental diseases.

The aim of the study is to objectively study the ecological and hygienic environment, its influence on the content of micro- and macro-
elements in hair, oral fluid, and the condition of the hard tissues of the teeth in 6-year-old children.

Materials and methods. Toxico Hygienic studies of drinking water of Ternopil city, macro- and micro-element composition of hair of
6-year-old children were carried out. To determine the prevalence of dental caries, 252 children aged 6 were examined, of whom a representative
group of 30 children, accurately representing the composition of the studied population, was selected. Clinical and laboratory studies included
the determination of the intensity of dental caries and the mineral balance of oral fluid (content of calcium, inorganic phosphorus, fluoride).

Results. The total mineralization of water was 496.0 mg/dm 3, which is 2-3 times below the norm. The content of essential elements was
lower than the norm almost 30 times, and the fluoride content was only 0.19 mg/dm?®. The content of iron exceeded the normative indicators by
22 times. Nitrites and toxic microelements exceeded the maximum permissible values. X-ray fluorescence analysis of children’s hair confirmed
anthropogenic load: excess of toxic microelements of strontium, lead, insufficient content of essential elements of potassium, iron, copper,
manganese, selenium, iodine, etc. We found symbatic changes in the microelement composition of hair and oral fluid in children. Violation
of the mineralizing function of saliva was revealed: low content of calcium and fluoride and predominance of phosphates in oral fluid; the
Ca/P ratio was 0.0940.01. The prevalence of dental caries in 6-year-old children was 75% with an intensity of lesion cf+CFE=6.57+0.36. The
obtained data indicate the influence of environmental factors, of which geochemical and anthropogenic are particularly significant for the
intensity of dental caries.

Key words: dental caries, children, ecotoxicants, essential elements.
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Beryn. CyuacHi J110AM KHBYTh y HOBHX COL[aJIbHO-
€KOHOMIYHUX YMOBAaX, HECHPHUSTINBI aHTPOIOreHHI (ak-
TOPH SIKMX € PeallbHOIO 3arpo3010 JUIsl 310POB’S JHOAEH.
€Bporieiicbke perioHangbHe 0opo BcecBiTHROI opraniza-
1ii OXOPOHU 3I0POB’S PO3POOHIIO MPOTrPAMHUIT TOKYMEHT
«3mopoB’ss XXI — 3mopoB’st mist Bcix y XXI cromiTri»
[1]. YV HPOMY BHUCBITIICHI OCHOBH IOJITHKH OCSTHCHHS
30POB’Sl JUIA BCIX, Y TOMY YHCIi i CTOMATOJOTI9HOTO
3I0POB’Sl HACEJICHHS Y €BPONEHCHEKOMY peTioHi. Y pamKax
i€l mMporpamMu CTpaTerii JOCATHEHHS CTOMAaTOJOTI9HOTO
3nopoB’st s Beix BOO3 mpariroe 3a TpboMa OCHOBHUMH
HampsAMaMu: (OpMyBaHHS CHOCOOY JKUTTA, SAKUH CIpHse
30epeIKEHHIO 1 3MIIIHEHHIO 3]I0POB’S; CTBOPEHHS HaBKO-
JIMIITHBOTO CEepPEe/IOBUINA, L0 CIPHSE 30POB’I0 JIIOIMHU;
PO3BHTOK CITYK0 MPOQIIAKTUKY, JTIKyBaHHS Ta JOTISY.

3axBOPIOBAaHHSI MOPOKHUHU pOTa BCE II€ MOCIAAIOTH
MIPOBIJIHE MicIe 32 ITOIIMPEHICTIO cepell XBOpoO JIIOIMHH,
a CTOMATOJIOTiYHa JIOIIOMOTa € OJHUM 3 MAacOBHX BHJIB
MEIWYHOTO OOCIyrOByBaHHS. 3TiTHO 3 EIMiJeMioJIOTid-
Humu naauvu BOO3 [1], ocraHHIME pokaMu Bif3Ha4a-
€ThCS BHUCOKAa IOIIUPEHICTh Kapiecy 3yOiB cepen MHiTeH,
sKa B Jeskux KpaiHax mocsrae 100% [2; 3]. B Vkpaini
MTOIIUPEHICTh CTOMATOJIOTIYHOI MaTojiorii Bke y 2—3-pid-
HUX JiTeit HabmmkaeTbes 10 30%, y AiTei MOJIOAIIOTO BiKy
nocsirae 95%, y miamiTkoBomy Billi 3poctae 10 98%, y 3pi-
JIOMY Billi aOCOJIIOTHO 370POBY HMOPOXXHHMHY pOTa MaroTh
oauuuui [4; 5]. HaitOinbir ictoTHUME (hakTOpaMu pU3HKY
PO3BUTKY Kapiecy 3y0iB y JiTeH € nediuut GpTopy B MUTHIN
BOJI Ta TKi, He30almaHCOBaHE XapuyBaHHS, HEaJeKBaTHA
ririeHa MopoKHUHHU POTA, 3HWKEHHS IIPUPOTHIX 3aXUCHUX
MEXaHI3MIB, CIIaJKOBa CXWJIbHICTh, HU3BKHUH COIL[1aJIbHO-
CeKOHOMIYHUH piBEHb, HECIPUATINBA EKOJOTIYHA 00CTa-
HOBKa [6; 7]. B Ykpaini mommpeHicTh Kapiecy 3y0iB csrae
48,0% B neHTpanbHii yactuHi nepxkasu Ta 97,7% — y 1i
3axigHuX oOmacTsax. [IpyauHaMu TakuX po301KHOCTEH € K
COILIaTIbHO-EKOHOMIYHI, TaK 1 €KOJIOTIYHI (haKTOPH, 3 SKHX
0COOJIMBO 3HAYYIIMM € TeOXiIMIUHu [8].

Hunui mBUAKICTE 30UTBIICHHS IIKIIIMBOTO BIUIMBY
€KOTOKCHKAHTIB — eKOJIOIYHO Hebe3neyHux (akTopis
XIMIYHOI NPUPOAM Ta IHTEHCUBHICTH iX BIUIMBY BHUXO-
JUTH 332 MEXKi 010JIOTIYHOT IPUCTOCOBHOCTI EKOCHCTEM JI0
3MiH Cepe/IOBHINA iCHYBaHHS Ta CTBOPIOE IIPSIMY 3arposy
KUTTIO 1 3m0poB’to HaceneHHs [9]. Tak, moka3aHo, IO
3aXBOPIOBAHICTH KapiecoM 3y0iB y AiTel «3a0pymIHEHOTO»
pETioOHy BHIIA, HIX y JITEH «UHUCTOTOY», MO Oe3rmocepea-
HBO TTOB’3aHO 3 TEXHOTeHHNM 3a0pynHeHH:sM [ 10]. Huska
poOIT TMOKa3yloTh, IO TOSBa PAHHBOTO Kapiecy 3yOiB
[OB’sI3aHa 3 IHKOPITOPAIlI€I0 KapiECOreHHUX MIKpoOee-
MEHTIB y cyOTokcHuHHX o3ax [1; 11]. ¥V meskux podorax
HaBOJSTHCSl PE3YJITATH KapieCOTEHHOI'O0 BIUIMBY TaKHX
Ba)XKHUX METAJIB, SIK 3aJ1i30, IMHK, KOOAJIBT, CBUHEIb 1 KaJl-
Mili, 110 TPUCKOPIOIOTH MPOLIECH IITIKOJII3Y Ta € aHTaroHic-
TaMU KaJbIlif0 B opradiaMmi monuau [12]. Ha npomy ¢oni
BiIOyBa€THCS 3HIKCHHS 3arajibHOT Hecnenn(igHol pe3uc-
TEHTHOCTI OpraHi3My, 30KpeMa CTPYKTYpHO-(PYHKIIIOHATb-
HOI Pe3UCTCHTHOCTI TBEPIUX TKaHUH 3y0iB, IO € IPOBO-
KyI0uuM (PaKTOpOM JIJIsl PO3BHUTKY W aKTHBHOCTI mepediry
Kapiecy 3y0iB.

IlinTpumanns (iziomoriyHoi piBHOBarM Ha 3MiHHU
HAaBKOJIMIIHBEOTO CEpPEeJOBHINA IIOB’S3aHE 13 CHHTE30M,
MEPETBOPCHHSAM Ta PO3MAA0M OUIKIB, a PEabHy MOMKIIH-
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BICTh IPOTIKAHHS TAKKX ITPOLIECIB, IX HAIIPSIM Ta IIBUJIKICTh
BU3HAYAIOTh 10HU MeTaliB. MiKpoeJIeMeHTHHI TOMeocTas
MO)KE€ TIOPYILIyBaTHCS y pa3i HEAOCTATHHOTO HaIXOKEHHS
€CeHLIAIbHIX MIKpPOEGJIEMEHTIB 1 Ha/UIMIIKYy B OpraHi3mi
TOKCHUYHHX, [I0 HEMHHYYE TATHYTH 32 COOOIO ITOCHJICHHS
CHPUYMHEHOTO HUMU €KOJIOT1YHOTO HaBaHTakeHHS [9; 13].
Ha cporomni Bimomo, mo (akTopu pU3UKy Kapiecy 3yOiB,
SK 1 OUTBIIOCTI HeiH(EKIIHHNX 3aXBOPIOBaHb, MOB’s3aHI
3 EKOHOMIYHMMH, €KOJOITYHUMH Ta COI1aJbHO-IIOBEIIHKO-
BHMH JeTepMiHaHTaMHu 310poB’s, Tomy BOO3 po3pobmia
crparerito 00poThOM 3 paHHIM IUTIYMM Kapiecom [14].
Bcebiune BHBUCHHS BIUIMBY HEOPraHIYHHMX Ta OpraHiy-
HUX €KOTOKCHKAHTIB, AKi 3aBIAalOTh TOKCHYHOI il SIK Ha
JIOBKIJUISI, Tak 1 Ha 30pPOB’s JIIOIMHU, 1 pO3pOOKa 3ax0/iB
00poTHOM 3 iX TMOIIKOKYIOUYOIO JI€I0 € aKTyaIbHOIO MPo-
0J1eMOI0 BCECBITHBOTO 3HAYECHHSI.

Meta pociigKeHHS] — OI[IHUTH EKOJIOTO-TITi€HIYHY
cuTyariro Ta ii BIUIMB Ha BMICT MIKpO- i MakpoeleMeH-
TiB y 010JIOTIYHHX 00’€KTaX — BOJOCCI Ta POTOBIH PiTuHI,
BHU3HAUUTH TOIINPEHICTh Ta IHTEHCHBHICTH Kapiecy 3yOiB
y 6-piuHHX AiTeH, IO MPOXXHUBAIOTh B yMOBax (ropaedi-
IUTHOI TeOXiMiYHOT IPOBIHIIii.

Marepian Ta MeTtoau Aociaix:keHHs. [lix gac BUKO-
HaHHS JOCIDKSHHS JOTPUMAHO OCHOBHI moioxkeHHst GSP
(1996 p.), Kousenuii Pagu €Bpornu 1po mpasa JIIOIUHA Ta
oiomenununy (Big 04.04.1997 p.), ['enbciHcbkoi nekiiapa-
1ii BcecBITHROT MEIUYHOT acoIlialii Ipo eTHYHI TPUHITUITN
MIPOBEACHHS HAyKOBUX MEIUYHMX JOCII/PKEHb 32 Y4acTIO
momuuau (2013-2014 pp.), €THYHOTO KOJEKCY YYEHOTO
VYkpainu (2009), mo miaTBepKeHO MPOTOKOIOM KOMicCii
3 OioeTnku TepHOMUIBCHKOTO HAI[IOHAIBHOTO MEIUYHOTO
yHiBepcurery iMmeHi [.5. TopbageBcbkoro MO3 Vkpainu
(mporoxon 3acimanas Ne 75 Bixg 01.11.2023 p.).

VY nmocmimpkeHHI B3SIM ydacTh 252 NUTHHH BiKOM
6 POKiB, IO MPOXKUBAIOTH y M. TepHOMiNb, 3 AKuX Oyna
BimiOpaHa perpe3cHTaTHBHA Ipymna B Kuibkocti 30 miteit
(14 xnomyukiB i 16 AiBYATOK), sIKa TOYHO IPEICTABIISE
CKJIaJT TOCJTI/DKYBAHOT momysiii. Jlo moyaTky mpoBeACHHS
JIOCHIJDKEHHST iTH Ta iXHI Oarbku Oynu moiHdopMoBaHi
IIOJI0 METH Ta METOMIB JOCIHIPKeHHS, NPOQUIaKTHYHNX
3aco0iB 1 peXXUMy iX 3aCTOCYBaHHS, HOTEHIIMHUX KOPUCTI
1 PU3UKY, MOXITUBOTO AUCKOM(DOPTY, TIOB’SI3aHUX 3 YUACTIO
B JIOCI/UKEHHI. 3a yMOBM OTpHUMaHHs NOiH(GOpMOBaHOI
3rogu (y THCBMOBIH (hopMi) TPOBOTUIOCH OOCTEIKCHHSI.
JiarHoCTHYHI Ta JTKyBaJIbHO-TIPOQITaKTHIHI 3aX01u Oyin
mpoBeneHi Ha 0a3i Kadenpu AUTII01 CTOMATOJOTII Ta CTO-
MAaToJIOTIYHOTO BiAiMy YHiBepcHTETChKOi KIIiHIKH Tep-
HOTMJIBCHKOTO HAIlIOHAIBHOTO MEIUYHOTO YHIBEPCUTETY
imeni [.51. TopbadeBchroro MO3 Vkpaiuu.

[IpoBeneHO KOMIUIEKC TOKCHUKO-TITIEHIYHHUX —TOCTI-
JUKEHb, SIKI BKJIIOYAJIM BHBYEHHS CKJIQJy HHUTHOI BOJIU
3 BO/103a0ipHUX CBEpUIOBHH M. TepHominb. [TutHy BOmy
JIOCHI/DKYBaIM 33 JICP)KaBHUMM CTaHIAapTaMHu  YKpa-
iam [15]. BuByamm mMakpo- Ta MIKpOEIEMEHTHHMH CKia[
BOJIOCCS 6-PIYHUX IIITEH, SIKi MPOKUBAIOTH Y PETiOHI, PEHT-
TeHO-()ITIOOPECIICHTHIM METOIOM 3TiIHO 3 METOAUKOO
Ne 12-4502, arecroBanoro BignosigHo mo 'OCT 8.010-90
VYkpaincekuM JlepKaBHAM KOMITETOM CTaHJapTH3AaIlii,
MeTpororii Ta ceprudikarii 21/07/2000 poky Ta 3arBep-
JoKkeHol JlepKaBHOIO CaHITAPHO-CITiIeMIOIOTIYHOI0 CITYXK-
6oto Ykpainu (ITocranosa Ne 8 Bix 05/10/2000 poxky).
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Kuniniko-1aboparopHi T0CIiKEHHS TOJISITald Y BU3HA-
YCHHI TONIMPCHOCTI Ta IHTEHCHBHOCTI Kapiecy 3yOiB i3
BUKOpUCTaHHsIM pekomenaauiii BOO3 [16]. [liarHocTuky
CTaHy, BU3HAYECHHS HO30JIOT1YHOI NMPHUHAJIEKHOCTI 3aXBO-
pIOBaHb TBEPAMX TKAHUH 3yOiB 3/iHCHIOBANM 3a BIAIO-
BIJTHUMH 3araJlbHONPUHHATIMH KIIHIYHUMH KPUTEPIIMHU
Ta 3a pe3ylbTaTaMy MapakIiHIgHIX METOMIB OOCTEKCHHS.
BuBgamu MmomupeHicTh, iHTEHCHUBHICTH Kapiecy THMYa-
coBux 1 mocriitHux 3y6iB (km, KIIB), cTpykTypy iHIEK-
CiB IHTEHCHBHOCTI Kapi€ecy, piBeHb IHTEHCHBHOCTI Kapi-
ecy (PIK), maitBunty inteHcuBHicTh Kapiecy (HIK). Cran
MIHEPaIbHOTO OaJaHCy POTOBOI PIAMHHU, IO € HAHOUIBII
NOKA30BUMH B OIIHI[ CTYIEHS KapieCpe3UCTEHTHOCTI,
omiHoBaaM 3a Olomapkepamu [17]. Bwmict 3arampHOrO
kanbiiro (Ca) Ta Heopraniunoro ¢ocdopy (P) mocmimky-
BaM yHi(DIKOBAHMMHM METOAAaMH JOCIHIDKEHHs 32 J0mO-
MOTOI0 CTaHaapTHUX HabopiB peakTtuBiB TOB «HB®
“CIMKO”» (Ykpaina). Konunenrpauito (pTopy B pOTOBIiH
piouHI BU3HaYanu 3a pexkomeraamismu K.M. Kocerka [18].
JocnikeHHsT TIPOBOIMIN TTIOTCHIIOMETPHYHUM METOJIOM
3 BUKOpHCTaHHAIM (ropcenekTuBHOTO enekrpona EJIIC
131F rta yniBepcampHoro ioHOMeTpa EB-74. BusHaueHnus
MIPOBOJIVIIN Ha aBTOMAaTHYHOMY Oi0XiMiUHOMY aHaji3aTopi
Prestige-241 (SInonis).

CraructiuuHy OOpOOKY pe3yJbTaTiB IOCIIHKESHHS,
MEPEBIPKY  JOCTOBIPHOCTI ~ OTPUMAHUX  PE3yJIBTATIB,
MiPaxyHOK BEJIWYMH MOXKJIHMBUX IMOXHOOK 3IiHCHIOBAIIH
3a JIOTIOMOTOI0 CTAaH/aPTHOTO ITaKeTa CTATUCTUYHOTO PO3-
paxyHky nanux Microsoft Excel 2019, Biporiany craruc-
THUYHY BiIIMIHHICTh BU3Ha4a/H 3a t-Kputepiem CThIO/CHTA.

Pe3ysabraTn  gociaiiikeHHst Ta iX 0OOroBOpeHHs.
Bimomo, mo mis (opMyBaHHS ITOBHOIIIHHOI CTPYKTYpH
emani 3y0iB i3 30BHIMHIX (HaKTOpIB BETUKE 3HAYCHHS
Ma€ HaBKONHWIIHA atMocdepa, MPUPOIHI BOXHI 00 €KTH,
30KpeMa MiHepanbHui ckiaa muTHOI Boau [9]. Pesynsrarn
JOCII/DKCHHST MMUTHOI BOAU 3 BOMO03a0ipHHUX CBEPIJIOBHH
M. TepHominb nokasanu take. Bonnesnii nokaszuuk (pH) npu
HOpMi 6,9 cTaHOBUB 7,3. 3araibHa MiHepasi3allis Boau (3a
CYXUM 3aJIMIIKOM), 3/1iiCHIOBaHA B OCHOBHOMY 32 PaXyHOK
KaJIblito, Oyia Hik4doo 3a Hopmy (1000,0—1500,0 mr/mam?)
B 2-3 pasu i cranoBmia 496,0 mr/mm’. Bmict Takux Bak-
JUBHX JUI OpraHi3My XIMIYHHX CIIONYK, SIK Cy’abdarw,
XJIOpUIH, OyB HIDKYMM 32 HOPMATHBHI 3HAUCHHS Maike
B 20 pasis. Tak, BmicT cymbdaris ctanosus 11,45 mr/om?,
BMicT Xst0pHIiB — 21,50 Mr/nm® ipu HOpMATHBHOMY iX 3Ha-
yenHi 250,0-500,0 mr/mm>.

[ITo cTOCyeTBCS €CEHIaJbHUX XIMIYHHUX EJIEMEHTIB,
TO BMICT Mifi Ta LMHKY IPH HOPMAaTHBHHMX 3HAYCHHSX
1,0 mr/om® cranoBuB 0,02 mr/am®. Mapraseis MiCTHBCS
B HeBeNHKii KinbkocTi 0,03 Mr/am® i OyB HIDKINM 32 HOPMY
B 30 pasis (0,1 mr/am*). BmicT 3armi3a nepeBuiiryBaB HopMma-
tBHI mokasHuku (0,3 mr/am*) Ginbir HiX B 22 pasu i cTaHO-
BuB 0,67 mr/nm’. Bumict ceneny (0,23 mr/am®) Ta koGanbTy
(0,14 wmr/nv®) BkiamaBcsi B HopMaruBHI 3HaueHHs (0,3—
1,2 mr/om® Ta 0-2,0 mr/mv?® BianoBinHo). JKurTeBo HeOOXiaHI
XIMIYHI eJIeMeHTH MOMiOAeH Ta Hox Oymu BinCyTHIMH (TIpH
yMoBHiit Hopmi 03,0 mr/nv® ta 0,4-4,0 Mr/mM® BimmmoBiqHO).

BizoMo, 110 OCHOBHUM [KEpPEIOM YMOBHO JKHUTTEBO
HEOOX1THOTO XIMIYHOTO efleMeHTa PTOpy € MHUTHA Boja. 3a
BMiCTOM (TOpPY B TUTHIN BO/II B YKpaiHi BUALISIOTh YOTUPU
OCHOBHHX T'€OXIMIYHUX PETriOHH, Cepe]| SIKUX 3aXiJHi peri-

KJITHIYHA IIPAKTHUKA

OHH HAJIC)KATh JI0 TCOXIMIUYHUX PETiOHIB i3 HU3BKHM BMiC-
ToM (ropy abo0 HOro BiACYTHICTIO B MUTHIA BOmai. Bmict
¢Topy B nuTHIH Boxi OyB y moHajg 6 pa3iB HIDKYUM 32
onTHMajbHe HOpMmartuBHe 3HaueHHs (1,2-1,5 wmr/am®)
i cranoBuB 0,19 mr/mM®. Paszom 3 TuM Bizgomo, mo 99%
BCHOT'O OPTaHi3MEHHOTO (TOpY, SIKUH HAIXOIUTD 3 TUTHOIO
BOJIOKO, 3HAXOAUTHCS B TBEPANX TKAHMHAX Yy CKIJI ara-
TUTY — OCHOBHOTO (pochaTy KambIliro.

I3 opraHiYHHX EKOTOKCHKAHTIB TMEPEBUIIYBAIN BMICT
HITPUTH, IO JIETKO OKUCIIOIOTHCS 10 BIATIOBIIHUX HITpa-
TiB. BMICT HITpHTIB y mUTHIiH Boxi B 32 pa3u mepeBHUIy-
BaB TPAaHUYHO JOMyCTUMY KOHIeHTpario (0,064 mr/mm’
ta 0,002 mr/aM® BimmoBigHo). Bmict amiaky maiike B 1,5
pasa mepeBuiyBaB HopMmy — (2,96 mr/am® ta 2,0 mr/am?
BiAmoBiHO). [1lo cToCy€eThCsl TOKCHYHUX MiKPOEGJIEMEHTIB,
TO BMICT CBHHIIIO TIEPEBUIILYBaB MAaKCUMAJILHO JIOITYCTHMI
mexi (5,26 mr/mm® ta 0-5,0 mMr/nm® BimnosigHo). BMmicT
cTpoHIi0 OyB miABHIIEHNM O 5K Ha 35% CTOCOBHO
MaKCHMAalIbHOI MEXi IPAaHUYHO JOMYCTHMOI KOHLICHTpALii
(4,07 mr/nm® Ta 0-3,0 Mr/ov3 BignosigHo). BMicT amomi-
miro (0,001 mr/am?), 6apito (0,02 mr/mm?), omosa (0,88 mr/
M°) BKIIaIaBcs B TpaHUYHO gomycTumi 3Hadenss (0,2-0,5
mr/om?; 0,1 mr/am?; 0-3,0 mr/om® BigmosigHo). Tokcuuni
MIKpOEJIeMEeHTH MUIII sIK, BICMYyT, cypmMa, 0apiii He BH3Ha-
YaJKCch. 3arajoM, XapakTepU3youH IUTHY BOIY 3 JUKEpe
BOJIONIOCTaYaHHsT M. TepHOMiIb, HEOOXIMHO BiA3HAYUTH
HU3KY IIOKa3HUKIB, sIKi 3/1aTHI BIUIMHYTH Ha CTPYKTYpY
emaJi 3y0iB Ta CIPUYMHSATH JieMiHepallizalliio emMaii, — e
HeJI0CTaTHs MiHepaji3alis BOIY, 3HIKCHUH BMICT y HIH
€CeHIIAIbHUX XIMIYHHUX €JIeMEHTIB, 30KpeMa (ropy, 1 mija-
BHIIICHUH BMICT HITPHUTIB i TOKCHYHUX MIKPOCIEMEHTIB.

BizoMo, 110 OCHOBHHMM HAaKONUYyBa4eM IIKiJUTUBHX
PEYOBHH BHACTIIOK 3a0pyIHEHHS MOBKUUIL IPOMHUCIIO-
BUMH, TPAHCIIOPTHHUMH BHUKHIAMH, CLIBCHKOTOCIIONAp-
CBKUMH OTpyTaMHu € Boioccs monuau [19; 20]. Cepen
JMIarHOCTUYHHUX Oi0CcyOcTpatiB (KpOB, ceva, HIrTi, 3yOHHI
JICHTHUH, CJIMHA, 1H.) BOJIOCCS Mae€ HaiBuIly iH(opmaTus-
HICTB SIK JUIsl OLIIHKU PIBHS PSJIy €CEHILIAIbHUX MaKpo- Ta
MIKpOEJIEMEHTIB B OpraHi3mi, Tak 1 JUIl OLIHKU BILUIMBY
TOKCUYHHMX PEYOBHH. J[0 J0ONAaTKOBUX TepeBar BUBYCHHS
HasIBHOCTI XIMIYHHX €JIEMEHTIB Y BOJIOCCI HAJISKUTh IPO-
cToTa 3a00py Marepiaiy, MOXKJIHMBICTH HEIHBAa3WBHOI Jia-
THOCTHKH, IO 0COOJIMBO BaXIIMBO IS TITCH.

Pesynbratn  peHTreHO-(IIOOPECHEHTHOTO  aHaJi3y
BOJIOCCS JiTEeH HA TIPEIMET BCTAHOBIICHHS MAaKPO- Ta MIKPO-
GJIEMEHTHOIO CKJIaly IOKa3agd Take. Y BOJOCCI BHSB-
JIEHO HEJIOCTaTHIM BMICT MIKPOEJIEMEHTIB Kallito — 22,74+
1,41 MKr/r 1 x0py — 54,91£1,95 MKr/T (IpH YMOBHHX HOP-
max 70,0-170,0 mkr/r i 60,0-560,0 MKr/r BiAMOBimHO).
CaMe 11l €JICMEHTH HEOOXIimHI JUIs MIATPHUMKH BOIHO-
COJILOBOTO OaslaHCy OpraHi3My, MIATPUMKH OCMOTHYHOTO
THUCKY Ta KHCJIOTHO-OCHOBHOIO CTaHy. XJIOPHIHU Kallito
Ta Harpito, Oylydd CHIBHHMH EJICKTPOJiTaMH, OepyTh
y4acTh y TeHepallii Ta IPOBEACHHI eJIeKTPUYHNX IMITYJIECIB
Y HEpPBOBIl 1 M’s30Bill TKAaHUHAX.

BMicT KHUTTEBO Ba)XIIMBOTO MiKpOEJIEMEHTa 3ai3a,
HEOOXITHOTO TS TIPOIIECiB SHEPTETHYHOTO OOMiHY, 3a0e3-
medeHHss (YHKOIH IMyHHOI CHCTeMH, CTaHOBHB 8,32+
1,11 mxr/r (mpu ymoBHi# HOopMmi 15,0-35,0 Mkr/T). Ha Bin-
MIHY BiJ TOKa3HUKIB KPOBI, BMICT 3aJli3a y BOJIOCCI Bi0-
Opaskae iforo peaibHUIA BMICT y OpraHi3Mi JIFOJMHHU Ha BCIX
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cranisx aedinuty. [lo cTocyeThest BMICTY Mifi, TO BiH CTa-
HOBUTS 5,44+0,81 MKr/r ipu ymoBHiit Hopmi 9,0-30,0 Mkr/T.
Came wminp Oepe ydacTh y THpolecax KpOBOTBOPEHHS,
peryisinii OKHCIIIOBaIbHO-BIIHOBHUX MpoleciB. PasoMm i3
IHIIMMH MIKpOEJIEMEHTAaMH B TpOIlecax KPOBOTBOPEHHS,
a Tako)Xk OOMiHI IHCYJiHY Ta JIIiiB, 3a0e3Me4eHH] OCHO-
BHUX HEWPOXIMIYHHX IPOIECIB y HEHTPANbHIN HEPBOBIH
cucreMi Oepe ydacTe MapraHenb. Hamu BusiBieHO medi-
mut Maprasmio (0,17+£0,03 mxr/r mpotu 0,5-2,0 MKr/T
MpH YMOBHIM HOpMi), II0 MOXKE BIDIMBAaTH Ha TPOIECH
pocTy, mopymryrodn (OpMyBaHHS CKeJleTa Ta KiCTKOBOI
TKAHWHHM, TIPU3BOSTYM O PO3BUTKY OCTEOIIOPO3Y, IPOSBU
SIKOTO TTOCHJIFOFOTBCSI Y HAJAMIPHOMY HAIXOIKCHHI Kajlb-
miro. Came HagMIpHHUN BMICT KaJIbI[iFO, MPHUOMY Maibke
B 2,5 pa3a (725,81£8,93 MKI/T) MOPIBHSHO i3 YMOBHOIO HOP-
Moto (300,0 MKI/T), HAMH BUSIBIIEHO y BOJIOCCI 0OCTEXyBa-
HUX JiTed. BMICT eceHIiabHOTO MIKpOEIEMCHTA IUHKY
HE3HAYHO IEPEeBHIIYBaB MiHIMaJIbHE 3HAYEHHS HOPMATHB-
HUX moka3HuKiB (135,76+8,41 mxr/r Ta 120,0-200,0 Mxr/r
BiIIOBiNHO). Pa3om 3 TuM BigoMo, 10 TeilUT IUHKY TIPH-
3BOIUTH IO TJBHUIICHOTO HAKOIIMYCHHS B OpTaHi3Mi HOTO
(YHKITIOHATTPHUX aHTATOHICTIB — CBHHITIO Ta KaIMIilo0.

BwmicT XHTTEBO HEOOXiAHOTO eneMeHTa Xpomy OyB
nukanm (0,37+0,03 mr/am?) 3a MiHIMaIbHY YMOBHY HOPMY
(0,5-5,0 mr/am?®). Boanowac BioMO Mpo €CEHIiaIbHICTh
XpOMY JUIsl JIFOAMHH, HOTO BIUIMB Ha JAEsKI JJAHKW MeTado-
nmizmMy JonuHu. KpiM cTHMyIoBaHHS MeTa0oIi3My IIIO-
KO3M Ta Jii 1HCYNiHY, XpOM ITO3UTHUBHO BIUIMBAE Ha PICT
1 PO3BHUTOK IUIOJA, TPU3BOASYM y pasi TpuUBaJIOro Jedi-
LUTY 10 3aTPUMKHU pocTy, iH. JKUTTEBO HEOOXimHWIA M
OpraHisMy MIiKpOeJIeMeHT Mo, 1o O6epe y4acTs y CHHTEe31
TOPMOHIB IIMTOBU/IHOI 3aJI03H, SIKi KOHTPOJIOKTH IHTCH-
CHBHICTH OCHOBHOTO OOMiHY, BOZHO-COJFOBOTO OaaHcy,
pu fioro ymMoBHiit HopMi — 0,4—4,0 MKT/T y Bostocci o0cTe-
KyBaHHUX JiTeil GyB BincyTHiit. Moana HeocTaTHiCTh 3Ha-
YHOIO MipOIO TIO3HAYAETHCS HA AUTIIOMY OpTaHi3Mi, 0c00-
JIUBO B MEPIOJ IIIBUIKOTO POCTY. SIK BIIOMO, HEIOCTATHICTh
foy B opraHi3Mi JIFOIMHK PU3BOANTD JI0 PO3BUTKY €HJIE-
MIYHOTO 300y, 3HWKEHHS (Pi3UUHOI Ta pO3yMOBOI Ipares3-
JIaTHOCTI, BUIAJIHHS BOJOCCS, 30UIBLICHHS YYTJIUBOCTI
JI0 MIKIUIMBUX BIUIMBIB, iH. ITocuiroe HacmiaKu Homoje-
¢bimuTy HemocTaya JKUTTEBO HEOOXITHOTO MiKpOEIeMEHTA
CelieHy B OpraHi3Mi JIIOMMHU. Y BOJOCCI 0OCTEXyBaHHX
IiTel Bim3Ha4YaBCs NMEQIIUT CeNeHy: BMICT HOTO CTAaHOBUB
0,23+0,02 mxr/r ipu ymoBHii HOpMi 0,3—1,2 MKr/T. Bon-
HOYac BiJIOMO, 110 CEJICH — BKIUBHI KOMIIOHEHT CHCTEMH
AHTHOKCHJAHTHOTO 3aXUCTY OPTaHi3My, sIKUi o0epirae Kiti-
THHH BiJ IIKIJTHBOT [i1 BITBHUX PAIUKAIIIB 1 BAOKKHX METa-
JiB (KaaMiil, pTyTh, CBUHEIb, iH.).

[lo crocyeTbcst BMICTy OCHOBHUX HEOPraHIYHUX E€KO-
TOKCHKAHTIB — B@)XKHUX METajiB, TO HAMU BCTaHOBIECHO
Take. I3 TOKCMYHUX €JIEMEHTIB BMICT CBHHIIIO IEPEBHIIY-
BaB MaKCHMallbHy T'DaHWYHO JOITyCTUMY KOHIICHTPAIIO
(0-5,0 Mkr/1) 1 cTarOBUB 5,26+0,91 MKr/T. Bimomo, mo cBu-
Helb — KyMYJISITHBHA HEWPOTOKCHYHA OTPYTa, JHKEPEIOM
SIKOT € TPOMHCIIOBI Ta TPAHCHIOPTHI BUKHUM, IIPU3BOAUTE JI0
YpaXXeHHsI LIEHTPATBbHOI Ta TepuepudaHoi HEPBOBOI CHUC-
Temu. [loTpanmuBmm B OpraHi3M, CBHHENb JOKATi3YEThCS
B KICTKaX, HAaKOUIYIOUHCh MIPOTATOM XKHUTTS. 3a MEXaHi3-
MaMH BCMOKTYBaHHS, PO3IIO/1Iy Ta BUBEACHHS 3 OpPraHi3My
JIFOMUHE TOKCHYHUI MIKPOEJICMEHT CTPOHIIiH MOAIOHuU# 10
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KaJIbI[iI0 — Maiyke BeCh BiH 30Cepe/pKeHunil y KicTkax. Hamu
BUSIBIICHO HaJMIipHUH BMicT crpoHuito — 4,07+0,90 mMxr/r
IIPU MaKCHMaJIbHO JOMYCTHMiii yMOBHiN HOpMi 3,0 MKI/T.
Bonnouac Binomo, mo B pailoHax, Jie Bojia, IPyHT i poc-
JIMHU MICTATh HaAMIPHY KiJIBKICTh CTPOHIIO, Y JIFOJHHU
MO)KE PO3BUBATHCS CTPOHIIEBHH paxiT. BmicT Takux TOK-
CHYHUX MiKpoeneMeHTiB, sk pryTh (0,18+0,02 MKr/T),
kaamiit (0,134£0,01 mxr/T), onoso (0,88+0,04 mMxr/T), BKIIa-
JTABCS Y TPAHUYIHO JOMYCTHMI yMOBHI HOpMH (0—2,0 MKT/T,
0-1,0 mkr/t, 0-3,0 MKT/T BiIITOBIAHO).

AHATI3yIOul OTPUMAaHI PE3yIbTaTH BMICTy MaKpo-
1 MIKPOCIIEMEHTIB Y BOJOCCI iTCH, MH MOXEMO KOH-
CTaTyBaTH, L0 IPOTSITOM CBOTO JKUTTS JITH BiJuyBaJH
AQHTPOINIOTCHHE HABAHTAXXEHHS (HAUIMIIOK TOKCHYHMX
€JIEMEHTIB CTPOHIIIIO, CBHHIIO), BXKHBAJIH HEIOCTaTHHO
MiHepaJli3oBaHy BOIy (HEIOCTAaTHIH BMICT KaJilo, 3aii3a,
MiJli, MapraHIo, CeJICHy, XpOoMy, HOmy), IO B MaiOyT-
HHOMY MOIJIO BIUIMHYTH Ha MPOIECH MiHepaii3arii KiCTOK
1 TBepMX TKaHWH 3y0iB. Pesymerat mpoBemeHOTro erije-
MIOJIOTIYHOTO JOCIHIKCHHS TIOKa3aly, M0 MOMIUPEHICTh
Kapiecy 3y0iB y 6-piunHmX miteii TepHOIONS, MO € 30HOI0
rinoroposy, craHoBmina 75%. Hamu BcTaHOBIEHO, IO
cepenHi TOKA3HWKHM IHTCHCHUBHOCTI Kapiecy 3yOiB Oymm
nemo BumpMu B xjomdukis (ki KTIB =7,14+0,4), mix
y aisdarok (kn KIIB =6,0+0,32). Cepenni mnokasHUKH
IHTEHCUBHOCTI Kapiecy 3yOiB y 6-pi4HUX JITEH CTaHOBWIH
6,57+0,36, 1110 € BUCOKMUMH 115t Takoi BikoBoi rpymu. [1pu-
BEpTaB yBary i TOH (aKT, 110 y BCiX 0OCTEKEHUX AiTel Oyo
BUSIBJICHO Kapio3Hi MOPOXXHUHH B TIEPIINX ITOCTIHHUX 3y0ax
(KI1B=1,2440,14). liTr 3 HABUTIIOFO iHTCHCHBHICTIO Kapiecy
(HIK) cranoBmmm 36,7% 1 cepelHi MOKA3HUKH iHTCHCHB-
HOCTI Kapiecy B HHUX Oymu myxe Bucokumu — 10,53+0,62.
V xnomuukiB i3 HIK kapio3ni ypakeHHS B 1-X TOCTIHHUX
MOJISIpax IarHOCTYBAJIMCSA B TOHAH 3 pa3d YacTimie, Hix
y niB4arok (2,80+0,28 Ta 0,83+0,04 BinmoBigHO).

Bimomo, 1m0 MmiHepamizaiiro 3yOiB Imicias I1X Ipopi-
3yBaHHsS Ta 3a0e3NEeYeHHS ONTUMAaJbHOIO CKIAAy IpH
(GyHKIIOHYBaHHI ~ 3IIMCHIOE ~ KOMIUIEKCHAa  OioJjoriyHa
pinuna — cinuHa [17]. BuBueHHs (yHKIIOHAIBHOT aKTHB-
HOCTI CIIMHHHUX 37103 y 6-pIYHUX AiTeH OKa3a1o, 110 IIBH/I-
KICTh CIIMHOBHUIIEHHS B HUX cTaHOBUTH 0,66+0,05 Mi1/XB.,
TOOTO BKJIaJa€ThCsl B HOPMAJILHUM PiBEHb calliBamii (KOJIH-
BaHHS IIBUAKOCTI CTMHOBUIUTCHHI —B11 0,45 10 0,96 MIT/XB).
BuB4eHHs MiHEpaJbHOTO TOMEOCTa3y POTOBOI PigHHH
MOKA3aJl0 TIOPYIICHHs CITiBBiIHOMICHHS OCHOBHHX MiHe-
palbHUX KOMITOHEHTIB, fIKi OepyTh y4acTs y MiHepauisa-
1ii 3y6iB. Tak, BMICT KaJibIil0 B POTOBii piiWHI CTAHOBUB
0,39+0,06 MmMoiw/i1, BMicT pochopy — 4,12+0,43 Mmob/1
(npu HOopmanbHOMy ix Bwmicti 4,0-8,0 Mr/100 mu Ta
10,0-25,0 mr/100mn BinnoBigHO). 3MEHIIEHHS BMICTY
KaJIBIII0 B POTOBIH PiMHI XapaKTepH3y€e HU3bKUN CTYIIIHb
MiHepai3alii eMai Ta CXHIbHICTh 3y0iB 10 Kapiecy.

BaxnuBuM 1MOKa3HUKOM CTaHy emali 3yOiB € CIiBBij-
nomeHus Ca/P. Bix piBHs koedimienra Ca/P mopiBHSIHO
3 MIHIMaJTbHUM 3alIe)KUTh 3IATHICTh TiPOKCHAIIATHUTIB
eMalli TIPOTUCTOSTH Mii KHCIOT, IO BHPOOISIIOThCS Kapi-
€COTEHHUMH MiKpoopraHimMamu. [igpokcwmanmatuté  3i
coiBBigHomeHHsM Ca/P=1,67 — Ca/P=2,0 xapakrepHi s
emauti 3y0iB, fKa HE PyHHYETbCA IiJ AI€I0 KUCIOT, 1 9UM
Buiie criBBigHomienus Ca/P B emani 3y0iB, TUM BuIa il
PE3MCTEHTHICTh 10 KUCIOTHOrO pyiHyBaHHs. [IpoBeseHi
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HaMU JOCIIOKEHHS [T0Ka3aJId HU3bKUI BMICT KaJIbLIIO Ta
NpEBaIOBaHHSA B POTOBid pimuni (ocdaris y 10,6 pasa.
Busnauenns koedimienta Ca/P cranomio 0,095+0,020
(P<0,001), uro B 13,7 paza MeHIIe Bij MiHIMaJIbHOTO HOTO
3HadeHHs. Bimomo, mo cmiBBinHomeHHs Ca/P 3HMKyeThCs
B)KE y pa3i MOYaTKOBHX O3HAK JAeMiHepaizamii emai 3y0iB.
3 omisiay Ha Te, O TIAPOKCHANIATHT € OCHOBHHM TBEPAUM
3’€IHaHHAM Kalblito i hocdopy, sSKi 3HAXOIATHCS B Opra-
Hi3Mi 32 (i310JI0T1YHUX YMOB, OTPHMaHi 1aHi CBiT4aTh PO
MIPEeBAJIFOBAHHS MPOIIECIB IeMiHepatizarii emani 3y0iB Haj
TpoliecaMu peMiHepaizaitii.

Ha po3unHHICTE emaili 0COOIHMBHIA BIUIMB Mae (Top,
IOHU SIKOTO MOXKYTh BXOJIMTH B KPUCTAJIUHY PELIITKY TiJ-
pokcuanaruty. Taka emalib XapakTepH3yEThCS HHKYOIO
PO3YHMHHICTIO, BUKJIMKA€E 3HAUHY MepeOy/1oBy MiHEpaIbHOT
OCHOBH emaJi 3y0a. Kpim Toro, Top BIUIMBaE Ha MIKpO-
OpraHi3MHu MOPOXXKHUHU POTA, 3HIKYIOUH TX KHCIIOyTBOPIO-
104i BIacTUBOCTI. [Ipy mboMy HEOOXiTHO 3a3HAYUTH, IO
¢dTOp 3MaTHUIl aKTHBHO BIUIMBATH HA METa0OJi3M CIIHHHU,
CTHMYJIIOBAaTH MiHEpPaNi3ylody 3IaTHICTh KallbIiI0 CIIHMHH,
MIBUIYIOYH 1 peMiHepalizyrodi BIACTHBOCTI, a TaKOXK
T IBUILYBaTH (DYHKIIOHATBHY aKTHBHICTh CIMHHHUX 37103
y 3B’SI3KY 13 CYTHHOPO3IIHPIOIOYOIO JTIETO0.

Bwmict ¢hTopy B pOTOBI#i piuHi AiTSH MPH HOPMAILHOMY
fioro Bwmicti 1,1 mMr/n OyB y 4,4 pa3u HHKYUM 1 CTAHOBUB
0,25+0,03 mr/n. BogHoyac BigoMo, 10 3MEHIICHHS KOH-
LEHTpAIlil MiHEpaJIbHUX KOMIIOHCHTIB, OCOOIUBO (TOpY,
y CIMHI TPU3BOAWTH 1O 3HIDKEHHS 11 peMiHepaizyrodol
3[1aTHOCTI, TOTipHIIeHHs Oy(epHUX BIACTUBOCTEH CIIMHH,
IO TIPU3BOIUTH 10 HEMOXKIMBOCTI MPOTHIISATH MIKIJUIH-
BOMY BIUTMBY KHCJIOT Ha TBEpAi TKAaHUHHU 3y0a. Binomo, mio
(hTOp BOJIOI€ BUCOKOIO CTIOPITHEHICTIO /IO O1JTKa MATPUKCY
eMalli Ta BKJIIOYA0YHCh y 3yOHY eMailb 3yOHOTO 3adaTrka
11e 10 TOYaTKy HOoro MiHepatiarlii, MoXe CTIpHsTH popMy-
BaHHIO [ICHTPIB KpHUCTaTi3alii anmaTuty. 3a BMicToM (HTOpy
cepel TBepAUX TKAHHH MEpIe MICIle MTOCIIae IIEMEHT 3y0a,
3a HUM CIIIJy€ KICTKa, ICHTUH 1 eMalib 3y0a. A 3 onsiy
Ha Te, 10 (TOp JIOKATI3ye€ThCS B MOBEPXHEBUX IIapax
eMalli, MPOoLeCcH JeMiHepai3alii 0COOIUBO YacTO MOYHHA-
I0ThCS B 00J1aCT1 ()i310JIOTTYHUX 3arInOIeHb, Gicyp, IHHOK
3y0iB. OTKe, IPOSBOM HEIOCTATHOCTI ()TOPY B OpraHi3mi
JIIOJMHU OUTBIIICTD JOCIHIJTHUKIB BBaXAIOTh Kapiec 3yOiB
i ocTeoropos.

TakuM guHOM, Oe3mepepBHE 301TBIICHHS MPOMHUCIIO-
BOTO BHUPOOHUIITBA XIMIYHHX PEUOBHH Ta PO3IMHUPEHHS
iX acOpTHMEHTY, 3a0pyIHEHHS HPUPOIHOIO CEepemoBHINA
ra3omoAiOHUMH, PIAKUMH 1 TBEPIUMH PEIOBUHAMU Ta BiJl-

KJITHIYHA IIPAKTHUKA

XOZIaMU BUPOOHHUIITBA HEMUHYYE TATHYTb 332 COOOI0 MOCH-
JICHHS CIIPUYMHEHOTO HUMHU EKOJIOTTYHOTO HAaBaHTa)KSHHSI.
[lepeBuIlleHHST TTOPOTiB HAMIHHOCTI EKOJOTTYHHX CHUCTEM
i giero (GakTopiB aHTPOIOTEHHOTO ITOXOKEHHS, IO
BUKJIMKAE JErpajsialliio Cepe/IOBUINA MPOXKUBAHHS, MOXKE
OyTH IPUYMHOIO iICTOTHHUX 3MiH YMOB ICHYBaHHS 1 (yHK-
[[IOHYBaHHS 010T€0IeHO31B. [3 piBHEM €KOJIOTO-Tiri€HIYHOT
Oe3neKn perioHy NPOXKMBAHHS IOB’SI3YIOTh 3aXBOPIOBa-
HICTh Ha Kapiec 3y0iB y miTelr Mmomommoro Biky. s ¢op-
MyBaHHS TIOBHOILIIHHOI CTPYKTypH eMaJi 3yOiB i3 30BHIII-
HiX (QaKTOpiB BEJIMKE 3HAYCHHS Ma€ MiHEpaIbHHUHA CKIIa
MUTHOI BOJIH, 30KpeMa BMICT KaJbIIii0 Ta (TOPY, SHUKSHHS
ONTHUMAJIHOTO PIBHS SIKUX MTPU3BOJMTH JI0 PO3BUTKY Kapi-
ecy 3y0iB y niteil. CTiliKicTb 3y0iB 70 Kapiecy 3aJeKHUTh Bij
CKJIaJly 1 BJIaCTHBOCTEH POTOBOI PiZIMHU, a TAKOX ITOBEPX-
HEBHX LIapiB eMali 3yba. Y pasi 3HWKEHOT CTiiiKOCTI 3y0iB
JIO Kapiecy CIIOCTepiraeTbesi 3SMEHILICHHS BMICTY MiHEpalb-
HUX KOMIIOHEHTIB Yy POTOBIH PiJiHHI, III0 CYITPOBOIKYETHCS
MiABUIIECHASIM PO3YHHHOCTI Ta MPOHUKHOCTI eMaJi 3y0iB.
BucHoBkH. AHam3 TPOBEICHUX TOKCHKO-TITi€HIU-
HHUX JOCII/DKeHb ITMTHOI BOAHM, SIKI MOXYTH BIUTMHYTH
Ha JeMiHEpaji3aIlifo Ta PO3BUTOK Kapiecy 3yOiB y IiTeH,
MOKa3aB, IO TOJIOBHUM 1 Oe3nepedHrM (HaKTOpOM € HEJIo-
cTaTHsA MiHepamizaiis Boad (B OCHOBHOMY 3a pPaxyHOK
BMICTY KaJIbLli0), 3HW)KEHUH BMICT B HIH JKHTTEBO HEOO-
XIIHUX XIMIYHUX EJIEMCHTIB, 30Kkpema (ropy, 1 miaBHUIIe-
HUHA BMICT HITPUTIB Ta TOKCHMYHUX MikpoeneMmeHTiB. Ha
OCHOBI pe3yJIbTaTiB PEHTIeHO-(IF0OPECLIEHTHOTO aHalli3y
BOJIOCCSI 1ITEH MO’KEMO KOHCTATyBaTH, 10 IPOTSITOM CBOTO
JKUTTSI IITH BiI9yBaJI aHTPOIIOTeHHE HaBaHTXKEHHSI (Ha/I-
JIMIIOK TOKCHYHUX MiKpPOEJIEMEHTIB CTPOHLII0, CBHHIIIO,
iH.), BXKHMBaJH HE JOCHUTh MiHepali3oBaHy BoOAy (Hemo-
CTaTHI BMICT JKHUTTEBO HEOOXiTHMX MAaKpo- Ta MIKpO-
€JIEMEHTIB Kalifo, 3aji3a, Mifi, Maprafio, CelIeHy, HOmy,
iH.). BuBuenHs MiHepasnizyro4doi (QyHKIII CIMHU BHSBUIO
MOpPYIIIEHHSI CIIBBITHONIEHHS OCHOBHUX MIiHEPAIbHUX
KOMIIOHEHTIB, 10 TMOOIYHO CBiAYaTh MPO 3HAYYIIICThH
010€JIEMEHTHOI0 CTaTyCy Kajblliio, (Gropy Ta dochopy
B MiHepaiizalii emaini 3y0iB. Ha migcraBi mpoBemeHHX
HAMH JOCIII/DKEHb BCTAHOBJICHO CUMOATHICTh 3MiH MIKPO-
€JIEMEHTHOTO CKJIa Ty BOJIOCCS T POTOBOI PiIMHH, 10 NPH-
3BOJIUTH JIO IeMiHepatizamii emai 3y0iB y 6-piuHHX JiTel,
SIKI TIPOXKUBAIOTH B YMOBax (TOpaediluTHOI TeoXiMigHOT
npoBiHIii. [lepcrekTHBO MOAaNbIINX TOCIIIKCHb BBa-
’Ka€EMO BHBYCHHS MOXKIIMBOCTI BIUTMBY Ha OpPTaHi3M IiTel
JIETOKCHKAHTIB, aJalITOTeHIB i3 METOIO 3MEHIIICHHS BILUTUBY
AQHTPOTIOTEHHUX MPETUKTOPIB Kapiecy 3yOiB.
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Introduction. Hypoxic lesions caused by neonatal encephalopathy (NE) can contribute to disruption of the microbiome formation due to
both hypoxia itself and inflammatory reactions. One of the markers for determining the local inflammatory response is fecal calprotectin (FC).
It correlates with the level of inflammation and may influence the microbiome composition.

Goal. To study the features of microbiome formation and level of local inflammatory response of newborns with NE by determining the
composition of intestinal microbiome and level of FC.

Materials and methods. The study was conducted at 2, 3 and 5 weeks and included 32 controls and 87 newborns with NE. A culture and
enzyme immunoassay methods were used to examine the composition of the intestinal microbiome and FC levels. Statistical analyses were
performed using SPSS version 28.0.

Results. Newborns with NE had a decrease of levels of Bifidobacterium (p<0.001) and Lactobacilli (p<0.001) at 2 weeks, lower results
were noted in severe form of NE. Values of E.coli, Opportunistic pathogens had tendency to increase with higher levels in severe form of NE.
FC levels at 2 weeks were increased in children with NE.

Conclusion. Disturbances in the microbiome composition in neonates with NE consisted of a decrease in Bifidobacterium at 2 and
3 weeks, Lactobacilli at 2 weeks and an increase in Opportunistic pathogens at 2 and 3 weeks. In newborns with NE, the level of FC was
higher than in controls — for moderate form at 3 and 5 weeks and severe form at 2 and 3 weeks. In newborns with NE received a probiotic,
Bifidobacterium values recovered earlier and FC levels were lower.

Key words: neonatal encephalopathy, intestinal microbiome, fecal calprotectin.
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OCOBJHMBOCTI KHIIKOBOT'O MIKPOBIOMY TA PIBHS JOKAJBHOI
HOBOHAPOAXEHHUX I3 HEOHATAJIBHOIO EHIHEDAJIOIIATIEIO

! Cymcokuii oeporcasnuil ynisepcumem, Cymu, Vipaina

2 Jlisepnynocoruil ynisepcumem, Jlisepnyns, Benuxa Bpumanis

V' nocnipkeHHI BHBYAINCH OCOONHMBOCTI CTAHOBIICHHS MIKpoOioMy Ta pIBHS 3amaibHOi BIIOBiAI KHIIEYHHKA HOBOHAPODKEHHUX 13
HeoHaranpHOW eHnedanonariero (HE) mumsxoM BH3HAaYeHHS CKIIaTy KHUIIKOBOTO MIKpoOioMy Ta piBHS (peKanbHOTO KaibmpoTekTuHy (DK)
Ha 2-My, 3-My Ta S5-My TwkHsAX. Y aireil 3 HE BinOysanocs 3HmwkeHHs piBHiB 6iinobaxrepiii Ha 2-My i 3-My TIDKHI Ta JakToOakTepiil Ha
2-My THDKHI; Ti/IBUIITYBaIacs KUTBKICTH YMOBHO-IIATOTEHHUX MIKpOOpraHi3MiB Ha 2-My 1 3-My Twkusx. ¥ aitelt i3 HE pisens K BinznauaBcs
BUIIMMH 3HAYCHHSAMH, HDK Y KOHTPOJNBHIM Tpymi — y IiTel i3 cepenHbor0 Gopmoro Ha 3-My Ta 5-My TIDKHAX Ta 3 TSDKKOIO Ha 2-My Ta
3-my TikasX. Y mamokiB i3 HE, siki orpuMyBaim npo6ioTnk, mokasHuky 0idinodakrepiii BiqHOBIIOBaNKCS paHire, a piBHi OK Oy HIKauMu.

KitouoBi ciioBa: HeoHaranpHa eHIedanonaris, KUIIKOBUH MIKpoOioM, (heKaTbHUH KaTbIIPOTEKTHH.

3AMMAJIBHOI BIAIMOBIAI

Introduction. Neonatal encephalopathy (NE) is one
of the leading causes of neonatal mortality and disability
[1]. The incidence of NE ranges from 1 to 8 per 1000 live
births in developing countries and reaches 26 per 1000
live births in underdeveloped countries [2]. The most
important pathophysiological role in NE is inflammation

© S. V. Popov, M. A. Turner, A. O. Profatylo et al., 2024

CTarTs NOLIMPIOETHCS HA YMOBAX JiLEH311 ;:

in combination with hypoxia-ischemia. Damage processes
caused by inflammation can continue for months due to
its duration and the presence of epigenetic changes [1].
Hypoxia can lead to damage not only to the brain, but also
to other organs and systems, one of which is the intestine.
Also, hypoxic lesions can contribute to disruption of the
formation of the microbiome due to both hypoxia itself
and concomitant inflammatory processes [3]. Interrelation
between the gut and the brain can be expressed in the
current paradigm of the brain-gut axis. This is a set of
various neurohumoral factors that are interconnected and
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have an impact on intestinal functions and the composition
of the microbiota, influencing on intestinal permeability
due to the activation of intestinal neurotransmitters and the
immune response of the mucous membrane [4].

There are a number of studies of the development and
establishment of healthy newborns microbiota, but there
is not enough research on the intestinal microbiome of
newborns with NE. Being a stressful condition, hypoxia-
ischemialeads to significant changes in hormone and glucose
levels, which is an additional risk factor for increasing
the richness and diversity of the intestinal microbiota
[5]. It is important to add that neonates suffering from
hypoxia-ischemia were at increased risk of contamination
due to close contact with hospital staff, exposure to more
medications and long-term hospital treatment [6, 7].

Fecal calprotectin (FC) correlates with the severity
of intestinal inflammation as it reflects the movement of
neutrophils into the small intestine [8]. FC is an important
protein in the acute phase of inflammation — it has an
antibacterial effect, is secreted by epithelial cells, and
induces apoptosis and chemotaxis [9, 10]. Researchers
had examined FC as a non-invasive marker of intestinal
inflammation in conditions such as inflammatory bowel
disease, organic lesions and allergic disorders [11]. We
understand that FC is determined to diagnose inflammatory
reactions in infectious and organic diseases [12] in the
neonatal period, so we decided to note the effect of NE on
the level of intestinal inflammatory reaction of newborns
after hypoxia-ischemia.

Problem statement. Currently, there is insufficient
data on the study of children with neonatal encephalopathy,
so we decided to identify the presence of a connection
between hypoxia and the possible occurrence of changes
in the composition of the microbiome and the intestinal
inflammatory response.

The aim of our study was to investigate the peculiarities
of the formation of the intestinal microbiome and the local
inflammatory response of newborns with NE and the
possibilities of drug influence on them. We imply that the
studied parameters of FC and the intestinal microbiome
may be altered in children with NE, and that the use of a
probiotic may have an impact on the composition of the
intestinal microbiome and the level of FC.

Materials and methods. The main group included 87
children with NE and the control group (C) included 32
healthy newborns. The children were born full term, with a
gestational age in the range of 37-41 weeks. The presence
and severity of NE was determined according to the modified
Sarnat scale [13]. Depending on the degree of NE and
prescribed medications, children were divided into 2 groups
and 4 subgroups. The first (1) group (N=66) was divided
into subgroups: la — children with moderate NE (N=40)
and 1b — children with moderate NE, in addition received a
probiotic (N=26). The second (2) group (N=21) was divided
into subgroups: 2a — children with severe NE (N=14) and
2b — children with severe NE received a probiotic (N=7).
To assess the effect of the prescribed probiotic in children
with NE, subgroups were additionally identified A (N=60) —
children who did not receive a probiotic and subgroup B
(N=27) — newborns who received a probiotic in addition.
To study the composition of the intestinal microbiome, stool
samples were assembled three times at the age of 2, 3, and
5 weeks old, respectively, and the culture method was used
[14]. The same times were used to define fecal calprotectin
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levels (FC) [8]. Bacterial counts expressed as logl0 CFU/g
(colony-forming units/grams) of feces. The stool samples
were examined using an enzyme-linked immunosorbent
assay by semi-automatic enzyme immunoassay analyzer
Thermo Scientific Multiskan FC to determine the level of FC
in mg/l. Stool samples were assembled at home in a container
with an airtight lid with a date and time stamp. Statistical
analyses were performed using SPSS version 28.0 (IBM,
NY, US). Normality of the continuous values was tested
by Shapiro-Wilk method. The continuous variables were
presented as mean values + standard deviation (M#SD).
The P-value was set as <0.05. The reliability of differences
was determined by the Student's test with Bonferroni
correction and Fisher's Z-test. The project was approved by
the Commission on Bioethics Meeting of the Educational
and Scientific Medical Institute of Sumy State University
(Protocol Ne 1/12, December 12, 2023).

Results. The number of boys and girls was the same in all
groups. Gestation age and birthweight were not significantly
different. Apgar scores at 1 minute were lower in children
with moderate NE than in healthy ones (p=0.001), but the
minimum values were recorded in newborns with severe NE
compared to controls (p=0.001) and patients with moderate
NE (p=0.001). Apgar scores at 5 minutes were lower in
the severe group compared to the controls (p=0.001) and
children with moderate NE (p=0.001); in newborns of
group 1, the values were low compared to healthy ones, but
no difference was noted (p>0.05). Breastfeeding was more
often observed in healthy children compared to neonates
with severe NE (p=0.02). Also, breastfeeding was observed
more often in children of group 1 than in group 2 (p=0.048).
Mixed feeding was more often observed in newborns with
moderate NE than in healthy (p=0.03). Formula feeding was
observed more often in children of group 2 than of group 1
(p=0.007). The frequency of C-section ranged from 14.28 to
16.66% and showed no differences. The mother's age was
in the range of 18-39 years and the father's age was in the
range of 21-52 years, but there was no difference. Mother's
pathology of the cardiovascular and endocrine systems was
found more often in children with severe form compared to
control group. The above disorders and previous infectious
diseases more often were observed in group 1 compared to
controls (Table 1).

When studying the level of Bifidobacterium at the age of
2 weeks, significant lower rates were noted in all subgroups
compared to the controls. In children of subgroup 2a, the
indicators (4.21£1.37) were lower (p<0.001) than in
newborns of la (6.24+1.32). At the same time, there was
no significant difference in the subgroups of children with
moderate and severe forms of NE who received probiotics.
Also, no differences were found in subgroups A and B
(Table 2).

At 3 weeks, the level of Bifidobacterium had a positive
dynamic in subgroups la (p=0.025) and A (p=0.015)
compared to 2 weeks. At the same time, lower rates were
noted in children 1a (p=0.001), 1b (p<0.001), 2a (p<0.001),
2b (p=0.013), A (p<0.001), B (p<0.001) in relation to the
healthy group. In children of subgroup 2a (5.15+1.14)
the values were lower (p=0.002) than in la (7.02+1.42).
In the groups of moderate and severe forms who received
probiotics, no differences were found (p>0.05). Also, no
significant difference was found in subgroups A and B,
but there was a tendency to higher values of the level of
Bifidobacterium in subgroup B.
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Table 1
The general indexes of the newborns
Indexes Controls Group 1 Group 2 p value <0.05
Boys, absolute value/% 19/59.37 37/56.06 11/52.38 -
Gestation age, weeks, mean +SD 38.6+1.3 39.17+0.15 38.76 £0.25 -
Birthweight, grams, mean + SD 32184467 3488.33 £64.01 3291.95 £109.45 -
Apgar 1, mean +SD c:10.001
8.0+0.5 7.15+0.13 3.38+0.49 ¢:20.001
1:20.001
Apgar 5, mean +SD ¢:20.001
8.9+0.4 8.42+0.1 5.04+0.48 1:2 0.001
Feeding by breast milk, absolute c:20.02
value/% 20/62.5 36/54.55 7/33.33 12 0.048
Mixed feeding, absolute value/% 4/12.5 20/30.3 5/23.81 c:10.03
Feeding by formula, absolute value/% 8/25 10/15.15 9/19.05 1:2 0.007
Caesarean section, absolute value/% 5/15.62 11/16.66 3/14.28 —
Endocrine pathology, absolute value/% ¢:10.009
0 11/16.67 7/33.33 ¢:2 0.0007
1:2 0.006
Cardiovascular pathology, absolute c:10.04
value/% 0 8/12.12 8/38.1 ¢:2 0.0002
1:20.02
Transferred infectious pathology, c:10.004
absolute value/% 13.13 17/25.76 1/4.76 1:2 0.027
Note: c:1 — p between controls and group 1; ¢:2 — p between controls and group 2; 1:2 — p between groups 1 and 2.
Table 2
Dynamics of Bifidobacterium
Group 2nd week 3rd week 5th week p value <0.05
C 8.91+1.47 8.44+1.58 8.09+1.49
1a<0.001; 1b <0.001; 12 0.001; 15 <0.001; 2a
2a<0.001; 2b <0.001; A <0.001; 2b 0.013; . -
p between groups <0.05 <0.001: A <0.001: 2a <0.001; A 0.008
B <0.001 B <0.001
la 6.24+1.32 7.02+1.42 7.23+£1.31
C<0.001; ] 2:30.025
p between groups <0.05 1b>0.05; 5306000012’ - 2:50.005
2a <0.001 )
+ 94+1. RYEI®
1b C6 01(4)1011 5.94+1.34 7.87+1.13 2:5<0.001
<0.00L; _ 3:5<0.001
p between groups <0.05 240012 C <0.001
2a 4.21£1.37 5.15+1.14 6.09+1.3
C <0.001; .
12<0.001: € 0.001; C <0.001; 2:50.003
p between groups <0.05 . 1a 0.002;
1b0.012; A0.039 1b 0.025
A0.01 )
2b 4.43+£1.27 6.17+1.33 7.33+1.51
2:50.005
p between groups <0.05 C <0.001 C0.013 -
NNES S8E]. 96=£1.
A 277O (1)0519 6CSSO (10518 6.96+1.4 23 0.015
<0.001; <0.001; 2:5<0.001
p between groups <0.05 22001 24 0.039 C 0.008
B 5.59+1.53 6+1.31 7.71£1.23 2:5<0.001
p between groups <0.05 C <0.001 €<0.001 - 3:5<0.001

Note: c:1 — p between controls and group 1; c:2 — p between controls and group 2; 1:2 — p between groups 1 and 2.

At the age of 5 weeks, positive dynamics in the level
of Bifidobacterium was observed in comparison to 2

weeks, an increase in indicators were detected relative
to 3 weeks in children 1b (p<0.001) and B (p<0.001).

weeks in the main group, excluding controls. Also, at 5 Reduced levels were noted in subgroups 2a (p<0.001) and
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A (p=0.008) in relation to the control group. The number of
Bifidobacterium in subgroups la and 2a did not differ. No
changes were found in moderate to severe forms received
the probiotic (p >0.05). Also, no differences were noted
in subgroups A and B, but there was a tendency to higher
values in subgroup B.

When studying the level of Lactobacillus at the age of 2
weeks, lower rates were found in subgroups la (p<0.001),
2a (p<0.001), 2b (p<0.001), A (p<0.001) and B (p<0.001)
in relation to the controls. In newborns of subgroup 2a,
the indicators were lower than in la (p=0.003). Children
in 2b had lower levels of Lactobacillus than children
in 1b (p=0.009) despite both subgroups were receiving
probiotics. No differences were found between subgroups
A and B (Table 3).

At 3 weeks compared to 2 weeks, the level of
Lactobacillus increased, but significantly only in children
of subgroups 2a (p=0.036) and 2b (p=0.027). Reduced
indicators were noted in 2a (p=0.002) and A (p=0.004)
in comparison to the controls. No differences were found
in subgroups la and 2a (p>0.05). No changes were found
in the moderate and severe subgroups that received
probiotic (p>0.05). There were no significant differences in
subgroups A and B.

At the age of 5 weeks, there was positive dynamics
in the level of Lactobacillus in comparison with 2 weeks
of controls (p=0.046), 2a (p<0.001), 2b (p<0.001) and A
(p=0.021). Also, at 5 weeks, an increase in indicators was
detected relative to 3 weeks in subgroup 2a (p=0.035). A
trend towards an increase of Lactobacillus in the subgroups
was noted, but no significant changes were found.

The level of total number of E.coli tended to increase with
more intensive growth in neonates with NE were not received
a probiotic, but no significant difference was found in relation
to all subgroups, which is explained by the small number of
determinations in the studied samples (p>0.05 ) (Table 4).

E.coli with weak enzymatic ability at the age of 2
weeks higher values were noted in subgroup 2a compared
to healthy ones (p=0.049). No significant differences were
found in the remaining subgroups. At 3 weeks, higher
values were found in subgroups la (p=0.012), 2a (p=0.01),
2b (p=0.022), A (p=0.004), B (p=0.048) compared to the
controls. No differences were found in subgroups la and
2a. No changes were found in the moderate to severe grade
received probiotic (p >0.05). Also, no significant differences
were noted in subgroups A and B. At 5 weeks, no significant
differences were found in the subgroups (Table 5).

Levels of Opportunistic pathogens at the age of 2 weeks
were higher in children la (p=0.002), 2a (p=0.041) and
A (p<0.001) compared to the healthy group. At week 3,
the indicators were elevated in children la (p<<0.001), 2a
(p=0.006) and A (p<0.001) compared to the controls. At the
age of 2 and 3 weeks, no significant changes were noted
in the remaining subgroups. At the age of 5 weeks, the
rates of Opportunistic pathogens were lower compared to 2
weeks in children la (p<0.001), 1b (p=0.004), A (p<0.001)
and B (p=0.014). Also, at 5 weeks, negative dynamics
was revealed in relation to 3 weeks in la (p<0.001), 1b
(p=0.047), A (p<0.001). Increased values were noted in
children of 2a compared to la subgroup (p=0.02). There
was no difference in moderate and severe grades in children
who received probiotics (p=0.287). There were also no
differences noted in subgroups A and B (Table 6).

Table 3
Dynamics of Lactobacilli
Group 2nd week 3rd week S5th week p value <0.05
C 7.69+1.15 7.13£1.45 6.75+1.87
1a <0.001;
2a<0.001; . -
p between groups <0.05 2b <0.001; 2[2 8882’ -
A <0.001; ’
B <0.001
la 5.96+1.49 6.17+1.36 6.2+1.17
C<0.001; -
p between groups <0.05 24 0.003 - —
1b 6.45+1.28 6.18+1.24 6+1.25
2a<0.001; -
p between groups <0.05 b 0.009 - -
2a 4.21£1.37 5.38+1.19 6.64+0.67
C <0.001; 2:30.036
1a 0.003; 2:5<0.001
p between groups <0.05 1b <0.001: C 0.002 - 3:50.035
B 0.017
14=+0. +1. 3341
2b 2130(3)? 6+1.26 7.33+1.21 230027
<0.001; _ _ 2:5<0.001
p between groups <0.05 1b 0.009
A 5.55+1.64 5.98+1.37 6.3+1.09
2:50.021
p between groups <0.05 C <0.001 C 0.004 -
B 5.85+1.56 6.13+1.22 6.38+1.36
C <0.001; -
p between groups <0.05 0017 - -

Note: c:1 — p between controls and group 1; c:2 — p between controls and group 2; 1:2 — p between groups 1 and 2.
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The values of fecal calprotectin at 2 weeks were higher
in subgroups 2a (p<0.001) and A (p=0.008) compared to the
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2a (p=0.155), although FC values in newborns with severe
NE were high (474.14£151.89). In children who received

controls. No differences were found in subgroups la and probiotics, the FC value had not a significant difference

Table 4
Dynamics of total number of E.coli
Group 2nd week 3rd week 5th week
C 6.31+1.49 6.78+1.31 6.31+1.49
la 7.03£1.7 6.95+1.43 7.09+1.28
1b 6.2+1.26 6.67+1.3 7.1+1.37
2a 7.25+1.42 8.17+1.47 7.75+1.49
2b 6.17+1.47 7.2+1.48 7.25+1.26
A 7.09+1.64 7.41+1.54 7.26+1.34
B 6.19+£1.29 6.82+1.33 7.14£1.29
Note: p between groups and weeks <0.05 not detected.
Table 5
Dynamics of E.coli with weak enzymatic ability
Group 2nd week 3d week 5th week
C 4.33+0.58 3.5+0.71 3.33+0.58
12 0.012;
p between groups <0.05 2a 0.049 2a0.01; 2b 0.022; A 0.004; -
B 0.048
la 6.2+1.3 6.75+0.96 5.5+0.71
p between groups <0.05 — C0.012 —
1b 5.67+1.15 5.5+0.71 —
p between groups <0.05 - - -
2a 7.25€1.26 T£1 6.67+£1.53
p between groups <0.05 C 0.049 C0.01 —
2b 6.8+0.84 7+0 5.75+1.26
p between groups <0.05 — C0.022 -
A 6.67+1.32 6.86+0.9 6.2+1.3
p between groups <0.05 — C 0.004 -
B 6.38+1.06 6.25+0.96 5.6+1.14
p between groups <0.05 - C0.048 -
Note: p between weeks <0.05 not detected.
Table 6
Dynamics of opportunistic pathogens
Group 2nd week 3rd week 5th week p value <0.05
C 4.72+1.28 4.41+1.04 4.28+1.17
1a 0.002; 1a<0.001; —
p between groups <0.05 2a 0.041; 2a 0.006; -
A <0.001 A <0.001
p between groups <0.05 C 0.002 C <0.001 2a0.02 3:5<0.001
1b 5.8+1.52 5.29+1.27 3.89+0.78 2:5 0.004
p between groups <0.05 - - - 3:50.047
2a 6.15£1.34 6.13£1.25 5.83+0.98
p between groups <0.05 C0.041 C 0.006 12 0.02
2b 5.71£1.11 5.67+0.82 5.5+1.05
p between groups <0.05 - - -
A 6.08+1.41 6.05+1.22 4.35+1.44 2:5 <0.001
p between groups <0.05 C <0.001 C <0.001 - 3:5<0.001
B 6.08+1.41 6.05£1.22 4.35+1.44
2:50.014
p between groups <0.05 - - -
Note: c:1 —p between controls and group 1; c:2 — p between controls and group 2; 1:2 — p between groups 1 and 2.
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compared with similar values in the control group, which
could be due to the intake of the probiotic. Similarly, FC
indicators had not a significant difference in subgroups B
and controls. At the same time, no differences in FC values
were found in subgroups A and B (Table 7).

At the age of 3 weeks, negative dynamics of FC values
occurred in all subgroups, but significant changes were
noted in healthy (p=0.003), 1a (p=0.039) and A (p=0.014).
Higher FC levels were observed in children 1a (p=0.004),
2a (p<0.001), A (p<0.001) and B (p=0.004) compared to
the controls. No differences were found in subgroups la
and 2a (p=0.257). FC showed lower levels in children who
received probiotics, but no significant difference was found.

At 5 weeks, there was a further decrease in the level of
FC in the control group, but only significantly in relation to
2 weeks. In children of the remaining subgroups, negative
dynamics of FC values were also observed, which was
significant both in 2 and 3 weeks relative to all studied groups.
Higher FC levels were observed in subgroups la (p=0.03)
and A (p=0.011) compared to the controls. There were no
differences between moderate and severe subgroups. At the
same time, the average FC values in newborns who received
probiotics were lower than in the subgroups that were not,
but no significant difference was noted. There were also no
differences in subgroups A and B.

Discussion. Our studies confirm in newborns with
neonatal encephalopathy the positive dynamics of the levels
of Bifidobacterium and Lactobacillus and the negative of
fecal calprotectin, which other researchers indicated [5, 8,
15]. At the same time, according to our data, in children
with NE the level of Bifidobacterium was lower compared
to the controls. In children of subgroup 2a, the levels were
lower than in controls and the la subgroup throughout
the entire study, but for the latter it was significant only at

weeks 2 and 3. At the age of 5 weeks, positive dynamics of
Bifidobacterium was observed in comparison to 2 weeks in
the main group, excluding healthy. In children with severe
NE, values remained low at 5 weeks. This may be due to
a number of factors, including formula feeding [5, 6, 16],
C-section [16, 17] and the presence of possible inflammatory
changes in the intestine after hypoxia [6]. Although the
results of other authors indicate that there is no effect of
feeding and delivery on the levels of Bifidobacterium after
hypoxia-ischemia [15].

Indicators of Lactobacillus in children with NE were
lower in relation to controls, but significant only at 2 and
3 weeks. Lower values were observed in newborns with
severe NE. At 2 weeks children in 2a had lower levels than
in the 1a subgroup. Also, children in 2b had lower levels of
Lactobacillus than children in 1b despite both subgroups
receiving a probiotic. At the age of 5 weeks, there was a
positive dynamics of indicators in relation to 2 weeks in
controls, 2a, 2b and A subgroups, however, low values
of Lactobacillus persisted in children with severe NE.
Researchers suggest that formula feeding [5], C-section
[16] and environmental factors [16] may influence the
reduction of Lactobacillus levels in children with NE.

E.coli with weak enzymatic ability at the age of 2
weeks, higher rates were noted in subgroup 2a compared
to healthy ones. At 3 weeks, increased values were detected
in subgroups la, 2a, 2b, A, and B relative to the controls.
At 5 weeks, there was a trend toward lower E. coli values
in neonates with NE, although higher levels remained
in children with severe grades. Factors influencing the
increase in E.coli levels are formula feeding [5], delivery
[16, 18] and environment [16].

The level of Opportunistic pathogens was higher in
children receiving a probiotic compared to controls at 2 and

Table 7
Dynamics of fecal calprotectin
Group 2nd week 3rd week 5th week p value <0.05
C 280.59 +£123.68 19531+ 115.52 153.53+34.64
la 0.004; 2:30.003
) 2a<0.001; . 2:5<0.001
2a<0.001 12 0.03 DU,
p between groups <0.05 ’ 2b 0.017; ’ 3:50.291
A 0.008 A <0.001: A0.011
B 0.004

la 361.85+137.4 299.86+115.1 206.94+82.9 2:30.039

2:5<0.001

p between groups <0.05 - C 0.004 C0.03 3:50.02
1b 354.7+117.68 298.94+100.96 156.13+62.27 2:5<0.001
p between groups <0.05 - - - 3:5<0.001
2a 474.14£151.89 394.31+131.67 213.27+62.09 2:5<0.001

p between groups <0.05 C<0.001 C <0.001 - 3:50.003
2b 415.57+136.69 373.5+121.27 179.83+53.26 2:50.005

p between groups <0.05 - C0.017 - 3:50.025
A 388.05+147.57 322.18+124.7 208.46+77.82 2:30.014
2:5<0.001
p between groups <0.05 C 0.008 C <0.001 C0.011 3:5<0.001
B 370.48+123.17 318.39+108.98 162.9+59.53 2:5<0.001
p between groups <0.05 - C 0.004 - 3:5<0.001

Note: c:1 —p between controls and group 1; c:2 — p between controls and group 2; 1:2 — p between groups 1 and 2.
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3 weeks. At 5 weeks of age, there was a downward trend in
Opportunistic pathogens. Increased values of Opportunistic
pathogens in children with severe NE persisted at 5 weeks.
This may be due to a number of factors, including formula
feeding [5] and the presence of a possible inflammatory
response in the intestine [15, 18].

FC values were higher in children with NE compared
to the controls throughout the study. Higher FC levels were
observed in children with severe NE. At 5 weeks there was
a further decrease in FC values in all groups compared to 2
weeks, but elevated values persisted with a severe form of
NE. Some authors believe that aspects that could influence
the increase in FC levels include gestational age [14],
C-section [14], male gender [8], postnatal age [8, 14] and
breastfeeding [8].

Children with NE had lower levels of Bifidobacterium
and Lactobacillus than controls, and some scientists confirm
the data obtained [14, 15, 17]. Higher values of E.coli and
Opportunistic pathogens have been recorded in newborns
with NE, as also suggested by some studies [5,15,18].
After hypoxia-ischemia, the richness and diversity of
intestinal flora increased [19]. The findings are explained
by the unstable composition and function of the neonatal
gut microbiome, followed by its improvement with age

KJITHIYHA IIPAKTHUKA

[16]. In our study, children with NE FC levels were higher
at 2 weeks, with a gradual decrease in the subsequent
postnatal week, which is also reflected in the works of
some scientists [8, 14]. An increase in the FC value may
reflect the intrauterine environment, intestinal immaturity
and ischemic damage to the intestinal mucosa in children
who suffered from NE [14]. Also, a decrease in FC with the
subsequent postnatal week may be associated with changes
in the microbial composition of stool and normalization of
the gut [14].

Conclusions. 1. Disturbances in the microbiome
composition in children with neonatal encephalopathy
were noted throughout the study period and consisted of
a decrease in Bifidobacterium levels at 2 and 3 weeks, and
Lactobacillus at 2 weeks and an increase in Opportunistic
pathogens at 2 and 3 weeks.

2. In newborns with neonatal encephalopathy, the level
of fecal calprotectin was characterized by higher values,
which were higher than in controls — for children with a
moderate form at 3 and 5 weeks and with a severe form at
2 and 3 weeks.

3. In newborns with neonatal encephalopathy received
a probiotic, Bifidobacterium values recovered earlier and
fecal calprotectin levels were lower.
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XAPAKTEPUCTHUKA TIOKA3HHUKIB 'EMOCTA3Y I MAPKEPIB 3AITAJTIEHHSA
Y KIHOK PEITPOAYKTUBHOI'O BIKY 3 AJIEHOMIO30M
Y MOCTKOBIJHOMY IIEPIOAI

Opnecbkuii HallloHAIBLHUI MeIMuHUiA yHiBepeuTeT, Oneca, Ykpaina
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XAPAKTEPUCTUKA TOKA3HUKIB TEMOCTA3Y I MAPKEPIB 3AITAJIEHHS ¥ )KIHOK PENPOAYKTHUBHOI'O BIKY
3 ATEHOMIO30M Y NOCTKOBITHOMY HEPIOAI

Ooecvkuii HayionanvHuil meouynuil ynigepcumem, Qodeca, Yxkpaina

Meroto nocmimkeHHs Oylo BU3HAYEHHs Ta IOPIBHSHHS PIBHIB NMOKA3HHKIB CHCTEMH 3TOPTAaHHS KPOBI Ta MapKepiB 3allalIbHUX IPOILECiB
Y J)KIHOK, XBOPHX Ha aIeHOMi03 (A3), y MOCTKOBiqHOMY miepiofi micns nepereceroro COVID-19. O6crexeno 180 xiHOK penpoayKTHBHOTO BiKY:
60 mpaxkTUYHO 3710pOBHX XKiHOK (rpyna A), cepen sikux 30 sxKiHOK, 1o nepexBopinu Ha COVID-19 (rpyma A2); 120 xiHOK, 00TSHKEHHX a1eHOMi-
030M, o nepexsopim Ha COVID-19, 3 Hux: 60 — A3 I-1I crynenis Tspkkocti (rpymna B) Ta 60 — A3 III-1V ctynenis spxkocri (rpymna C).

OrpuMaHi JaHi CBITYMIIN PO HASBHICTH TiMEPKOATrYISAIIi y KiHOK, 10 epeHecan 3axBoptoBaHHs COVID-19 Ta 6inbin BupakeHi 03Ha-
KM TiMepKoary/siii BU3HAYAINCh Y XKIHOK, 00TSDKeHHX A3 y MOCTKOBIJHOMY Mepioai. [neHTH4Ha AnHAMiKa criocTepiranach 3 BU3HAYCHHIM
MapKepiB 3alaJIieHHs] MiX IPyHamMy, IO MiATBEPKYE 3aNIbHUIT ITPOLEC Y TKAHUHI MaTKH.

Kurouosi ci10Ba: aneHoMio3, TOCTKOBITHHUIT TIEpio], TeMOCTa3, MapKepH 3araJcHHs.
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M. B. Zaporozhchenko, G. F. Stepanov, A. V. Bulhar

CHARACTERISTICS OF HEMOSTASIS INDICATORS AND INFLAMMATION MARKERS
OF REPRODUCTIVE AGE WITH ADENOMYOSIS IN POST-COVID PERIOD

Odesa National Medical University, Odesa, Ukraine

Introduction. In adenomyosis, microcirculatory disorders have been proven to characterize a chronic immunoinflammatory process
in the endometrium and myometrium. These processes are especially severe in the setting of a viral load, thus the issue of the course of
adenomyosis after COVID-19 has become relevant. The pathogenicity of the COVID-19 virus is due to its tropism to the epithelium of
endothelial cells, which is realized in endothelial damage: the latter loses antithrombogenic properties, vascular wall permeability increases,
and blood procoagulant properties and the synthesis of proinflammatory cytokines raise. Against the background of the inflammatory process
in the endothelium, the blood coagulation cascade is initiated.

The aim of the study was to investigate and compare the levels of blood coagulation system parameters and markers of inflammatory
processes in women with adenomyosis in the post-COVID period during 3, 6, and 12 months after COVID-19.

Materials and methods. The study included 180 women of reproductive age, including 60 apparently healthy women (group A),
including 30 women with COVID-19 (group A2), 120 women with adenomyosis who had COVID-19, including 60 with adenomyosis of I-11
severity level (group B), and 60 with adenomyosis of III-1V severity level (group C). Blood coagulation parameters (platelets, PT, APTT, INR,
fibrinogen, D-dimer) and inflammatory markers (CRP, ferritin, procalcitonin) were determined.

Results and discussion. The data obtained indicated the presence of hypercoagulability in women with COVID-19 (group A2), and more
pronounced signs of hypercoagulation were determined in women with adenomyosis (groups B and C). Identical dynamics was observed in
the determination of inflammatory markers between groups A2, B and C, which confirms the inflammatory process in tissues, including uterine
tissue, which is also confirmed by clinical symptoms of adenomyosis in the post-COVID period.

Key words: adenomyosis, post-COVID period, hemostasis, inflammatory markers.

IN WOMEN

Beryn. 3axBoproBaHHs aneHOMio3 (A3) He BTpauae
CBOET aKTyaJbHOCTI BIPOAOBK 0ararboX IECATHIITH. 3a
JAHUMHM JITepaTypu aJIeHOMIO3 IOCiJiae TPETe Micle 3a
MONIUPEHICTIO Cepel TIHEKOJIOTIYHOI MaTOoNOTii Y KiHOK
penpoxnykruBHoro Biky [l]. Lle yHikaspHHMI ecTporeH-
3aJIOKHAN XPOHIYHWH 3alajbHUM ITpoIec, 0 OCHOBHHX
Teopiii BUHUKHEHHS SKOTO BITHOCSTH: IMIUIAHTAIIWHY,
TEHETHYHY, TOPMOHAJbHY, IMYHOJOTIIYHY, IU30HTOTCHE-

© M. b. 3anopoxuenko, . ®. Crenanos, A. B. Bynrap, 2024

CrarTs MOUIUPIOETHCS HA YMOBAX JIIICH3IT ::

TUYHY, METAIUIAaCTUYHY Ta iHui. Bei 1i Teopii 00’ ennye
XpOHIUHE 3allaJieHHs] OPTaHiB PErpoIyKTUBHOI CHCTEMH,
HCOAHTIOTCHE3, HASBHICTh IMYHHOI AUCYHKIII, MOpy-
IIeHHs MeTa0oJi3My HpOrecTepoHy, eCTPOreHIiB, IpocTa-
DIaHIUHIB TOIIO [1-3]. AJCHOMIO3 € MPUYUHOO Ta30BOTO
6oito y npaktuaHo 80% criocrepesxenb. KimiHigHO cympo-
BO/DKYETHCS IHTEHCUBHAM Ta30BHM OOJIEM ITiJ Yac i mo3a
MEHCTpYaIli€lo, AUCHapeyHi€ro, Oe3ITiamsiM, aHOMAalb-
HUMH MaTtkoBUMH KpoBoTedamu (AMK). TazoBuii Ginb,
TSOKKA TUCMEHOpEs, XPOHIOCTPEC OB sA3aHi 3 aKTHBHICTIO
Ta TMPOAYKIEI Tpo3anajibHUX HUTOKIHIB. Jlo mpwuuH
Ta30BOr0 OOJI0 BIAHOCATH PO3POCTAHHS HEPBIB 1 CY/IMH,
3MIHH HEHpOpEeTyIsLlii, 3ananbHe PEMOJICIIOBAHHSI MiOMe-
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Tpisi, MOPYLICHHS KPOBOOOITY Y CyIMHAX, CKICPO3yBaHHS
cyauH [4; 5]. 3a JaHUMK HAyKOBIIIB, PO3BUTOK OOJEOBOTO
CHUHIIPOMY Yy pa3i A3 1oB’si3aHuil 31 301IBIIICHHAM HEPBOBHX
BOJIOKOH 1 MakpodariB y nepuBacKyiIsipHid 30HI 1 JUISH-
KaxX peMOJEIIOBaHHSA MioMeTpis. BuHuKHEHHST 00JI50BOTO
CHUHIIPOMY y pa3i A3 3aJie)KUTh Bifl 1HBa3il €KTOMIYHOTO
SHJIOMETpist 0e3MOCepeIHbO Y CTIHKY MAaTKH Ta AKTHUB-
HicTIO MakpodariB. He BHKIIOYCHO, IO BHCOKHUI PiBEHBb
BMICTY MakpodariB y MepHBacKyISIPHUX JUITHKAX MOXKE
MiATBEPIKYBAaTH y4acTh MakpodariB y CTUMYIALIl Tpo-
IIeCiB aHTIOTeHEe3y 1 POCTY HEPBOBHX BOJIOKOH [6]. ¥V pasi
A3 Mae MicIie 3CYB MPOAHTI0TeHHUX KOMIIOHEHTIB. HaOpsik,
FIMOKCIs TKAHUH MIOMETPIsl € CKJIAJHUKaMHU [TaTOTeHeTHY-
HOTO KOJIa BUHUKHEHHS A3. Y pasi aicHOMiO3y OBEICHO
MOPYILIEHHST MIKPOIMPKYJISLIi, 110 XapaKTepu3ye XpoHid-
HUH IMyHO3anaJIbHUK TPOLEC B €HAOMETpii Ta MioMeTpil
[7; 8]. OcobnuBO TsKKO TEpeOIiraroTh Ii MPOIECH HA TIIi
BIPYCHOTO HaBaHTA)KCHHSI.

KopoHaBipycHe 3axBoproBaHHS — II¢ KIIiHIKO-JIa0o-
patopHUIl TIposB iHQIKYBaHHS OpPraHi3My HOBHM IITa-
MoM KopoHaBipycy SARS-COV-2. IlaroreHHICTH Bipycy
COVID-19 3ymoBnena H#Oro TPOITHICTIO IO €MITeNII0 KITi-
THH €HJIOTEII0 CyIUH, 110 IPU3BOJHUTH 10 SHAOTENiaIbHOL
qucyHKIT. MexaHi3MHd BUHUKHEHHS TPOMOO3y Ta Tirep-
Koaryssiiii y pasi enporeniansaoi qucdynkuii (EJT) y xBo-
pux Ha COVID-19 monsrae y ToMmy, 1[0 MOIIKOIKCHUN
CHJIOTEJIi BTpavYae aHTUTPOMOOTCHHI BJIACTUBOCTI, IiIBH-
LIYETHCSI IPOHUKHICTD CYIMHHOI CTIHKH, 3pOCTa€ aaresis
JICHKOIUTIB, MMOCHIIIOIOTHCS MPOKOATYJISIHTHI BJIACTHBOCTI
KpOBI 1 CHHTE3 Ipo3anajibHuX MUTOKIHIB. Ha Tii 3amass-
HOTO TIPOIIeCy B €HIOTENI] BiIOyBa€ThCS IHIIIAIS KaCKaLy
3ropraHHs KpoBi [9-12]. V Bcix BuUmagkax Koaryiomariit
Ma€ MicIie BUCOKHH piBeHb (PiIOpHHOTEHY Ta TIPOIYKTIiB
posmany (iOpuHy, MOJOBKEHHS MPOTPOMOIHOBOTO HaCy
(ITY) Ta aKTUBOBAHOTO YAaCTKOBOTO TPOMOOIJIACTHHOBOTO
gacy (AUTY). AxTuBariis TpOMOOIIUTIB BiIIIPAE BaXKIUBY
POJIb y TPOMOOYTBOPESHHI BHACITITOK TOIIKOKECHHS CYIUH-
HOI CTIHKH, CTUMYJISIIIT CHHTE3Y KoJlareHy, TpoMOiny [13].

TpomOwu, siki yTBOpHIIHCS B IpoLieci iH(iKyBaHHS KOPO-
HaBipyCOM, MIPOJYKTH iX J3HCY, MAIOTh CKJIaJHI HACIIJIKH.
OCKITbKM OCTaHHI NPOBOKYIOTH HPOLEC 3anajeHHs 1 sK
HaCJIIOK HEKpO3y, MIKpOTPOMOM 3 BIpyCHUMH YaCTHH-
KaMH 3QJIMIIAIOTECS y TKaHMHAX. Y pasi Ji3ucy TpoMoOiB
1Ii BipyCHI YaCTHHKH 3 aHTUTEHAMH CIPHUSIIOTH HOBIi XBUIII
MIPOIIeCy 3alTajieHHs B TKAHWHAX 1 OpraHax opraHismy. Biza-
OyBaeThCsI TTOpPYIIECHHA TeMocTasy. ¥ xBopux Ha COVID-
19 1abGopaTopHO MiABHILYETHCS PiBEHH 3alajbHUX OINKiB
(piBens C-peakruBHoro 0inka (CPB), hepuruny, D-numepa,
nakraraerigporenasu (JIAT')). MapkepoM MOLIKOPKEHHS
CYMHHOI CTIHKH € Mi/JIBUIIEHUH piBeHb (PiOpuHOTEeHA Ta
CIIOHTaHHA arperaifiss TpomoOouuTie. ¥ pazi COVID-19
BiZI0OyBa€eThCs TPOMOOYTBOPEHHS Y Cy/IMHAX MAJIOTO JliaMe-
TPy )KHUTTEBO BOKJIMBUX opraHis [11; 12].

OcoOnmmBO TOCTPO 1€ NMUTAHHS CTOITH JUISl IAlli€H-
TIB «TpyI pUsHKy». Jlo «rpyn puU3UKy» HaJekaTb KIHKH
PEIPOAYKTUBHOTO BiKy 3 HasBHHUMH TCHITAJIbHHMH Ta
eKCTpareHITATFHIMH 3aXBOPIOBaHHIMH. OCOOIUBO TSKKI
HACITIIKU Ma€ 3aXBOPIOBAHHSA y JIFONIEH 3 XPOHIYHOIO MaTo-
JIOTi€F0, B TOMY YHCII ITyXJIWHHUX TporeciB. JKiHku, 00Ts-
JKeHI aJICHOMIO30M, € 3aJIeKHHMHU BiJl TPUBAJIOIO 3acTO-
CYBaHHS MEIUKAMEHTO3HUX IIpernapariB, y TOMY 4YHCII
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Oe3rocepeIHbO TOPMOHOTEpAIIii, IO pPa30M CTaHOBHTH
noJinparMasito y OUIBIIOCTI BUNIAJKIB Ta MOXE TPOBOKY-
BaTW 3aroCTPEHHsl eKCTpareHiTajibHOI MaToJIorii, MPUTHI-
YEHHsI JJAHOK IMYHITETY, TOPYIIEHHS y CUCTEMI 3rOpTaHHs
KpoBi. Bumie HaBeneHe oco0naMBO akTyalbHE B yMOBax
BipyCHOT0 HaBaHTaXeHHsI. OCTaHHE YCKIJIQIHIOE KITIHIYHUH
nepeOir ageHoMio3y i HaOyiio Ha[3BHYAHOT aKTyaJbHOCTI
B mepion manaemii COVID-19 [14].

YV HayKkoBHX po0OTax YKpaiHCBKHX YYEHHUX IOBEICHO,
0 YacTi KpOBOTeUi y pa3i MyXJIWHHUX 3aXBOPIOBAHB
MAaTKH IIPU3BOAATH IO IOPYIICHHS CHCTEMH I'eMOCTas3y.
Pict myXnuHH CynpOBOIKYETHCS ITiABUIIEHHM CIIOKUBAH-
HSM aJibOyMIiHY 1 BITHOCHHM 301IbIICHHAM (paKiiii 1o0y-
niHiB i hidpuHoreny. Lli mporecu cpusitoTh MiBUICHHIO
B’SI3KOCTI KPOBI Ta YTBOPEHHIO arperatiB y CyIHHHOMY
pycui. [TyXIMHHI KIITHHA MOXYTh OTIOCEPEIKOBAHO AKTH-
Bi3yBaTH CUCTEMY 3rOpPTaHHS KPOBI Uepe3 MOHOHYKIICA3H —
(harorTH, MO CTUMYJIOE MPOAYKIIIO NPOKOATYISTHTHHX
cyOcraHIiit 1 TkKaHpOBUX (hakTopiB. BinOyBaeTbes nudysis
B TUTa3My KpoBi (pakTopiB 3ropTaHHs KpoBsi [2; 3].

CKITaIHOIO € KITiHIYHA CUTYAITis, 32 K0T OJJHUM i3 CHMII-
TOMIB 3aXBOPIOBaHHS Ha aJCHOMIO3 € MEHOPATis, a TaKOX
TOPMOHOTEpAITiSA 1 TIMepKoaryysis Micis MepeHeceHOTo
KOPOHABIPYCHOTO 3aXBOPIOBAHHA. Y JKIHOK, XBOpPHX Ha A3,
BuHHKalTh AMK yHaciiiok koarynonariii Ta eHgomerpi-
aNbHUX 3MiH (yHKIIOHaIbHOTO enpomerpito [15]. Hdeski
MEIMKaMEHTH BHCHAKYIOTh, aKTHBYIOTh JIJAHKH T€MOCTa3y,
IHIII 3HWKYIOTh AHTUTPOMOOTHMYHHMM IOTEHIIaN EHMOo-
teinito 1 kpoBi. Taka ¢opma HaOyToi TpomOOdinii yacTo
BUHMKA€E y pa3i 3aCTOCYBaHHs FOpMOHOTeparlii (3aMicHOI,
KOHTpalenTuBHOI TOIO). [IOSCHEHHAM BKa3aHUM IIPO-
1ecaM € BIUIMB €CTPOTCHIB Ha IPOLEC 3rOPTaHHS KPOBI.
[Tig BmmBOM ectporeHiB 3poctae Bmict I, VI, VI, VIII,
IX, X ¢daxropiB 3ropraHHs KpOBi, MiABHUIYETHCS arpera-
s 1 aares3is TPOMOOUHWTIB, 3HIDKYETHCS (iOPHHOMITHIHA
AKTUBHICTBH KpoBi [16].

MeTta — J[OCHIJDKEHHST Ta IOPIBHAHHS TOKa3HHKIB
reMocTasy i MapKepiB 3arajeHHs Y )KIHOK pEernpoIyKTHUB-
HOTO BIKY, XBOPUX Ha aJIcHOMi03, y pi3HI TEpMiHH MOCTKO-
BiJTHOTO MEPioxy.

Marepiamn i metomn. Ilix Harsimom nepedysaio 180
JKIHOK PETIPOyKTUBHOTO BIKY:

— rpymna KOHTpomo A — 60 MPaKTUYHO 3IO0POBUX XKIHOK,
cepen skux 30 IPaKTHYHO 3OPOBUX JKIHOK, SIKI HE XBOPLIH
Ha COVID-19 (rpyma Al), Ta 30 mpakTHYHO 3I0POBUX KIHOK,
sKi mepereciu 3axBoproBanHsa COVID-19 (rpyma A2);

— OCHOBHY Tpymy ctaHOBWIH 120 XiHOK, XBOpHX Ha
A3z, sixi nepenecnu pizHi popmu COVID-19, cepen sikux:

— 60 xiHok rpynu B — xBopi Ha A3 I-1I cTyneHiB Tsk-
KOCTI;

— 60 xinok rpymu C — xBopi Ha A3 III-IV crynenis
TSDKKOCTI.

Bu3Hadanuch TOKa3HUKU 3rOpTaHHS KPOBi (TpoMOo-
uth, [14, AUTY, MHB (Mi>xkHapogHEe HOpMAITi30BaHE Bij-
HOIIeHHS), QpiOpuHOTeH, D-1ruMep) Ta MapKepH 3arajicHHs
(CPB, depuTHH, TPOKATBIIUTOHIH).

[Ipomec koarymsmii CKIama€eTbes i3 TPHOX TPYII
B3a€MOTIOB’SI3aHUX PEaKIliil. A came BHyTPIITHA 1 30BHIIIHS
CHCTEMH 3TOPTaHHS KpPOBi, POIeC MepeTBOpeHHs (idpu-
HoreHy Ha (i0opuH. [ToKa3HUKH TeMOCTa3y MOKHA BH3HA-
YUTH 3a pesynbratamMu koaryjaorpamu. IlokazHuku
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KOaryJiorpamMy JI03BOJISIOTh BHSIBUTH IIOPYHICHHS ILa3-
MOBO-KOATyJISILIITHOTO JIaHIIOra TeMOCTaszy. BHyTpimHii
LIJISIX 3TOPTaHHS KPOBi OIIHIOBaIM 32 rmokasHukoM AUTY,
10 € HAWOUTBII IHHUM CKPUHIHTOBUM TECTOM, SIKHU Haii-
OUTBII UyTHAMBHA A0 MeiUTy BCiX (HaKTOPIB 3TOPTaHHS
kpoBi, okpim ¢akrtopa VII. I[Tomorxenns AUTY BinOysa-
etbest y pasi 30-40% 3HMKeHHs PiBHIB ()aKTOPIB 3ropTaHHs
kpoBi. [lokasHuk migBunryerscst y pasi [AB3-cunmpomy
(II-III ¢paza) i 3nmxkyetbes B I pasy AB3-cunnpomy, rinep-
KOATYIIAIil 1 pH3UKY BUHUKHEHHS TPOMOO3iB 1 TpoMOOeM-
Oomii. 30BHIMHIN OIIAX 3ropTaHHSA KpPOBI XapaKTepU3ye
nokasHuk [IY, sSKkuM BHU3HAUA€THCS JEKiIbKa (akTopiB
sropranHsi kposi: Il (mporpom6in), VII (mmpoxoHBEpTHH),
X (Crroapta), V (IIpoakIienepuH).

®ibpuHoTreH € roctpodazoBuM OLIKOM IpoIecy 3ara-
neHHs. PiBeHb (hiOpiHOTEeHY, IKUIl CHHTE3Y€EThCS y TICUIiHIII,
Mae Oarato QyHKIIN: XapaKTepu3ye Iporec IepeTBOPEHHS
¢ibpuHoreny y ¢gidpun, 6epe ydacTs y arperarii TpoMO0-
IIUTIB, B’SI3KOCTI KPOBI, BIUIMBAE HA B3a€MOBITHOIICHHS
MDK ()OPMOBUMH €JIEMEHTaMH KPOBI 13 CYJHHHOIO CTIHKOFO
tomo. ITinBuienns koHueHTpauii GpiopuHOreHy B ruiasmi
KpoBi mpoBokye npuckopenHs LIOE.

D-numep € MmapkepoM TpoMOOyTBOpeHHS, (hiOpHUHOIMI3Y,
KIHIIEBUM TPOIYKTOM Jerpajarlii Hepo3dnHHOTO (hidpumy,
SKAH CTAaHOBUTH OCHOBY TPOMOY IiJ{ JI€I0 IUIa3MiHy, Ta
aKTHBaTOPOM CHCTEMH 3TOPTAaHHsSI KPOBI, IHTEHCHUBHOCTI
TIaTOJIOTIYHUX ITPOLIECIB, 1110 repediraroTh 3 GidpuHOIIZOM.
Konnenrpauis D-numMepa npsiMo nporopiiiiiHa akTHBHOCTI
¢iOpmHOITI3a 1 KimbKOCTI PpiOpHHA, KW JTi3yETHCS.

C-peakTUBHUH OUIOK € MapKepoM TIOpa30K TKaHWUH
BHACJIIJIOK IIPOLECIB 3armajieHHs, Hekpo3dy, TpaBmu. CPb
€ Heniko3oiapoBaHuM Outkom. Cunre3 CPb BinOyBaeThbes
B TeNaToIMTaXx i/l BINIMBOM IUTOKIHIB. OCHOBHA (DYHKIIis
CPb mnonsArae B akTHBalii iIMyHHUX peakiii, 3B’ s3yBaHHI
PI3HOMaHITHHX MIKPOOPTaHi3MIB 1 TIPOAYKTIB pO3MaTy
MaTOJIOTIYHO 3MiHEHUX TKAaHHH.

deputHH — Mapkep 3amnaciB Ta OCHOBHHUI OUIOK, IO
JICTIOHY€ 3alli30 B OpraHi3Mi, Ta € KOMIUIEKCOM Tiipo-
OKHCy 3aii3a 3 OinkoMm amodepurrnHoM. deputuH Hase-
JKUTB JI0 OLITKIB rocTpoi (hasu 3amanpHuX mnporecis. [TiaBu-
IIeHi piBHI (epUTHHY CITOCTEPIraloThCs Y pa3i XPOHITHIX
3amajbHUX TPOIECIB, TOCTPUX 1 XPOHIYHUX 3amaJIbHUX
HPOLIECIB MEYiHKH, OHKOIPOIECIB TOIIO.

[poxansuutonin (PCT) — wme mnomimentua, Mapkep
reHepastizallii CHCTeMHOI 3anaibHOi peakmii, Oakrepiaib-
Hoi iHdexkuii, cencucy. B Hopmi PCT yTBOproerses i3 mpe-
mpokatpIuTOHIiHA B C — KIIITHHAX MIATOMOAIOHOI 3a11031
il BIUIMBOM KalbIlid-3a7eKHUX (DakTopiB. Y pasi HasgB-
HOCTl 1H(EKUIHUX MpoIeciB B OpraHi3Mi BinOyBaeThcs
MacoBe YTBOPEHHS €HJIOTOKCHHIB, IO CYNPOBOKYETHCS
30UIBIICHHSM PiBHIB po3anagbHUX HUTOKIHIB IL-6, NNF-
o, Ta 30utpmennas cuaTe3y PCT He e y muTononioHii
3aJ03i, ane i B JeWKoInuTaX, MOHOIIUTAX, HEHPOCHIOKPHH-
HUX KJIITHHAX JIET€Hb, KMIIEYHUKA, [IEYIHKH.

Hocnimkenns cxpanere ETuanum komiterom OmecbKoro
HAI[IOHAJBHOTO MEAMYHOTO YHiBepcuteTy Bif 05.05.2022 p.
(mmporokon Ne3). OTpuMaHo TIMCHMOBY 1H(MOPMALIIHHY 3oLy
MALi€HTOK, 3aJTy4SHHX 0 IOCIIDKEHHSI.

Yci BumenepeniueHi moka3HUKH OyJIH BU3HAYEHI Y )KiHOK
JOCHTIPKyBaHUX Tpym. OTpuMaHi pe3yasTaTti 00poOieHi 3a
JIOTIOMOTOI0 METOJIMK MaTeMaTH4HOI CTaTHCTHKH 1 IaKera
mporpam MS Excel XP, Statistica 6.0 i3 3acTocyBaHHIM
rapaMeTpuaHoro kpurepito CrpronenTta. CTaTuCTUYHO 3HA-
YYIIMME BBaKAIU BinqMiHHOCTI 1ipa p < 0,05.

Pesyabrarn Ta 00roBopeHHsi. BuBueHHs aHaMHECTHY-
HUX JaHUX Ta CKapr y MaIli€HTOK, OOTSDKEHNX aeHOMI030M
micis nepeHeceHoro 3axoproBanis COVID-19, nokazanu
taki pesyaprati: 40% mNamieHTOK BiJ3HAYAIM ITOCHUIJICHHS
TA30BOT0 OOJII0, Cepel SIKMX CHIIbHUI O1b OyB NPHCYTHIH
y 33,3%, a 69% onuTyBaHNX >KIHOK BiA3HAYMIIN ITOCHIJICHHS
MEHCTPYyaIbHOI KpoBOTEHi, cepe sIkuX y 58% Oyita miarHoc-
TOBaHa MOCTreMOpariyHa aHemis. TakoX Big3HAYAIH MTOSBY
nocriitHoro 6omo B M’s3ax (40%), y cymiobax (43,3%),
TOJIOBHUI 01716 (36%), mucnapenyHito (60%) Toro.

JlabGopatopHO miTBEpKEHO NOPYIIEHHS CHCTEMH 3T0p-
TaHHS KPOBi y 00CTEKYBaHMX MAIlI€HTOK, & CaMe HasBHICTh
rineproaryssmii. JloBeaeHo TOCTOBIpHY Pi3HHINIO KiTBKOCTI
TpomOoruTiB y rpynax A2; B; C—(398,0+18,1; 438,0+£19,2;
440+19,3 r/n), y rpynax B i C piBeHb TPOMOOLUTIB 10CTO-
BIPHO BHIIM# NOPIBHAHO 3 rpynoro A2; ITY (30BHimHS cHc-
TeMa 3ropTaHHs) BUIIE BEPXHBbOI MEXi peepeHTHUX 3HA-
YeHb Y KpoBi iHOK rpymnt A2, B, C—(32,0+1,7 c; 38,1£1,5 c;
38,4 £1,6 ¢), y rpyn B i C moka3HUKH BHIII HOK Yy TPYyIIi
A2; AYTB (BHYTpIUIHS CHCTEMa 3TOPTAHHS ) BUIIE BEPXHBOI
Mexi peepeHTHNX 3HaUeHb Y )KiHOK rpyrnu B, C (37,1+2,2 c;
37,3 £2,3 ¢); nokasaukun MHB manu ifeHTHYHY TUHAMIKY
Mix rpynamu A2, B i C, koHuenTpais ¢piOpuHoreny Buiie
BEPXHBOI MeXki pepepeHTHHX 3HAYEHb y KPOBI XKIHOK TPyII
A2,B, C—(4,3+0,23 r/m; 5,4+0,16 r/m; 5,8+0,23 /), anaino-
rigro y rpynax B i C noka3auku ¢ibpuHoreHy Oyny BUITIMA
HDK y rpyni KoHTpoimo A2; D-numep BHIe BepXHbOT Mexi
pedepenTHMX 3Ha4YeHb y KpoBi KiHOK rpyn A2, B, C —
(250,2+12,5 ur/mim; 355,9+17,4 wr/mi; 356,5 £16,4 Hr/Min)
CTOCOBHO Tpymi Al, 10CTOBIpHO BUIII OKA3HUKH Y TPyMax
B i C (tabmurs 1).

Po3yMiHHS MAaTOT€HETHYHOTO MEXaHi3My BHHHKHEHHS
Ta KJIIHIYHOTO epediry aIeHOMi03y MOSICHIOE HEOOXiTHICTh
3aCTOCYBaHHS B JJaOOpPATOPHIiil JiarHOCTHII KOHTPONIO 3a
piBHEM Mpo3anaJbHUX OUIKIB (3amajbHUX OloMapkepiB),
a came D-mmmepa, CPB, ¢eputuny, NpOKaJIbIUTOHIHY.
JlabopatopHi MOKa3HUKH MapKepiB 3amalbHUX IIPOIECIB
JIOBEJIH TOCTOBIpHY Pi3HUIIO piBHSA D-muMepa 3a rpymaMu
(tabmuus 1), mosuruHoro BusHadeHHs: CPb (+) y xiHOK,
XxBopux Ha afgeHomios (y 100%), TOCTOBIpHOTO 3HUKCHHS
piBHA QepuTHHY y KpoBi kiHOK rpyn B (8,0+0,5 ur/mi)
i C (7,0+0,5 Hr/™Mia) Ha TIi BTOPHHHOI MOCTreMOpariqyHoi
anemii ctocoBHO Tpym A2(11,0+0,3 HI/MI), TOCTOBIpHOTO
3pOCTaHHsl PiBHA TpoKaimbluTOHIHA 10 1,7+0,09 Hr/mn
(rpyna C), no 1,14£0,06 ur/mu y rpyni B nporu 0,8+0,04
ur/mi (rpyna A2) (p<0,05) (tabmutist 2).

Pesynpraty mpoBeAEHUX JOCHIPKEHb MiATBEPAKYIOTh
HASBHICTh TPOIIECIB TINEPKOATYIAMIl y MAIi€HTOK, M0
nepernecin COVID-19 (kinku rpymu A2, B, C) — p<0,05
CTOCOBHO I'pyTH KOHTPOJIO Al. € mocToBipHa Pi3HHUIA MiXK
nokazHukamu y rpynax B i C (xBopux Ha A3 pi3HOTO CTY-
nieHst TSHKKOCTI — p<0,05) cTOCOBHO TPyITH KOHTPOIIO A2.

Kinku 3 A3 (rpymu B i C) nmepeOyBanu mij Hammm
HATJIIOM TIPOTSATOM 12 MICSIB IMiCs TepeHEeCEHOTO
3axBoproBaHHA COVID-19, sxuM BHUKOHYBaBCS KOHTPOIb
MMOKAa3HHUKIB CHCTEMH TeMOCTa3y Ta MapKepiB 3amajeHHS
yepes 3, 6 Ta 12 micsiuiB.

OTtpuMani Taki pe3ynbraru. [lokasHUKY PiBHIB TPOM-
0OLMTIB MajdM HE3HaYHWH 3pICT NPOTATOM TEpMiHy
CHOCTEpEeXeHHsI B 000X rpymnax, ta B rpymni C mokas-
HUKH 4depe3 6 Ta 12 MicAIiB 3HAYHO ITiABUIIYBaJIUCh
(472,0+£20,0 Ta 472,0£22,0 r/1) MOPIBHAHO 3 TPYIOIO
B (380,0+17,4 ta 389,0+17,8 r/n); 3poctanu pieHi IT4,
MHB Tta AUTUY B 000X rpymnax 3 iJCHTUYHOI JUHAMI-
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koro. Yepe3 6 Ta 12 MicsIiB CIOCTEpIiraBcsi 3HAYHUIA
pict piBHIO (iOpuHOreHy ta D-nmumepa B 000X rpymax,
ta B rpyni C (pibpunoren 7,3+0,36 Ta 7,8+0,39 r/m,
D-gumep 508+25,4 Ta 569+28,5 Hr/mi) xapakTepH-
3yBaBCs OiNBII BHpPaXCHUM 3POCTAHHSIM ITIOKa3HUKIB
MPOTATOM TEPMiHY CIIOCTEPEKECHHS MOPIBHSIHO 3 TPy-
noto B (dhidpunoren 5,3+0,26 ta 6,1+0,3 r/n, D-gumep
258+12,9 ta 269+13,5 ur/mn) (Tabmuns 3).

Bumesragani JOCHIPKEHHS! BKa3ylOTh Ha ITOCHIICHHS
rinepkoarynsmii gepe3 12 MICAIIB Iichs IIEPEHECEHOTO
3axBopioBanHa COVID-19 y xiHOK, 00TshHKeHHX A3 Ta
KOPEJTIOIOTH 32 CTYTIEHEM TSKKOCTI A3.

KJITHIYHA IIPAKTHUKA

Cxoa rHaMiKa MOKa3HUKIB CIIocTepiraiack iy KOHTp-
0J1i MapKepiB 3anajIbHUX MTporeciB. 3HauHui 3pict D-mumMepa
Ta MPOKATBIUTOHIHY B 000X Tpymax depe3 6 Ta 12 micsmiB
(0,414+0,02 Ta 0,45+0,02 ur/mn y rpym B; 0,39+0,02 Tta
0,4740,02 ur/mn y rpyni C), 3HIKEHHS TOKa3HUKIB (epu-
THHY B 000X rpymax, 3HIKeHHs piBHI0O CPB y rpymi B gepe3
12 wmicsiiB (14) Ta Bucoki nokasuuku CPB y rpyni C (2+)
MIPOTATOM TEPMiHY CHOCTEPEKeHHs (Talmuis 4).

VYei i maHi BKa3ylOTh Ha JIOBTOTPHBAJIHMA 3alaibHUI
MpoIiec y TKaHWHAX, Y TOMY YHCII 1 B TKAHUHI MaTKH, 110
MATBEPUKYETHCS KIIHIYHIMH CHMITTOMaMH Tiepeoiry aze-

HOMI03Y B IIOCTKOBIHOMY IIE€PiOi.

Tabmuus 1
Iloxa3HUKHN cCTEeMH 3rOPTAHHS KPOBi y 00cTe:KyBaHMX KiHOK, n=180
Moka3uuku/ pepepentHi T'pynn
3HAYeHHHA Al, n=30 A2, n=30 B, n=60 C, n=60
Tpom6ormTn150-390 r/n 297,0+16,4 398,0+18,1* 438,0+19,2* 440+19,3*
1Y 25,5-30 ¢ 25,7+1,1 32,0+1,7* 38,1+1,5%" 38,4+1,6%"
T11 90-105% 98,0+2,1 119,0+1,2* 134,6+1,2*" 135,7+1,3*"
MHB 0,85-1,2 ym. ox. 0,85+0,03 0,98+0,02* 1,7+0,04*" 1,75+0,06*"
AUTY 27,6-37,2 ¢ 27,8+1,5 29,8+2,2 37,14£2,2%1 37,34£2,3*1
®didpuHoTreH 2—4 /1 3,3+0,21 4,3+0,23%* 5,440,16*" 5,840,23*"
D-numep<0,5 Hr/mi — >250 Hr/mn 200,5+10,9 250,2+12,5*% 355,9417,4*" 356,5+16,4*"
Ipumitka: 1. *—p<0,05 ctocoBHO rpymu KOHTPoo Al.
2. *~p<0,05 cTOCOBHO TpyIH KOHTPOIIO A2.
Tabmurs 2
JlabopaTopHi NOKa3HMKHM MapKepiB 3anaJbHUX NMPOLECiB Yy 00cTe;KYBAHUX KiHOK, n=180
IToxa3uuxu/ Pedepentni Al A2 Ipymu. n=180 B C
SHATICHI n=30 n=30 n=60 =60
N 3559+
D—mumep <0,5 ar/mit ->250 Hr/MI 200,5+11 250,2+12,5% 355,9+17,4% 16.4%A
CPB | + — - n n +
®Depurnn, 13+0,65 Hr/MI 13£0,6 11+0,3* 8+0,5%" 7+0,5%
[poxkanermronin,0,0-0,5 Hr/Ma 0,4+0,02 0,8+0,04* 1,1+0,06*4 016;1:,\
Ipumitka: 1. * — p<0,05 cTOCOBHO TpyIH KOHTPOITOA L.
2.~ —p<0,05 cTOCOBHO Ipynu KOHTPOIIIO A2.
Tabmums 3

IMoxa3HMKH 3ropTajJbHOI CHCTEMH KPOBIi y 00CTeKEHUX KiHOK PeNPOAYKTHBHOIO BiKy, XBOPHX HA a/IcHOMi03
I-II (rpyna B) Ta III-VI (rpyna C) cTyneHiB TS:KKOCTI, mic/is nepenecenoro 3axsoprosanus COVID-19
BIIPOJIOB:K TEPMiHYy criocTepeskeHHs, n=120

B, n=60 | C, n=60
MoxkazHukn Tepmin odcTexeHHs (Micsri)
111 VI XII, n=25 111 VI XIIL, n=20
380,0+ 389,0+ 472,0+ 472,0+
TpomOo-1uTH 378,0+18,9 17.4 17.8 470,0+£22,5 20,0 22,0
g 32,0£1,6%* 35,7+1,8% 37,7+1,9%* 38,9+1,9* 39,7+1,9% 40,742,0*
1 119,0+5,9% 121,0+6,1* %95’2* 144,7+6,7* 151,0+7,6* 175;155
MHB 0,08£0,05* 1,140,06* (;’Ozgi 1,75+0,09* 1,8+0,09* é’?f
AUTY 32,8+1,6%* 37,8+1,9% 39,8+2,0%* 49,542, 5% 57,8+2,3* 59,8+3,0%*
®iOpuHO-TEH 4,8+0,24* 5,3+0,26* 6,1+0,3* 6,9+0,34* 7,3+0,36* 7,8+0,39%*
D-aumep 250,2+12,5% 258+12,9% 269+13,5% 429 45 89f 508425 4% 569+28,5%
Ipumitka: * — p < 0,05 crocoBHO rpymnu B.
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Taomuug 4

JlaGopaTopHi NoKka3HMKHU MapKepiB 3aNaJbHUX NPOLeciB Y KPOBi 00CTe:KyBaHHUX KiHOK penpoIyKTHBHOIO
BiKy, XBopux Ha aseHomio3 I-1I (rpyma B) ta III-IV cryneniB Tsiakkocti (rpyna C), micist nepeHeceHoro
3axsopoBanHsa COVID-19 3ane:xHo Bix TepMiHy cnocTepeskeHHs, n=120

B, n=60 | C, n=60
Ilokazuuku Tepmin o6cTe:kenHst (Micsii)
111 VI XII 111 VI XII, n=25
2704+ 2973+ 4959+ 4763+ 501,2+
- k H > s H >
D-pvep 250,2+12,5 13,5% 14,9% 24,8% 23,8 25,1%
®eputin 10,2+0,51* 8,240,41* 8,140,4* 8+0,4* 7,9+0,4 5,140,25*
[TpoKaTsH-TOHiH 0,13+0,007* g’géf 8’3215 0,2140,01* 0,39+0,02 0,470,02%
CPB 2+ 1+ 1+ 2+ 2+ 2+

[pumitka: * —p < 0,05 ctocoBHO Tpynu B.

BucHoBku.

1. Bu3HayeHHS TOKa3HHWKIB 3rOPTAJbHOI CHCTEMH
KpOBIi 1 MapKkepiB 3amajibHAX MPOLECIB Y KIHOK, OOTSKe-
HUX aJCHOMIO30M y TMOCTKOBIAHOMY MEpIOfi, Ma€e Ipak-
TUYHC 3HAUCHHS MIOAO0 PO3YMIHHS HACIINKIB KOPOHAaBi-
pycHOi XBOPOOH, TOBTOTPUBAIOCTI MPOIIECY Ta CTBOPCHHS
NepCcoHi(piKOBAHOTO AIITOPUTMY BEIICHHSI.

2. Pesynbprat npoBeAEHUX JIOCII/UKEHb ITiATBEPIXKY-
IOTh HAsBHICTH TPOIIECIB TiMEPKOAryIAIil KPOBi y MallieH-
TOK, O0TSDKEHHX aieHOMio30M, 1110 nieperecan COVID-19,
Ta TMOTPeOYIOTh CBOEYACHOI IMPOQUIAKTUKH MOXKIHBHX
YCKJIaTHEHb.

3. OrtpumaHni pe3ylbTaTd MiATBEPIDKYIOTh TOBrOTPUBA-
JICTh MOPYIIEHb TeMOCTa3y (TiNepKoaryssiii) Ta 3anaibHIX
MapkepiB (minsumieHEs CPB, mpokambIUTOHIHY) 0COOIHMBO
Y JKIHOK, OOTSHKEHHUX aJICHOMI030M, 1110 TaKOX IOTPeOye Juc-
MTAHCEPHOTO HANBITY Ta MPOMUIAKTHKH TPOMOOYTBOPEHHSL.

4. Ha ¢oni mopymieHb MPOIECiB 3TOpPTAaHHS KPOBI,
a came TiNnepKoaryisiiii, SKUM CIPHSIOTh TOPMOHOTEpAITis,
KOpOHaBipycHa IH(EKIIis, 3aaJIbHA MTPOLEC, yTBOPIOIOTHCS
MikporpomOu. IIpomec MikpoTpoMOO03y, CBOEIO Yeproro,
MOPYLIYE MTPOLECH MIKPOLUPKYJISLIT, CIIpUsie BHHUKHEHHIO
XpOHIYHOTO cHHApOoMY /IB3 Ta XpOoHIYHOrO 3araieHHs TKa-
HHH MaTKH, TIOPYIIEHb CKOPOTJINBOI BIACTHBOCTI MIOMETPisl.
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MICIIE TIAPAOKCOHA3U B OKCUJAHTHO-AHTUOKCUJAHTHIA CACTEMI
Y PA3I KOMOPBIJHOCTI XPOHIYHOI'O OBCTPYKTHUBHOI'O
3AXBOPIOBAHHS JIET'EHbB (OIVIA JIITEPATYPH)

Binanpkuit HanlioHabHAN MequaHUH yHiBepcuteT iMeHi M. L. [Tuporosa, Binaurst, Ykpaina
YK 616.24-002:612.397:613.2

H. II. Macik, O. I. Macixk, B. B. Kmiumuyk, O. 1. Ma3yp, H. C. Hegopesaniok, E. M. 3namipoBcbka

MICHE ITAPAOKCOHA3HM B OKCUJAHTHO-AHTUOKCHUIAHTHIA CHCTEMI V PA3I KOMOPBIJIHOCTI
XPOHIYHOTI'O OBCTPYKTUBHOI'O 3AXBOPIOBAHHS JIETEHD (ornsia Jriteparypn)

Binnuyexuil nayionansnuii meouunuil ynisepcumem imeni M. I. Illupocosa, Binnuys, Vipaina

Ha mizcraBi mpoBeeHoro aHami3y JiTepaTypd BCTAHOBIICHO, 110 B OCHOBI MatojoridHux 3MiH y pasi XO3JI nexars XpOHIYHUH CHCTEM-
HHUI 3amabHAH Mpoliec HU3bKO1 iHTeHCHBHOCTI Ta okucmoBansaui crpec (OC). [Tocunene yTBopeHHs Ta BUBUIGHEHHS aKTHBHUX (POPM KHC-
Hi0 (ADK) npu3BOAKUTE 0 MPOrpeCcyoYoro MOCUICHHs mporeci nepekncHoro okucneHns mimiaiB (ITOJI) Ta okucHioBanbHOI Moaudikanil
OunkiB 1 minonporeinie. OxanuMm 13 GpepmentiB anTnokcuaantHoi cuctemu (AOC) e mapaokconasza (PON), sika moB’si3aHa 3 MiTOXOHIPISIMHE,
Ak ocHOBHUM jxepenom ADK. PON monuHu BKIIouae Tpu Kanblii-3anexHi ecrepasu: PON1, PON2 i PON3, siki mo-pisHOMY TIPOSIBISIOTH
NPOTH3aNaIbHI, aHTHOKCUJIAHTHI, aHTHATEPOTeHHI Ta JeTOKCUKaniiHi BractuBocTi. PON1 MOXHA po3misjgaT sK JIarHOCTHYHHIT Mapkep
OKCHJIaHTHO-aHTHOKCHAATHBHOTO aucOanancy y pasi XO3J1, acoriiioBaHOro i3 CepLieBO-CYMHHUMH 3aXBOPIOBAHHIMH.

KutrouoBi cioBa: xponiune o6cTpykTHBHE 3axBopioBanHs Jerens (XO3JI), koMopOinHICTh i3 cepreBO-CyAHHHIMH 3aXBOPIOBAHHIMY,
3aIaJIeHHs1, OKUCIIOBAIBHUN CTPEC, aHTHOKCHIAHTHA CHCTEMA, ITapaOKCOHa3a.

UDC 616.24-002:612.397:613.2

N. P. Masik, O. I. Masik, V. V. Kylymchuk, O.1. Mazur, N. S. Nedorezaniuk, E. M. Znamirovska

THE STATE OF PARAOXONASE IN THE OXIDANT-ANTIOXIDANT SYSTEM IN COMORBIDITY
OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE (REVIEW ARTICLE)

National Pyrogov Memorial Medical University, Vinnytsia, Ukraine

The aim is to study the nature of changes in the oxidant-antioxidant system and the role of paraoxonase in COPD in comorbidity with
cardiovascular diseases.

Materials and methods. Scientific literature was searched in the informative databases of Scopus, Web of Science, Medline, The
Cochrane Library, Pubmed, ResearchGate, Google Scholar, and other Internet resources.

Results. Pathological changes in COPD are based on such universal mechanisms as chronic systemic inflammatory processes of low
intensity (low-grade inflammation) and oxidative stress. Numerous studies confirm the interdependence between inflammation and oxidative
stress. Increased formation and release of reactive oxygen species (ROS) in the damaged area leads to progressive strengthening of the
processes of lipid peroxidation (LPO) and oxidative modification of proteins, their glycosylation, and an increase in the modified atherogenic
fraction of lipoproteins. In the future, there will be an increase in hypoxic and ischemic changes in organs and tissues.

The activity of oxidative stress processes is regulated by the antioxidant system (AOS), one of the factors of which is the enzyme
paraoxonase (PON), associated with mitochondria and mitochondrial-associated membranes, as the main source of free radicals. The human
PON family includes three calcium-dependent esterases: PON1, PON2, and PON3, which have different functions and are located in different
locations. PON1 and PON3 are found in high-density lipoprotein (HDL), whereas PON2 is an intracellular enzyme. All PONs exhibit anti-
inflammatory, antioxidant, anti-atherogenic, and detoxifying properties, and play a protective role in diseases associated with inflammation
and oxidative stress, preventing atherosclerosis and cardiovascular diseases.

Conclusion. PON1 can be considered as a diagnostic marker of oxidant-antioxidant imbalance in COPD, associated with a predisposition
to the development of cardiovascular diseases.

Key words: chronic obstructive pulmonary disease (COPD), comorbidity with cardiovascular diseases, inflammation, oxidative stress,
antioxidant system, paraoxonase.
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Beryn. YV penakuii Global Initiative for Chronic
Obstructive Lung Disease (GOLD, 2022) 6yno 3arporio-
HOBAaHO HOBE BHU3HAYEHHS XPOHIYHOTO OOCTPYKTHBHOTO
3axBoproBaHHs JereHb (XO3JI) sik reTeporeHHOro craHy
JIETeHb, 1[0 XapaKTEPU3YETHCS XPOHIYHMMH peCIiparop-
HUMH CUMIITOMAaMH YHACIIIIOK ITaTOJIOTYHHUX 3MIH IUXaJIb-
HUX IUXIB [ 1] i3 TO#aIbIINM PEMOICITIOBAHHIM Y OpOH-
xax 1 Opomxionmax [2; 3], AKe CIPHYHHSAE MEPCUCTYIOUY,
9acTO TIPOTPECYIOYy OOCTPYKINIO IOBITPSHOTO IOTOKY
[1; 3]. Le mpu3BOAWTH HE JHIIE A0 XPOHIYHOI JIETEHEBOL
oOcTpykmii, (idpo3y JereHeBoi TKAaHWUHU Ta eMQizeMu
[1; 4], a i MHOXXUHHHUX TT03aJIeTeHeBUX MposiBiB [1; 3; 5],
cepell IKMX HaiO1IbII MTOIIMPEHi: CePLIeBO-CYAMHHI 3aXBO-
proBaHHsI, AUCHYHKIS CKEICTHUX M’SI3iB, META0OIIYHHUN
CHHJIPOM, OCTEOIIOPO3, ICTPECis, pak JiereHs [1; 3; 6].

Komop6inuicte XO3JI Moxe OyTH niepeioadyBaHO0 HE
JIMIIE Yepe3 MIMPOKY PO3IOBCIOMKEHICTD, alle i 3aBIsSKU
HasIBHOCTI CXO)KMX ITaTOTEHETHYHUX YHWHHHKIB Ta (hak-
TOpIB pU3HKY a00 OKPEMHUX EJIEMEHTIB WX MporeciB [7].
B oCHOBI maTomorivHUX 3MiH JEKaTh XPOHIYHUH CHC-
TEMHHUH 3alaJbHUN MPOIleC HU3bKOi iHTeHCHBHOCTI (low
grade inflammation) [6] Ta oxucmroBasbHUH cTpec (OC),
AKi CYIPOBODKYIOTBCS XPOHIYHOIO TIMOKCI€I0 TKAHWH,
1[0 3YMOBIIIOE K METAOOJIIYHI MOPYUICHHS, TaK 1 TICHO
NOB’sI3aHi 3 HUMH EHJIOKPHHHI Ta HEHPOryMOpajbHi JuC-
¢byuxuii [6; 7]. T'inmokcis MpU3BOAUTE JI0 TOCHIICHHS MTPO-
neciB nepekucHoro okucneHus mimigiB (ITOJI) ta oxwc-
HIOBaJIbHOT MoaM(ikalii OUIKiB, 3a0e3rneuye 301IbLIICHHS
Moau(ikoBaHoi areporeHHoi Qpaxmii Jinonporeiis.
Hapmani BinOyBaeThCs 3pOCTaHHS TIMOKCUYHUX Ta IIIEMid-
HUX 3MiH B OpraHax i TKaHWHax [ 8], moripmeHHs MiKpOIup-
KYJSIIil, MeTaOONIYHANA aIlumI03, 3HIKYETHCS aKTHBHICTH
Makpo(ariB, IMiIBUITYETHCS alIONTOTHYHA aKTUBHICTH KITi-
THH, IO € MTaTOTeHEeTHYHOIO JJAHKOIO XPOHIYHOT JTaTeHTHOL
3amanpHoi peakiii [9].

HaamipHa akTHBaIlisi BiIbHO-paJUKaIbHUX IPOIECIB
TSTHE 3a COOO0IO MM KacKaj HEraTUBHHUX PEakKIliil i maro-
JIOTTYHMX TporeciB. [Ipy 11boMy TSDKKICTH MATOJIOTIYHOTO
CTaHy 3aJIe)KUTh BijJ CTyNEHs AMCOATaHCY MiX OKHCHIO-
BAJIBHUMU TIpOLiecaMy 1 (DYHKI[IOHYBaHHSIM CHUCTEM aHTHU-
oxcuantHoro 3axucty (AOC). OTxe, HE BUKIIUKA€E CyMHi-
BIB Te, 110 TOHKNH OaJaHC MK MOJEKYIaMH-OKHCHUKAMH
1 MOJIEKY/IaMHU-BITHOBHHKAMHU € BKIUBHM 1HCTPYMEHTOM
perymamii kimiTHHHOI akTUBHOCTI [8]. Bece me moBoawTh
HEOOXiTHICTh BUBUCHHS (PyHIAMEHTATBHUAX KIITHHHO-010-
JIOTIYHUX TIPOIIECIB, IO JIEKATH B OCHOBI IMOIIKOKCHHS
1 MexaHi3MiB ix 3axucty. Jlo Haii01IbpII BUBYEHUX Ha CHO-
rOMHI BITBHO-paJMKAIBHUX IATOJIOTIH Hale)KaTh arepo-
ckjepos, imemiuHa xBopoba cepist (IXC), aprepianbHa
rineprensis, XO3JI [10].

HesBaxkaroun Ha cuctemaruune BuBueHHI XO3JI,
6araro acrekTiB HOro maToreHesy Ta po3BHTKY KOMOPOil-
HOCTI i3 CEpLEBO-CYAMHHOIO MaTOJIOTIEI0 3aJIUIIAIOTHCS
HE JIOCHTh 3pO3YMIUIMMH, HEPIIKO YCKJIaJHEHHUMH dYepes3
BEJIMKY KUTBKICTh BHITAJKOBUX KOMOIHAIIN Pi3HUX JIFOYHX
¢axropis. Ilpy npoMy HEe 10 KiHIS BUBUCHUMH 3aIUIIIA-
IOTHCSI TUTAHHS IMIONO 0COOMMBOCTEH METabONIYHUX 3py-
meHb KoMopOimHuX xBopux 3 XO3JI, mo 3yMoBITIOE HEOO-
X1THICTB MOTIHOIIEHOTO BUBYCHHS 11i€1 TEMATHKU. 3 OIS LY
Ha MPOTHpIvYs iH(OpMAIll, OTpuMaHOol 3 PI3HHX JIiTepa-
TYPHUX JDKEpEN, Memda UbOr0 JOCIHIDKSHHS — BUBYHUTH

XapakTep 3MiH OKCHJIaHTHO-aHTHOKCUJAAHTHOI CUCTEMH Ta
poJib mapaokcoHasu y pasi XO3JI y komopOigHOCTI i3 cep-
LIEBO-CYIMHHUMH 3aXBOPIOBAHHSIMH.

Marepiaimm Ta metomn. Ha ocHOBI HaykoBo-iH(Op-
MamiiHOTo TONIYKY TPOBEICHO aHajii3 HaykoBoi iHdop-
MaIii 3 BHKOpPHCTaHHSIM 0a3 maHmx Scopus, Web of
Science, MedLine, PubMed, Google Scholar, EMBASE,
Global Health, The Cochrane Library, CyberLeninka,
ResearchGate, a Takox mxepen BOO3, MO3 Ykpaiau Ta
IHIIAX 1HTEPHET-PECyPCiB.

Pe3yabTaTu. B 0cHOBI MeTaOOMIYHAX ITPOIIECIB JTIOANHA
JIGKAaTh OKUCIIFOBAJIBHO-BIIHOBHI PEaKIlii, cepes IKUX 0Co-
OJMBY pOJIb BiZirpaloTh BUIbHO-pajuKaibHi peakiii [10].
BinbHO-pajnKkaibHe OKUCIICHHS SK YHIBEpCAJIbHHH Mexa-
HI3M HEOOXiTHUHN JUIs 3MiHCHEHHS (Pi310JIOTIUYHKIX MPOIIECIB
B OpraHi3Mi, 30KpemMa, TakHX SIK arornTo3, eJiMiHaIlisl KCeHO-
010THKIB, TOTIEpePKEHHS 3TOSKICHOT TpaHCcopMallii KIiTHH,
MOJICITIOBaHHS aKTHBHOCTI (DepPMEHTIB ANXaJILHOTO JIAHIIOTa
B MITOXOHAPISX, AU()epeHIIIOBAaHHS KIIITHH Ta TPAHCIOPT
ioHiB [6; 11]. BimpHO-pamukanmbHi peakiii HEOOXimHi Uit
aKTHBAIll TPAHCKPUIITHLIHHUX (aKTOPIB 3a y4acTIO eKC-
npecii TeHiB, 3MIMCHIOITh TPAHCAYKIII0 TOPMOHATBHAX Ta
KIITUHHAX CHUTHAJIB, PETyTIOIOThH MPOIecH OioeHepreTnd-
HOT'0 OOMIHY, €KCIIPECIIO IIUTOKIHIB, JAKTOPIB POCTY, JISIKAThH
B OCHOBI CHHTE3y 0ararbox 0i0JIOTIYHO aKTHBHHX PEYOBHH,
TaKMX SIK JICWKOTPIEHM, MaKpOEPriuHi CIIOIYKH, ITypHHOBI
JIe30KcuprOoHyKIteoTr i Ta iH. [11; 12].

B ymoBax HOpMaJbHOI JKUTTEITISUIBHOCTI OpraHizmy
JIesiKl BUTBHI pajiMKaid BUKOHYIOTH PEryisTOpHi (yHKIl
i MaloTh NEBHE ajanTalliiiHe KOMIICHCATOpHE 3HAYCHHSI.
OCHOBHUMH JKepelamMn akTUBHHX (opM KucHIO (ADK)
y KIITHHI € TUXaTbHAN JTAHIOT, He(hepMEHTaTHBHE TITIiKO-
sumroBaHHA, HA JI®-okcunasa [11]. Pasom 3 ADK yTBOpIo-
IOTBCS ¥ 1HIN aKTWBHI pagukand (MepOKCHUIN, ENOKCHIM,
aJbJIeTiIN, KETOHU, CIIMPTH, JIaJIBJIETiIN Ta 1H.), K1 31aTHI
KOBAJICHTHO B3aEMOJISITH 3 OKpEMHUMH (YHKIIIOHATBHUMU
rpynamMu OiIKiB, [0 MPH3BOAWTH 0 IX MOJiMepHU3aIlil
W pylHYBaHHS aMIHOKHCJIOTHUX 3aJMIIKIB, OCOOJHMBO
THX, AKki MictaTh SH-, SCH,- rpynu nucreiny, MeTioHiny,
NH- rpynu nizuny Tomo [13; 14]. Jlo pe4oBuH, 1110 MatoTh
BUPa)XEHI OKHMCHI BIIACTUBOCTI, BIAHOCATH OKHUCJICHI JIIIO-
nporeinn (ox-LDL) Hmspkoi minsnocti (JITTHILL) [15].
3aranpHOBiTOMO, 10 0X-LDL crnpustors axTwBaIii, Juc-
¢byHkii, 3arubeni eHmoremianpbHUX KmTHH. KpiM Toro,
MOIITKO/DKECHHS eHmoTenito ox-LDL BukimKae excmpeciio
MOJIEKYJI afre3ii Ta XeMOTaKCHYHUX IIUTOKIHIB, THM CAMUM
CTHUMYJIOIOUM aKTHBAIII0 Ta MITpamil0 IMyHHHX KIITHH,
3aroCTPIOIOYM 3alajlbHi MPOLECH Ta MPOLECH yTBOPEHHS
arepockyiepotuuHoi Onsitiku  [16]. TligBumieHHs: piBHS
ox-LDL Moxe mpu3BecTH 10 TMOLIKO/PKEHb EHJIOTEIIiIo,
OC Tta CymMHHOTO 3amlajeHHs, SIKI BIIrparoTh BaXKIIMBY
pOJIb Y PO3BUTKY aTepoCKIepo3y Ta IOB’S3aHHUX 13 HUM
3aXBOPIOBaHb CepLEBO-CyAMHHOI cuctemu [17]. BoxmHo-
yac pe3yJbTaTH 1HIIMX JIOCTI/DKEHb CBIAYaTh PO Te, HI0
OCHOBOIO aTEpOCKIIepO3y € He KUIBKICHI 3MIHH BMICTY
JTOMPOTEiAiB y KPOBi, a sAKicHa iX mepeOymoBa il 3miHe-
HUH XapakTep OOMiHY, y pe3ylabTaTi 9oro okpemi ¢paxiii
JTOMPOTEiAiB CTAIOTh aTePOTEHHUMH, I1€ i TPU3BOAUTH 10
PO3BHUTKY aTepOCKIePOTHYHOI Omstku [ 18].

Binbiiia yacTHHA BUIBHUX pagnKaliB TeHepY€eThCs (aro-
muramu ¥ T-mimdonuTamMu y pasi 3anajieHHs, BUKOHYE
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3axucHy posib [10]. BinbHi pagukanu 31aTHI 3B’ S13yBaTHCS
3 IHK Ta Oinkamu sA€pHOTO XpOMAaTHHY 3 TOJAIIBIIUM
MOPYIISHHAM perutikaii ta Tpanckpunmii [12]. YV pasi
YTBOPEHHSI HAJUTUIIKY OKHCIIIOBAYiB, MOPIBHSHO 3 aHTHU-
OKCHJIAHTHHM 3aXHUCTOM, BHHUKae OC, 110 NPU3BOANTD JI0
MTOIITKO/KCHHS JIIMIIB, OUIKIB 1 HYKJICTHOBHX KHCIOT [8;
14; 19]. ¥V upomy mporueci pizHi MOJIEKYIIH, TaKi sK HyKJIe-
THOBI KHCJIOTH, JIITAM Ta OLIKH, OKHUCIIIOIOTHCS BHACIIIOK
pecmipaTopHOTO BUOYXY JICHKOTIHUTIB [5].

Ha croronni goBeneno, mo y crani OC mix giero AOK
MIEPEKUCHOMY OKHCHEHHIO I UIATAI0Th HE TITBKH JIIITiIH,
a ¥ O1IKY TuTa3MaTHIHUX MeMOpaH. BBajkaeThcs, 110 Hera-
TUBHUH e(eKT OKHMCHO-MO(DIKOBaHUX OUIKIB y KIITHHAX
NIOB’sI3aHUI 13 TUM, 110 OKUCHEHI OIJIKH € JKEPETIOM BlJTb-
HUX PaJMKaliB, sIKi BACHAKYIOTh 3allaCH KJIITHHHUX aHTH-
okcuaHTiB. IIpogyKTH BiBHO-PAANKAILHOIO OKUCHEHHS
OinKiB Mpu3BOAATE 0 okucHoro ypaxkenus JHK. Ilpu
LOMY NEpEeKHCHE OKMCHEHHS OUIKIB € He TLIBKH ITyCKO-
BHM MEXaHI3MOM MAaTOJOTIYHUX IIPOILECIB y pasi cTpecy,
a i HaitOinpm panHiM Mapkepom OC [20].

Bceranosneno ywacte OC sK TaToNOTI9HO JIAHKH
B HM3I JETCHEPATUBHUX, 3alalbHUX, CHCTEMHHUX 3aXBO-
proBaHb, cTapindi Ta iH. [11; 14; 21]. IToBimomiseThes, 110
OC BUKJIHMKa€ CTPYKTYPHI 3MiHH B OCHOBHUX KOMIIOHEHTaX
JIETeHb, BKIIIOYAI0YH HE3BOPOTHE MOIIKOKSHHS SIK apeH-
XIMH, TaK 1 CTIHKM AMXaJIbHUX HUIIXiB [21] 1 BBaXKaeThCs
BupimagbHuM (hakTopom narodizionorii XO3JI [21; 22].

Kypinnst Ta 3a0pyHEHHS TOBITPS, SIK OJTHI 3 OCHOBHHUX
etionoriyanx yuHHUKIB XO3J1, NpU3BOIATH IO TIOCHICHHS
3amajeHHs] i yTBOPEHHS BUIBHUX PaJUKaiB y TUXAIBHUX
[UIAXaX Ta CIPHYUHSIOTH migBummeHwit tsrap OC [3; 4; 20].
Kpim Toro, KypiHHS TIOTIOHY € BCTAHOBJICHHM (aKTOPOM
pusuky IXC Ta iHCymBTy, a TaKOX IIHPOKOTO CIIEKTpa
IHIINX CTaHIB, IO CTAJIO MPUYNHOIO 6,4 MUTbIHOHA CMepTei
y cBiti B 2015 pori [23; 24].

JloBroTpuBaiuii BIUIMB TIOTIOHOBOTO [UMY BUKIIHU-
Ka€ CHJIbHI Ta CTIMKI CTPYKTYpHI 3MIiHH B MITOXOHJIpPIsX
emitenito xBopux Ha XO3JI. TioTioHOBHIT 1AM 30inblIye
¢dparmenranito mitoxonapiit i AOK, 3umxye pienp ATD
B CIiTeNialbHUAX KIITHHAX JIereHb i (ibpodmactax [23].
[poxykIisi mepeKUcy BOMHIO 130JIbOBAHUMHU MIiTOXOHJIPi-
SIMU € 3HaYHO BHUINIOO y nanieHTiB i3 XO3JI, HiX y KOHTp-
ONBHHX O0Ci0 13 HOPMaJIbHOK (DYHKII€IO JICTCHb, a KOMII-
nekc Il Bu3Ha4YeHO SK OCHOBHE MITOXOHJpiaJibHE Miclie
HamumkoBoi mpoaykuii ADK y ckexeTHHX M’si3ax marfi-
enriB i3 XO3JI [25]. JloBenena poib MITOXOHApiaTbHOI
mucdynkiii B matoreHe3i XO3JI, mereneBoro ¢idpo3y Ta
aCTMHU 4epe3 HaJUTUIITKOBY MpoayKiliro HuMu ADK, momiko-
JUKCHHS Ta BUBLIbHEHHsS MmiToxoHapianshaol JJHK, necra-
Oii3anio MiTOXOH IpiabHOI MeMOpaHH, qucOananc MiTo-
XOHJIIPIaJIbHOTO KAJIBIII0 Ta aHOMAajbHY H HECBOEUACHY
mitodariro [23; 25].

CucremHe 3anajieHHs, ClipuYrHeHe KypiHusaMm, ta OC
MOXYTb CHPHATH PO3BUTKY Ta IporpecyBaHHIo sk XO3JI,
TakK 1 3aXBOPIOBaHb cepiist. KOMIIOHEHTH, IPUCYTHI B TIOTIO-
HOBOMY JIMMi, HETATHBHO BIUIMBAIOTH HA Pi3HI QyHKIIIT KITi-
THH, BKIIIOYAIOYN €HAOTeTianbHi KIiTHHA. KypiHHA Takox
Zie Ha IMyHHY CHCTEMY, TOPYUIYIOYH arloNTo3 i CIPUSIOUN
OC y nuxanpHill, cyauHHIN cuctemax [9; 23]. Hemonasao
Oyno TOKa3aHO, IO KypiHHS CHUTapeT IiJBUIIYE PiBEHb
N-KiHIIEBOTO MO3KOBOTO HATPIypeTHYHOTO IMENTHIY
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(NT-ProBNP) i BucokouytimBoro TpormoHiny T, niarxoc-
TUYHUX 1 TIPOTHOCTUYHUX MapKepiB cepleBoi auchyHKIil
Ta pu3MK cepiieBoi HepocTarHocti (CH) [26]. BeranosneHo
36ubIeHHs BiHOCHOTO pu3uky CH Ha 75%, 16% 1 44%
cepeJl HUHINIHIX, KOJIUIIHIX 1 THX, XTO KOJIU-HEOY/Ib KypHB,
BIZIMOBITHO, 1 cHocTepirasiocss 30UIBIICHHS PU3UKY Ha
8% Ha 10 magok-pokiB KypiHHS cepe]] KypIliB 1 KOJUIIHIX
kypuiB. Kpim Toro, gepe3 30 pokiB BiIMOBH BiJ KypiHHS
pHU3HK 3HU3HUBCS Ha 28% MOPIBHAHO 3 THMH, XTO IIPOJO-
BXKy€e Kyputu [23].

KpuTn4HOIO  CKJIQIOBOIO  YAaCTHHOIO  3allaJICHHS
€ 1H(QUIBTpALlisA 3amajlbHUMHU KIITHHAMH, 30KpeMa Hei-
tpodinamu [4]; ogHak Makpodaru it MoHouuTH [27], neH-
nputHi kaituay [28] Ta nimdounTu (T-xennepu, 30kpema,
kiaituan TH17) Takox BifirparoTh BayKJIMBY POJIb Yy CHpH-
SIHHI Ta miaTpumil 3ananeHHs [16]. Kiituau, mo nepedy-
BAaIOTh y CIIOKOi, SIK MPAaBHJIO, MICTATh Ha CBOIX MeMOpa-
HaxX HEBEJIMKY KUIBKICTh IMTOKIHOBUX PELENTOPIB 1 TIIIbKH
B IPOIECi aKTHWBAILii iX KUTBKICTH 301IbIIyeThCs. [HAYKY-
BaHHs 3alajbHOTO IMPOLECY 3YMOBJICHE SK LUTOKIHAMH,
1110 IPOAYKYIOTHCS aKTHBOBAaHUMHU Makpodaramu, HeHTpo-
¢iraMu Ta HIOTENIONUTAMH Y MICIIi MOIIKOKECHHS, TaK
1 TIOSIBOI0 MiKpooprani3miB. [[uTokiam, Taki K (GaxTopu
Hekpo3y myxiuH-anbga i 6eta (TNF-o 1 TNF-B), intepde-
poH-ramma (IFN-y), intepneiikinu (IL) IL-2, IL-12, 6epyTh
aKTHBHY y4acTh y ()OpMyBaHHI IUTOTOKCHMYHUX KIITHH
i 37aTHI iHAyKyBaTH anonrto3 [29]. Pasom 3 mum He#Tpo-
(M MOXKYTh B3a€MOJISITH 3 aHTUTCHITPE3EHTYFOUHMH KJTi-
tuHamu Ta T- 1 B-mimdoruramu B Micusx 3ananeHHs [16;
29]. IIpu nboMy aKTHBI30BaHi 3anajbHI KJIITHHN BUBLIbHS-
I0Th Pi3HI MPO3anaibHi MECCHIDKEePH Ta Oarato pepMeHTIB
(HeifTpanpHi mpoTeasH, enactasH, KojareHasH, KHCIOTHI
rigpornasn, Gocdarasm, Jimasu TOMIO), PEaKTHBHI CIIOTYKA
(cynepokcuz, TIEpeKrC BOAHIO, TiAPOKCHIIBHI paauKaH,
TiIoXJIOpOBa KUCJIOTA, TIEPEKUCHA OKCHIa3a, 8-130mpocTaH
tomro) [2; 4; 6; 30] 1 ximiuHi MeaiaTopu (€HKO3aHOIIH, KOM-
noHeHTH koMmIuieMeHTy, utokinu (TNF-a, IL-1f Ta IL-6),
xeMokinu, npoctarianaun E, (PGE2), NO Tomo), orxe,
IHAYKYIOTb TOIIKOKeHHs TkanuH Ta OC [6; 16; 31; 32].

YuciieHHi JOCTIPKEHHS MITBEPIUKYIOTh B3a€MO3aJIeK-
HicTh MK 3amaneHdsm Ta OC [11; 32]. Tak, mocmimKeHHs
74 oci6 3 XO3JI, koMOpOiMHUX 13 METaOOIIYHUM CHHAPO-
MOM, BCTAaHOBHIIO 3B’ 130K Mixk TsDKKicTIO XO3JI (GOLD>3)
1 piBHEM OKCHJIAHTHO/aHTHOKCHIaHTHHUX OioMapKepiB; Mij-
TBEPIWIIO 3ATXKHICTh TsHKKOCTI XO3JI, moripimneHHs nere-
HeBoi (yHKmii Ta MeTtabomigHoro cuaapoMy 3 OC y ocibd
3 XO3J1 [8; 14].

3B’si3ku Mk OC 1 3anasieHHsIM OyJio MiATBEPIHKEHO
MO3UTHBHOIO KOPEJIIEI0 MK PIBHSIMH ITPOOKCHIAHTHO-
AQHTHOKCHJIAHTHOTO OaJlaHCy, KUTbKICTIO HEUTPO(1iB 1 KOH-
nentpanii CPb y nauienris 3 XO3J1 y ¢azy 3arocrpeHus
[22]. V pesynbrari mocuieHHS MOIIMHAHHS KUCHIO KJIi-
TUHAMU 3allaJICHHs, a OTXe, IIOCHJICHHS BHPOOJIEHHS Ta
BuBinbHEHHST A®K y momkomkeHii 30Hi, (OPMYETHCS
MeXaHi3M «auxanpHoi mactkm» [32]. [imokcis mpu3Bo-
IUTH JI0 TIporpecyrodoro mocwmieHHs mporeciB [1OJI ta
OKHCHIOBaITbHOI Mopamikamii OinkiB, 3abe3medye 30i1b-
IIeHHS MOIU(IKOBaHOI aTeporeHHoi (pakmii JimompoTei-
niB. Hagaui BinOyBaeTbes 3pO0CcTaHHS TIMOKCHYHUX Ta iIe-
MIYHHX 3MIH B OpraHax i TkaHuHax. I1ig miero mepokcumy
BOJIHIO CIIOCTEPIraloTh TAKOXK 3HMIKEHHs KOHIIEHTpallii Ta
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aJIpeHEePrivyHol aKTUBHOCTI [-apeHOpPEeLenTopiB y MeMO-
paHax MIOIUTIB AUXaJbHUX NUISXIB, 1[0 BUKIUKAE OPOH-
x000cTpykKiiro y pa3i XO3JI [8].

OC 1 3amayneHHs TICHO TOB’S3aHi OJIMH 3 OJHUM SIK
y rocTpiii ¢asi micns iHdapkTy Miokapsa, Tak i Imix yac
XPOHIYHOTO PEMOJIEITIOBAHHS Ceplisl. 3allaleHHs] BUKIIIKAE
MIKPOCYMHHY CHIIOTEIalbHy MUCQYHKIIO, 3MiHIOIOYH
TIEPeXPEecHi MEePeIKoN MiK KOPOHAPHOIO MIKPOIHPKYJIS-
miero Ta kapmiomiormramu [33]. ImemidHO-penepdysiitae
TTOMIKO/PKEHHS 30imbinye BupoOnenHs ADK, mo, cBoero
Yeproro, aKTUBYE 3amaibHy Binmosimb. [limBumieHi piBHI
A®K y qucyHKITIOHATBHUX KapAiOMIOIUTaX CIIPUIUHSOTH
cepitosHe okuciroBanbHe nomkomkenss JIHK i, sk Hacoi-
JIOK, CTUMYJIALIIO siaepHoro gepmenty noumi(Ald-pubdosa)
nonimepasu 1. HaamipHa akTHBaiisi OCTaHHBOTO pepMEHTY
MOPYLIYE KiJIbKa KJIITHHHUX METa0OJIIYHHX MUISIXIB 1 CIIPHSIE
eKcrpecii MeJiaTopiB 3anajeHHs, CIPUYHHSIIOUN PO3BUTOK
CyOKIIIHIYHOTO 3aITaJIbHOTO CTaHYy, SIKMI 3HAYHO CIPHSIE Cep-
neBoMy pemozentoBanHio Ta CH [34].

s mpotunii OC nposinae 3HadeHHS Mae AOC 3aBIsaKu
HAsBHOCTI pEUOBHUH, SIKi BUPOOIISIOTHCS MIPUPOIHO 1 CITUTEHO
OIIOTh Ha BUIBHI pagWKadd 3 METOI0 MPOTHCTOSHHS IX
romkopKyrounM edekram [10; 12]. 3aBasku cBoiil Gara-
TOCTYIIHYACTIH CTPYKTYypi, PepMeHTaTHBHOMY Ta Hedep-
MeHTaTuBHOMY 3a0e3nedeHHI0 AOC KOHTPOJIIOE HE TUIbKH
(bi310JIOTIYHUI TEHETHYHO 3yMOBIICHUI aromnTo3, aje i Horo
MEPEOPIEHTAITII0 HA NATOJIOTTYHUI KOHTPOIb [12; 35].

Onuum i3 ¢akropiB AOC € ¢depMeHT napaokcoHa3a
(PON), akTHBHICTH 5IKOT NMOB’s3aHa 3 MITOXOHJPISIMH Ta
MITOXOH/IpiabHO-aCOMIMOBAaHUMHU ~ MeMOpaHamu  [36],
3YMOBJICHA SIK TCHETHYHUMHA (DaKTOPAMU, TaK | TOKCHYHIMHA
BIDTMBaMHU HABKOJIHUIIHBOTO cepemosumia [5; 37]. MiToxoH-
npii € ocHoBHUM pkeperoM OC, mMOB’S3aHOTO 3 BITbHUMHU
paaukamaMu; AoMmiHyroda nokamizamis PON y MiTOXOH-
JpiSX MATPUMYE PONb IHOTO (PEPMEHTY B 3aXHCTI KIITHH
BiIl OKHCHOro momrkomkenss [38]. Hammipha excopecis
PON 3axuinae MiTOXOHAPIi BiJ MOAAIBLIOT MITOXOHJpI-
anpHOi nucdynkuii. Omke, nporuzanansHi edextn PON
MOXYTb OyTH OIOCEpEIKOBaHI, NPHHANMHI YacTKOBO,
IXHBOIO 3aXHCHOI0 POJIUII0 B MITOXOHAPISX 1 MOB’s3aHiN
3 HUMU QyHKLiT opranen [16; 36].

PON — e ponmna epMeHTiB, 1110 MaIOTh IIMPOKY CIIe-
mUQIgHICTh 1 KaTaTiTHYHY YHiBepcaibHICTh [5; 39]. PON
pETyIroe KIIITHHHI MPOIECH 32 PaXyHOK BIUIUBY Ha PEIeT-
TOPH, IO AKTUBYIOTHCS MEPOKCHCOMHUMH TIpOideparo-
pamMu — SOCpHUMH PELEnTOpaMy, 3MaTHUMH PEryIIOBaTH
KJIITHHHE AuQepeHItitoBanas Ta oOMiH pedoBuH [40; 41].
®izionoriuna ponb PON moB’si3ana 3 i1 3AaTHICTIO 1HTI-
oyearu okucHenns JIITHII ta cTumysroBaTd BHIATICHHS
XoJecTepoiy 3 Makpodaris. CaMe 3a paxyHOK aKTHBHOCTI
PON 3Hmxyerbcs normmHanHs Makpodaramu JITTHIIL
1 MOTMepePKAITHCS X IUTOTOKCUYHI il Ha KiiTuHU [40;
41; 42]. BcranosieHa 3natHicTh PON-BMiCHHX JTIIIOTIPO-
teimiB Bucokoi mimeHOCTI (JIMIBII) MomymroBaTi cekpe-
[0 MOHOIMTApHOTO XeMoTakcudHoro Oinka-1 (MCP-1)
3 SHIOTENaNbHUX KIITHH 1 MPUTHIYYBaTH IpO3arajibHy
BimmoBias Makpodaris [40].

CimefictBo PON mromuHHM BKIIOYa€ TPH KasbIlii-
sasexHi ectepasu: PON1, PON2 i PON3 [5; 37]. Ilapa-
okconasza 1 (PONI) sk ¢pepMeHT, BUSBIECHUH Y TKaHWHAX
CCaBLIiB, 3[aTHUN rigpoiizyBarn Qocdopopraniuni mnec-

TUIM/M, € HAHOUIbII BUBYCHUM IPEACTABHUKOM TPYITH
PON [43]. PONI1 (panime Ha3uBaiacs CHUpPOBATKOBOIO
MapaoKCOHa3010/apuiiecTepa3orn) JOKalli3oBaHa y KIIITH-
Hax Kunapa (OponxionsipHi abo KiyOHI KJIITHHHM), €HI0Te-
JaJbHUX KIITHHAX 1 KIITHHAX | THITY albBEOJISIPHOTO elli-
TEJIiI0, 3JaTHUX 3A1HCHIOBATH META0O0II3M 1 JETOKCUKALIIIO
KCEHOOIOTHKIB Ta HITNX TOKCHYHHUX CIONYK, OpaTH y4acTh
y mporeci pereHepanii OpoHxiomspHOTo emitemiro [21].
[Ticnsa cuaTesy B medinmi PON1 BuminseTses B mia3my, e
IUpKyIroe y 38’ si3aHomy 3 JITIBII] cTani, TpaHCcTIOpTY€ETHCS
JIO IeKUX TKaHWH, JIe B3aEMOJIE 3 KIITHHHUMH MeMOpa-
Hamu Ta 3anobirae [1OJI [5; 43].

PON1 pa3om i3 cynepokcHIMCMYyTa30k0 il Karanazor
pyiinye 1o 25% nepekucy BogHro [39], rinpomizye mo 19%
MepoKCUIIB JmiaiB 1 90% riIpornepoKcuIiB XoIeCTepHHY
B 0X-LDL [44]. Binbaa PON1 mae MeH1y ¢pepMeHTaTHBHY
aKTUBHICTB, HiXK 3B’s13aHa 3 JITIBII] [16]. OcTanHi mgocmi-
JUKeHHs Tokaszamu, mo PONI1 BusBisie mpoTH3ammaibHi,
AHTHOKCHJIAHTHI, aHTHATEPOTECHHI Ta JIETOKCHKAIIWHI
BiactuBocTi [24; 45]. Kpim Toro, PON1 3axwuimae Bix moc-
trpaagiankHOoro OC, HETOKCHKYe TOMOIMCTEIH-TiONaK-
TOH, CTUMYIIO€ 3BOPOTHHUI TPAHCHOPT XOJecTepuHy [44],
MpUTHIYY€E Horo OiocWHTE3 y Makpodarax, MOMYIIOOUN
MeTa0oJIi3M JIMiAiB y >kupoBid TkauHuHi [17]. 30kpema,
BaximBow ¢yHkuiero PON1 e 3axucrt Bin arepockiepo-
TUYHHUX CEPLEBO-CYIMHHUX 3aXBOPIOBAHb LIISIXOM MeTa-
6omnizmy ox-LDL y ninonpoTeiHOBHX KOMILIEKCaxX KpoBi [6;
16]. Tigpomisyroun nepokcunu diminis B ox-LDL, PON1
saxumae sk JINBIL, tak i JITTHIL Big oxucmenus [21],
npuraiaye [TOJI i miaTpuMye aHTHOKCHIAHTHHH TOTEH-
mian JITIBIL] [44], oo cBigYUTh PO KITFOUOBY aTepOIIPO-
TEKTOPHY [iI0 32 PaxyHOK KiipeHcy nepoxcumy JITTHIIL,
TAaKUM YHMHOM, 3MEHIITYIOYH PU3UK PO3BUTKY Ta MIPOTpecy-
BaHHS YIIKO/DKEHb CYAUHHO]I CTiHKH [34; 44]. Came PON1
MePeIIKODKAae THU(EPEHIIIIOBAHHIO MOHOIUTIB Y MaKpo-
¢aru, 3axoruieHH0 HUMHA 0X-LDL 1 mepeTBOPEHHIO OCTaH-
HiX Ha miHACTI KiiTuau [17; 40; 46; 47]. Takox BigoMo, 110
PONI1 € nporuzanansaum 6iikom roctpoi ¢pasu [5; 17; 21].
VYIOBUIBHIOIOYH 3alajibHI NPOLECH, HOro KOHIEHTpAIIis
3HUKYETBCS i1 yac 3ananeHss [17; 21], a qucbananc Mixk
OKCH/IaHTaMH Ta aHTHOKCHJIAHTAMH T'DA€ BAXKIUBY POJb
y narorene3i XO3JI [21], Toxi sk 3pocTaHHSI aKTHBHOCTI
IIOTO (PEPMEHTY ACOLIIOETHCS 31 3HIDKEHHSIM PU3HKY PO3-
BuTKy OC Ta 3arpo3um pO3BHTKY Ta IPOrPECyBaHHS Cep-
[[EBO-CYIUHHMX 3aXBOpioBaHb [48]. PON1 y nerensx Mmoxe
BimirpaBati poib 3axucty Bix OC muisixoM pyHHYBaHHS
crienupigHUX XoyecTepuHoBHX e(dipiB Ta ¢ocdomimiais,
o MicTaAThes B 0X-LDL [5; 44]. PON1 Takok MOXke 3axu-
IIaTH OPraHi3M BiJl YTBOpEHHsl OakTepiajbHOI OiOMIiBKH
3aBASKM CBOIM JIAaKTOHA3HIM aAKTMBHOCTI, 3amoOirardu
3apaXEHHIO T'PaMHETaTHBHUMH OaKTepisMH, TaKUMH SK
Pseudomonas [16; 17; 49].

PON2 € BHYTPIIIHBOKITITHHHUM (DEPMEHTOM JIaKTOHA-
3010, HE BHABIIIETHCS B TUIa3Mmi [5; 37], a JoKamizyeTbest Ha
BHYTPIITHIA MiTOXOHApiadpHIN MemOpaHi [50], eHmormias-
MaTHYHOMY peTHKymyMi [37] Ta mia3MarudHiii MeMOpaHi,
y sikux 3aro0irae po3sutky OC [5]. PON2 BusBieHa B Oara-
THOX TKAHWHAX OpPraHi3My, BKJIIOYAIOYM NEUiHKY, JIETeHi,
HHUPKH, CEpIe, MiIIUTYHKOBY 3aJI03y, TOHKHH KHILICYHUK,
M’sI3H, CIM’SIHUKH, eHaoTemanbHi kiaituau [51]. Crig 3a3Ha-
guth, 110 PON2 € emuanm (HepMEHTOM, 110 SKCIIPECYEThCS
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B HEPBOBUX TKaHHMHAX, a BUCOKI piBHi PON2 y M0O3Ky 3axu-
marots Heitponu Bix [10J] 1 rokcrunocti OC [5]. HaiiBurui
xoHneHTparii PON2 BusiBieHi B 1odaMiHepridyHux HeHpo-
Hax Ta acrpouutax. BijgcyTHiCTh a00 3HWXKEHHS DPiBHS
PON?2 3HauHO MifBHINY€E CIPHAHSITIMUBICTG TKAHUH JIO il
ADK. PON2 € anraronictoM OC B eHoTeIalbHAX KIITH-
HaX, KJIITHHAX KapIIMHOMH JICTCHb, SIiTeNialbHIX KIIITHHAX
KHIIIEYHUKY Ta Makpodarax [50]. B engoTemianbHUX KITiTH-
Hax PON2 3amobirae cucTeMHiil KOarymsilii Ta 3arnajieHHIo,
PETYIOI0YN aKTHBHICTh TKaHMHHUX (DaKTOpiB 3a JOIIOMO-
TOI0 OKHMCHO-BITHOBHOTO MexaHi3my [50; 51]. Lli anTHOKCH-
nanTtHi eextd PON2 BifirparoTh 3HAYHY POJIb y TOIEPE-
JKeHHI arepockieporrynoro nporecy ta CH [52]. ¥V psni
wiitud PON2 38°s13aHa 3 koeHsumoM Q10 1 3amobirae yTBo-
PCHHIO MITOXOH/IPIaTbHOTO CYNEPOKCHITY [ 5], IepeIKopKae
PO3BUTKY MiTOXOHApianbHOT aucdyHkuii [S0]. PON2 cexse-
CTpye HecTaOUThHHN KoeH3uM Q mij yac mukiry Q i1 mepe-
IKO/DKAE HOMY TIepe/IaBaTH eJIEKTPOHH JI0 MOJIEKYJ KHCHIO
3amicth muToxpomy C [5; 50]. Hmwxua akruBHicts PON2
OB s3aHa 3 BUIIMIM PH3UKOM IH(APKTy MioKapia, IMyKpo-
Boro miabery Ta xBopobm AmbrmreiiMepa [5]. Oxpim TorO,
nedinut PON2 npu3BoauTh 10 MiIBUIIEHO! CXITBHOCTI 10
OXHPiHAA [53], MOPYIIEHHS TPAHCTIOPTY IIIFOKO3H [54].

PON3 — ocTaHHs 3 BIIKPUTHX [apaoOKCOHA3, CHHTE3Y-
€THCSI TOJIOBHMM YHMHOM Y KIITHHaX rne4inku [37] i MeH-
IO Miporo y HHUpKax [S5]; uupkysroe y kposi 3 JIIIBIL,
aJie TaKoXK MPUCYTHS Y MITOXOHApIsX [5; 37]. PON3 Busis-
JIeHa B KJITHHAX IIKIPH, CIIMHHUX 3aJ03aX, 3aJI03UCTOMY
emiTelnii NITyHKAa Ta KUIIEYHUKA, €HIOMETpii, rernarolu-
Tax, KIITHHAX AMUTYHKOBOI 3aJ103H, CEpIli, )KUPOBiil TKa-
HUHI Ta JlereHeBomy eritenii [5; 55]. Harenep moBeneHo
AHTHOKCHJAHTHY, POTHU3aNaIbHy Ta MPOTHUMIKPOOHY Iifo
PON3, 110 371iliCHIOETBCA 32 PaXyHOK OJOKYBaHHS KBOPYM-
3anexxHuX cucteM Oaktepiit [17; 50]. PON3 mae Oinpm
BHPaKEHY aHTHOKCHIAHTHY aKTHBHICTB, HiXK PONI1 [37].
Excnpeciss PON3 3MeHIye YTBOPEHHS aTepOCKICPOTHY-
HUX OJISAIIOK 1 EPEIIKOHKAE PO3BUTKY OKUpiHHs [5]. Han-
mipHe ytBopeHHss PON3 BinOyBaeThcs y pasi MyXJIUHHOL
TpaHcdopmarlii KITHH, 1110 3abe3nedye ix cTidkicTs 10 OC
Ta 3HIKYE arloINTo3 aTUIOBUX KIIITHH [5; 56]. Takoxx PON3
B3aemoyie 3 koeHzumom Q10 i 3axuIae Big ornocepeaxona-
Hoi mitoxoHzapiansauM OC cmepTi KITiTHH [5].

VY pi3HUX DOCIIKSHHSX IIETHCS PO BUILY 200 HIDKIY
axtuBHICTE PON y pasi pi3HuX 3axBopioBanb. OqHAK J0CI
HEsICHO, 4M TinBuineHnit piBeEb PON BUKIHKae 3aXBO-
proBaHH:, a00 XK € 3aXHCHUM MEXaHi3MOM, TTOB’SI3aHUM i3
IXHIMH aHTHOKCHJIAHTHHMH BIACTHBOCTSMH. AKTHBHICTH
PONI 3HWKYETbCS IIiJ TI€I0 HETCHETHYHHUX (TaiHHS,
BKMBAHHS aJIKOTOJIIO, JIi€Ta) Ta TeHeTHYHHX (akTopiB
(monimopdizM reHa). BUSBICHO KOPEISIIIHHY 3aJICKHICTh
4acTOTH PO3BHUTKY arepockiiepody Ta IXC 3 KypiHHsM,
a TaKOX 13 BXKMBAHHSM XHUPHOI TKi 32 paXyHOK 3HM)KEHHS
KOHIIeHTpaIlii Ta aktuBHOCTI PONT [5].

BBaxaerbcs, mo XO3JI Buknmkae xponiuauit OC,
CTIpHsi€ K Karabomi3my, Tak i iHakTuBanii Monexya PONT1.
VY mocmimkenni 105 marmientiB i3 XO3JI Bu3Hauanmu apu-
nectepa3ny (ARE) aktuBricTs PON1 3amexHo0 Big TSHKKO-
CTi 3aXBOPIOBAaHHS Ta TPUBAIOCTI KypiHHA. BcTaHoBIeHO
noctoBipHe 3HmKeHHsI ARE PON1, a Takox KOHIeHTpaii
BITHOBJICHHX TIOJNIOBHX Tpyl y XxBopux Ha XO3JI yxe Ha
cranii GOLD 2 nopiBHSHO 3 KOHTPOJeM. ABTOpHU MPHUITYC-
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KarTh, M0 CymbdriapuisHi rpynu PON1 OKHCITIOIOTHCS
y pasi XO3JI, mo npu3BOIUTH J0 3HUKCHHS aKTHBHOCTI
PON ta ARE PONI, a Takox /0 3HWKEHHS iX aHTHOKCH-
nmaHTHOT yHKmii [21].

B inmomy nocmimpkenni XO3JI nerkoro ta cepeHbOro
CTYIEHS TSHKKOCTI OyJIo TIOB’sI3aHe 3 HIDKYOIO aKTHBHICTIO
PON1, natomicTh Baskke XO3JI — i3 €10 BHILOK aKTHB-
Hictio [57]. Tlomyk npwumH, oMy akTuBHiCTE PONI1
Bifpi3HsIIacs 3amexHo Bin Tsokkocti XO3JI, mpusBiB 10
BHU3HAUEHHS BHIIOTO DIiBHA aJbBEOIIPHOI iHQIIBTparii
MakpodaraMmu Ta IoJiMopHHO-SISPHIMHE JICHKOITUTAMH Ha
paHHIX CTaisX Ta BCTAHOBJICHHS POJI Mi€IOMEPOKCHIA3H
(MPO) six kputuuHoro iHakruBatopa PON1 [47]. Ha ni3-
Hix cranisx XO3J1, konu Oiibla yacTUHA MApEHXIMHU 3pYH-
HOBaHa, criocrepiraerbest MeHmui kontakr PON1 3 MPO,
a 3Ha4YMTh 1 MeHIIa iHakTtuBauis [47; 57]. HexaBHi mpoci-
JOKEHHS TIOKa3aJiu, o icHye crenudivna B3aemonist MPO
3 Olnkamu-niragnamu (amomporeinn I — apoAl) — apoAl-
PONI1 na mosepxsi JIIIBIL, sika Mae BiqHOIIEHHS 0 aTe-
porenesy. MPO creniansHo mpuraiaye PON1, a PONI1
oM’ sikmrye epexran MPO [58].

[Tpu3nadenns marientam i3 TsoxkuM XO3JI kucHeBoOi
1 aHTHOKCHJIAHTHOI Teparii MOoXKe 3armo0irT 1MoCHICHHIO
katabomizmy Ta iHaktuBamili PON1 [47]. OckiabKku cMepT-
HICTh 3pOCTa€ pa3oM i3 MPOTrpPecyBaHHSM 3aXBOPIOBAHHS,
MaIfienTy 3 THKKUM niepedirom XO3J1, siki MarOTh BITHOCHO
Buily akTuBHiCTH PONI, MaroTh Kpamuili piBeHb BHXXH-
BaHHs (TaK 3BaHy «3BOPOTHY NPHYMHHICTBY) [59].

Hocmimkenas .M. Medina-Diaz et al. mokaszamu, 1o
HU3bKa akTHBHICTE PON1 1OB’s13aHa 31 CTapiHHAM, a ITiJ[BH-
meHHs BikoBoro OC Mo)ke YaCTKOBO MOSICHUTH 3HMKCHHS
aktuBHOCTI PON1 y mrozmeit moxmioro Biky [16]. Kpim Toro,
3HKkeHHs akTUBHOCTI ARE PON1 y mroneit mTHBOTO BiKy
JIEMOHCTPY€ KOPEJIAII0 31 CIPUHHATINBICTIO IO OKUCICHHS
JITHIL. Tomy 3umkenHs aktuBHOCTI PON1 moxe Hera-
TUBHO BIUTMHYTH Ha IIBUJIKICTB IIPOLIECY CTAPIHHA Ta Hepe-
0ir 3aXBOPIOBaHb, OB’ s3aHKX 13 BikoM [60].

Bcranosiena kapaionpotekTopHa posib PON2 sik y pasi
excriepumenTanbHol CH, Tak iy pa3i CH mronuHu, 1o Moxe
Oyt nos’si3aHo 3i 3xatHicTIo PON2 nokpamtyBaty (yHK-
it0 MITOXOHJpiH 1 3MeHIIyBatn yTtBopeHHst ADK [52].
Byno 3a3madeHo, m0 B yMOBaxX TiIlTOKCii-ilieMii 3aBIsSKd
CBO{if aHTHOKCHAaHTHINH 3matHOCTi PON2 3axmimae kpo-
BOHOCHI CYIMHU Ta MPUTHIYY€E BUBUTFHEHHS CHIOTEIIANb-
Horo (akropa [61]. [Tokazano, mo PON2 onmocepenkoBaHo,
aje crernu(iqHo 3HIKYETHCS B €HIOTENIaTbHIX KITITHHAX
JIOTUHY CYTIEPOKCHAOM 13 BHYTPIIIHBEOI MEMOpaHU MiTO-
XOHJIPii, HE BIUIMBAIOYM HA PIBHI IHIINX BUIBHUX pajKa-
JIB, TAKKX K MEPEKHC BOJIHIO 1 NEpOKCHHITPUT. Excripecist
CH/IOTEIaIbHOTO (PaKTOpa OJATKOBO IMOCHIIIOE Ta Iij-
TPUMY€ KPOBOHOCHI CYAMHH, BKJIIOUAIOUH MTPOKOATYIISTHTH
Ta mnpo3anaibHy mepenady curHainiB [38]. 3a3HaueHo,
IO cepejl JKIHOK 31 CTEHOKap/i€l0 HMU3bKA KOHICHTPALIis
PONI1 acomitoerscst 3 BUCOKHM IL1a3MoBUM piBHeM MPO,
1110, CBOEIO YEProlo, MOXKE BU3HAYATH HECTAOUIBHICTD are-
pockieporrynoi Omsmku [61]. Tomi six y xBopux Ha [XC
aktuBHICTE PON1 y mma3mi moB’si3aHa 3 TSDKKICTIO aTepo-
CKJIICPOTHYHOTO ypakeHHsS KopoHapHUX aprepiit [25]. Ilpu
oMy reHeTHaHuH nmoniMopdizm PON1 posrisgaeTscs sk
TOJIOBHA JETepMiHAHTA MDKIHIUBIAyaJIbHOI MIHJIHBOCTI
aKTUBHOCTI 11bOTO (hepmenTy [62].
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Ha micrasi mpoBeieHOro aHai3y JiTeparypu BCTAHOB-
neHo BaxauBy posb OC y dopmyBaHHI i nporpecyBaHHi
XO3J1, 0coOIMBO 32 HAIBHOCTI KOMOPOIIHOCTI 13 CEPIIEBO-
CYIMHHOIO IaTONIOTier0. Pa3oMm i3 TUM MATOrCHETUYHORO
JIAHKOIO JIecTaduTi3aIil KITIHIYHOTO mepediry KoMopOoiTHuX
3aXBOPIOBaHb | BUHUKHEHHS YCKIIAHEHB € TUCcOaTaHC CITiB-
BiIHOIIEHHS MK KOMIIOHEHTaMH{ TMO3aKIITHUHHOI Ta MIiTO-
XOHJIPiaJIbHOI AaHTHOKCHIAHTHOI CHCTEMH, 1110 TIPU3BOIHUTH
JI0 BTPATH 3aXWUCHUX BIACTHBOCTEH Ta (opMyBaHHS TIpO-
OKCHIAHTHOI CIIPSIMOBAHOCTI TporeciB. [y OmiHIOBaHHS
ONITUMAJIFHOI 3aXMCHOI CIPOMOXKHOCTI OpraHi3My HeE00-
X17JHO KOMIUTEKCHO BuBUYaTH KoMmoHeHTH AOC 3 omisiay Ha
X MOXKJIMBICTD JISITU Y B3a€MOJIl a00 MPOTUCTOSITH OIHMH
OJTHOMY, TTIICHITIOI0YH €(DEKTH 3aXHUCTy 200 MOIIKOIKCHHS
KIIITHH 3aJICKHO BiJ] KOHKPETHHX MATOJIOTIYHUX CTaHIB.

Bci tpu PON monysotors OC 1 3ananenHs. Hesaxa-
I0YM Ha Te, IO BCi mpezacTaBHUKU cimelictBa PON MaroTh
OIIHAKOBE IIOXO/DKCHHS Ta Jy>Ke TOMIOHI aMiHOKHCIOTHI
ITOCTITOBHOCTI, BOHH BUKOHYIOTH pi3HI (DYHKII Ta 3Ha-
XOITHCS B pi3HKX Miciix [5; 21; 37]. Ornmag miTeparypu

MOKa3as, 1110 piBeHb MapaokcoHas, 3okpema PON1, PON2
1 PON3, y KpoBi MOXKe CITy)KUTH MapKepaMH OLIHKHA aHTHOK-
CHJIaHTHOT'0 3aXMCTY 3 METOIO IPOTrHO3Y Ta KOHTpoutto XO3J1
y MOETHAHHI 13 CEPLIEBO-CYIMHHUMH 3aXBOPIOBAHHIMH.

BucnoBok. Ilatomoriuyxi 3MiHH, [0 BHHHUKAIOTH SIK
y pas3i XO3JI, tak i y pa3i cepleBO-CyAHMHHOI MaTOJOTii,
€ MAIPYHTSAM JUIS PO3BUTKY BHPAKEHOTO OKCHJIAHTHOTO
ctpecy. PON1 € ¢epMeHTOM 3 aHTHOKCHIAHTHUMH Ta
AQHTHATEPOTCHHUMH BJIACTUBOCTSMHU 1 BUMIpPIOBaHHS HOTO
AKTUBHOCTI MOXKE CTaTH KOPHCHUM OiomMapkepoMm s
OLIHKK TATaps aucOanaHCy OKCHAAHTHO-aHTHOKCHIAHT-
Horo crpecy y pasi XO3JI 3a KOMOPOITHOCTI i3 ceplieBo-
CYIMHHUMH 3aXBOPIOBAHHSIMH.

IlepcnekTHBU NMOAAJBINIUX JOCTIZKEHb TOJISTAIOTH
Yy HEOOXiTHOCTI paHHBOI, IIAHOMIPHOTI W KOMIUICKCHOI
OLIIHKH 3MiH OKCHJIAHTHO-aHTHOKCH/IaHTHOI CUCTEMH Y pas3i
XO3J1 i ceprieBO-CYITMHHUX 3aXBOPIOBaHb Ta MOLIYKY IILIsI-
XiB TX KOpeKuii.
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Introduction. Non-invasive prenatal testing (NIPT), which is based on the examination of cell-free fetal DNA (cffDNA) in the blood of a
pregnant woman, is an important addition to prenatal screening tests for chromosomal abnormalities. When used correctly, the test increases
the probability of detecting chromosomal pathology in the fetus and, at the same time, reduces the number of invasive tests.

The research purpose is to summarize literature data on the principle of cffDNA testing for prenatal screening of chromosomal pathology.

Methods. Analysis of scientific publications in international electronic scientometric databases over the last 10 years.

Research and discussion. The analyses of characteristics of cffDNA, the principles of a non-invasive prenatal test (NIPT), its sensitivity,
specifics, and the expected positive predictive value in relation to chromosomal diseases were performed. The algorithms for using NIPT in
different countries were analysed. Testing of cffDNA is recommended from the 10th week of gestation throughout pregnancy. NIPT is used as a
screening test and requires conformation of positive results by invasive methods. In a number of countries, it is included in state prenatal screening
programs as a first- or second-line test. In Ukraine, the test is offered by private laboratories at the patients’ own expense. The NIPT use requires
the elaboration of own or adaptation of existing guidelines following the algorithm of the method’s application and interpretation of test results.

Key words: cell-free fetal DNA, non-invasive prenatal test, NIPT, prenatal screening for chromosomal aneuploidy, NIPT implementation.
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HETHBABWUBHE TPEHATAJBHE TECTYBAHHS (NIPT) - CYYACHHW METO] HNPEHATAJBHOTO
CKPUHIHTY (OIUIA L JITEPATYPH)

Y00ecorut nayionansnuil meouunutl ynisepcumem, Qdeca, Vipaina

2KHIT «Obnacna oumsua xuinivna nikapuay» Odecvkoi obnicnoi paou, Qdeca, Vipaina

HeinpasusHuii npenaransauii Tect (NIPT) 6asyersest Ha mociimkenHi mozakmitiuaHoi JIHK mitoya B kpoBi BariTHO1 KiHKH. BiH € By mBuM
JOTIOBHEHHSIM [0 MPEHATalIbHUX CKPHHIHTOBHX TECTiB Ha XpOMOCOMHI aHomainii. Tect 30imblrye iMOBipHICTH BUSBIECHHS XPOMOCOMHOI
HaToJoril y mwioja i OJHOYACHO 3MEHIIYE KiNbKicTh HeoOXifHMX iHBasuBHMX TecTiB. NIPT BHKOPHCTOBYETHCS SIK CKPUHIHTOBHEl TecT
1 moTpedye 3a TIO3UTUBHUX PE3YBTATIB MiATBEPUKEHHS TiarHO3y iHBa3UBHUME MeTofamu. Y psai kpain NIPT mepenbauenuii y nepxaBHUX
IporpaMax MpeHaTaaIbHOTO CKPUHIHTY SIK TECT HepIoi abo apyroi JiHii. B YkpaiHi TecT mponoHyeThCs NPUBATHUMH 1a00paTopisiMu 32 BIACHI
xourty nauieHtiB. Bukopucranus NIPT norpeGye cTBopeHHs BiacHUX ab0 ajanTanii HasBHUX PEKOMEHIALIH I[0/10 aITOPUTMY 3aCTOCYBaHHS
METOIY, IHTepIpeTallii pe3ybTaTiB TECTY.

Kumouosi caoBa: nosaknituana JAHK mmozma, HeinBasuBHuil mpenaransHuii Tect, NIPT, mpeHatansHuil CKpHHIHT Ha XPOMOCOMHI
aHeymioinii, immiemenTais NIPT.

Introduction. The main task of prenatal screening is to
select women at high risk of having children with congenital
and hereditary pathology for further clarification of this
diagnosis in the fetus. First of all, it concerns congenital
malformations and chromosomal pathology.

In most countries of the world, including Ukraine,
the following is used for prenatal screening: 1) combined
screening in the first trimester at 11 weeks + 0—13 weeks
+ 6 days, 2) in II trimester, ultrasound at 18-22 weeks
of gestation for a detailed assessment of the anatomical

©Yu. . Bazhora, M. M. Chesnokova, A. V. Shevelenkova et al., 2024

CrarTs MOMMPIOETHCS HA YMOBAX JIIICH3I1T ::

structure of the fetus, excluding malformations of later
terms, 3) determination of maternal serum markers at
1620 weeks (“double test” — determination of AFP and
free B-chorionic gonadotropin (B-hCG) or “triple test” —
AFP + free B-hCG + free estriol, “quadruple test” — AFP
+ free B-hCG + free estriol + inhibin A), 4) non-invasive
prenatal screening (NIPT) [1, 2].

Combined screening of the first trimester includes
ultrasound screening to clarify the gestational age, assess
fetal anatomy, search for early malformations and early
markers of chromosomal abnormalities, such as nuchal
translucency (NT) scan and visualisation of the nasal bones.
If the fetal anatomy is normal and NT < 3.5 mm, biochemical
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screening is performed simultaneously to determine serum
markers: free -hCG, pregnancy-associated plasma protein-A
(PAPP-A), and placental growth factor (PIGF) [2]. Combined
screening is aimed at determining the individual risk of fetal
trisomy 21, 18, 13 chromosomes and predicting the risk of
pre-eclampsia. The calculation takes into account the results
of the examination, the mother’s age, body weight, ethnicity,
smoking, diabetes mellitus and family genetic history.

Combined first-trimester screening can identify more
than 90% of trisomies, with a screening-positive rate of 5%
of the general population, most of which are false positives
[3]. The sensitivity of the test (detection rate) for trisomy
21 is 87% at 11 weeks of gestation, 85% at 12 weeks and
82% at 13 weeks [3].

Determination of serum markers in the second trimester
also allows calculating the individual risk of chromosomal
abnormalities and, in addition, the risk of the neural
tube defects [2]. The sensitivity of the second-trimester
screening for chromosomal abnormalities is lower than
that of the first trimester, with a quadruple test of 81% for
trisomy 21 [4].

If the chromosomal abnormality risk score is higher
than the cut-off value, the result is considered positive or
“high risk”. For Down syndrome, the cut-off risk in the
first trimester can optionally be 1/150-1/250, and in the
second trimester, the recommended cut-off risk is 1/250
[4]. Screening tests can be false positive, so to confirm
the diagnosis of chromosomal pathology, it is necessary
to perform invasive prenatal diagnostics — cytogenetic
analysis of cells to determine the fetal karyotype. In the
first trimester, chorionic villi biopsy (chorionocentesis)
is most often performed, and in the second trimester,
amniocentesis is performed. A possible complication
of invasive diagnostics is pregnancy termination with a
probability of 0.5%—1.2% for chorionocentesis and 0.5%
for amniocentesis, but in recent years, a decrease in this
risk to 0.06%-0.13% has been reported [5].

Non-invasive prenatal testing (NIPT), which is based on
the study of cell-free fetal DNA (cffDNA) in the blood of
a pregnant woman, is an important complement to prenatal
screening tests for chromosomal abnormalities. When
used correctly, NIPT increases the posssibility of detecting
chromosomal abnormalities in the fetus while reducing the
number of invasive tests required [6].

The aim of the study is to summarise the literature data
on using cfDNA for prenatal screening of chromosomal
pathology.

Methods. We analysed scientific publications in the
international electronic scientometric databases PubMed
(https://pubmed.ncbi.nlm.nih.gov/), ScienceDirect (https://
www.sciencedirect.com/) and Google Scholar (https://
scholar.google.com/) using keywords.

Research results and their discussion

Characteristics of cff[DNA. Cell-free nucleic acids
released into the plasma/serum by various tissues through
apoptosis, necrosis, and secretion are always circulating in
the human blood. They are a mixture of single- or double-
stranded nucleic acids and include DNA fragments, RNA,
microRNA, long non-coding RNA, and mitochondrial
DNA/RNA. Cell-free nucleic acids can be used as potential
biomarkers in various clinical conditions [7].
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The presence of cffDNA fragments in the blood plasma
and serum of a pregnant woman was reported by Lo YM
et al. in 1997 [8]. To identify fetal DNA, women carrying
male fetuses were examined. The SRY gene, located in the
Y-chromosome, was used as a genetic marker. The source
of cffDNA circulating in the maternal blood is mainly
placental cells that undergo a programmed cell death [9].
Later, Lo YM et al. demonstrated that the fetal fraction (the
percentage of all cell-free fetal DNA in the maternal blood/
plasma/serum) is higher in the maternal plasma than in the
serum. This is due to the greater amount of background
maternal DNA in the serum compared to plasma
as the maternal DNA the release during the blood clotting
process [10].

Cell-free fetal DNA can be detected as early as the
first trimester from the 14th day after conception [11].
The fetal fraction increases at a rate of 0.10% per week
between 10 and 21 weeks, and then at a rate of 1% per week
[12]. For example, in one study, in the first (12—14 weeks),
second (17-22 weeks) and third (38-39 weeks) trimesters
of pregnancy, the fetal fraction was 9.7%, 9.0% and
20.4% of the total maternal plasma cfDNA concentration,
respectively [13]. The increase in the cffDNA concentration
in the maternal blood with the progression of pregnancy is
explained by increased placental apoptosis [14].

After delivery, cell-free fetal DNA rapidly disappears
from the maternal blood. The half-life of cell-free DNA is
16 minutes. In most women, it cannot be detected within 2
hours after delivery [15]. Purification of the mother’s blood
from fetal DNA after childbirth eliminates the possibility
of false positive results of prenatal diagnosis in subsequent
pregnancies.

The size of cfDNA fragments is determined by the way
the DNA molecule is packaged in the cell. In chromosomes,
DNA is joined to histone proteins to form nucleosomes.
Nucleosomes are not closely spaced. The linker DNAs
with an average length of 20 base pairs (bp) (varies from
several to 80) are between them. During apoptosis, nuclear
endonucleases cut chromosomal DNA along the linker DNA
into fragments, so the size of cfDNA fragments circulating
in the blood is a multiple of the nucleosomal DNA size
(147 bp) [16]. It is interesting that fetal DNA molecules in
the mother’s bloodstream are shorter than maternal DNA
molecules. Massive parallel sequencing (next generation
sequencing (NGS) data showed that most maternal cfDNAs
are 166 bp in size, followed by a pronounced peak of 143
bp and accompanied by a series of smaller peaks with a
frequency of 10 bp at size below 143 bp [17]. Cell-free fetal
DNA is predominantly 143 bp or smaller. It is assumed
that the 166 bp peak represents nucleosomal DNA plus a
portion of linker DNA. The elevation of the 143 bp peak
for fetal cfDNA may be due to truncation of linker DNA.

It has been established that the size of cell-free DNA
fragments in blood plasma positively correlates with the
level of its methylation [18]. It is believed that unmethylated
regions are more accessible for cutting by endonucleases.
Maternal somatic cell DNA is hypermethylated compared
to placental DNA. This leads to increased nucleosome
stability and a longer average length of maternal cfDNA
fragments compared to fetal DNA. During pregnancy,
placental DNA methylation progressively increases, and
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therefore the size of fetal cfDNA fragments in maternal
plasma increases with gestational age [18].

Use of cffIDNA for prenatal diagnosis

After the discovery of fetal cfDNA circulating in the
mother’s blood, it was proposed to test it to analyse genetic
markers that the fetus may inherit from its father. The first
steps were to determine the sex of the fetus by the presence
of the SRY gene for the risk of X-linked diseases and the
fetal Rh-positive gene in Rh negative pregnant women in
1998. These tests were quickly adopted by a number of
laboratories in the UK and the Netherlands [19].

In 2007, the principle of non-invasive prenatal diagnosis
of trisomy 21 in the fetus by cfDNA analysis was proposed.
In case of trisomy 21, the fetal karyotype contains three
copies of the 21st chromosome instead of two, as is normal,
so the amount of genetic material of chromosome 21 in
the mother’s blood will be increased [20]. This principle
was successfully implemented in 2011 through the use of
massive parallel genomic sequencing (NGS) [17, 21]. The
authors conducted a large-scale clinical trial of NIPT and
achieved 100% sensitivity and 97.9% specificity for the
prenatal diagnosis of trisomy 21.

NIPT has demonstrated high efficiency in detecting
chromosomal diseases associated with changes in the
number of chromosomes (aneuploidy). When analysing
the effectiveness of tests, sensitivity, specificity, and the
positive predictive value (PPV) are taken into account [22].
Sensitivity is the probability that a test result will be positive
when a disease is present. Specificity — the probability
that the test result will be negative when the disease is not
present. The PPV indicates the proportion of patients with a
positive test result who actually have the disease [22]. The
high sensitivity and specificity of NIPT has been proven in
numerous clinical trials. According to a 2017 meta-analysis
for trisomy 21, the test sensitivity ranged from 94.4 to 100%
with a false positive rate of 0 to 0.94% (99.7% and 0.04%
on average, respectively). The sensitivity for trisomy 18
ranged from 87.5 to 100% with a false positive rate of 0 to
0.22% (on average 97.9% and 0.04%, respectively). The
sensitivity for trisomy 13 ranged from 40.0 to 100% with
a false positive rate of 0 to 0.25% (on average 99.0% and
0.04%) [23]. Modern methods of molecular genetic testing
of cfDNA provide a sensitivity of 99—100% and a specificity
of more than 99% for trisomies 21, 18, 13 [24-26].

For diseases caused by a change in the number of sex
chromosomes, the method’s efficiency is also high. For sex
chromosome trisomies (polysomy X syndromes in women,
polysomy Y in men, and Klinefelter syndrome), the average
sensitivity and false positive rates were 100% and 0.004%,
respectively [23]. When using NGS, the sensitivity of NIPT
for monosomy X is 93.9% and the specificity is 99.6% [27].

If the sensitivity and specificity of the test for trisomies
21, 18, 13 are similar, the PPV is significantly different.
According to the literature data, the PPV for trisomy 21
ranges from 84 to 98.9%, for trisomy 18 — from 47.6 to 82%,
and for trisomy 13 — from 10 to 92.3% [28, 29]. A study
conducted in China (Guangzhou) in 2017-2020 showed
the PPV for these trisomies of 86.1%, 57.8% and 25.0%,
respectively [28]. Unlike sensitivity, the PPV also takes into
account the prevalence of the pathology and increases or
decreases according to its higher or lower frequency in the
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group under examination. If the prevalence of the disease
in the investigated group is low, even tests with excellent
sensitivity and specificity will have a low PPV and generate
more false positive than true-positive results [22]. This, in
turn, increases the number of unnecessary invasive prenatal
diagnostic procedures [30].

For the group of aneuploidies on the sex chromosomes
as a whole, the average PPV ranges from 31.39% to 54.54%
according to different studies [29, 31, 32]. The lowest PPV is in
monosomy 45,X (from 12.5 t029.4%) [28, 31, 32]. For trisomies
on the sex chromosomes, the PPV is higher. Thus, according to
LiY et al., the PPV for the 47, XXX syndrome was 58.82%, for
the 47,XXY and 47,XYY syndromes — 85.71% [31].

Differences in the obtained PPV results may be explained
with different characteristics of the investigated populations
by size, demographics, clinical characteristics, and different
NIPT techniques. A higher PPV is observed in the group of
pregnant women with an increased risk of fetal chromosomal
abnormality and increases with maternal age. Thus, with the
99% sensitivity and specificity of NIPT, the PPV in pregnant
women aged 20 years for trisomy 21 is 38—80%, for trisomies
on chromosomes 18 and 13, respectively, 11-41% and
5-13%. At the age of 40 years, the PPV for trisomy 21 is as
high as 91-99%; for trisomy 18 it is 66-92% and for trisomy
13 itis 43-71% [33]. An increase in the PPV for trisomies 18
and 13 is observed in the group of pregnant women with an
increase in the fetal NT [26].

The non-invasive test can be used to detect rare
aneuploidies, microduplications and microdeletions,
including deletion of 15q (Prader—Willi and Angelman
syndromes), 22ql1.2 (DiGeorge syndrome), 4p (Wolf-
Hirschhorn syndrome), 5p (cat’s cry syndrome), llq
(Jacobsen syndrome), etc. However, the sensitivity and
PPV of the method for these syndromes are significantly
lower. For rare aneuploidies, the PPV was less than 28%,
and for deletions and duplications, it ranged from 29% to
50% [28, 34].

The expected positive result of NIPT is higher than the
PPV of combined screening in the first trimester of pregnancy.
For pregnant women with a trisomy 21 risk of 1:300 based
on the results of combined screening in the first trimester,
the PPV of combined screening is 7%, and the PPV of non-
invasive testing is 76.8%. For 25-year-old pregnant women
who have a 1:950 risk for trisomy 21, the PPV of combined
screening is 2.3% and that of NIPT is 51.1% [6].

Fetal cfDNA testing can be attractive for many reasons.
The test is more sensitive and specific than other prenatal
screening methods, does not carry the risk of miscarriage,
allows early screening for fetal chromosomal abnormalities,
and leaves parents more time to decide whether to terminate
or prolong the pregnancy [3]. The fetal cfDNA fraction is
low before 10 weeks. At 10 weeks, it is approximately 10%,
which is considered sufficient for analysis [12, 35, 36].
Accordingly, NIPT is recommended to perform from the
10th week throughout pregnancy [1, 3, 6, 37]. The test can
give false positive results, so in 2016, the American College
of Obstetricians and Gynaecologists emphasised that NIPT
is a screening test, but not a diagnostic test. Confirmation
of positive results by invasive testing is mandatory [33, 38].
In addition to false positives, false negatives and no-call
results are also recorded.
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Possible causes of false positive, false negative, and
no-call NIPT results

False positive results are observed on average in
0.4% of cases [1]. This may be due to limited placental
mosaicism [39, 40], the wvanishing twin syndrome
[41, 42], maternal mosaicism or chimerism, the presence
of bone marrow or tissue transplants in pregnant women,
or recent blood transfusion [6, 42]. False positive results
can also be caused by an undetected malignant or benign
maternal tumour [43, 44]. This is explained by the fact
that a tumor DNA can contain numerous duplications and
deletions. In this case, it is not the fetus that has health
problems, but the mother. It is believed that in case of
false positive NIPT results, especially when more than
one chromosomal aberration is detected, it is necessary
to discuss with the pregnant woman the risk of such a
pathology. Accordingly, NIPT is not recommended
for screening fetal anomalies in pregnant women with
a diagnosed neoplasm [44]. It is the possibility of
false positive NIPT results that requires mandatory
confirmation by invasive diagnostics [45].

False negative NIPT results are less common than
false positive results. For example, during examination of
81,601 pregnant women, the false negative rate was 0.01%
[46]. According to Hartwig et al., 92% of all analysed false
negatives were due to true fetal mosaicism [47]. Other
causes may include placental mosaicism [48] and low fetal
cfDNA fraction [47, 49].

No-call result occurs in approximately 0.3% of cases
[43]. One of the main reasons for this is the low fetal
cfDNA fraction (<4%) [50]. Thus, in study of 303 pregnant
women with a no-call result, 135 women (44.6%) had a low
fetal fraction [51]. The reasons for this include conducting
the test earlier than the recommended time, high maternal
body mass index, in vitro fertilisation, treatment of the
pregnant woman with low-molecular-weight heparins and
other anticoagulants, autoimmune diseases in pregnant
women, and multiple pregnancy [43, 51, 52, 53]. Low fetal
fraction is observed in trisomies 18 and 13 due to the small
size of the placenta [23], in monosomy X and triploidy [6].
Therefore, pregnant women with a no-call result should
be classified as a high-risk group for fetal chromosomal
syndromes. According to the recommendations of the
American College of Obstetricians and Gynaecologists,
a no-call NIPT result can be considered an indication for
invasive testing [38].

The no-call NIPT results requires high-quality medical
and genetic counselling and identification of possible
causes. Further recommendations should take into account
the results of fetal ultrasound or combined screening in
the first trimester of pregnancy. If there are no additional
risk factors for fetal chromosomal abnormalities and the
gestational age is early, NIPT should be repeated. When
repeated, the test is informative in 50-80% of pregnant
women [6, 39]. However, in case of high body mass index,
repeated examination is not recommended [6].

Due to the presence of false positive, false negative and
no-call results, it is recommended that the non-invasive
test be accompanied by an ultrasound for more accurate
analysis and to avoid diagnostic errors [42].
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Implementation of NIPT in different countries

NIPT technology was first introduced commercially in
HongKongin2011 and later in the United States. Nowadays,
NIPT is approved by many professional organisations and
is used in more than 60 countries, including Ukraine [24].

There are different methods for detecting and evaluating
fetal c¢fDNA in pregnant women’s blood. In some
countries, NGS is performed, in which all DNA fragments
are “read”. This provides information about anecuploidy
on any chromosome or its part (non-targeted sequencing).
Other countries use targeted (chromosome-selective)
sequencing methods. In this case, information is read only
for chromosomes 21, 18, 13, X and Y [37, 54].

The NIPT can be used as a primary screening test (first-
line test) for all pregnant women without prior tests and risk
assessment, or as a secondary screening test (second-line test).
The first model has been implemented in Belgium and the
Netherlands. For example, in Belgium, since 2017, NIPT has
been offered as a first-line test and is almost fully reimbursed
by the National Institute for Health and Disability Insurance
(NIHDI) [55, 56]. Pre-test counselling for pregnant women
is mandatory and is provided by obstetricians, family doctors,
and midwives. Women are informed about the diseases that
can be detected in the fetus, possible test results, and the cost
of the test (€8.68). If a positive result is obtained, professional
genetic counselling is required.

In other countries (Switzerland, the United Kingdom,
Norway, Canada, etc.), NIPT has been introduced as a second-
line test. It is suggested in groups of pregnant women with
an increased risk of fetal aneuploidy calculated according the
results of combined first trimester screening or determined by
maternal age, previous pregnancy with trisomy 21, 18, 13. The
aim of this approach is to reduce the frequency of invasive
procedures. In this case, NIPT serves as an intermediate step
between combined first trimester screening and invasive
diagnosis [45]. Attention is drawn to the need for mandatory
counselling of pregnant women both before testing and in
case of positive test results. For example, the Swiss Society
for Medical Genetics and the Federal Office of Healthcare
recommend NIPT since July 2015 for pregnant women with
arisk of trisomies 21, 18, 13 > 1:1000 based on the results of
combined first trimester screening [ 57]. Fetal cfDNA testing for
these trisomies is performed in singleton and twin pregnancies
and is fully funded by insurance companies [57, 58].
In singleton pregnancies, screening for aneuploidies on the
sex chromosomes is also offered without additional charge.
If the risk of trisomy 21, 18 or 13 is < 1:1000, the test can be
performed at the patient’s own expense.

The UK National Screening Committee recommends
non-invasive testing for pregnant women with a trisomy
risk of 1:150 based on the results of a combined first
trimester test or a second trimester quadruple test [59]. In
Norway, the government introduced NIPT into the public
antenatal care programme in March 2017 for women over
38 years of age who have a risk of trisomy 21 greater than
1:250 or trisomy 18/13 greater than 1:150 based on the
results of a combined first trimester screening [60]. Since
May 2020, all pregnant women over 35 years of age, as
well as all pregnant women with an increased risk of fetal
malformation/aneuploidy based on the results of a routine
ultrasound in the first and second trimesters, have been
authorised to undergo NIPT.
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The implementation of NIPT in different countries
depends on national healthcare systems, economic resources,
the cost of the test and, finally, on the attitude of society
towards the problem of pregnancy termination, raising
children with chromosomal abnormalities, etc. [23, 54, 55].

In Ukraine, combined screening in the first trimester is
mandatory, followed by ultrasound screening and maternal
serum markers in the second trimester. NIPT is offered by
private laboratories and is carried out at the patient’s own
expense. It is possible to sequence the entire genome or study
the DNA of individual chromosomes. Unfortunately, there are
no published data on the number and age of examined pregnant
women, the reasons for fetal cfDNA testing, or the test results.

orijiin JIITEPATYPHU

Conclusions. Fetal cfDNA testing (NIPT) is a modern
method of prenatal screening characterised by higher
specificity, sensitivity, and expected positive result
compared to the combined first trimester screening. It is
widely used in many countries as a first- or second-line
test. The method is available in Ukraine and its use can
be expected to increase in the future. This will require
the development or adaptation of existing guidelines for
the use of NIPT and the interpretation of test results. It
is important to inform obstetricians and gynaecologists
about the possibilities and limitations of NIPT and to
train specialists to counsel pregnant women on the test
results.
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Introduction. In recent years, there has been a significant increase in the number of patients requiring wound care. The attention is on the
time required for wound healing and the growing risk of antibiotic resistance. The 2022 Global Antimicrobial Resistance and Use Surveillance
System (GLASS) report highlights alarming resistance rates among common bacterial pathogens. Thus, it is important to emphasize new
alternative methods of wound care to address antibiotic resistance. Metal-based nanoparticles, such as copper nanoparticles (CuNPs), are a
promising material for tissue regeneration and preventing the development of antibiotic resistance of microorganisms.

The aim is a bibliographic analysis of data on the use of copper nanoparticles as an antimicrobial agent for wound healing (and for other
medical purposes).

Materials and methods. The authors searched for information in electronic databases such as PubMed, Scopus, Web of Science, and
Google Scholar using the main keywords. Tools for bibliometrics network visualization (VOSviewer) were used in the analysis.

Results. We studied 142 publications in the Scopus database, where the main keywords were “copper nanoparticles” and “wound healing”.
The results show that over the past 14 years, the number of publications on the research topic has begun to increase. The subject is mostly studied
by researchers from China, India, and the USA, which indicates the relevance of the current subject among the scientists. From 2010 to 2024, a
bibliometric analysis on the Scopus database identified four chronological stages based on keywords: 1) synthesis of copper nanoparticles and
description of the antimicrobial properties; 2) antibacterial activity in wound healing; 3) inception of new biomaterials to wound care.

Thus, copper nanoparticles and their properties are actively studied. The ability of CuNPs to inhibit bacterial growth and promote
angiogenesis can be used in wound healing and added to dressings to stimulate tissue regeneration.

Key words: copper nanoparticles, CuNPs, wound healing, tissue regeneration, wound dressing.
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HOBI KYIIPYM-BMICHI ITIOB’SI3KH JJ151 3SATO€HHSI PAH: BIBJIIOMETPUUYHUI AHAJII3

Vrpaincvko-weeocvruti oocnionuyvkuil yenmp SUMEYA, Meouunuii incmumym, Cymcvkuti deporcasnuil ynieepcumem, Cymu, Ykpaina

Crarts mpucBsSYeHa aHANI3y JIITepaTypHHUX JaHUX II0/0 BUKOPUCTAHHS HAHOYACTUHOK Mijli SIK aHTHMIKpOOHOTO 3ac00y JUIS 3aTO€HHS paH
y 3B’A3KY 31 301IbLIIEHHSM KiTBKOCTI aHTHOI0TUKOPE3UCTEHTHNX OaKTepiadbHUX MATOTEHIB.

Ha ocHoBi nocmimkens 142 mpxepern Oyso BCTaHOBIICHO, 110 32 OCTaHHI 14 POKIB KUIBKICTh MyOITiKalliil Ha BKa3aHy TeMY CYTTEBO 30i/ib-
IIMIACS, 10 TIOB’SI3aHO 31 3pOCTAIOYMM IHTEPECOM HAyKOBIIIB /10 HAHOTEXHOJOTIH Ta MOIIYKOM aJbTePHATHBHUX aHTHMIKPOOHHMX PEYOBHH.
bibniomeTpuyuHuii aHami3 MOKa3aB, [0 HAHOYACTUHKHU MiJli aKTHBHO BHBYAIOTHCSA BUCHUMH B Pi3HUX KpaiHaX CBiTy, 30kpema B Kurai, [Hnii Ta
CIIA. Txus 31aTHicTh IPUTHiYYBaTH picT GakTepiil Ta CIPUATH aHTiOTeHe3y MOske OyTH BUKOPHMCTaHa G3MOCEPEHbO 1/l Uac JTiKyBaHHS paH

ab0 J101aBaHHs JI0 NepeB’si3yBaIbHUX MaTepialliB Ui CTUMYJIIOBAHHS pereHepailii TKaHHH.
Kuti04o0Bi c;10Ba: HaHOYACTHHKM MiJli, 3aTO€HHS PaH, pereHepais TKaHWH, PaHOBA OB’ sA3Ka.

Introduction. In recent years, the number of patients
with wounds has increased significantly around the world.
This problem has become particularly acute in Ukraine. The
number of wounds and injuries among the civil and military
population has significantly boosted since the beginning of
the full-scale invasion. The main concern is the time it takes
to heal and the risk of antibiotic resistance. The 2022 Global
Antimicrobial Resistance and Use Surveillance System
(GLASS) report underscores resistance rates observed
among prevalent bacterial pathogens. In 76 countries, the
average of methicillin-resistant Staphylococcus aureus
(MRSA) causing bloodstream infections is 35% [1].
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Thus, new alternative methods of wound care should be
found to overcome antibiotic resistance.

The United States Environmental Protection Agency
(EPA) acknowledged copper in 2008 as the inaugural
metallic antimicrobial agent [2]. Nanomaterials containing
copper (CuNPs) promote the synthesis of extracellular matrix
(ECM) components, such as fibrinogen, and enhance the
activity of matrix metalloproteases (MMPs) in fibroblasts.
CuNPs play a role in the formation of collagen and integrins,
which are vital for cellular binding to the extracellular matrix
[3-5]. Therefore, copper nanoparticles can be promising
material in the regeneration of tissue and wound healing.

The basis of wound treatment is different types of
dressing. The choice of dressing depends on the specific
wound type. It plays a crucial role in wound care by creating
an optimal environment for healing, protecting the wound
from infection, and promoting faster recovery [6].
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There are a lot of dressing materials based on
nanomaterials, such as silver and gold nanoparticles,
which can be used for wound healing [7-9]. However,
the development of dressings with copper nanoparticles
is a promising direction, considering the high healing
properties of CuNPs combined with antimicrobial action.
They can enhance the effectiveness of wound dressings due
to their strong antibacterial properties, lower tendency to
induce microbial resistance compared to antibiotics, and
improve their mechanical strength and absorption capacity,
making them more effective and comfortable for patients.

The aim is to conduct a bibliographic analysis of data
on the use of copper nanoparticles and their antimicrobial
action in the dressing material for advanced regeneration
capacity in wound care.

Materials and Methods. The authors analyzed and
systematized scientific publications on material with CuNPs
used inwound healing in the electronic database Scopus for the
past fourteen years on the keywords “copper nanoparticles”
and “wound healing”. The authors analyzed the data of
publications, such as year, subject area, and country of the
research using the Scopus database. VOSviewer system
from the University of Leiden (http://www.vosviewer.com/)
was used for the visualization of the bibliometric network.

Results and Discussion

Copper nanoparticles

Overthe lastten years, the development of nanomaterials
has expanded in various areas of clinical use. Currently,
around 100 nanomedicines have gained approval from both
the Food and Drug Administration (FDA) and the European
Medicines Agency (EMA), with over 500 more undergoing
clinical trials [10].

Nanotechnology involves the production and
manipulation of materials at the nanoscale level,
typically ranging from 1 to 100 nanometers (nm) in size.
Nanoparticles (NPs) are a diverse class of materials within
nanotechnology, encompassing particulate substances.
These nanoparticles can be composed of various materials,
including metals, metal oxides, polymers, and carbon-based
materials. Due to their small size and unique properties,
nanoparticles find applications in a wide range of fields,
including medicine, electronics, environmental science,
and materials science [11; 12]. One of the promising
nanoparticles in recent years are copper nanoparticles.

Copper is a vital dietary element necessary for the
proper functioning of the human body. The human body
can acquire copper from diverse sources such as shellfish,
seeds, nuts, cereals, whole grain products, and chocolate.
Despite the availability of various sources for meeting
the daily copper requirement, research indicates that the
average adult loses about 1.4 mg/day for men and 1.1 mg/
day for women [13].

Copper is present in over 30 types of proteins and
important in the metabolism of living organisms. Enzymes,
which contain copper, contribute to various body functions.
Oxygen metabolism, regulation of skin pigmentation,
synthesis of collagen, maintenance of blood vessel
integrity, as well as iron balance, antioxidant defense, and
neurotransmitter synthesis are among them [14; 15].

However, copper can become toxic, when consumed over
human tolerance levels. Copper toxicity, or copperiedus,
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can cause several pathological processes that adversely
affect human organisms. Acute copper toxicity causes
nausea, vomiting, diarrhea, abdominal pain, headaches,
and dizziness, while chronic copper toxicity leads to liver
damage, kidney failure, or neurological symptoms [16].
Thus, copper-based medications should be used carefully,
in appropriate doses under the supervision of a doctor to
avoid the toxic effect of copper on the human body.

Synthesis of CuNPs

There are three main methods to synthesize copper
nanoparticles: chemical, physical, and green synthesis [17].

Chemical method based on the reduction of copper ions
in a solution to form nanoparticles. This can be achieved
through various techniques such as chemical reduction,
precipitation, or electrochemical methods.

In the reduction technique, Cu (II) salts can be reduced
by various reducing agents, such as ascorbic acid, sodium
borohydride, or polyol. These agents allow to product
nanoparticles with controlled size and shape.

Microemulsion is amethod of synthesis of nanoparticles,
where a thermodynamically stable dispersion is formed in
two immiscible liquids, such as water-in-oil, oil-in-water,
or water-in-carbon dioxide supercritical phases, which is
facilitated by a surfactant. This category uses the reverse
micelle method, which involves two inverted emulsions of
water and oil. This method was used to synthesize copper
nanoparticles ranging in size from 3 to 13 nm.

The electrochemical method used electricity as a
controlling force to produce copper nanoparticles. This
technique occurs by passing an electric current between
two electrodes separated by an electrolyte. So, synthesis
takes place at the electrode/electrolyte interface [18].

Chemical methods are the most widely used approaches
to obtain copper nanoparticles. However, a significant
drawback is the use of hazardous substances at the synthesis
stage. The development of environmentally friendly
methodologies becomes extremely necessary, considering
the growing prevalence of the use of nanoparticles and their
active interaction with people.

The main physical method used to produce copper
nanoparticles is based on reducing bulk copper into
nanoscale particles and includes the milling technique.
Milling involves the reduction of the metal to either
micro- or nano-scale dimensions, following the “top-
down” approach, or assembling larger structures through
the blending of precursor salts, following the “bottom-up”
approach.

This method has limitations, such as difficulty in the
production of ultrafine particles and long-time production.
Contamination, which often occurs during mechanochemical
processing, affects the quality of the produced material.
Nevertheless, there are several advantages of milling
synthesis, such as low-cost production and enabling large-
scale production. The average size of nanoparticles, their
type, and morphology can be adjusted by milling conditions.
Thus, the milling method is a promising approach to
developing a scalable synthesis of CuNPs, which can be
used in different fields, such as biosensors, pharmaceutical
and antimicrobial materials [19; 20].

Green synthesis is one of the most interesting methods
of CuNPs production in recent years. According to this
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approach, synthesis of nanoparticles includes the utilization
of biological organisms (bacteria, plants, or fungi) and
their extract as a reducing agent of the copper ions [21].
Green synthesis offers several advantages, including
environmental friendliness, cost-effectiveness, and the
potential for large-scale production without the use of harsh
chemicals.

Various plants have been utilized to produce
nanoparticles due to their medicinal values and properties.
Fortunella margarita, Asparagus adscendens, Citrus
medica, Cissus vitiginea have been previously used for the
synthesis of copper nanoparticles [22-25].

The mechanism of green synthesis includes preparing a
biological extract and mixing it with a solution of copper
salt (copper sulfate, copper chloride). The reducing agents
in the biological extract reduce the copper ions in the
precursor solution to form copper nanoparticles [26].

All mechanisms of CuNPs have their advantages and
disadvantages. However, green synthesis offers a more
ecological approach to the synthesis of nanoparticles due to
its use of renewable resources and reduce the generation of
hazardous waste. Chemical and physical approaches provide
control over particle size, and shape, while scaling up green
synthesis is more challenging due to process complexity.
Thus, the choice between methods of copper nanoparticles
depends on the specific application requirements, desired

nanoparticle properties, environmental impact, and
scalability considerations.
Characterization and properties of CUNPs
Morphological characteristics, such as size and

shape of nanoparticles, are crucial in studying because it
significantly impacts on their efficacy. The most important
techniques to describe CuNPs and determine their efficacy
are scanning and transmission electron microscopy (SEM
and TEM), atomic force microscopy (AFM), dynamic light
scattering (DLS), energy dispersive X-ray (EDX), and
X-ray diffractometer (XRD).

Copper nanoparticles have unique properties, which
are effectively used in different fields, such as biomedical
applications, electronics, the chemical industry, textiles,
and agriculture.

One of the main properties of copper nanoparticles
is antimicrobial action. CuNPs can reduce the viability
of bacteria, viruses, or fungi, depending on the chemical
composition, shape, and size of the nanomaterial. The
mechanism of antimicrobial activity is based on the
contact action of nanomaterials, the release of ions, and the
production of reactive oxygen species (ROS).

The first stage of CuNPs effect is direct contact with
the cell surface, which leads to a change in the cell wall
of microorganisms and the cell membrane. CuNPs and
their released ions are positively charged, while the surface
of both Gram-positive and Gram-negative bacteria are
negatively charged. Thus, copper nanoparticles adsorb on
the surface of bacterial cells, which leads to the destruction
of the cell wall and, therefore, entry of the nanoparticles
and their ions inside the cell [27].

The release of copper ions plays an essential role in
antimicrobial action. Once copper ions get into bacterial
cells, they can bind to enzymes and disrupt their function,
bacterial DNA, leading to DNA damage and interfering with
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replication and transcription processes. The interaction of
ions with bacterial DNA leads to the disruption of genetic
material and prevents bacterial growth and proliferation [28].

Although ions play one of the key mechanisms in
antimicrobial action, copper can only dissolve a small
number of ions, which means that the release of ions is not
the main antimicrobial mechanism of copper nanoparticles.

Both CuNPs and their ions can induce oxidative stress
by generation of ROS. Reactive oxygen species are oxygen-
containing derivatives composed of increasable oxygen
radicals, such as superoxide (O,), hydroxyl (OH), and
hydrogen peroxide (H,0,), which are highly reactive and can
increase in the presence of copper in the cell. The oxygen
radicals damage cellular components such as proteins, lipids,
and nucleic acids and lead to apoptosis [29-31].

Application of CuNPs in the wound healing

Chronic wounds are injuries that fail to heal in a
systematic and timely manner throughout the different stages
of the healing process within a 3-month period. Wounds can
be classified into four groups: venous, arterial insufficiency,
pressure, and diabetic ulcers. The classification is based
on the etiology of the cause. Chronic wounds represent a
considerable challenge to the healthcare system due to their
prevalence and high-cost treatment. [32; 33].

Chronic infection is often associated with multiple
bacterial species and, thus, effective care and appropriate
treatment are essential. Bacteria, which are part of skin
microbiota  (Staphylococcus  aureus, — Pseudomonas
aureginosa), can penetrate wounds and cause chronic
inflammation. At the beginning of chronic wound
formation, gram-positive bacteria, especially S. aureus, are
most common. Methicillin-resistant S. aureus (MRSA) has
become a serious problem. There are only a few antibiotics
that are effective against these stains. MRSA often forms
a biofilm, where bacteria can transfer the resistance genes
between each other and, thus, increase resistance to
antibiotics and innate host immunity mechanisms. This
biofilm can be formed by antibiotic resistance strains, which
is more dangerous because treatment with antibiotics could
be ineffective [34-37].

Copper nanoparticles are promising material in wound
healing due to their antimicrobial properties. Moreover,
they can stimulate tissue regeneration by promoting
angiogenesis and collagen synthesis.

CuNPs can be merged with natural or synthetic
materials, such as chitosan or poly(vinyl alcohol), due
to their biocompatibility and ability to promote tissue
regeneration [38; 39]. Wound dressings have been made
using different materials (synthetic or natural) and come
in various physical forms, such as sponges, hydrogels,
hydrocolloids, films, and membranes. Various formulations
and unique characteristics of dressing make them
appropriate for treating specific types of wounds [40].
Copper nanoparticles can be used in dressing material to
repair the skin barrier, promote wound regeneration, and
decrease the risk of re-infection. Dressing material is used
to enhance the proliferation and migration of fibroblasts
and accelerate the formation of epithelial tissue [41].

Limitations of using copper nanoparticles

A lot of studies claim the cytotoxicity of metal
nanoparticles. Thus, copper nanoparticles are not an
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exception. The size and shape of nanoparticles determined
the result of cytotoxicity. Most of the nanoparticles
have a limited therapeutic index, despite their extensive
antimicrobial properties [42; 43]. On the one hand, CuNPs
have antimicrobial properties that can be used in the
treatment of bacterial infections. On the other hand, they
can also affect cells, organs, and systems of the human body
[44]. Therefore, it is necessary to conduct more research
to determine the cytotoxic level of CuNPs and the ways
of their effect on the host organism. To achieve this goal,
copper nanoparticles should be studied from a physical,
chemical, and biological point of view.

Bibliometric analysis of scientific literature

We analyzed 142 publications in the Scopus database,
which was filtered by the keywords “copper nanoparticles”
and “wound healing”, although there are more than nine
thousand publications that were found by the keyword
“copper nanoparticles”. Thus, scientific interest in copper
nanoparticles started in the early 90s and significantly
increased over the past thirty years, while the interest of
CuNPs’ use in wound healing started in 2010 and increased
over the last few years (Fig. 1).

The copper nanoparticles and their effect on wound
regeneration are mostly studied by researchers from China,
India, and United States.
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There is also great interest in the dissemination of
publications on the subject. According to the data from
the Scopus database, copper nanoparticles have been
studied from the side of chemistry, material science, and
engineering. Only in the past fourteen years the number
of publications in biochemistry, molecular biology, and
pharmacy increased (Fig. 2).

Thus, copper nanoparticles have been actively studied
in the last 30 years mostly for their physical properties,
leaving an unfilled niche in the study of properties of
nanoparticles in wound healing. The use of nanoparticles
in this direction began to be actively studied only in the
last 14 years.

We analyzed the 142 publications published from
2010 to 2024 on the research topic. Selected articles were
analyzed in the Scopus database using the keywords “copper
nanoparticles” and “wound healing”. They can be divided
into three thematic clusters: 1) copper nanoparticles;
2) antimicrobial activity; 3) wound infections (Fig. 3).

There are also three chronological stages: synthesis of
copper nanoparticles and description of the antimicrobial
properties; antibacterial activity in wound healing and
creation of new biomaterials to wound care (Fig. 4).

Limitations. This research includes publications only
in the Scopus database from 1993 to March 20, 2024.
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Fig. 1. Comparison of the publication chronology. A. Documents filtered by the keyword “copper nanoparticles”.
B. Documents filtered by the keywords “copper nanoparticles” and “wound healing”
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Fig. 2. Comparison of the distribution of publications on the subject area. A. Documents filtered by the keyword
“copper nanoparticles”. B. Documents filtered by the keywords “copper nanoparticles” and “wound healing”
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Conclusions.

Nowadays, the problem of antibiotic resistance requires
special attention. More microorganisms are becoming
resistant to antibiotics due to lack of control over their use.
Thus, it is necessary to investigate alternative materials
that could reduce the use of antibiotics in the treatment of
infectious diseases, such as wounds.

Analysis of publications of the Scopus database due
to the period from 2010 to 2024 shows rising scientific
interest in the copper nanoparticles application in medicine,
particularly for wound care. Notably, the interest in copper
nanoparticles appeared in the 90s, but most publications
are dedicated to the physical properties and synthesis of
nanoparticles. Meanwhile, research on the use of CuNPs in
wound care has increased over the past 14 years. Moreover,
due to the active search and study of alternative methods of
treating infections, the subject of interest is relevant and is
being actively studied now.

We identified three chronological stages using the tool
for building and visualizing bibliometrics: synthesis of

orijiin JIITEPATYPHU

copper nanoparticles and description of the antimicrobial
properties; antibacterial activity in wound healing and
inception of new biomaterials to wound care. Scientific
publications that were investigated can be split under
the three thematic clusters: 1) copper nanoparticles;
2) antimicrobial activity; and 3) wound infections.

Thus, copper nanoparticles are now actively being studied
by scientists in different parts of the world. The ability of CuNPs
to suppress bacterial growth can be used in wound care. CuNPs
promote angiogenesis and collagen synthesis and can be added
to the wound dressing. To improve antimicrobial action and
decrease the cytotoxicity of CuNPs, different components, such
as chitosan, are used due to their synthesis.
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MAPKETHHI'OBI JOCJIIAKEHHA ACOPTUMEHTY JIKAPCBKHX 3ACOBIB
AJI51 IIKYBAHHS HOCTMEHOIIAY3AJIBHOT'O OCTEOIIOPO3Y
HA ®PAPMALEBTUYHOMY PUHKY YKPAIHU
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MAPKETHUHIOBI  JOCIIIKEHHA  ACOPTUMEHTY  JIIKAPCBKUX  3ACOBIB  JJIsd  JIIKYBAHHS
MOCTMEHOITAY3AJIbHOT'O OCTEOIIOPO3Y HA ®PAPMAIIEBTUYHOMY PUHKY YKPATHH

Ooecoruii nayionanshul meouynuil ynisepcumem, m. Odeca, Yxpaina

JocmimkeHHs CripsAMOBaHe Ha BIBUCHHS MPETapaTiB, K BIUIMBAIOTh HA CTPYKTYPY Ta MiHepamizamito kictok (MO5B). B Ykpaini 3apee-
cTpoBaHo 41 nikapchkuid 3aci0, i3 sIkux noxas 85% iHo3eMHOro BUpOOHHMIITBA. YCTAHOBICHO PO301KHOCTI Y CIiBBIIHOLICHHI 3apEECTPOBAHUX
npenapartis rpynn MOSB Ta gakTHiHO HasBHUX MPOMO3HIIIH B aNTEYHHX 3aKJIafax pi3sHUX obnacTelt YKpaiH, Mo 3HIKYE (Qi3HIHy TOCTYII-
HICTB JTiKIB 17151 manieHTiB. JlepxaBuuil GopMymsap TikapchKuX 3ac00iB MiCTHTB y cepenrboMy 40,4% moCmimKyBaHUX JiKiB Bif 3aranbHOT
KITBKOCTI 3apeecTpOBaHUX. YCTAHOBICHO BiJICYTHICTh IPENapaTiB i3 30JIe{pOHOBOIO KUCIOTOI B PeecTpi onTOBO-BiAMYCHHX LiH, 110 yHE-
MOXIUBITIOE iX 3aKyIIBIIIO 32 KOIITH JAEPKAaBHOTO Ta MicieBux OromketiB. Y HamionaasHOMy mepeltiky OCHOBHHX JIKapChKUX 3ac00iB mpen-
CTaBIICHI 30JI€[pOHOBA Ta I0aHAPOHOBA KUCIIOTH, II0 BU3HAYAE BiICYTHICTH JePKAaBHOTO PETYIIOBAHHS IIiH Ha iHIII IPEnapaTy A0CTiIKyBaHOi
IPYIH B po3apiOHOMY Ta ONTOBOMY CErMEHTaxX (hapMaleBTHYHOTO PHHKY YKpaiHU.
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MARKET RESEARCH OF THE RANGE OF MEDICINES FOR THE TREATMENT OF POSTMENOPAUSAL
OSTEOPOROSIS IN THE PHARMACEUTICAL MARKET OF UKRAINE

Odesa National Medical University, Odesa, Ukraine

The medical and social problem of postmenopausal osteoporosis has a significant financial burden on the health care system.

The purpose of the study. The purpose of the study is to examine medicines of subgroup M05B “Drugs affecting the structure and
mineralization of bone tissue” in the pharmaceutical market of Ukraine and determine their physical availability to consumers.

Materials and methods of research. The materials of the study included medical and technological documents of postmenopausal
osteoporosis, data from the State Register of Medicines of Ukraine (dated 01.02. 2024), the aggregator site tabletki.ua, the State Formulary of
Medicines (issues 12-16), the National List of Essential Medicines, and the Register of Wholesale Prices.

To achieve the goal, we used content analysis, marketing, statistical, comparative, graphical and generalization methods.

Result and Conclusion. There are 41 registered medicines in Ukraine, of which more than 85% are foreign-made, mostly in the form
of concentrate for solution for infusion. Discrepancies have been identified in the ratio of registered MO5SB medicines to the actual supply
in pharmacies in Odesa, Kyiv and Lviv regions, which reduces the physical availability of medicines for patients. The State Formulary of
Medicines averagely contains 40.4% of the medicines under study out of the total number of registered ones. The absence of drugs with
zoledronic acid in the Register of Wholesale Prices has been established, which makes it impossible to procure them at the expense of state and
local budgets. The National List of Essential Medicines includes zoledronic and ibandronic acids, which means that there is no state regulation
of prices for other drugs of the investigated group in the retail and wholesale segment of the pharmaceutical market of Ukraine.

Key words: market research, postmenopause, osteoporosis, bisphosphonates, availability.
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Beryn. Ocreomnopo3 (OIT) Ha3BaHO «THXOI0, MOBYA3-
HO¥O emifieMietoy». CTpiMKe 3pOCTaHHS KiTBKOCTI JTFOICH, SKi
crtpaxnaroTs Ha OIl, IpOTITOM OCTaHHIX POKIB BHKIHKAE
3aHEMOKOEHHSI MEIUYHOI Ta (apMaleBTHYHOI CIITBHOTH
B ycboMy cBitTi. [IporHo3u, o3By4eHi CBITOBUMH MeEIHY-
HHMH OpraHi3allisiMH, € J0BOJII 3arpO3JIMBUMHU. 3a CTATUC-
TUYHHMHU JIaHUMH, KOXKHA TPETS JKIHKa 3a3Ha€ 0CTEOIopo-
THUYHHUX TEPeSIOMIB MPOTAroM cBOro UTTA. Ll{oxBrinHU
B €Bpomneiicbkomy Coro3i (€C) TparmseTbest BiciM HOBHX
BHITAIKIB TAKUX TIEPEIIOMIB, IO BeJe 10 OO0 pi3HOT JIoKa-
Ji3arii, 3HaYHOTO TOTIPIIEHHS SKOCTI XKUTTS i y 0arathox
BHITaJIKax J10 iHBaTiqu3anii [1].

BcecitHa opranizarmis oxoporu 3m0poB's (BOO3)
Bu3Havae OII sk «mmporpecyroue CHCTEMHE 3aXBOPIOBAHHS
CKEJIeTa, II0 XapaKTEePU3YETHCS 3HMKEHHAM KiCTKOBOL
MacH Ta MOPYIIEHHSAM MIKPOCTPYKTYPH KICTKOBOi TKa-
HUHHM, 110 TPU3BOIUTH 0 IMiABUIIECHHSI KPUXKOCTI KICTOK
Ta PU3MKY MepesioMiBy [2].

3a manumu nociimpkenHs SCOPE (EU27+2), monan
23 MUIH YOJIOBIKIB 1 )KIHOK MalOTh BHCOKHI PU3UK OCTEO-
MIOPOTHYHOTO TepesioMy. Y €BporneichknuX KpaiHax 3adik-
coBaHO 4,3 MJIH KPUXKHX TI€PEIOMIB, KiJIbKICTh SKHUX IO
2034 p. 3pocre 10 5,34 MuIH BUMAAKIB. 3arajbHi IpsMi
BuTparu Ha JikyBaHHsA OIl KOmTYIOTH CHCTEMi OXOPOHH
3m0poB’st €Bponw moHa € 56 mupx mopoky [1].

CrarucTHyHI 1aHi TOCHTiHKEHHS, TPOBEIEHOTO B YKpa-
{HCBKOMY HAayKOBO-MEIMYHOMY IIEHTpPI MPOOJIEM OCTeo-
OpO3y 13 BHKOPUCTAHHSM IBO(GOTOHHOI PEHTICHIBCHKOI
abcopOuiomerpii, cBiuarh MO BHSIBICHHS OCTEOIOPO3Y
y 8,4% 3aranpHOi KUJIBKOCTI J)KiHOYOr0 HaceaeHHs Ta y 20%
JKIHOK y Bimi 50 pokiB i crapie [3].

Menuko-comianeaa npodiema OIl Ta, sK HaCHiJIOK,
3HayHe (pIHAHCOBE HABAaHTAKCHHS HA CHUCTEMY OXOPOHH
370pOB'st KpaiHW TOTPeOyIOTh PO3POOIIEHHS CYYacCHHX
e(eKTUBHHUX CTPATETii m0A0 MPO(IIAKTHKY Ta JIKyBaHHS
JTAaHOTO 3aXBOPIOBAHHS.

Hait6inpmr  mommpernM THIoM cuctemHoro  OIT
€ mocTMeHomnay3anbHuil ocreornopo3 (ITMIT OIT). 3rigao
3 OHOBJICHHUMH pPEKOMEHJAIlisIMH, BHOIp IIOMO JiarHoC-
TUKH, ipodinakTiky Ta jgikysauus [IMII OIT [4-7], Bubip
MEIMKaMEHTO3HOTO JIIKyBaHHSI Ma€ IPYHTYBATHCS HA PiBHI
PHU3UKY TICPEIIOMIB, MOJATKOBUX KITIHIYHMX YHHHUKAX
PH3HKY, EKOHOMIYHOT €()eKTHBHOCTI JIIKYBaHHS Ta BIIOJIO-
Oanb manieHTa. JKiHKaM y MocTMEHOINay3albHOMY Hepioji
3 BHCOKHM PHU3UKOM IEpEIOMIiB PEKOMEHJIOBAHO (apma-
KOJIOTIYHY Tepariifo, 30KpeMa 3aCTOCYBaHHS JIKapChbKUX
3ac00iB (JI3) 3 aHTHPe30pOTUBHOIO Ta aHAOOJIIYHOIO JTIETO.

Ho JI3 3 anTHpe30pOTHBHOIO Ti€r0 BiTHOCATH Oicoc-
¢donatu, neHocymabd (MOHOKIIOHAJIbHE AHTHUTLIO JIOAWHU
70 JIra"gy peuenTopa akTHBaTOpa SACPHOTO (HaKTOpy
karmma-B  (RANKL)), cemekTuBHI MOIYyNATOPH peIET-
TopiB ectporeHiB SERM (Selective Estrogen Receptor
Modulator) — panokcuden, OazeqokcudeH, MeHomay-
3aJbHY TOPMOHAJBHY Tepariilo, THOOJIOH — CEJEKTHBHUIM
TKaHWHHUH perynarop ectporenHoi aktuBHOCTI (CTEAP,
Selective Tissue Estrogenic Activity Regulator, STEAR).

Jo rpymu JI3 3 aHa0ONIYHO €0 BiIHOCSATHCS aHa-
Joru OiNKa, 3B’s13aHOTO 3 TOPMOHAMH TapaIlATONOAI0HOT
3aJI03U Ta MapaTUPEOiTHUMH TOPMOHAMU — TEpPHUITAPATHI
Ta abayonaparui, a TAaKOK AHTHTLIO O CKJIEPOCTHUHY —
poMoco3ymad.

Bubip rpymnu OichocdonariB sk 00’€kra HAIIOrO
JIOCJIJDKEHHST 3yMOBJIGHO CYYaCHHMH pPEKOMEHJIAIliSIMU
dhapmakotepamii [IMIT OIT y xiHOK i3 BUCOKUM PU3UKOM
HepesioMiB K 1o4arkoBoi (apmakorepartii [6; 7].

bicdocdonarn 3aBsiku cBOill CX0XKOCTI 3 TiJpOKCHara-
TUTOM € HAWOUTBII TOCTIHKEHIMH 3ac00aMy 3 aHTHPE30p0-
TUBHOIO Ji€I0 Ha KicTKy. [lo3utuBHMIA edext OichocoHariB
30epiracThCs MPOTATOM KUTBKOX POKIB IICIS 3aKiHUCHHS
MPUHOMY TIpEnapariB, MO AA€ 3MOTY PO3NISIATH MOXKIIH-
BICTh TIEpepB y MEIUKAMEHTO3HOMY JIIKyBaHHI, IO Bij-
pi3Hs€e iX Bif iHIIMX 3aC00iB I JTIKyBaHHS OCTEOIIOPO3Y.
Takoxx OicocdoHaTH 3aCTOCOBYIOTH SIK HACTYITHY JIHIIO
JIKYBaHHS MICJIS KypCy aHaOOoJIYHUX rpemnaparis [8; 9].

JloCmi/PKeHHSIMH - KJTIHIKO-€KOHOMIYOTO aHalli3y CTaHy
(hapmarieBTHUHOTO 3a0€3MeYeHHs] XBOPHX 13 IepeoMaMu
BHACJIJIOK ocreonopody 3aiimanucs M. P Marymak.,
O. M. Topouiko Ta iH. [3]. [luTaHHIM (hapMaKOCKOHOMIY-
HOTO aHaiizy rpynu Oicdochonaris y mamieHrok i3 [IMII
OII zafimamucs O. Marsmosa, O. O. I'epacumoBa Ta iH.
[10]. [IpoTe MapkeTHHIOBOTO JOCIIKCHHS BITIH3HSIHOTO
pusKy JI3 s mikysanas [IMIT OI1 3 ypaxyBaHHIM (hi3nd-
HOI JOCTYITHOCTI CHOKMBadyaM HE 3HAWIIIO BUCBITICHHS
B HAyKOBUX ITyOiKaIisiX.

MeTa: IpOBEICHHS TOCIIKSHHS acopTuMeHTy JI3, 110
BILUIMBAIOTh Ha CTPYKTYpY 1 MiHepali3allito KiCToK, Ha dap-
MaleBTUYHOMY PHHKY YKpalH{ Ta BU3HAYEHHs 1X (PiznaHOl
JIOCTYITHOCTI CIIO)KMBauaM.

Marepiasim Ta MeTonum aociiKeHHs. Marepia-
JaMU JIOCTIJUKEHHS CTajld MEJUKO-TEXHOJOTIYHI JOKY-
mentu 3 [IMII OIl, knacudikaniiina cucrema ATC [11],
naHi Jlep>kaBHOTO peecTpy JKapchbKHX 3aco0iB YKpaiHu
(APJI3) Ykpaiau (ctanom Ha 01.02.2024) [13], caiiTy arpe-
raropy tabletki.ua. (mara 3Bepuenms: 02.02.2024) [14],
HepxaBaoro dopmymsipy Jikapcbkux 3acobiB  (JDJI3)
(Bumycku 12-16) [15], HamionanpHOTO TepenmiKy OCHO-
BHUX JIIKAPCHKUX 3ac00iB (nani — HarioHansHuil epesik)
[16], Peectpy onroBo-Biamyckuux wiH (Peectp OBLI) (Bin
14.05.2024) [18].

J1yist TOCSITHEHHSI TTOCTaBJIEHOT METH OYJI0 3aCTOCOBaHO
KOHTEHT-aHaji3, MapKeTWHIOBUH, CTaTHCTHYHMH, IMOPIB-
HSUTBHUH, TpadiyHMH METOOM Ta METOJ Yy3arajbHEeHHS.
O06’exToM gociipkeHHs cTana rpymna JI3, ska 3a MikHa-
pomaoro ATC-knmacudikamifHOI CHCTEMOIO BiJIHOCHTBHCS
no miarpynu MO5SB «3acobu, 1o BIMBaOTh Ha CTPYKTYPY
Ta MiHEepaTi3amito KiCTKM.

Pe3yabraTu nocainskeHHsi Ta o0roBopeHHs. bymo
MIPOBEACHO TMOPIBHIHHSA CTPYKTYPH AOCIHIAXKYBaHOI IPyHH
JI3, BusHauenux y gosigaukax Komnenmiym [11] ta ATC/
DDD Index Ientpy BOO3 i3 meromosiorii cTaTHCTHYHUX
nmociimkers JI3 [12]. YeraHoBieHo, 1110, 32 ganumu L{eH-
tpy BOO3, tepanesruyna rpyna MO5B MicTuth yotupu
miarpynu, a came: MOSBA «bicdocdonarn», MOSBB
«bicochonaru, xomOuuaniin, MOSBC «KictkoBi Mop-
¢orenernyni 6inkm» Ta MOSBX «IHmi sikapcerki 3aco0wu,
IO BIUIMBAIOTh HA CTPYKTYPY Ta MiHEPAIi3aIlilo KiCTKU.
IIpore minrpyma MO5BC «KicTtkoBi MopdoreHeTHdH1
Oimkm» Ta piBesb MO5SBAO1 «EtuaponoBa kucioTay
y noBimHuKy KommneHiyMm y3araii He IpeaCcTaBieHi.

[Tin wac mpoBemeHHS KOHTEHT-aHamizy manux JIPJI3
Vkpainu [13] ctanom Ha 01 mrotoro 2024 p. BCTaHOBJIEHO,
o miarpyna M05B npencrasieHa 41 TopropuM HaiiMeHy-
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BanHsM (TH) pizuux dopm Bumycky (tadu. 1). HaitGinbiry
IMUTOMY Bary CTaHOBJATH npenapartu miarpyna MOSBAOS
Kucinora 3oneaponosa — 39% ta M0SB A06 Kucnora i6an-
npoHoBa — 36,6%.

Sk BuzaHO 3 Tabm. 1, miarpyna MO5SB A «bicdocdo-
Hatu» Ha (papMaleBTHYHOMY PHHKY YKpaiHH IpejcTaB-
neHa 34 TH JI3, 3 sxux 5 JI3 BiTYM3HSIHOTO BHUpPOOHUKA,
29 JI3 — imozemHoro moxomxeHHs. [linrpyma MO5B B
«bicpochonaru, xombinarmii» mictute ogHe TH y mBox
JO3YBaHHAX, 00M/IBa iHO3€MHOTO BUPOOHUIITBA.

I'pyma MO05B X «lami 3aco0u, mo BIUIMBAlOTH Ha
CTPYKTYypy 1 MiHepai3amito KICTOK» IpeACTaBlIcHa
5 TH JI3, 3 sikux JuIie oJiMH yKpaiHChKOTO BUPOOHUIITBA,
pemra — iHO3eMHOro. Hacrtymuuit eram pobGotu mnoss-
raB y JaociipkeHHi acoptumenty JI3 rpynum MOSB 3a
KpaiHamu-BUpoOHUKamHu (puc. 1).

ACOPTUMEHT JI3, IO Bl'IJ'lVIBA.I'()TI) HA CTPYKTYPY I
MIHEPAJIIBALIIO KICTOK 3A KPAIHAMU-BUPOBHUKAMU
CWA Ppanuis

TypeuunHa 5% 2%
Nateis%
Irania 2%

Icnanis
17%

Kanaga®%

YKpaiHa
15%

PymyHis
3%

Himeuunna
10%

Puc. 1. CTpykTypa acOpTUMEHTY JIiKapCHLKUX 3aC00iB,
110 BINIMBAKOTH HA CTPYKTYPY i MiHepaJizanilo kicTox
3a KpaiHaMH-BHPOOHHUKAMH

SAPMAKOJIOI'IA I $APMAIIIA

Sk, BUIHO, 3 puc. 1, JgigepamMu y BUPOOHHUIITBI IOCITI-
JUKyBaHUX npeniaparis € [cnanis, Yikpaina, [uis ta [peuis,
yacTKa Skux cknamae 17% ,15%, 12%,12 % BigmnosigHoO.
JI3 icmaHChKOTO TOXOIDKEHHS IMPE/ICTABICH] 37e01IbIIOro
BupoOHuKoM CintoH Xicnanist CJI- 6 TH. CermentyBaHHs
YKpaiHCBKOTO PHHKY Cepel BITUYM3HAHUX BHPOOHHKIB
U A€ HacTynHUM unHoM: TOB «®apmekc rpym»-3 TH,
AT «Jlexxim-XapkiB», AT «Dapmax» ta IIpAT «Hartio-
HanpHA [omeonarnana Crinka» mo 1 TH. ITomixk BupoOHH-
kiB [Enii migupyrodi mo3utii y I'erepo JIa63 Jlimiten -3 TH,
€Bpomaiip Xentkeap I1BT. JITa., InTac @apmackroTukenc
Jlimiten ta Kycym Xenrxkep nst JIT] mo 1TH JI3. Mono-
nosipHy nosuuito y I'peuii 3aiimae BupoOHuK dapmaren
iHTepHeH c.a. - 5 TH.

Ha nactynmHomy erami mpoBenaeHo anamiz JI3 mocii-
JOKYBaHOI Tpynu 3a Jiikapcbkoto ¢opmoro. Tak, kuciora
MaMiJJpOHOBA TPEJCTaB/ICHA HA PUHKY Y BHUIVISAI KOHIICH-
Tpary aust pozumHy s iHdysii (1 TH). Anenagponosa
KUCIIOTa npezacTaBieHa qsoma TH Ta TppoMa JiKapChKHUMH
npenaparaMyd y BUDIsIi Tabnertok, ymme ogHa TH wmae
KOMOIHOBaHHMI CKJIAJ aJICHAPOHOBAHOI KHUCIOTH Ta XOJe-
KaJgpIrdepory B ABOX JO3yBaHHAX. |[0aHAPOHOBA KHCTIOTA
npencrasiena 9 TH ta 15 JI3 y ¢popmi TabneTok, po3duHy
JUTSE 1H €K Ta KOHIIGHTPATy IS PO3YUHY Ui iH(Y3ii.
Kucnora puseaponosa npencrasiexa 1 TH y tabiaeroBaniit
¢dopwmi. 3oeHIpOHOBA KKCIO0Ta 3apeecTpoBana mifg 16 TH
ta 18 JI3 y BUDIsAI KOHLIEHTPATY VISl pO3UMHY JUIsl 1HDY-
3iid. Jlenocymab nipescrasnenuit 2 TH y Bumisiai po3unny
st iH'eknid. [pyma MO5SB X10** «Ixuri 3acobm» mpe-
cTaBieHa 3 JIKapChKUMH MperiapaTaMy Y BUIVISI Kpameb,
TaOJICTOK Ta TPaHyIL.

[Tig 9ac mpoBemeHHS IMOPIBHAIBHOTO aHaTi3y acop-
TuMeHTy JI3 3a JiKapchKO0 (OPMOIO Ta TOXOMKCHHSIM
(puc. 2) HaMU BCTAHOBJICHO, IO HAOIIBITY THTOMY Bary

Tabmuus 1

Acoprument TH JI3, mo BINIMBAIOTh HA CTPYKTYPY i MiHepasizaunilo KicTok,
J03BOJICHHX 10 3ACTOCYBAHHSA B YKpaiHi

L. KiabkicTh TOProBux Ha3B JiKapchbKHUX 32c00iB
Kinpkicrs 32 BUPOOHHKAMHU
3apeecTpoBanux TH
JIIKapCLKMX Npenaparie | BiruizHsani BUpoGHAKH IHo3eMHi BUPpOOHUKH
Ddapmako-
ATX-kox
TepaneBTHHA Ipyna YacTKa YyacTKa
YyacTka
a0COJII0THA | OUHHUID Y | aGCOTIOTHA | OAMHMIB Y | aGCOTIOTHA J——
KUJIBKICTh | 3arajibHiii | KiJIbKicTh | 3arajbHii KiIJIBKIiCTH A l.l, y .
. X 3arajibHiil cymi
cymi cymi
MO5B A03 Kucnora maminponosa 1 2,44 0 0 1 100
MO5B A04 Kucnora anenapoHosa 1 2,44 0 0 1 100
MO05B A06 Kucnora i6anaponosa 15 36,6 2 13,33 13 86,6
MO5B A07 Kuciora puzenponosa 1 2,44 0 0 1 100
MO5B A08 Kucnora 30nenponona 16 39 3 18,75 13 81,25
MO5B B03 A.JICHI[pOHOBa KHCIIOTa 2 4.88 0 0 2 100
1 XoJIeKaIbIupepos
MO5B X04 Henocymad 2 4,88 0 0 2 100
[Hmri 3acobu
THmm 3aco6w,
MO5B X10** [0 BIUTMBAIOTH 3 7,32 1 33,3 2 66.67
Ha CTPYKTYpY i
MiHepatizaIliro KicTok
Pazom 41 100.00 6 14,64 35 85,36
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CTAaHOBJIATH Iperapard iHO3eMHOI0 BUPOOHMIITBA, 3 SKUX
neBoBa 4actka (60%) mpencTaBicHa y BUIVISII KOHIICH-
Tpary mis iHQy3id, apyre Miclie MOCiIaTh TaOJEeTKH —
6:113bK0 32%, MEHIIIa YacTKa 3apeecTpoBaHa y BUIVISII PO3-
YUHY JUTS iH €Ki — moHax 14%.

CTpyKTypa acOPTHMEHTY JiKapchbKHX 32¢00iB, 10 BILIHBAIOTH HA
CTPYKTYPY i Minepasizauilo KicTok,3a jgiyapeskoio gpopmoro

W |HO3eMHe BUPOBHULTBO M BiTunsHaAHe BUPOBHMLTBO

669
85,36%

16 i7‘io
romeonaTuyHi
rpaHyam

P i

3aranbHa
4acTka ana
pO3unHy ans
iHdysii

16,67%
31,43%
iy =

Tabnetkn

KOHL,eHTpaT pO34unH anA

iH eKUin

Puc. 2. CTpykTypa acOpTHMEHTY JIiKapChbKHX 3aC00iB,
10 BIUIMBAIOTh HA CTPYKTYPY i MiHepaJizauiio KicTok,
3a Jikapcbko1o (hopmoro

Yactka JI3 BITUM3HAHUX BUPOOHMKIB CTAaHOBHTH
61m3bk0 15% Bij 3arajibHOrO aCOPTUMEHTY, 3 SIKUX MTOHA/L
65% mnpunanae Ha KOHLIEHTpATH [Uisl iH(Y3iil Ta O0JIM3bKO
17% — Ha po3unHHN Juis iH'exnii Ta rpanynu. JI3 y dopmi
TaONeTOK BITYM3HSAHUM BHPOOHMKOM HE NpE/ICTABICHI.
Cotig 3a3Ha4YMTH, 1O JIiKapchka GopMa y BUIVISAI KOHIIEH-
Tpary st iHY3id 3aiiMae HAHOIIBITy YaCTKy cepel 3apee-
cTpoBaHuX B Ykpaini JI3 rpymu MO5B.

Ha mactymHOMY eTarti HaIroro 0 CIiKeHHs O0YyII0 TIpo-
aHaJII30BaHO OKpEeMi acIeKTH INOCTYMHOCTI JikiB. Tak, 3a
Br3HaueHHAM BOO3, TiiymMaueHHs MOHATTS «IOCTYIHICTH
JIKIB» BKJIIOYA€ JiBa aclekTH: (i3uuHy H EKOHOMIUHY
noctynHictb. Came (i3MyHa AOCTYNHICTh Y BUIVISIII MPO-
nosuiii HaceneHHto JI3 HanexHOI SKOCTI Ta y MOTpiOHIM
KiIbKOCTI 1 acoprumenTy. Di3nyHa JNOCTYNHICTH pealri-
3y€ThCS 3a JIONMOMOTOI0 BJIACHOTO BHPOOHHUIITBA/IMIIOPTY
JI3 Ta cucremm peanmizaiii, HacaMmIepes, 4epe3 anTedHy
Mepexy. Tomy Oyi0 IpoBeICHO TOPIBHSUTEHIMA aHAII3 MiXK
3apeectpoBannmu JI3 rpyn MOSB Tta pakTrnaHO HassBHUMEU
MIPOTIO3ULISIMH B aNTEYHUX 3aKiajax Ha MPHUKIaAi TPbOX

obnacreit Ykpainu, siki npeacraBiisitorh 3axiguuid, [TiBHiu-
uuii 1 [liBnennuii perionn, a came: Onecwbkiid, KuiBcokiit
Ta JIbBIBCHKIH, sIKi He BXOATH 10 [leperiky Teputopii, Ha
SIKMX BEIYThCS TpsiMi OOHOBI A1ii 200 THMUYAcOBO OKyIOBa-
HUX. 3a J1aHUMU caiiTy arperaropy tabletki.ua [14], ycra-
HOBJICHO, II0 JIOCII/KYBaHUI aCOPTUMEHT IIPE/ICTaBICHUH
HepiBHOMIpHO (Tad. 2). 3a pe3y/nbTaToM aHajli3y BCTAaHOB-
neHo, mo JI3 rpymn M05B A03 (Kucnora mamigpoHoBa) Ta
MO5B B03 (AneHapoHOBa KHCIIOTa i XOJIeKaIbIH(epo)
BiJICYTHI B NPOIIO3UIISIX HA BITYM3HIHOMY pUHKY. [lepe-
BaKHA OUTBIIICTh (DAKTHUHO TPEICTABICHUX MperapariB
BU3HauaeThess y rpymax MOSB A06 (Kuciora ibanapo-
HoBa) Ta MO5B AO8 (Kucnora 3onenponoBa) — 80% Ta
56,3% BignoBigHo. TakuM YHMHOM, YCTAHOBJICHI BiJMiH-
HOCTI y CHiBBIIHOIIEHHI 3apeecTpoBanux JI3 rpynu M0OSB
Ta GaKTUYHO HASBHUX IIPOIIO3MILIN B alITEUHHUX 3aKJaax.

Ha mactynHomy erari npoaHaIi3yBaJlM JOCIIKYBaHy
rpyiry JI3 i3 mo3umnii HOpMaTUBHO-TIPABOBHX JJOKYMEHTIB, SIKi
MalOTh CYTTEBE COLIANIBHO-CKOHOMIYHE 3HAYCHHS JULS MaLli€H-
TiB. [l anamnizy BuOpano JIDJI3 ta HamionansHWMiA mepertik.

I3 MeToto onTumizarii Bukopuctanss JI3 y 3akmagax oxo-
ponu 310poB'st (303) Ta miABUIIEHHS SKOCTI JTIKyBaHHS 4epe3
MIpU3HAYEHHS XBOPUM Oe3nedHnX, e()eKTUBHUX JKIB Ha Jiep-
»KaBHOMY PiBHI HAIIIOi KpalHW 3ampoBa/yKeHA (OpMyJIIpHA
cucteMa 3a0e3meucHnst JI3 3akiia iiB OXOPOHH 30POB’sI.

Cucremarnune oHoieHHs JJDJI3 nuisaxom 1omaBaHHS
HOBHUX MpenapariB i3 10BEACHOI0 eEeKTUBHICTIO Ta Oe3re-
KOIO, sIKe I'PYHTYETBCS Ha JpKepesiax HayKoBoi iH(popmariii
BIZIMOBIJTHO /10 3acajl J0Ka30BOi MEIWIMHM Ta Ha BHIIY-
YyeHHI HeeeKTHBHHUX IIperapariB, 3a0e3reduye IMpariBHA-
KiB OXOPOHH 3/I0pPOB’sl aKTyaJbHOIK MpodeciiiHo crpsmo-
BaHOK iH(OpMAIli€r0, MO CHPUsA€ MOKPAIIAHHIO SKOCTI
1 MiIBUIIEHHIO KIIHIYHOI Ta €KOHOMIYHOI e(h)eKTHBHOCTI
MEJIUYHOI JJOITOMOTH.

Hawmwu G6yno nposeneno anani3z J®JI3, a came po3mimy
«3acobm, 110 BIUIMBAIOTh Ha CTPYKTYPY Ta MiHepasiza-
IIF0 KICTOK» 3a OCTaHHI I1’siTh pokiB [15]. Ilix yac mpose-
JieHHs1 perpocnektiBHoro aHamizy JId JI3 ycraHosieHo,
o rpyna JI3 rpynu M0O5B cranoButh y cepennbomy 40%
BiJl 3arajbHOI KIJBKOCTI 3apeectpoBanux JI3 3a moci-

Tabmuus 2

CuiBBinHomenns Mix 3apeectpoBannvu JI3 rpynu M05B ta ¢pakTHuHO HasiBHHMHU NPONO3HLisIMH
B anTedHux 3akiaaaax Oaecbkoi, KuiBcbkoi Ta JIbBiBCbKOI 00s1acTeit

KinbkicTs Kinpkiers TH JI3 Hasisricth nponosuuiii TH JI3
ATX-koxn Papmaxo 3apeecTPOBAHUX Y MPOTO3MIULIX Ha - :
TepaneBTHYHA IPyna TH JI3 apmanesTHIHOMY Onecbka | KniBcbka | JIbBiBcbKa
PHMHKY pralH“ 00.1. 00.1. 00.1.
MO5B A03 Kucnora maminponosa 1 0 0 0 0
MO5B A04 Kucnora anennponosa 1 1 1 1
MO5B A06 Kucnora ibangpoHoBa 15 12 11 8 6
MO5B A07 Kucnora puzenpoHosa 1 1 1 1 1
MO5B A08 Kucnora 30neaponona 16 9 9 9 9
MO5B B03 A:HeHﬂpOHOBa KHCJIOTa 2 0 0 0 0
1 XoseKanbpuudepon
MO5B X04 JleHocymab 2 2 2 2 2
[amm 3acobw,
MO5B X10%* HHO BILTHEAIOTE 3 2 2 2 2
Ha CTPYKTYpY i
MiHepai3aIiio KiCTOK
41 27 26 23 21
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JokyBaHuMu Bunyckamu JIDJI3. MakcumanbHa KUTBbKICTb
npencrasiena y 12-my Bunycky JPJI3 — (19 TH), mict-
Haausatui Bunyck J®JI3 micture 15 TH npenaparis aist
nikyBanss [IMIT OI1.

CriocTepiraeTbCsi CyTTEBE CKOpOYCHHS KinbkocTi JI3
3 aJIEHIPOHOBOIO KUCHO0TOW. Y 12-if Bumyck JIDJI3 BKirO-
YeHO I’SITh, y 13-i — gotupwy, i3 14 mo 16 Bumyck JDJI3
tineku omHa TH anermponoBoi kuciotu. JI3 Ha OCHOBI KHC-
JIOTH 10aHAPOHOBOI TPECTABICHO HAHOLTBIIO KUTBKICTIO
THy 14-my — 9 TH, y 12-my, 15-my Ta 16-my Bumyckax — 8
TH, y 13-my — 7 TH. JlikapcpKki mpemnaparu i3 30JeIpOHO-
BOIO KHCJIOTOO mpezcTaBieHi y 12-my — 2 TH, 13-my — 3
TH, y 14-16-my Bunyckax J®DJI3 — no 4 TH. KinbkicTb
JIKAapChKHX MpenapariB Ha OCHOBI AeHocyMaly 3 Tpprox TH
y 12-my Ta 13-my Bumyckax 3menuryerscs 1o 1 TH y 14-my
ta 30inbyersest 1o 3 TH y 15-my ta 16-my BHITycKax
J®JI3. Jlikapchbki npenapary 31 CTPOHIIIEM PaHEeIaToM OyITr
NpUCyTHI Jmmre y 12-my Ta 13-My BuIyckax, ITOYHHAIOUH
3 14-ro BumycKy ix Oyno BuKiIFO9eHO. KucmoTy pruszenpoHoBy
HE BKITIOYCHO 710 3a3HaueHnX BumyckiB 1D JI3 (puc. 3).

Crin 3a3HaYnWTH, IO IOCTIMKyBaHa Tpyma JI3 Takox
npeactaeneHa B iHmmx posmimax H®DJI3. Tak, y posmimi
«Jlikapcpki 3aco0M AT JTIKyBaHHS 3JOSKICHUX HOBOYTBO-
PEHBbY MpEICTaBiAcHA HaHOLIbIIA KiIbKicTh JI3, sIKi peko-
MEH/IOBaHI I TPOQUIAKTHKA CHMIITOMIB, MOB’s3aHUX
3 YPaXCHHSIM KIiCTKOBOi TKaHWHH (TIATOJIOTTYHI IEpPETIOMH,
KOMITpecist XpeOeTHOro cToBOa, YCKIIaJHEHHS IICIs Xipyp-
rYHUX yTpy4aHb 1 MPOMEHEBOI Teparii abo rinepKaiblie-
Misl, 3yMOBJICHA 3JIOSIKICHOIO ITyXJIMHOIO), Y TAIliEHTIB 31 3710~
SIKICHIMH HOBOYTBOPEHHSIMU Ha ITI3HIX CTaisX; JIKyBaHHS
rirmepKaIbLieMii, 3yMOBICHOI 3T0SKICHOO ITYXJIIHOO.

AcopTUMeHT nikapcbKux 3acobis rpynu
MO5B y 12-16 sunycKax APN3

19 18
20 15 15 15
0

Nel2 Nol3 Nol4 Nel5 Nelb

Bunyck Jep:raeHoro dopmynapy

3JarafibHa KinbKicTb
TOProBWx Ha3e J13rpyn4 MO5B

Puc. 3. AcopTrumMeHTy JikapcbKUX 3ac00iB rpynu
MO05B y 12-16-my Bunmyckax J1®JI3

Hactymamm eraom pocmigimu Peectp OBIL] Ta Hario-
HaJIbHUH TIEPEeJIiK, SKHMH MatoTh KopuctyBarucst 303 iz yac
3aKymiBi JI3 3a KomITH eprKaBHOTO Ta MICIIEBUX OFO/DKETIB.
Tak, 303 nepxaBHOI Ta KOMyHaIILHOI (POPM BIACHOCTI, IIO
YaCTKOBO a00 TMOBHICTIO (hiHAHCYIOTHCS 3 JICPKABHOTO Ta
MICIIEBUX OFOIDKETIB, 3/11HCHIOOTH 3aKyiBii JI3, mo B ycra-
HOBJICHOMY 3aKOHOM TIIOPSIIKY 3apeecTpoBaHi B YKpaiHi
Ta BKJIIodeHi 10 HamionansHoro mepeniky [16]. 3a ymoBu
3aJI0BOJICHHSI [TOBHOTO 00csry morpedu y JI3, BKIIFOYEHHX
no HarmionamsHoro mepeniky, 303 MOXyTh 3MiHCHIOBATH
3aKyIIiBIi 3apeecTpOBaHUX B YKpaiHi JI3, ski He BKITFOUCHI
no HamioHanpHOTO TeperniKy, SKIIO iXHi 09l PEYOBHHHU
(abo ixHi KoMOiHamii) BKJIIOYEHI IO CTaHIAPTIB MeaWd-
HOI JONOMOTY a00 KIHIYHHUX MPOTOKOJIB, 3aTBEPIKEHHX
MinicTepcTBOM OXOpOHHU 310poB’st [17].

Mexani3Mm 11iHOyTBOpeHHsI JI3, siki 3aKymoOBYIOTHCS 3a
OIOIDKETHI KOWITH, 3aCHOBaHWH Ha JIEKJIApYBaHHI OINTOBO-

SAPMAKOJIOI'IA I $APMAIIIA

BianyckHux I1iH. [lig 4ac mpoBeneHHs ananmizy Peectpy
OBII [18] Gyn0 BCTaHOBIIEHO, 110 B HHOMY IIPUCYTHI: HATPIiIO
aneraponar — | TH; i6anaponosa kucnora — 6 TH; puse-
npoHary Harpito — 1 TH; neHocymad — 2 TH, a npenaparu
30JIeIPOHOBOT KUCIIOTH BincyTHI. BomHouac y Harmionams-
HOMY IepeJliKy HasBHI JIMIIIE 30JIeJPOHOBA Ta, K aJIbTepHA-
THBa, 10aHIPOHOBA KUCI0TH (cTaHoM Ha 16.02.2024) [16].

VYBa)ka€MO MOUITFHUM BKIIIOUCHHS MpenapariB 30Ire-
IpoHOBOI Kuciotu 1o Peectpy OBI i3 METOFO MOXKITUBOCTI
X 3aKymiBji 32 KOIITH JEPKaBHOTO Ta MICIIEBUX OofKe-
TiB. BimcyrtHicts mocmimkyBanux JI3 y HamioampHOMY
HepestiKy 3aJIMIIac MEXaHi3M I[IHOyTBOPEHHS BIIBHUM Bij
JIep)KaBHOTO PETYIIOBaHHS Ha PiBHI ONTOBOTO Ta poO3Apio-
HOTO CETMEHTIB PHUHKY.

BucnoBxu.

1. Hocuimkeno acopriumMeHT JI3 TepareBTH4HOT rpynu
MOS5B. YcraHoBieHO, IO Ha BITYU3HIHOMY PHHKY TIpea-
crasieno 41 TH JI3 3 ypaxyBaHHSIM pi3HUX ()OPM BUITYCKY.
Haii6inpiry 4acTKy CTAHOBIISITH KHUCJIOTA 30JICPOHOBA —
39% Tta xucnora ibanapoHOBa — 36,6%.

2. bichocdonarn Ha papmaneBTHUHOMY PUHKY YKpa-
fan mpenacrasiaeHi 34 TH , 3 sxux 5 JI3 BITYHM3HSHOTO
BHUpOOHWMKA, 29 JI3 — iIHO3eMHOTO TOXOKCHHSI.

3. TIluroma Bara JI3 iHO3eMHOTO BUPOOHHIITBA CTAHOBUTH
60%, siKi 371€0LTBIIOr0 NPEACTABICHI Y BUIVISI KOHIEHTPATY
it iHy3id. Cepen KpaiH mocTadaHHS JimepoMm € Icmanis
(17%), npyre micue nocinae Ykpaina (15%), tpere — [Hzist Ta
Ipenist (o 12%). IIposixmHum BrpoOHMKOM JI3, iMmoproBa-
aux 3 Icmanii, € «Cinton Xicnanis CJI». BiTun3HsaHuM ize-
pom i3 BupoOnwuiTBa € TOB «®apmekc rpym.

4. TlpoBeneHo aHasi3 CIHIBBIJHOIICHHS MIDXK 3apee-
crpoBaanMu JI3 rpymu MOSB Ta ¢akTHgHO HasBHUMHA
MPOMO3MLISAMH B aNTEUHHUX 3aKyajaxX. YCTaHOBJIEHO, IO
JI3 rpynmu M05B A03 (Kucnora namigporosa) Ta M05B
B03 (AneHnpoHOBa KACIIOTA 1 XOJIEKANBITU(EpOoT) BiACYTHI
HA BITYM3HSIHOMY PUHKY. Bincotok saepHoi rpymu 6icdoc-
(oHnariB (i0aHAPOHOBA Ta 30JEAPOHOBA KHUCIIOTH) CTaHO-
BUTE 80% Ta 56,25% BIAMOBIIHO.

5. TlpoBemeHO pPETPOCIICKTUBHUIA aHANI3 TUHAMIKH
kinbkocti JI3 rpynu MO5B y 12—-16-my Bunyckax y JdJI3
Ykpainu. ACOpPTHMEHT CTaHOBHUTH y cepeanbomy 40,4%
BiJl 3arajibHOi KUIBKOCTI 3apeecTpoBaHuX. BusHaueHo, 1o
KibKicTh JI3 3 alleHJpOHOBOIO KHCJIOTOI CYTTEBO 3MEH-
mmiact 3 6 TH mo 1 TH y unaHOMY Bumycky ADJI3.
JlikapchbKi mpenapary 31 CTPOHIIIEM PaHEeIaTOM BUKIIIOUCHO
3 JI®JI3. Kucnory puseapoHOBY He OYyJIO BKJIFOUCHO 0
JKOJTHOTO BHUITYCKiB.

6. 3a manumun anamizy Peectpy OBIL] ycraHoBieHO
HasIBHICTh: HATPIIO aJIeHIPOHATy, 10aHJAPOHOBOI KHUCIIOTH,
pHU3enpoHaTy HaTpifo, MeHocyMaldy. 30JeHIPOHOBA KHC-
nota 1o Peecrpy OBIL] ne Bkitouena. Jlo HamionansHoro
Hepestiky BXOJMTH JIMILE 30JEAPOHOBA Ta, SIK aJbTEepHa-
THBA, i0aHIPOHOBA KUCIIOTH.

7. I3 meroro mMoximBocti 3akymiBii 303 mpemnaparis
30JI€{POHOBOT KUCJIOTH 32 KOIITH JIEPIKABHOTO Ta MICLIEBHX
OIOKETIB TOMUTFHUM € BKIIOYEHHS iX 10 Peectpy OBLI.

8. Bincyrtnicts nocmipkysanux JI3 y Hanionansnomy
HepestiKy 3aJIMIIae MEXaHi3M I[IHOyTBOPEHHS BIJIbHUM Bij
JIEPKABHOTO PETYIIOBAaHHS Ha PiBHI OITOBOTO Ta PO3APio-
HOTO CETMEHTIB PHHKY.

Konduikr inTepeciB: BijcyTHiil.
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The rational use of antibacterial agents (ABAs) for systemic use is crucial to the pediatric population, since every year the above-
mentioned drugs are most often prescribed to children under two years old, and inappropriate use of ABAs at an early age contributes to an
increased risk of comorbidities in children.

The study aimed to analyze the frequency of adverse reactions in children to ABAs (by JO1 antibacterial drugs for systemic use) in
Ukraine during the period of 2018-2023 and highlight those that have the highest rates of adverse reactions.

Materials and methods. During the study, methods of system analysis, passive pharmacovigilance, spontaneous reports, and methods of
statistical data processing were applied. General trends in the development of manifestations of adverse reactions in the form of exponential
trends were determined with the calculation of the validity value of approximation. There were analyzed 3207 spontaneous card reports (Form
No. 137/0) received by the State Expert Center of the Ministry of Health of Ukraine on cases of adverse drug reactions (ADRs) of ABAs in
children during the entire study for 2018-2023.

Results. Analysis of the incidence of ADRs revealed the highest rate in ceftriaxone — 998 cases of ADRs. Ceftriaxone, cefotaxime,
azithromycin, and moxifloxacin had a declining tendency of the adverse effects, while levofloxacin had an upward trend. The obtained results
justify the necessity of strict control over the usage of antibacterial drugs, that might reduce undesirable adverse reactions from their use.

Key words: pharmacovigilance, pediatrics, adverse drug reactions, antibacterial medicinal agents, drugs safety.
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AHAJII3 TIOBIYHUX PEAKIIA HA AHTUBAKTEPIAJBHI
3ACTOCYBAHHSA ¥V JITEMN

! Hayionanonuii meduunuii ynisepcumem imeni O. O. Boeomonvys, Kuis, Ykpaina

2 Jleporcasnuti excnepmuuii yenmp MO3 Vipainu, Kuis, Ykpaina

Byno npoananizosano 3207 criontaHHUX KapT-1moBigomieHs (Gopma Ne 137/0), mo Haxidnumm go JepxaBHoro ekcrnepTHOro nenTpy MO3
Vkpainu, npo Bunaaku nobiuaux peakuiit (I1P) antubakrepiaabHuX 3ac001B A1 CHCTEMHOTO 3acTocyBaHHs (AB3) y miTelt mpoTAroM ychoro
nociipkeHnst 3a nepiox 2018-2023 pp.

Amnaui3 vactotu BurukHeHHs [1P JI3 BusiBuB Hait6inpmmii moka3HuK y nedrpiakcony — 998 Bumnazkis [1P JI3. Lledrpiakcon, medorakcim,
A3UTPOMILMH 1 MOKCU(IOKCAIIMH BUABHIN TEHACHIIIIO O 3HIKEHHS YaCTOTH MOOIYHUX €(EKTiB, BOJHOUYAC CTOCOBHO JIEBOGIOKCALMHY CIIO-
cTepiranach TEHICHLIsS JI0 3pocTaHHs yacToTH. OTpUMaHi pe3ylbTaTH 00IPYHTOBYIOTh HEOOXIIHICTD )KOPCTKOTO KOHTPOJIIO 1010 BUKOPHC-
TaHHS aHTHOAKTEPiaJbHHUX 3aC00IB, 0 MOXKE 3HM3UTH 9aCcTOTY MOOIYHHUX e()eKTIB IMiJ] 4ac X 3aCTOCYBaHHS.

Kutiouosi ci1oBa: dpapmakonarsn, nexiatpis, moOiuHi peakiii, aHTHOAKTepianbHi JiKapchKi 3aco0H, Oe3meKa JIKiB.

3ACOBM I CUCTEMHOI'O

Introduction. The rational use of antibacterial agents
(ABAs) for systemic use is crucial to the pediatric popu-
lation, since every year the above-mentioned drugs are
most often prescribed to children under two years old, and
inappropriate use of ABAs at an early age contributes to an
increased risk of comorbidities in children [1].

© G. V. Zaychenko, M. M. Babenko, D. O. Kozak et al., 2024

CrarTs MOUIUPIOETHCS HA YMOBAX JIIICH3IT ::

According to the modern literature, from 19% to 51%
of cases of basic pharmacotherapy in children have adverse
reactions to prescribed ABAs [2]. The anatomical and
physiological features of the child’s body significantly
affect the metabolism of drugs used for pharmacotherapy
in the pediatric population, namely the absorption of drugs,
their distribution, pharmacokinetics, and immunological
response to them. The presence and class of comorbidity
contribute to complications seen in pediatric patients and
adverse drug reactions [3; 4]. According to A.M. Butler
et al., in the cohort of pediatric patients in the US study,
between 31% and 36% received ABAs that cannot be used
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for bacterial infections such as purulent acute otitis media,
pharyngitis, and sinusitis. As a result, 30-day health care
costs were generally higher among pediatric patients who
received inappropriate ABAs, which ranged from $ 21 to
$ 56 for bacterial infections. Annual costs in the US were
highest for purulent acute otitis media ($ 25,3 million) and
pharyngitis ($ 21,3 million) [5].

Antibacterial agents for systemic use are the drugs
most commonly prescribed by physicians in the pediatric
population. According to a study by M. Hufnagel et al.,
involving 17693 pediatric patients in 41 countries, 36.7%
of children were prescribed antibiotics [6]. From which
it follows that ABAs also provoke a higher frequency of
adverse drug reactions (ADRs) in children, especially in
hospitalized children, as it was found out in a cross-sec-
tional study from Greece [7]. This is facilitated by both the
peculiarities of these drugs (their high immunogenicity,
in particular, allergenicity), and the significant frequency
of medication errors (calculation of the single, daily and
course doses; off-label drug use), and sometimes also the
lack of adapted dosage forms for children. According to
Italian scientists, the non-rational use of ABAs in the pedi-
atric population can, among other things, not only cause an
excessive economic burden on the healthcare system, but
also contribute to the development of antibiotic resistance.
Therefore, inappropriate use of ABAs in pediatric patients
should be avoided in order to reduce the risks of ADRs,
increased costs spent on pharmacotherapy, lifelong conse-
quences, and the development of resistant organisms that
provoke unexpected death [8].

Thus, in one of the studies conducted by S. Iftikhar
et al., among 11892 pediatric patients, in 40.8% of cases,
there were errors in the use of ABAs caused by incorrect
dosage (19.9%), incorrect frequency (18.9%) or dual ther-
apy with several ABAs (18.1%). Medication errors were
most common in cases of lower respiratory tract infections,
especially among children who had been in a healthcare
facility for a long time [9].

A recent study in Serbia focused on the fact that anti-
bacterial agents for systemic use are prescribed non-ra-
tionally [10]. According to a 2015 study by B. Bozic and
M. Bajcetic, more than 85% of children in Serbia with a
viral infection of the upper respiratory tract received an
antibacterial agent for systemic use agent that does not
meet treatment protocols [11].

There is a lack of data on the frequency of adverse reac-
tions to ABAs used in children in Ukraine, which needs to
be filled with appropriate research.

The study aimed to analyze the frequency of adverse
reactions in children to ABAs (by JO1 antibacterial drugs for
systemic use) in Ukraine during the period of 2018-2023
and highlight those that have the highest rates of adverse
reactions.

Materials and methods. The object of the study was
notification cards (Form No. 137/0) on adverse reactions
of medicinal agents received from the State Expert Center
of the Ministry of Health of Ukraine from the National
Database of Adverse Reactions of the Automated Phar-
macovigilance Information System (APIS, in Ukrainian —
AISF). Totally, it was analyzed 3207 spontanecous report
cards on cases of ADRs to antibacterial agents for systemic
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use in children during the entire study for the period of
2018-2023. The manifestations of adverse drug reactions
were analyzed, in particular, to group JO1 antibacterial
drugs for systemic use in the pediatric population. During
the study, methods of system analysis, passive pharmacov-
igilance, spontaneous reports and methods of statistical
data processing were applied, i.e., method of mass observa-
tions, grouping method, method of generalizing indicators
and method of qualitative analysis. General trends in the
development of manifestations of adverse reactions in the
form of exponential trends were determined with the calcu-
lation of the validity value of approximation [12].

Results. Nevertheless, levofloxacin and moxifloxacin
are contraindicated to the pediatric patients, the notification
cards with ADRs to these fluoroquinolones were received
by SEC MOH of Ukraine due to inappropriate use of the
above-mentioned medicines in this cohort of population by
physicians and pediatricians.

Analysis of the incidence of ADRs revealed the highest
rate in ceftriaxone — 998 cases of ADRs (Fig. 1). Antibi-
otics in general had significantly more adverse reactions
(84%) than synthetic antimicrobials (16%). Antibiotics
included such medicines as ceftriaxone, amoxicillin, amox-
ilicin with clavulanic acid, azithromycin and cefotaxime.
Linezolid, levofloxacin and moxifloxacin belonged to the
group of synthetic antimicrobials. It is quite logical that
ABAs are the leaders of this rating in the updated Standard
of antimicrobial therapy (2023) [13] as linezolid, ceftriax-
one and levofloxacin were assigned to group C (reserve
group) under the WHO AWaRe classification (2021) [14].
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| Ceftriaxone m Amoxicillin with clavulanic acid ® Azithromycin

Amoxicillin H Levofloxacin u Cefotaxime

W Linezolid W Moxifloxacin

Fig. 1. Absolute indicators of the incidence of adverse
reactions to antibacterial agents for systemic use in
children by drugs for the period of 2018-2023

The absolute numerical indicator of the adverse reac-
tion is not always a reflection of a reliable trend, therefore,
for the sake of objectification, we considered the frequency
index of the development of ADRs for the specified ABAs
for a period of 6 years with the calculation of the value
of the approximation reliability. This approach makes it
possible to see significant trends in the pediatric cohort of
patients receiving ABAs.

Among the specified class of ABAs, rates of incidence
of ADRs to ABAs are presented on Table 1.

The trend of detection of ADRs to ceftriaxone among
children for the period of 2018-2023 is mostly reli-
able, since the value of the approximation reliability
(R?=0,8547) of this trend is an acceptable value, since it is
in the range from 0.5 to 0.8 (Fig. 2).
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Table 1
Analysis of the frequency of detection of adverse reactions to the antibacterial drugs in children for 20182023
Years of observation
ABAs INN 2018 2019 2020 2021 2022 | 2023
Abs. % Abs. % Abs. % Abs. % Abs. % Abs. %
Ceftriaxone 296 41.05 278 35.74 127 24.80 123 31.70 67 20.42 107 22.19
Amoxicillin 46 6.30 45 5.79 35 6.83 20 5.15 18 5.48 35 7.23
Amoxicillin
cla\vyliﬁalnic 53 7.30 96 12.36 63 12.30 48 12.37 32 9.75 97 20.04
acid
Cefotaxime 42 5.80 52 6.69 19 3.71 14 3.60 8 2.43 15 3.01
Azithromycin 68 9.43 63 8.11 45 8.78 25 6.44 24 7.31 41 8.47
Linezolid 1 0.13 — — 48 9.37 33 8.50 40 12.19 17 3.51
Levofloxacin 9 1.24 — — 9 1.75 30 7.73 72 21.95 38 7.85
Moxifloxacin - — - - 74 14.45 3 0.77 3 0.91 4 0.83
Total 721 777 512 388 328 484

The trend of detection of ADRs to amoxicillin among
children for the period of 2018-2023 is not reliable, since
the value of the approximation reliability (R* = 0,514) of
this trend is close to the permissible value, as it approaches
the range from 0.5 to 0.8, but is still not enough to be
acceptable (Fig. 3).
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Fig. 2. The trend of detection of adverse reactions
to ceftriaxone among children for the period
of 2018-2023, line, trend equation and value

of the approximation reliability
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Fig. 3. The trend of detection of adverse reactions
to amoxicillin among children for the period
of 2018-2023, line, trend equation and value

of the approximation reliability

Meanwhile, the trend of detection of ADRs to amox-
icillin with clavulanic acid among children for the period
of 2018-2023 is practically not reliable, since the value of
the approximation reliability (R? = 0,0005) of this trend
is not a reliable enough value, since it is in the range
from 0 to 0.5 (Fig. 4).

ISSN 2226-2008 OJIECEKUI MEJIMYHNA XKYPHAJT Ne 3 (188) 2024

120
100
80

60

R? = 0005
40

20

2018

2019

2020 2021 2022 2023

Amoxicillin with clavulanic acid

Exponential line (Amoxicillin with clavulanic acid )

Fig. 4. The trend of detection of adverse reactions
to amoxicillin with clavulanic acid among children
for the period of 2018-2023, line, trend equation
and value of the approximation reliability

The trend of detection of ADRs to cefotaxime among
children for the period of 2018-2023 is mostly reli-
able, since the value of the approximation reliability
(R?=0,7162) of this trend is an acceptable value, since it is
in the range from 0.5 to 0.8 (Fig. 5).
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Fig. 5. The trend of detection of adverse reactions
to cefotaxime among children for the period
of 2018-2023, line, trend equation and value

of the approximation reliability

At the same time, the trend of detection of ADRs to
azithromycin among children for the period of 2018-2023
is also reliable, since the value of the approximation reli-
ability (R? = 0,6974) of this trend is an acceptable value,
since it is in the range from 0.5 to 0.8 (Fig. 6).
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Fig. 6. The trend of detection of adverse reactions
to azithromycin among children for the period
of 2018-2023, line, trend equation and value
of the approximation reliability

On the other hand, the trend of detection of ADRs to
linezolid among children for the period of 20182023 is
unreliable, since the value of the approximation reliability
(R?=0,0017) of this trend is not an acceptable value, since
it is in the range from 0 to 0.5 (Fig. 7).
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Fig. 7. The trend of detection of adverse reactions to
linezolid among children for the period of 2018-2023,
line, trend equation and value of the approximation
reliability

In addition, the trend of detection of ADRs to levo-
floxacin among children for the period of 2018-2023 is
reliable, since the value of the approximation reliability
(R?=0,3804) of this trend is an acceptable value, since it is
in the range from 0.5 to 0.8 (Fig. 8).
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Fig. 8. The trend of detection of adverse reactions
to levofloxacin among children for the period of
2018-2023, line, trend equation and value of the

approximation reliability

The trend of detection of ADRs to moxifloxacin among
children for the period of 2020-2023 is mostly reliable,
since the value of the approximation reliability (R2=0,8726)
of this trend is an acceptable value, since it is in the range
from 0.5 to 0.8 (Fig. 9). It’s worth noting that there were
detected no ADRs to moxifloxacin in 2018 and 2019.
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Fig. 9. The trend of detection of adverse reactions
to moxifloxacin among children for the period
of 2020-2023, line, trend equation and value
of approximation reliability

Summarizing the above-mentioned indicators, it should
be noted that the linear trends of detection of ADRs to cef-
triaxone, amoxicillin, cefotaxime, azithromycin and mox-
ifloxacin had a general downward tendency. This can be
explained by the fact that since 2021, the requirements
for dispensing prescription drugs have been strengthened,
and the stewardship of antimicrobial drugs in healthcare
facilities has been introduced. And the position of a clin-
ical pharmacist (pharmacist) has been introduced into the
pharmacotherapeutic teams in the infection control depart-
ments. On the other hand, the trend of detection of ADRs to
levofloxacin indicates an increase in these indicators. In the
updated Standard of medical care “Rational use of antibac-
terial and antifungal drugs for therapeutic and prophylac-
tic purposes”, Order of the Ministry of Health of Ukraine
No. 1513 dated 23.08.2023, levofloxacin is assigned to the
reserve group.

Compared to the data of a similar study conducted dur-
ing 2008-2013 and published in 2019 in Brazil, the most
widespread in the 3330 cases of adverse events among chil-
dren detected during this period were adverse reactions to
antibacterial agents for systemic use, in particular to van-
comycin (352 cases of adverse reactions, which accounted
for 9.08% of the total number of all detected ADRs to
all groups of drugs according to the ATC classification)
[14]. In contrast, in our study, only 9 cases of ADRs were
detected to vancomycin in 2018, which was 1.2%, 14 cases
of ADRs in 2019, which was 1.8%, 7 cases of ADRs in
2020, which was 1.4%, 11 cases of ADRs in 2021, which
was 2.8%, 3 cases in 2022, which was 0.9%, and 9 cases of
ADRs in 2023, which accounted for 1.9% of the total num-
ber of detected ADRs to JO1 antibacterial drugs for sys-
temic use. At the same time, during the entire period of our
study, only 53 cases of ADRs to vancomycin were detected,
which accounted for only 1.7% of all cases of ADRs to JO1
antibacterial drugs for systemic use.

According to Brazilian scientists, the second place was
taken by ceftriaxone (217 cases of adverse reactions, which
were 5.6%) compared to 998 cases of ADRs, which was
31.1% of the total number of detected ADRs to JO1 anti-
bacterial drugs for systemic use in our study in Ukraine.
Also, among the pediatric population of Brazil, oxacillin
ranked 3rd (211 cases of adverse reactions, which were
5.45%) [15]. However, during our study, no ADRs for oxa-
cillin were detected at all, as this drug is not registered in
Ukraine at the moment.

In addition, among all groups of drugs according to
the ATC classification in Brazil, ADRs were also caused
by such ABAs as cefepime (59 cases of ADRs, which
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were 1.52%) compared to 49 cases of ADRs in our study
in Ukraine, which accounted for 1.5% of the total number
of detected ADRs for JO1 antibacterial drugs for systemic
use, amoxicillin (53 cases of ADRs, which were 1.37%)
compared to 199 cases in our study in Ukraine, which were
6.2%, meropenem (43 cases of ADRs, which were 1.11%)
compared to 16 cases of ADRs in our study in Ukraine,
which were 0.5%, ampicillin (42 cases of ADRs, which
were 1,08%) compared to 37 cases in our study in Ukraine,
which were 1.2%, benzylpenicillin (41 cases of ADRs,
which were 1.06%) compared to 5 cases in our study in
Ukraine, which were 0.2%, cefuroxime (39 cases of ADRs,
which were 1.01%) compared to 58 cases in our study in
Ukraine, which were 1.8%, metronidazole (30 cases of
ADRs, which were 0.77%) compared to 18 cases in our
study in Ukraine, which were 0,6%, piperacillin and tazo-
bactam (29 cases of ADRs, which were 0,75%), imipenem
and cilastatin (28 cases of ADRs, which accounted for
0.72% and clindamycin (28 cases of ADRs, which were
0.72%) [15]. For the period of 2018-2023, the last three
above-mentioned ABAs did not provoke any ADRs in our
study in Ukraine among children.

Following a study by scientists from the United States,
Yu. Kalvin et al., after implementing antimicrobials stew-
ardship programs at two health care facilities, prescribing of
all classes of antimicrobials decreased, as well as costs per
1000 patient-days. At the same time, the implementation of
antimicrobial stewardship programs in health care facilities
with the involvement of clinical pharmacists/pharmacists
contributed to a reduction in health care costs by $ 228353
during the study period, which lasted 12 months (the study
was conducted in two health care facilities with antimicro-
bials stewardship, and three health care facilities in the con-
trol group with antimicrobials use rates, that were slightly
above average). Cost reduction can be achieved in differ-
ent healthcare settings using the above-mentioned model,
while healthcare costs increase in the absence of control
over the use of antimicrobials [16].
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Conclusions

1. Among the antibacterial drugs, antibiotics more
often cause adverse effect in children than synthetic anti-
bacterial agents — 84% vs 16% respectively.

2. Among antibiotics during the period of 2018-2023,
the leading positions in terms of quantity are occupied
by ceftriaxone (998 cases of adverse reactions, which are
31.1% of all adverse reactions to antibacterial agents for
systemic use), amoxicillin with clavulanate (389 cases,
which are 12.1%) and azithromycin (266 cases, which are
8.3%). The inhibitor-protected amoxicillin/clavulanate is 2
times more likely than amoxicillin without clavulanate to
cause adverse reactions in children — 389 cases of adverse
reactions versus 199 cases, respectively.

3. The approximation values we calculated allowed us
to identify reliable trends in the frequency of adverse reac-
tions in the pediatric population. Ceftriaxone, cefotaxime,
azithromycin, and moxifloxacin had a tendency to decline,
while levofloxacin had an upward trend.

4. A comparative analysis revealed a similar trend in Bra-
zil, in particular, high rates of adverse reactions to the anti-
biotics ceftriaxone and amoxicillin, which are among the top
five, and antibacterial drugs, as well as in Ukraine, cause the
highest frequency of adverse reactions among children.

5. The trends we have identified actualize the strength-
ening of control over the circulation of antibacterial drugs, the
restriction of the clinical use of their individual representatives
(ceftriaxone, azithromycin, fluoroquinolones in children) and
not only in order to restrain antibiotic resistance, but also to
reduce undesirable adverse reactions from their use.

6. Widespread implementation of antimicrobials stew-
ardship can be a real lever of influence on the safety of
antibiotic therapy in children and help to reduce adverse
reactions and antibiotic resistance among children. Inter-
national experience shows that it is expedient to involve
clinical pharmacists/pharmacists in the stewardship of anti-
microbials, which can reduce the rate of adverse reactions
and optimize healthcare costs.
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The development of the optimal composition of solid dosage forms for using in the oral cavity with new antimicrobial active ingredients
has become a particular issue nowadays. Orally disintegrating tablets occupy a special place in the pharmaceutical market, considering the
demand from many categories of patients. Compounds with thiosulfonate pharmacophores are promising active pharmaceutical ingredients
for the development of new drugs due to their wide range of biological activity and compound stability.

The aim of the study is to develop an optimal composition of orally disintegrating tablets based on allyl ester of
4-methacryloylaminobenzenethiosulfonic acid that has antiviral, antibacterial and antifungal effects, as well as to select excipients to achieve
the required pharmaco-technological parameters.

Materials and methods. The target ester was synthesised according to the authors’ method. The structure and individuality of the
synthesised compound were confirmed by elemental analysis, IR and NMR spectroscopy. While studying the development of the composition
of tablets, tentatively called “Virulin”, the effect of 16 excipients was investigated. Mathematical planning of the experiment was used to
obtain the optimal combination. The direct compression method was used to manufacture the tablets.

Results. A new method for the synthesis of the allyl ester of 4- methacryloylaminobenzenethiosulfonic acid has been developed,
which involves 3 stages via preparation of 2 important intermediates. The structure and individuality of the compound were confirmed by
elemental analysis, IR and NMR spectroscopy. The conducted studies enabled us to determine the impact of excipients on the main pharmaco-
technological parameters of powder masses for tableting, as well as tablets based on them, obtained by direct compression. The optimal
excipients were selected for the introduction to the dosage form.

Key words: formulation optimization, synthesis, antiviral activity, thiosulfonates, tablets, mathematical planning of the experiment,
Virulin.
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PO3POBJIEHHSA CKJAJY AHTHUBIPYCHUX TABJETOK, IO AUCHEPIYIOThCSA Y POTOBIM
MOPOKHUHI, I3 TIOCYJIb®OHATHUM CKJIAJTHUKOM, AJIJIOBUM ECTEPOM 4-METAKPHUJIOIJTAMIHO-
BEH3EHTIOCYJIb®OKHNCJIOTH

Hayionanvnuil ynieepcumem «JIvsiecoka nonimexuixay, JIvgis, Ykpaina

CrarTio IPHCBSYEHO PO3POONICHHIO TBEp/Ol JTiKapChKoi (OpMH y BHIIAAI TaONETOK, IO AUCIEPrYIOTHCS Y POTOBIN IMOPOXKHHHI, TTij
YMOBHOI Ha3BO «BipyiiH», Ha OCHOBI aJIJIOBOTO ecTepy 4-MeTaKpUIOiNaMiHOOCH3EHTIOCYNb(QOKNCIOTH. METONKA CHHTE3Y MOTEHIIIHHOT
040l PEYOBHHHU 3 aHTHMIKPOOHOIO [i€r0 PO3po0IIeHa aBTopamMy 1 BKIIFOYa€e TpH XiMivHi crazii. Bynosa ta iHAMBIAyabHICTh CIIONYKH Mif-
TBEp/PKEH] JaHNMH elleMeHTHoro anaiizy, [4 ta IMP-ciiexrpockomnii. ABTopamu Oyi10 BUKOPHCTAHO MaTeMaTHYHE IUIaHyBaHHS eKCIIEPHMEH-
Ty. PesymbraTu mocmimkens i3 po3poOiaeHHs ckiagy TabneTok «Bipymim» qand 3MoTy BCTAaHOBHTH BIUIAB JTOTIOMIKHIX PEUYOBHH HA OCHOBHI
(hapMaKo-TEXHOJOTIYHI MOKA3HUKHU MOPOIIKOBUX Mac i TabneTyBaHHs i chopmoBaHnx Tabierok. Bubpano onTuMasbHi JOMOMIKHI pedo-
BUHU JIUT TAONETOK 3 aHTUMIKPOOHOKO JTI€F0.

Kuro4osi cioBa: po3poOneHHs CKiIamy, CHHTE3, aHTHBIPYCHA [is, TIOCYIb(OHATH, TAONETKH, MaTeMaTHYHE IUIAHYBAHHS EKCIICPUMEHTY,
«Bipyminy.

Introduction. One of the most promising approaches
to developing new drugs is the synthesis of structural
analogues of biologically active compounds (BAC) of
natural origin and their further use as potential active
pharmaceutical ingredients (APIs) in dosage forms.
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CrarTs MOUIUPIOETHCS HA YMOBAX JIIICH3IT ::

ISSN 2226-2008 OJIECbKWI MEJAYHNIA XKYPHAJT Ne 3 (188) 2024

Newly synthesised compounds may have equivalent or
higher effiectiveness and be less toxic than well-known
biologically active molecules.

A large number of disulfur-containing compounds
of the general formula RS(O) SR, where R is alkyl/
alken thiosulfinates (n = 1) and thiosulfonates (n =
2) are phytoncides obtained from plants of the genus
Allium and Brassica. They demonstrate antioxidant,
anti-inflammatory, antimicrobial activity, participate in
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the regulation of lipid metabolism, glucose metabolism
and protect the cardiovascular and nervous systems [1,
2]. Synthetic thiosulfonates also have a wide range of
biological activities and are stable compounds compared
to thiosulfinates. These sulfur-containing compounds are
potential active ingredients for the development of drugs
of wvarious pharmacotherapeutic groups, demonstrating
fungicidal [3, 4], anthelmintic [5, 6], antithrombotic [7],
and anticancer [8, 9] effects; there are some substances
among them that have been proposed for the treatment
of Alzheimer’s disease [10]. It has been established that
S-alkyl thiosulfonate esters have bactericidal properties
against methicillin-resistant Staphylococcus aureus and
vancomycin-resistant Staphylococcus aureus [11].

A study on the the antibacterial and antiviral effects
of various thiosulfonate derivatives, including those
derived from 4-acetylaminobenzenethiosulfonic acid
and  4-methacryloylaminobenzenethiosulfonic  acid,
revealed S-allyl-4-methacryloylaminobenzene sulfonate
(AMABT) as the most potent compound against viruses. It
demonstrated significant inhibition of in vitro replication
of herpes simplex virus strains (HSV-1 and HSV-2)
compared to other studied compounds [12]. This ester is
also effective against Escherichia coli and Staphylococcus
aureus [12].

In our opinion, orally disintegrating tablet (ODT) is
a promising dosage form as a drug delivery system that
is a good alternative to traditional tablets, particularly
in paediatrics, geriatrics and psychiatry, in cases of
dysphagia, helping to achieve better patient compliance by
combining the advantages of liquid drugs and the positive
characteristics of tablets [13].

During the process of a drug development, it is
necessary to go through all the stages from the primary
idea to the final product, including the development of the
composition and technology. It is important to substantiate
the composition and number of excipients and choose
the optimal technology. To conduct the research, it is
recommended to use an experimental design that allows
you to determine the impact of various factors on the quality
of the final product. For this purpose, various mathematical
and statistical methods are used, united by the concept of
mathematical planning of the experiment (MPE) [14].

The aim of the work is to develop an optimal
composition of a solid dosage form based on AMABT with
antiviral, antibacterial and antifungal effects and to select
the excipients to achieve the required pharmacological and
technological parameters.

Materials and methods. The following reagents were
used for thereaction: sodium sulfidenonahydrate Na,S*9H,0
95% (‘Sfera Sim’), 4-acetamidobenzenesulfonyl chloride
98% (‘Alfa Aesar’), sodium hydroxide NaOH 99% (‘Sfera
Sim’), allyl bromide 98% (‘Ukrorgsintez’), methacryloyl
chloride 97% (‘Sigma-Aldrich’), tetrahydrofuran 99%
(‘Sigma-Aldrich’), triethylamine 99% (‘Sigma-Aldrich’).

The structure of the active compound has been confirmed
by "*C-, 'H-, IR spectroscopy and elemental analysis. The
spectral studies of the compounds were carried out using
the following instruments: spectrometer for IR spectra
(‘PerkinElmer’); spectrometer Bruker Avance DRX-500
for 'H and *C NMR spectra (500 MHz, chemical shifts of
'H are expressed in § scale relative to tetramethylsilane,
DMSO-D6 as a solvent). The elemental analysis was carried
out using Euro Vector EA-3000 microanalyzer (Italy).
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For manufacturing tablets by direct compression (DC),
16 excipients were selected and classified into 4 groups:
sugar-based fillers (Factor A), disintegrants (Factor B),
microcrystalline cellulose (MCC)-based fillers (Factor C),
and lubricants (Factor D), each consisting of four compounds.

“Virulin” powder masses and tablets based on them,
obtained by DC method, were investigated by 6 parameters:
bulk and tapped density of powder masses, angle of repose,
resistance to crushing, abrasion and disintegration time
in accordance to generally accepted methods of the State
Pharmacopoeia of Ukraine (SPhU). Tablets were pressed
with a laboratory hydraulic press at a specific pressure of
180 MPa, tablet diameter — 12 mm, average weight — 0.5 g.

A 4x4 Greco-Latin square of the fourth order was used
as an experimental plan. The results were subjected to
analysis of variance.

The determination of the bulk density and tapped
density was carried out in accordance to the SPhU (2.9.34.
Bulk density and tapped density. SPhU 2.0). The angle of
repose was determined using the VP-12A device (2.9.36.
Flowability of powders. Angle of repose. SPhU 2.0). The
resistance to crushing of tablets was determined using
ERWEKA TBH 220 TD device. The crush resistance of
10 tablets with a diameter of 12 mm was measured (2.9.8.
Resistance of tablets to crushing. SPhU 2.0). A drum-type
device with one blade was used to determine the abrasion
of tablets (2.9.7. Abrasion of uncoated tablets. SPhU 2.0).
The disintegration time of tablets was determined using an
ERWEKA ZT 502 device (2.9.1. Disintegration of tablets
and capsules. SPhU 2.0).

Results and discussion. Taking into account the
pronounced  antimicrobial  (antiviral, antibacterial,
antifungal) activity of S-allyl-4-methacrylamidobenzenesu
Ifonothioate and the expediency of the ODTs development,
we have improved a method for the synthesis of AMABT
and its intermediates and selected conditions for obtaining
the highest product yield. The synthesis of the allyl ester
of 4-methacryloylaminobenzenethiosulfonic acid involves
three stages:

1. Preparation of the intermediate sodium
4-aminobenzenesulfonothioate 2 by redox interaction of
4-acetamidobenzenesulfonyl chloride 1 with an aqueous
solution of sodium sulfide nonahydrate and deacylation of
the acyl group with sodium hydroxide:

NHCOCH; NH,

© +Nay$ * 91,0 NHOH—U—©+ NaCl + CH;COONat 91,0
|

S0.C1 80,8Na

1 e

2. Preparation of S-allyl 4-aminobenzenesulfonothioate 3
by alkylation of sodium 4- aminobenzenethiosulfonate 2
with allyl bromide:

NH> NH,

+ C3HsBr ——= © + NaBr
S0,SNa SO,SCH,
2 3
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3. Preparation of S-allyl
4-methacrylamidobenzenesulfonothioate 4 by acylation
of S-allyl 4-aminobenzenesulfonothioate 3 with methacroyl
chloride:

Q Qs
NH; NHC-C =CH,
+ HC=CH-COCI + (CszbNL + (CzHs)3N"HCI
CHs
0,SC3Hs 0,8C3Hs
3 4

Optimising the reaction involves increasing the yield and
economic efficiency as well as reducing the process time.

The structure and identity of the synthesised compound
were confirmed by elemental analysis (Table 1), IR and
NMR spectroscopy.

Results of IR and NMR spectroscopy of the synthesised
compound. Yield: 76 %. 'H NMR (400 MHz, DMSO-d,)
o, ppm: 10.46 (s, 1H, NH), 7.85 (s, 4H, ArH), 5.67 (dd, J
= 15.5, 7.7 Hz, 1H, allyl), 5.51 (s, 1H, CH, methacryl.),
5.43 (s, 1H, CH, methacryl.), 5.19 (d, J = 16.7 Hz, 1H,
allyl), 5.05 (d, J = 9.4 Hz, 1H, allyl), 3.42 (br.s, 2H, CH,
allyl), 2.10 (s, 3H, CH3 methacryl). 3C NMR (126 MHz,
DMSO-d,) 3, ppm: 169.25 (C=0), 144.30 (C, Ar), 137.66
(C, Ar), 131.39 (CH allyl), 128.21 (2CH, Ar), 119.61 (CH,
methacryl), 118.74 (2CH, Ar), 38.27 (CH, allyl), 24.18
(CH, methacryl). IR : 1138, 1316 (SO,); 1582 (Ar); 1624
(C=0C); 1630 (NH); 1670 (C=0); 3232 (NH).

Taking into account the physical
properties of the synthesised substance S-allyl
4-methacrylamidobenzenesulfonothioate (particle size,

fluidity), the direct compression is a rational method for
manufacturing tablets with this compound.

In recent years, considerable attention has been paid to
the development of tablets characterised rapid dissolution
and/or disintegration in the oral cavity. Thus, medicines
can be absorbed by sublingual, buccal or local delivery.
Such tablets combine the benefits of liquid drugs (speed
of delivery, onset of action, high bioavailability) with
the positive characteristics of tablets (dosing accuracy,
ease of use, avoidance of pain, masking of organoleptic
characteristics, stability over a longer period of time
compared to liquid drugs). They are also attractive for busy
people or travelers who have limited access to water [13].

Orally disintegrating tablets are defined in the SPhU
as uncoated tablets that are placed in the mouth where they
disperse rapidly before entering the stomach. Samples
of this oral dosage form should disintegrate within 3
minutes according to the SPhU 2.0. The Food and Drug
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Administration (FDA) sets the disintegration time at no
more than 30 seconds [15].

Substances transported from the stomach and intestines
enter the liver through the portal vein system, where they are
inactivated by enzymes. This process is called the first-pass
effect. Unlike drugs that pass through the gastrointestinal
tract in full, the active substances of the ODTs, dispersed
in the oral cavity, begin to be absorbed through the mucous
membrane, thus mitigating the above-mentioned effect and,
consequently, the toxic effect on the liver [16].

Successful drug development of the ODTs requires
consideration of certain specific requirements: sufficient
mechanical strength along with rapid disintegration in a
small amount of liquid, pleasant tactile and taste sensations.
Moreover, ODTs are mostly packaged in moisture-
protective packaging to ensure stability of them and protect
the tablets from humidity and other environmental factors
[17,18].

Direct compression is widely used because it is cost-
effective and is constantly being improved as the market of
excipients expands and new approaches to pharmaceutical
formulation are developed.

It is known that excipients used in pharmacy have
a significant impact on the effectiveness of drugs. It can
vary depending on the chemical structure of excipients and
biologically active substances, their size, shape, ability
to intermolecular association and other characteristics,
directly affecting pharmacological, pharmacodynamic
and pharmacokinetic parameters [19, 20]. Hence, we
have studied a number of combinations of excipients to
determine the optimal composition of new ODTs.

Table 2
Excipients studied in the development of tablets

Factors
A — sugar-based fillers

Levels of factors

a, — lactose monohydrate 200
a, — ludipress
a, — mannitol 60
a, — sorbitol

b, — corn starch

b, — croscarmellose sodium
b, — sodium carboxymethyl starch

" b, — sodium starch glycolate

¢, —MCC 102
¢,—MCC 200
¢,—MCC 500

¢, — Prosolv SMCC 90

d, — calcium stearate
d, — magnesium stearate
d, — sodium stearyl fumarate

d, — sodium lauryl sulfate

B — disintegrants

C — MCC-based fillers

D — lubricants

Table 1
Results of elemental analysis of the synthesised compound
Found, %
Compound Yield, % | Melting point, °C Calculated, % | Brutto-formula
C H N S
O CH,
Nhd_& —CH, 52.22 5.41 4.48 21.26
83.1 112-113 C,,H,,NO,S,
52.53 5.05 4.71 21.55
0,5C3Hs
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During the development of the composition of dosage
form, the authors used MPE that significantly reduces the
number of experiments, saving time and resources. A crucial
stage of the MPE is the analysis of variance. It analyses the
influence of qualitative factors that is known for its great
variety in the sphere of tablet manufacturing. The list of all
considered excipients we studied is given in Table 2. The
study of 4 quantitative factors, each of which is taken at four
levels, was carried out using a Greco-Latin square.

According to the results of microbiological studies, the
recommended concentration of AMABT in the tablet is 2%.
The weight of AMABT in the tested tablet samples was 0.01
g. The composition of excipients and their concentration
(Table 3) were selected on the basis of literature data [12].

The experimental plan and the results of the study of
powder masses and tablets based on them are given in Table
4. Each series of experiments was carried out in 2 repeats.
We estimated three properties of the powder masses: bulk
and tapped density, angle of repose. Additionally, tablets
of “Virulin” were assessed for three parameters: abrasion,
resistance to crushing and disintegration time. The results
were subjected to analysis of variance.

The analysis of variance for bulk density showed the
significance of the factors studied and the interaction
between them in such a way: C > A >B > D > res.

The suitability of powder masses for direct compression is
significantly determined by their tapped density. The analysis
of variance for the study of the bulk density of powder masses
after showed a similar significance of the studied factors and
the interaction between them: C>A>B > D > res.

One of the parameters that characterises the propensity
of powder masses to be pressed is the angle of repose. A
decreased value of this indicator suggests an increased
probability of obtaining tablets by the chosen method. The
angle of repose should be less than 41 degrees. The influence
of the studied factors on the above-mentioned indicator is
illustrated by the following range of advantages: B > A >
C with statistical insignificance of factor D and interaction
between factors.

Resistance to crushing plays a crucial role in the
manufacturing of the ODTs. For manufactured tablets with
the diameter of 12 mm this criterion should be at least 40
N. The studied factors impacted the resistance of “Virulin”
to crushing as follows: C >A>D > B.

Table 3
Composition of components per 1 tablet of Virulin
Component name AmO}mt of compound Compf)und concentration
in 1 tablet, g in 1 tablet, %
AMABT 0.01 2
Fillers based on sugars (factor A) 0.1 20
Disintegrants (factor B) 0.04 8
Fillers based on MCC (factor C) 0.345 69
Lubricants (factor D) 0.005 1
Table 4
Experimental planning matrix and results of the study of powder masses for tableting and “Virulin”
e |AIB|C|D | vy, " Y ¥y, Yo [ Y| Y, ¥ Ys Y | Ve | ¥
1 a, | b |c | d | 0439 | 0431 0.594 0.591 43 | 46 | 111.2 | 1173 | 0.04 | 0.05 | 15 | 17
2 a |b,|c | d | 0438 | 0438 0.592 0.591 45 | 49 | 858 879 | 0.12 | 0.13 | 20 | 22
3 a, | b, |c | d | 055 | 0551 0.715 0.712 37 | 40 | 675 669 | 0.71 | 0.74 | 24 | 20
4 a, |b,|c | d | 0398 | 0401 0.555 0.552 | 40 | 36 | 230.3 | 233.1 | 0.08 | 0.09 | 35 | 30
5 a, | b |c, | d | 0451 | 0457 0.592 0.590 | 43 | 47 | 112.5 | 109.7 | 021 | 026 | 14 | 17
6 a, | b, |c | d, | 0450 | 0.454 0.584 0.586 | 42 | 39 | 121.5 | 1263 | 0.21 | 0.18 | 23 | 26
7 a, | b, |c, | d, | 0412 | 0417 0.524 0.527 39 | 36 | 2952 | 3043 | 0.06 | 0.05 | 56 | 59
8 a, | b, |c d, 0.554 0.551 0.644 0.642 36 | 31 76.3 77.5 0.28 0.23 27 34
9 a, | b |c | d, | 0584 | 0.589 0.667 0.655 40 | 36 | 91.8 874 | 024 | 028 | 11 | 15
10 Ja |b |c, | d | 0407 | 0409 0.586 0.584 | 35 | 37 | 220.5 | 231.8 | 0.14 | 0.11 | 25 | 32
11 |a |b |c | d | 0477 | 0472 0.626 0.623 35 | 34 | 1152 | 113.8 | 0.18 | 0.19 | 26 | 23
12 | a |b,|c, | d | 0500 | 0.504 0.646 0.644 | 40 | 37 | 77.7 804 | 038 | 026 | 27 | 29
13 |a, |b |c | d | 0417 | 0414 0.527 0.526 | 38 | 40 | 3263 | 319.7 | 0.52 | 0.59 | 189 | 176
14 |a, |b |c | d | 0501 | 0.504 0.667 0.668 | 40 | 37 | 137.7 | 1434 | 0.18 | 0.15 | 50 | 55
15 Ja, [b |c, | d | 049 | 0494 0.624 0.621 35 | 36 168 164.8 | 022 | 0.24 | 101 | 107
16 a, | b, |c | d, | 0455 0.451 0.588 0.585 40 | 37 | 2123 | 217.5 | 0.17 0.15 | 122 | 131
Note:

y, and y’, _bulk density of powder masses of the first and second series, respectively, g/cm?;

y, and y’, — tapped density of powder masses of the first and second series, respectively, g/cm’;

¥, and y’, — angle of repose of the first and second series, respectively, in degrees;

y, and y’, — crush resistance of tablets of the first and second series, respectively, N;
¥y, and y’, — abrasion of tablets of the first and second series, respectively, %;
y, and y’,_disintegration time of tablets of the first and second series, respectively, sec.

*_
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The studied qualitative factors can be placed in the
following order of preference in terms of their influence on
the abrasion of tablets: D > C >res > B > A. The significant
value of res indicates that there is a big interaction between
the levels of the studied factors. Due to the high resistance
of Virulin to crushing, their abrasion was low and did not
exceed 1% in any series of experiments.

The obtained ODTs were tested for disintegration time
using a disintegration tester. It was found that tablets of
“Virulin” that have high resistance to crushing and low
abrasion, disintegrated within 1 minute in most series
of experiments. The influence of the factors studied on
the disintegration time of “Virulin” is illustrated by the
following order : A>C > D >res > B.

The results of the ODTs study showed that the
powdered masses and tablets based on them, obtained by
direct pressing, meet the pharmacopoeial requirements
of Ukraine. The high value of crushing strength, low
abrasion and disintegration time allowed us to select the
following excipients: prosolv SMCC 90, ludipress, sodium
carboxymethyl starch and sodium lauryl sulfate.

SAPMAKOJIOI'IA I $APMAIIIA

Several series of “Virulin” have been manufactured to
study their stability during storage.

Conclusions. To sum up, the relevance of manufactured
antiviral tablets for use in the oral cavity “Virulin” based
on allyl ester of 4-methacryloylaminobenzenethiosulfonic
acid, synthesized according to the author’s method, was
substantiated.

To obtain this compound with a potential
multifunctional (antibacterial, antifungal and antiviral)
effect, the method of synthesis of AMABT was improved,
which is carried out in three stages through the preparation
of intermediates — sodium 4-aminobenzenesulfonothioate
and S-allyl 4-aminobenzenesulfonothioate. The structure
and identity of the synthesized BAC were confirmed by
elemental analysis, IR and NMR spectroscopy.

The studies on the development of the composition
of “Virulin” made it possible to establish the influence of
excipients on the main pharmaco-technological parameters
of powder masses, as well as tablets based on them. Having
analyzed the results of the tests, the optimal excipients
were selected for the formulation of the ODTs.
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JAJIsA ABTOPIB
«OJIECBKU MEIUYHHUH KYPHAD»

Binomocti npo Buganus

«Onecpkuil MEOUUHUIN JKypHam» OylIo 3aCHOBAaHO
B 1926 pori. 3a kimbka poKiB BiH HaOyB HEaOMSIKOTO aBTO-
PHUTETY cepell HayKOBIIB. Y HbOMY JIpyKyBalll CBOI Iparli
BYEHI, yni iMEHa OyJIM BCECBITHBO BiJJOMI BXE TOTO 4acy
a0o sKi 3100ynu BU3HAHHS B MaiiOyTHROMY. Ta 3romom, Ha
nouatky 1930-X pokiB, BUAAHHS XypHaIy OyJ0 TpHIIHU-
HeHo. [Tonosienuii y 1997 poui, BiH 3a KOPOTKHH Yac BiJi-
HOBHUB CBIil aBTOPUTET 1 MOCIB YUJIbHE MICIIE Cepell HayKo-
BHMX BHUJIaHb KpaiHU.

3aCHOBHHUKOM 1 BUAaBIeM «OAeChbKOTO METUIHOTO KYP-
Hary» € OnecbKkuil HaIliOHATBHAN MEINYHUN YHIBEPCHUTET.

TonmoBHIM pemakToOpoM i3 YaciB BiAHOBIICHHS BHIYCKY
xKypHaiy € akagemik HAMH VYkpainwm, naypear [lepxaBHoi
mpemii Ykpainu B. M. 3anmoposkan. J{o cxirangy pemakiiitaoi
KOJICTIi Ta pemaKmiiHOl paad BXOIATH BiIOMI BITYH3HSHI
i 3apyOiXHI BUCHI.

«Onecpkuil MeAMUHUM )KypHA» BKItoueHui o [lepe-
JIiKy HayKoBUX ()aXxOBHX BHJaHb YKpaiHu B kareropii «b»
(ranmy3s — MeM4HI HaykH, creniaabHocTi — 221 «Croma-
ToJoristy, 222 «Menununay, 226 «®Dapmaris, TpoMuc-
noBa dapmaris», 228 «Ileniarpis» (Hakaz MinicrepcTsa
ocBith i Hayku Ykpainu Ne 894 Bin 10.10.2022, nonarok 2;
JOCTyN 3a mocwiaHHsM https://mon.gov.ua/storage/app/
uploads/public/634/554/a9b/634554a9b478a810320066.
pdf; Haka3z MinictepcTBa ocBiTH 1 Hayku Yipaiam Nel85
Bim 20.02.2023, momatok 4; moCTymn 3a MOCHJIAHHSIM

https://mon.gov.ua/storage/app/uploads/public/640/5b3/0
d1/6405b30d14b2a618655959.pdf). Llopoky B xypHami
JIPYKY€ETbCS OMU3BKO JIEB’SIHOCTA CTaTel 1 MOBIJOMIICHB.
Bin HagxomuTh 10 HaWBigoMimmux Oi0OMiOTeK KpaiHu,
BEIIMKMX HAyKOBUX LIEHTPIB, JECATKIB HaBYAIbHUX
3aKs1ajiB. Moro mosBy TiZHO OiHEHO 3a MEKAMH HAIIOi
Kkpainu — BiH 3aHecenuidd no Index Copernicus, Ulrich’s
Periodicals Directory, BASE-Search, Google Axane-
mii, «HaykoBoi mepioguku Ykpaium», Scopus Content
Selection and Advisory Board (CSAB) po3nisHyna
3asBKy XypHal1y «OIechbKOoro MEJUYHOTO JKypHAIy» Ta
cxBanmia i I pedepyBaHHS B HAyKOMETpUUHIN 0Oas3i
Scopus 25.10.2023 p.

VYV cepmHi 2022 poky HaykoBe BHmaHHA «OmechKuit
MEMYHUI KYpHAT» OTPHUMAIIO TPUMICSYHY CTHIICHIIO Bif
npoekty «IlinTpumka ykpaincekum peaxoserisim» (SUES —
Support to Ukrainian Editorial Staff). SUES e iniiatuBoro
€BPOIICICHKNX YCTAHOB Ta OpraHizaiiid, MeTa SIKUX I0JIs-
rae B MITPUMII HAyKOBOT CIIJILHOTH YKpaiHu.

Posnoscromxyersest 3a nepenmaroro. [lepeamnaruru
KypHaJl MOXKHA B Oylb-SIKOMY MEPEAIUIATHOMY ITyHKTI.
[Mepenmnaruuii ingexc — 48717.

KypHan BUXOIUTH IIiCTh pa3iB Ha PiK.
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TIPABIJIA IIIJITOTOBKU CTATEM /10 «OJIECBKOI'O MEJJUYHOTI' O KYPHAJTY»

1. B «OnecbkoMy MEIUYHOMY KypHAJID» ITyONIKyIOTHCS
TCOPETHYHI ¥ OINI/IOBI CTATTi, SIKi BiIOOPA’KarOTh BAaXKITHBI
JIOCSTHEHHSI HAyKH, IMIICYMKH 3aBEpLICHHX OPUTiHATIBHHX
KINHIYHAX Ta eKCIIePUMEHTAIBRHUX JOCHTIKEHb, OCHOBHI
pe3yIBTaTH JUCEePTALiMHIX POOIT 13 MEAUIIMHMN, CTOMATOJIOTI1
Ta (hapmariii, a TaKOXK MaTepiaad MEMOPIAIBHOTO XapaKTepy.

2. Jlo po3misgy TpUAMArOThCs MPOOJIEMHI Ta OpPHTi-
HaJIbHI CTATTI 3araIbHUM 00CSITOM 7—15 CTOPIHOK, OTVISLIH —
10 12-20 cTopiHOK.

3. He npuiimMaroTbest cTarTi, sKi Bxke OyJIM HapyKOBaHi
B IHIIUX BUJIAHHSIX 200 3apONOHOBAHI 10 MyOJiKallii Kijb-
KOM BHJAHHSIM BOJHOYAC, a TAKOX POOOTH, SIKi 332 CBOEIO
CYTHICTIO € TIepepOoOKOr0 OIMyONIiKOBAaHMX paHIMIEe CTarei
1 HE MICTATh HOBOTO HAyKOBOTO MaTepiasry abo HOBOTO
HAyKOBOTO OCMHMCIICHHSI BXKE BiZIOMOTO MaTepiay.

4. Y xypHaIi APYKYIOThCS:

a) pe3yabTaTH OPUTIHAIBHUX AOCITIKEHB Y IPIOPHUTET-
HUX HampsMax pO3BUTKY MEAWYHHX, CTOMATOJIOTIYHHX Ta
(hapMaIeBTUIHNX HAYK;

0) pobotu 3 QyHIaAMEHTaIBHUX Ta NPUKIAJIHUX IPO-
OmeM i3 TakuX cremiaabHOCTeH: 221 — cTOMATONOrIs,
222 — meauuuHa, 226 — dapmariis, npomucioBa dapmaris,
228 — memiatpisi:

— IreHeTHKa Ta NPUKIIAIHI aCTIEKTH MEIMYHOT TeHETHKH;

—Oio¢iznuni  Ta  MOpOPYHKIIOHANBHI  Xapak-
TEPUCTHUKH KIITHH OpPraHi3My IPH Pi3HUX BHIAX MaTOJIOTi;

— po0oTH 3 HOBITHIX KIITHHHUX TEXHOJIOTIH;
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— HOBITHI pO3pOOKHM B Taiy3i 3arajbHOI 1 KIIHIYHOT
(bapmaxororii Ta hapmariii;

— IOCSATHEHHS B Tajly3i BUBUEHHS €TIONOTI1, MATOreHe3y
Ta JIIarHOCTHKH CY4aCHUX 3aXBOPIOBAHb;

— mpo(iTaKTHKa 3aXBOPIOBaHb, INCIUICHHS, 3armodi-
TaHHS 0COOTMBO HEOE3MEYHNM 3aXBOPIOBAHHSM;

B) EKCIIEpUMEHTaJbHI JOCTIHKEHHs, OIISAN, KJIIHIYHI
BUIIA KK, HOBI METOIU Ta TEXHOJIOTII 3 CYYaCHUX aKTyaJbHUX
npo0JIeM CTOMATOJIOT i, MEAMIIMHY, TIeAiaTpil Ta Gpapmaryii;

r) iHdopmaris, XpoHika, roBijei, marepianu 3 ictopii
HayKH Ta MeJULMHHM, papMallii, croMaToorii, peneHsii.

5. CTarTst HAQICWIIAETHCS IO PEIAKIIl B CICKTPOHHOMY
BapiaHTi 31 CKAHOM IEpIIOi CTOPIHKM 3 MIAIMCAMH BCIX
apropiB. CBOIMH MiJIHCaMH aBTOPH TapaHTYIOTh, IO
CTATTIO HAMHMCAHO 3 JOTPUMAHHSIM MPABWI IiATOTOBKH
crareil 10 «OJeChbKOro MEIUYHOIO KYypHAIY», eKCIepH-
MEHTaJbHI Ta KIiHIYHI TOCHiIKeHHS Oy BUKOHAHI Bij-
MOBITHO 0 MIPKHAPOJHUX €THYHUX HOPM HAyKOBHUX JOCIHi-
JDKeHb, a TAKOXK HAJAIOTh PEMaKIlii MpaBo Ha MyOmiKariiio
CTaTTi B J)KypHAaJI, PO3MIIICHHS 11 Ta MarepiajiB 10a0 Hel
Ha caifTi )KypHaJy 1 B IHIINX JpKepeax.

6. Crarta CynpoBOKyeTbcst ckaHoM (1) Hampas-
JICHHS 70 PEAaKili, 3aBi30BAHUM IIJIIIUCOM KepiBHHUKA
Ta TICYATKOK YCTAHOBH, JIC BUKOHAHO po0oTy, (2) Bimomoc-
TSIMH TIPO aBTOPIB (3 JEKIapyBaHHSIM y4acTi KOXKHOTO aBTOpa
3 JIeTajizalliero BKIamy y MiIrOTOBI cTarTi), (3) mexmapa-
€0 IIIO/T0 OPHUTIHANBHOCTI TEKCTY HAYKOBOI CTAaTTi, a Uit
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BITYM3HSHUX aBTOPIB TaKOX (4) eKCHIEPTHUM BHCHOBKOM, 1110
JIO3BOJISIE BIIKPUTY Ty OITIKAITiFO.

7. SIKmo y cTarTi BUKOPUCTaHO Marepiaiy, sKi € IHTeIeK-
TYaJILHOIO BIIACHICTIO KiJIKOX OpraHi3alliii i paHiiie He myosi-
KyBaJICsI, aBTOP Ma€ OfIepKaTH JIO3BLT Ha X MyOMiKariro Bif
KOXKHOT 13 IIMX OpraHizaiiii i Hajicnary Horo pa3oM 3i CTarTero.

8. Tekct npykyeThcs dYepe3 IIBTOpa iHTEpBAIY Ha
CTaHAapTHOMY MAIIMHOTIMCHOMY apKyllli (IIMpHHA IOJIB:
JIBOTO, BEPXHBHOTO Ta HIKHBOTO — IO 2 CM, TPABOTO —
1 cm) mpudrom Arial (Arial Cyr) abo Times (Times Cyr)
po3mipom 14 myskTiB. CTOpiHKa TEKCTY TIOBUHHA MiCTUTH
He Oinbiie 30 psiuKiB.

9. Moga crareif — aHIIilichKa Ta yKpaiHChKa (IlepeBara
BIJIIA€THCSI AaHTIIOMOBHHM POOOTaM).

10. Matepian crarti Mae OyTH BHKIAJCHUN 32 TAKOIO
CXEMOIO:

a) innekc YJIK — 3miBa, BIAMMOBITHO IO KITFOYOBUX CIIIB;

0) iHimiamm Ta npi3Buie aBropa  (aBTOpIB),
ORCID ID xoxxHOTO aBTOpA;

B) Ha3Ba CTarTi;

T) TIOBHA Ha3Ba YCTAHOBH (YCTaHOB), /Ic BUKOHAHO POOOTY,
MicTo, KpaiHa. SIKIO aBTOpPIB KiJIbKa i BOHU NPALIOIOTh
Y pi3HHX YCTaHOBAX, TOZ1 HEOOX1THO apabCchKuMu udpaMu
MIO3HAYUTH LU(PPOBUI HAPSKOBUI 3HAK, 10 BiJIOBIIAE
YCTaHOBI, Jie IPAIIOe KOKHUH 3 aBTOPIiB; a Ha3Ba yCTaHOBU
Mae OyTH BKa3aHa 3 BiJIOBIIHMM IM(POBUM IHO3HAYEH-
HsAM, €NIeKTpOHHA ajnpeca (aapecu), HOMep TenedoHy;

J) JBa pe3ioMe: YKPAiHCHKOI0 MOBOIO 00CSATOM JI0
800 apyxoBanux jitep (0,45 CTOpiHKH) Ta aHIIIHCHKOIO
obcsrom 1o 1800 npyxosanux mitep (1 cropinka). Pestome
YKpPaTHCHKOIO MOBOIO Ma€ CKJIAJaTHCS 32 TaKOK CXEMOIO:
innexe YJIK, inimianm ta npizBuine aBropa (aBTopiB), Ha3Ba
CTaTTi, TEKCT Pe3loMe, KIIIOUOBI CJIOBa (He OUIbIIe 1’ SITH);

¢) IMMOCTaHOBKA POOIIEMH B 3arajbHOMY BUIIIAII Ta ii
3B 530K 13 BXJIMBUMH HAYKOBUMH Ta IPAKTUYHUMHU 3aB-
JAHHSAMH;

K) (OPMYITIOBAHHS METH CTaTTi (IIOCTAHOBKA 3aB/IaHHS);

3) MaTepiaiv i MeTOIH JTOCIHIPKSHHS 3 OIIICaMU METO-
JB AOCIIKSHHS, KIJIBKOCTI Ta PO3MOALTY 00’ €KTIB AOCIi-
JUKeHHA. Mae OyTW 3a3Ha4eHO NOTPHMAaHHsS HPHHIMIIB
Etnunoro kozekcy BeecBiTHboT MennuHOT acorianii (I'esb-
CIHCBKa JIeKJIaparllisi) o0 JOCHTIHKEHb, J0 IKHX JOTyda-
I0Th JIIOfiel, a0o nmpuHOumiB JupekTuBu €BpomeicbKoro
Coro3y 2010/10/63 EU miozo eKcriepiMeHTIB Ha TBapUHAX;

W) BUKJIAJ OCHOBHOIO MaTepiany JOCIIHKCHHS 3 MOB-
HHUM OOI'PYHTYBaHHSM OTPHUMaHUX HayKOBHUX PE3yJIbTaTiB;

K) BHCHOBKH 3 JIOCHI/DKCHHS 1 HEPCIEKTHBU I0JalIb-
IIMX pO3pOOOK Yy IIbOMY HAIIPSIMi;

J) JIITepaTypHi MOCHUJIAHHS B MOPSAIKY iX IIMTYBaHHS
a60 3a andasiToM.

11. Pe3tome aHINIIHCHKOIO MOBOIO Ma€ KOPOTKO IOBTO-
PIOBaTH CTPYKTYpY CTAaTTi, BKIIIOYHO 31 BCTYIIOM, METOIO Ta
3aB/IaHHSIMH, METOIaMH, Pe3yJIbTaTaMi, BUCHOBKaMH, 1 Mic-
TUTH KJTIOYOBI cioBa. [Himianm Ta mpi3Buine aBTopa (aBTO-
piB) NOAIOTBCS y TpaHCiiTepanii, Ha3Ba CTaTTi — y Hepe-
KJIa/1i aHDITIHCHKOI0 MOBOFO. KITIOWOBI CITOBa i 1HII TEPMiHU
CTaTTi MArOTh BI/IMOBIATH 3araJIbHONPUHHITAM MEIUIHUM
TepMiHaM, HaBEICHUM Yy CIIOBHHKaX. He ciiz BUKOpHCTO-
BYBATH CJICHT i CKOPOUCHHSI, SIKI HE € 3arajJbHOBKUBAHUMHU.

12. Ximigai Ta MaTeMaTW4Hi (GOPMYIH BIPYKOBYIOTH
abo BrucyroTb. CTpykTypHi (opMynn oQopMIISIOTE SIK
pucyHKH. Y hopMylax po3MidaroTh: Mali Ta BEIHKI JTiTepH

(BeMKI 1M03HAYAIOTh [BOMA PHCKaMH 3HH3Y, Malli — JIBOMa
pUCKaMH 3BepXy IPOCTUM OJIBIEM); JATHHCHKI JTEpH
TIKPECIIIOIOTH CHHIM OJIIBIIEM; TPELbKi — 00BOJISITH YePBO-
HUM OJIIBIIEM; IIIPSIIKOBI Ta HAAPSAKOBI HU(pH Ta JIITCPU
MO3HAYAIOTh JIyTOI0 [TPOCTUM OJIIBIIEM.

13. 'V crartax cii BHUKOPUCTOBYBaTH MiKHApOIHY
cucremy omuaunb CIL.

14. PucyHKM 1 MiONHCH 0 HUX BHUKOHYIOTH OKPEMO.
Ha 3BOpoTHOMY 00111 KOXXHOTO PUCYHKA ITPOCTUM OJiBLEM
CIIiJI yKa3aTh Horo HOMep 1 Ha3By CTaTTi, a B pa3i HeoOXij-
HOCTI ITO3HAUUTH BEPX 1 HU3.

15. Tabnwmi ciix ApyKyBaTd Ha OKPEMHX CTOPiH-
KaxX, BOHH TTOBHHHI MaTH HyMepamiro Ta Ha3By. Ha momsax
PYKOITUCY HEOOXiTHO BKa3aTH MiCIle PO3MIIICHHS PUCYH-
KiB 1 TaOmuie. [HQOpMarris, HaBejeHa B TaOMHIAX 1 Ha
pHCYHKaX, He IOBUHHA JyOJIIOBaTUCS.

16. Crnmcok JiTepaTypHHUX JDKEpPEN MOBHHEH MICTHTH
TIepeTiK Mparfh 3a ocTaHHi 10 POKiB 1 JIMIIIE B OKPEMUX BUTIAM-
Kax — OuteIn paHHI myOmikamii. B opuriHamsHEX poboTax
IUTYIOTH He Oubie 20 mkeped, B ompiaax — 1o 60. Ha koxHy
po0OTy y crnmcKy Jiiteparypu Mae OyTH INOCHJIAHHS B TEK-
cti pykormcy. Jliteparypa y CIHCKY pPO3MIILYEThCS 3TIHO
3 MOPSIAKOM TOCHJIaHb Ha Hel B TEKCTI CTarTi, SIKi MMOAAI0Th
Y KBaIpaTHUX Ty’KKax, a0o 3a ajndasitom. SIKII0 HABOAATHCS
po0OTH JIMIIIE OHOTO aBTOPA, BOHM PO3MIIILYIOTBCS 33 XPO-
HOJIOTIYHNM TOpsiKoM. /1o CIMCKy JliTepaTypHUX JpKepes He
CIIiJT BKITIOYATH POOOTH, SIKI I1Ie HE HaJIPYKOBaHI.

17. Cnucok siteparypu O(GOPMITIOETHCS JIATHHHIEIO 32
HIKYEHABEJICHUMH CXEMaMH aHDIIHCHKOI0 MOBOIO ab0 TpaH-
critepoBani. OdopmiroBaTy iX HEOOXITHO 3TiITHO 31 CTaHIApP-
ToM National Library of Medicine (NLM) a6o Vancouver style.

s cmameii:

Povorozniuk VYV, Balatska NI, Klymovytskiy FV,
Synenkiy OV. Actual nutririon, vitamin D deficiency and
bone mineral density in the adult population of different
regions of Ukraine. Trauma. 2012;13(4):12-16. (In
Ukrainian). Available from: http://www.mif-ua.com/
archive/article/34633

Scott F, Mamtani R, Brensinger C, et al. The risk of a
second non-melanoma skin cancer with thiopurine and anti-
TNF use ininflammatory bowel disease. Am J Gastroenterol.
2014;109:S473. doi: 10.1016/S0016-5085(14)60282-1.

[Ipi3Bumia aBTOpiB Ta Ha3Ba KypHATY IOAAIOTHCA
JATHHULCIO Y TPAHCIITepalii, Ha3Ba CTAaTTi — y MepeKIai
AHNIIIHCHKOI0 MOBOIO. TpaHciiTeparito MOXHa 3pOOUTH
aBTOMAaTHMYHO Ha calTi http://ukrlit.org/transliteratsiia.
VY 6i0miorpadiuHOMY MOCHJIAHHI KOXHOTO JDKEpesia CIIijl
BKa3aTH BCiX aBTOPIB, BIJJOKPEMIIIOIOUN OJIUH BiJl OHOTO
KOMOIO 1 po6inoM. [Himianm BKa3yroTh Micis Mpi3BHUINA,
3HAKaMH MyHKTyalii He BiJOKpeMIIoloThCs. [1oBHI iMeHa
aBTOPIB HE HaBOJATHCA. Y BUNaaKy 7 i Oijbine aBro-
piB CTaBUThCS MOCHIaHHS “et al.” micis mepmux TPbOX
npizBull. Skmo aBropiB 6 i menme, “et al.” He BHKO-
pucroByetThes. Ilicns mepesiky aBTopiB CTaBISTh KPAINKy
i mpo6in. Ha3a myOmikamii HaBOAWTHCS AHTIHIICHKOIO
MOBOIO TIOBHICTIO, 06e3 ckopoueHb. [licist Ha3BH cTarTi
CTaBIIAITh KpanKy 1 mpo6in. Ha3ea nepioquaHOro BUIAHHS
HaBOAMTHCS aHIIIHCHKOI0 MOBOIO a00 TpPaHCIITEPYETHCS
CHUMBOJIaMH JIaTUHCBKOTO andasity. J[03BoJs€THCS HABO-
JTUTH 3apEECTPOBAHI CKOPOUYCHHS HA3BH MNEPIOAWYHOTO
BUAAHHS. 3a3BWyail msg (opMa HAMHMCAHHS CaMOCTIIHO
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NPUUMAETHCS BUIAHHSIM, 1i MOXKHA JI3HATHCS Ha CaWTi
KypHasy, BUIaBHHUITBa, Ha caiTi ISSN abo HeoOxinHO
HaBOIWUTH HOTO TOBHY Ha3By 0e3 ckopodeHHs. Has3Bu
BITYM3HSIHMX JKYPHAIIIB CKOpOYyBaTH He MokHa. Ilicis
Ha3BM BHIAHHS CTaBIATH Kpamky 1 mpoOur. I[Hdopma-
i IOM0 BUIAHHS: PIK BHIAHHS BiJIOKPEMITIOETHCS
Kpankor 3 KOMOIO, MOTIM HABOAMTHCS HOMEDP TOMY,
SKIO HEOOXIZHO, Y KPYIVIMX JYKKaX BKa3y€eThCcs HOMEp
JKYpHaJy, IICNs JIBOKPANKW HABOJMTHCS Jiara3oH CTO-
piHok. Jlms craTTi, MO HAApPyKOBaHAa HE AHDIIHCHKOIO
MOBOIO, HATIPHUKIHITI C(HOPMOBAHOTO MOCHIIAHHS y KPYTIIHX
Jy’)XKax BKa3yeTbcs MoBa opurinaimy. [lomarkosa iHdop-
Maiiist crocoBHo crtarti — HoMmepa DOI («DOI: https://doi.
org/...»), PubMed ID, pexxum noctymy 0 nepuiomkepena
TOILIO — HABOJIUTHCS HANPHKIHII MOCHIaHHS Yy (opmari
aKTUBHOTO rineprnocuianns. opma mias nomyky DOI:
Crossref system.

/Jlna mamepianie kongepenuiii:

Sulkowski M, Krishnan P, Tripathi R. Effect of baseline
resistance-associated variants on SVR with the 3D regimen
plus RBV. In: Conference on Retroviruses and Opportunistic
Infections (CROI). 2016 Feb 22-25; Boston, MA.

Bakeyeva LY, Saprunova VB, Pilipenko DI. Ultrastruc-
ture of mitochondria in endogenous oxidative stress, mito-
chondrial antioxidant protective effect SkQ1. In: Procee-
ding of the IV congress of the Russian Society of Biochem-
istry and Molecular Biology. 2008 May 11-15; Novosi-
birsk, Russian Federation. Novosibirsk; 2008. (in Russian).

[Ipi3BHIIa aBTOPIB MOAAIOTHCS y TpAaHCIITEpallil, Ha3Ba
mpaili — y nepekiali aumIiiicbkoro. [0I0BHE B OMUCaxX KOH-
(epenwiii — Ha3Ba KoH]epeHIil MOBOIO opHriHaly (Tmoja-
€THCS Y TPAHCIITEpALlii, IKII0 HEeMAE ii aHTTIHCHKOT Ha3BH),
BUJUIAETBCSA KYPCHBOM. Y IIy)KKaX HaBOIUTHCS HEpeKiIajn
HA3BHW aHTIIHCHKO0. BUXimHI aHi (MicIie IpoBEeICHHS KOH-
(epeHtIii, MicIie BUIaHHSA, PiK, CTOPIHKH) — aHTIIIHCHKOIO.

Jna monozpagiit ma inwiux KHUIHCOK:

Mann DL, Zipes DP, Libby P, Bonow RO. Braunwald’s
heart disease: a textbook of cardiovascular medicine. Phil-
adelphia: Saunders; 2014. 2040 p.

Lutsik AD, Detyuk YS, Lutsik MD, autors; Panasyuk
YN, editor. Lektiny v gistokhimii [Lektins in histochemis-
try]. Lviv: Vyscha shkola; 1989. 144 p. (in Russian).

[Ipi3Buma aBTOpPIB MOMAIOTHCS Yy TpaHCIiTEpallil,
Ha3Ba KHIKKH — y TpaHCIiTepalii 3 NepeKsaj oM aHmil-
CBHKOIO MOBOIO y KBaJpaTHUX AyXkKKax. Miclie BUjaHHs, PiK
BHJIaHHS, 3arajibHa KUIBKICTh CTOPIHOK — aHMIIKHCHKOIO,
Ha3Ba BUJIAaBHUIITBA — y TPAHCIIiTEpaIlii.

3ayearcyemo: y cnucKy JaTHHMIECIO NOTPIOHO 3a3HA-
YaTH BCiX aBTOPIB JIITEpPaTypHOTro JKepena, Ha ske Bu
nocminaerech. Takok He CliJi y HbOMY 3aCTOCOBYBATH
3HaKW po3nineHHs: // Ta — HasBy /okepena (5kypHai, KOH-
(epeH1is, KHUTa) 3aBKAN BUIUISIOTh KyPCHBOM.

Hamnpukinni niTepatypHOro Jpkepena moTpiOHO BKasy-
Batu 1uposuid imentudikarop crarri DOI, skmo takuit
€. JloTpuMaHHs UX TpaBmII 3a0€3MEUUTh KOPEKTHE BilO-
Opa’keHHs IUTOBAHUX JKEpeN y OLIbIIocTi pedepaTHBHIX
HAYKOMETPHYHUX 0a3 JaHHX.

18. CkopoYeHHS CIIiB 1 CIIOBOCIIOIYYEHb ITOJAIOTHCS
BignosigHo mo JACTY 3582-97 i 'OCT 7.12-93.

Jliis THX, XTO HE Mae JocTyIy A0 nmoBHoro tekcty JICTY,
Ha caiiti OnechbKoro MeIyHIBEpCUTETY HABEICHO TPHUKIIAIN

odopmiteHHst 0i0miorpadiuanx 3ammciB. JlocTym 3a mocu-
nanusaM http:/libblog.odmu.edu.ua/p/blog-page 8912.html.

19. Jlo npykoBaHHMX MaTepiayiiB, BUKOHAHHX i3 BHKO-
PHUCTaHHSIM ~ KOMIT'IOTEPHUX TEXHOJIOTiH, 00OB’SI3KOBO
JIOIAIOTHCSI MaTepiaii KOMIT FOTepHOTo Habopy Ta rpadiku
B €JICKTPOHHOMY BUTJISIII.

Tekct morxe Oytu Takux (opmaris: Word for Windows,
RTF (Reach Text Format).

I'padiunmii marepian ciij noxaBaTtH B OKpeMux aii-
nax ¢opmarie XLS, TIFF, WMF at6o CDR. Posninbna
37IaTHICTh MITPUXOBHX OpHTiHANiB (Tpadiku, cxemn) dop-
mariB TIFF nosunna 6ytm 300-600 dpi B&W, namis-
ToHOBUX ((ororpadii Ta in.) — 200-300 dpi Gray Scale
(256 rpamariii ciporo). lllupuna rpadiyHUX OpUTIHATIB —
5,5,11,51 17,5 em.

20. CrarTi mIgarThCs HAYKOBOMY PElEH3YBaHHIO, 3a
pe3yabTaTaMy SIKOTO YXBAJIOETHCS PILIEHHS PO JIOLLIb-
HICTh myOmikarii podotu. BigxmmeHi crarti He moBepra-
I0TBCS 1 TOBTOPHO HE PO3IIIAAAIOTHCS.

21. Pemaxmis 3amumae 3a cO0OI0 MPaBO pPEAAKIITHOL
MIPAaBKH CTATEH, sIKa HE CITIOTBOPIOE X 3MICT, 00 TIOBEpHEHHSI
CTaTTi aBTOPY JUIS BUNIPABJICHHS BHSABICHHUX JAC(EKTIB.

22. Jlaror0 HAAXOKEHHS CTATTI IO KYPHAIy BBaXKa-
€TBCS JICHb OTPUMAaHHSI PEAAKIIEI0 OCTAaTOYHOTO BapiaHTa
TEKCTY.

23. Ilicns oTpuMaHHS MIATBEPPKCHHS BiZl PEIKOJICTil
PO MPUUHSTTS CTArTi J0 MmyOsikamii HaJlaroThCsl PEeKBi-
3WUTH JJIS CIUTATH MyOJTiKaniiHoro BHeCKy. Bapricts my0umi-
kauii cranoBuTh 2000 TpuBeHb (3a 12 CTOPIHOK). 32 KOXKHY
JTOJIATKOBY CTOPIHKY HEOOXIHO JOAaTH 10 IyOIiKaIiiHOTO
BHecky 40 rpuBeHb. [lyOmikanmiiiHMH BHECOK HOKPHBAE
BUTpATH, OB’ sI3aHi 3 KOPEKTYPOIO 1 pelaryBaHHsIM cTarei,
MaKeTyBaHHSIM XXypHaJIy Ta PO3MIILECHHSAM HOrO eJIeKTpo-
HHOI Bepcii. 3a Oa)kaHHSM aBTOP CTATTi MOXE 3aMOBHTH
co0i ApyKoBaHUI NPUMIPHHK XypHaiy. BapricTs npykoBa-
Horo puMipHuKa — 800 TpUBEHB, SKi HEOOXITHO CIUTATHTH
IOJATKOBO JIO MYONiKamiiHOTO BHECKY. I[linTBepmKeHHS
MPOBENEHOI OIUTaTH (BiJCKAHOBaHY KBHTaHIIIO abo Il
¢ororpadito) aBTOp HA/ICKIIAE B €ICKTPOHHOMY BUIIIAL Ha
e-mail omj@onmedu.od.ua.

24. Penaxkuist «OechKOro MEIUIHOTO KypHaTy»: Baiti-
XOBCBKHH TIPOB., 2, pekropar OaechKOro HaIiOHAIEHOTO
MeINYHOTO yHiBepcuTeTy, M. Oneca, 65082, Ykpaina,

e-mail: redkolehiaOMJ@onmedu.edu.ua

Binnosinaneamii cexperap xypHany — FOpuenxko Ipuna,
ten.: +380 (50) 8155305

KonraktHa ocoba (BupaBamumii gim  «lenbBe-
Tuka») — Jlemuenko Xpuctuna, Ten.: +380 (93) 035 42 60;
e-mail: omj@onmedu.od.ua

HayxoBuit penakrop — Antonenxko Ilerpo, Ten.: +380
(97) 587 56 36

Cropinkn kypHaiy: journal.odmu.edu.ua, journals.
onmedu.od.ua/index.php/med/home

25. Crarti, 0 HE BIINOBINAIOTH UM IPaBUIIAM,
He po3nigaroThes. Ilepenpyk crateidl MOXJIMBUI Julle
3 MMCHMOBOT 3rOJIM PEAAKLIT Ta 3 IOCUIAHHIM Ha )KypHaJl.

Cepeonitl uac ouikyeanns nyonikayii (Bim DHA Tomadi
JI0 ITHS yOriKarii) — 2—8 MicsiB (3aeKHO Bill (PaKTHIHOT
KIJTBKOCTI TIOMAHWX aBTOpaMH MyONiKaIliif y KOHKPEeTHHH
BUITYCK).
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Jomatok mo [IpaBuit miAroToOBKU cTaTei
110 «ONIeChbKOT0 MEJINYHOTO JKYPHAITY»

JEKJIAPALISA
100 OPUTiHATBHOCTI TEKCTY HAYKOBOI CTATTi

S(vmm), (IL.LB. agmopa abo agmopie — 3a3Hauaromsc
6ci aemopu Haykoeoi cmammi), JIEKIApYyIO(€MO), IO
y CTarTi (Ha36a HAyKo6oi cmammi) HASIBHUI OPUTIHAIb-
HUH TEKCT, OTPUMAaHUH y pe3yibTari BIACHUX JOCIIIKCHb
(KJITHIYHUX CIIOCTEPEXKEHb), GI0CymHi HEKOPEKTHI LIUTY-
BaHHS, 3alI03MYCHHS 1HIIIOTO TEKCTY, BiIOMOCTI, Iiependa-
yeHi cT. 32 Ta 69 3akony Ykpaiau «IIpo BUIILy OCBITY».

3asBmsro(eMo), 0 Mos(Hala) HaykoBa poOOTa BHKO-
HaHa CAMOCTIHHO i B Hill HE MiCTATHCS €JIEMEHTH IUTariary.

VYci 3anmo3uyueH s 3 IPYKOBAaHUX Ta €NEKTPOHHUX JDKe-
pell, a TaKoX 13 3aXUIIEHUX paHillle HAyKOBUX POOIT, KaH-
JMUIATCHKUX 1 JOKTOPCHKHUX JUCEPTALliif MAIOTh BiAMOBIAHI
MOCHJIAHHSI.

S(mu) o3naiiomienui(i) 3 ynHHAM [loNOXKEHHSM TIPO
BUSIBJICHHSI aKaJIEMIYHOTO IIIariary, 3riJHO 3 SIKUM HasB-
HICTh IUIariaTy € TMiJICTABOI [UIS BiIMOBU HPUHHSITTS
HayKOBOI CTaTTI /10 OMyOJIIKyBaHHS B HayKOBOMY JKypHaJi
OJ1echbKOro HaliOHAIBHOTO MEMYHOTO YHIBEPCHUTETY.

Jara Mignuc(u)

Hpumitku: 1. YV [exnapanii moBUHHI OyTH MiamucH
BCIX aBTOpIB HAyKOBOi CTAaTTi, sIKI MalOTh OyTH 3acBig4eHi
YCTaHOBOIO, JI€ BOHU NIPALIOIOTb.

2. SIKIO aBTOpM CTATTi € CHIBIPAL[iBHUKAMH PI3HUX
yCTaHOB, To Jlexiapariis moBUHHA OyTH 3 KOKHOI yCTaHOBH.

HOPAJOK PELIEH3YBAHHS
PYKONHUCIB HAYKOBUX CTaTel, AKi HAAXOAATH MJIs1 MyOsmikaii
10 perakuii «OnecbKoro MeIN4YHOro ;KypHaIy»

HayxkoBi crarTi, siki HaaXomsaTh sl ImyOmikamii 0
penakiii «Onechbkoro MeIMYHOTO JKYpHAy», MiJUISTaloTh
PEICH3YBaHHIO. 3aBIaHHIM PELICH3YBaHHS € MAKCUMAIILHO
00’€KTHBHA OI[iHKA 3MICTy HAyKOBOi CTarTi, 11 BiAIOBIJ-
HOCTI BUMOTaM JKypHaiy, aHaji3 ii mepeBar Ta HEJOJNIKIB,
BHHECCHHS KOHKPETHHX PEKOMEHMAIH om0 i BIOCKOHA-
JeHHs1. BinnoBifaibHUil cexperap JKypHaay HpPOBOJIHUTH
TIOTIePETHIN aHali3 cTarTei, IO HAMINILIA 0 pemaKIIii,
IXHIO BiIIOBITHICTD TEMAaTHUIlI Ta CIeEIiali3allii KypHay.
Peren3enTiB mpu3HAYa€ TOJOBHUI pemakTop >KypHAIy.
B okpemux BHIaJKax 3a PIIlICHHSM TOJIOBHOTO pellakTopa
MpU3HAUCHHs perieH3eHTa(iB) Moxe OyTH TOpydeHe WICHY
penakiiiiHoi Koserii abo BUPIILICHE Ha 3acCiIaHH] peaaKiii-
HOI KoJjierii.

Perien3eHTaMu xypHaly € D0CBiaueHi (axiBIii — JOK-
TOPH HAYK, WICHH PEIKOJICTI1 )KypHAITy Ta Oro peakIiiiiHo1
paau. Y pasi HoTpedu pemakilis 3aIy4ae 10 pelicH3yBaHHS
CTOPOHHIX (axiBIliB. PerieH3eHTH MarOTh BiAMIOBIIaTH KBa-
nidikaniitanM BuMoram 3rigHo 3 Hakazom MOH VYkpaian
Bim 15.01.2018 Ne 32. HaykoBi cTarTi, 110 HATIWIUTH 10
JKYpHaITy, CIPSIMOBYIOTHCSI Ha PELCH31I0 OTHOMY PpeleH-
3€HTY, 32 HEOOXiTHOCTI — ABOM pereH3eHTam. J[ms Bcix
CTaTel, 110 HAJIXOASATH 10 JKYPHAIy, BU3HAYAEThCS PIBEHb
1XHBO1 YHIKQJIBHOCTI 32 10oTIoMOror0 CHCTEMH TIPOTpaMHO-
obumcioBanbHOrO Komiuiekey Strikeplagiarism.com.

Iling dvac pereH3yBaHHS OI[IHIOIOTHCS BIAMOBIIHICT
CTaTTi TEMaTHUI )KypHaTy Ta ii Ha3Bl, aKTyaJIbHICTh 1 HAYKO-
BUI piBEHb, TIepeBaru i HEOIIKH, BiJIIOBIIHICTE 0pOpM-
JICHHST CTAaTTi BEMOTraM penakiiii. HanpukiHii poOuThCs
BHCHOBOK TIPO JIONIIBHICTD ITyOmiKalii.

Penien3yBaHHs MPOBOIUTHCS KOH(IACHIIIHO 3a PUH-
IIUTIOM TTOJBIIfHOTO «CIITOT0Y» peIeH3yBaHHS (aHiI aBTOD,
aHi periersedT He 3Ha1OTh [1.I.B. omHe omHorO). Perensis
HAJA€THCS aBTOPY CTATTI HAa HOTO 3amuT Oe3 MiAINCY, BKa-
3IBKM TIPI3BHINA, IMMOCATM 1 MicHsg poOOTH pPEleH3EHTA.

100

B okpemux Bumnaakax Ha pOXaHHsI PEICH3EHTa Ta 3a y3ro-
JUKEHHSIM 13 PEeIaKI[iifHOI0 KOJIETIEI0 JKypHATY B3a€MOIIsS
pelieH3eHTa Ta aBTOpa MOXKE BiJIOyBAaTHCh Y BIIKPUTOMY
pexxumi. Taka MpakTHKa 3aCTOCOBYETBHCS JIMIIE B TOMY
BUIIAQJIKY, SKIIO BiIKPUTA B3a€MOJisl 3a0€3MCYUTH IOJII-
IIEHHS BHKJIQIy Marepiasly poOOTH, IO PEIEeH3YETHCS.
3a3BH4ail perieH3eHT POOUTH BUCHOBOK IIO/I0 MOXIIMBOCTI
myOmikarii crarti mpotsrom 14 mi6.

SIKIIO peleH3eHT PEeKOMEH Y€ BUIIPaBUTH a00 100Tpa-
IIIOBaTH CTATTIO, PEAKIIis BIATIPABIISE AaBTOPY TEKCT PEICH-
311 111 BHeceHHS B poOoTy BigmoBimHWx 3miH. CrarTi,
BiJicTaHi aBTOpaM Ha BHUIIPABJICHHS, CIIiJ] TIOBEPHYTH 10
penakuii He Mi3HilIe HiXK Yepe3 CiM JHIB MicIs OJepKaHHSI.
KopekTtypu aBropaMm He BHUCHJIAIOTBCS, MPOTE SIKIIO Ie HE
nopy1ye rpadik BUXOIy *KypHaIly, MOXJIUBE HaJIaHHS Ipe-
MIPUHTY, Y SIKOMY JAOITyCTUME BHITPABJICHHS JIMIIE TOMUJIOK
HaOopy 1 akTaxy.

ABTOpY, CTaTTS SIKOTO He OyIna MpuifHATa 10 myOmiKaiii,
Ha HOTO 3aITUT BiANPaBIIETHCSI MOTHBOBaHA BiMOBa. Pyko-
TIHC CTATTi HE MMOBEPTAETHCSL.

SIKmo aBTOp HE 3TOACH i3 AYMKOIO pEIeH3EHTa, BiH
MOXXE JJaTH MOTHBOBAHY BiJIIOBI/Ib.

V pasi moTpedu 3a MOTOKSHHSAM 3 aBTOPOM MOKe OyTH
IPOBEJICHO JIONATKOBE PELEH3yBaHHSA PYKOIUCY IHIINM
(haxiBiem.

OcraTo4He pillleHHs o MyOiiKalito cTarTi Ta i Tep-
MIHM TIpUMa€e pelakiliiiHa KoJeris.

B okpemux BuIajikax 3a HasBHOCTI TIO3UTHBHOI pelieH-
31i MOkiMBa ImyOJTiKamisi cTarTi 3a pilICHHSIM TOJOBHOIO
penakropa abo HOro 3aCTyIHHUKA.

[Micns yxBaneHHsI pilICHHS TPO ITyOINiKaIio CTaTTi
penaxiis iHpopMye po Iie aBTOpa 3 yKa3aHHIM TEPMiHY
myOrTiKarii.

Opurinanu perensiit 30epiraloTbes B pemaxiiii mpots-
roM | poky.
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1. “Odes’kij medi¢nij zurnal” (“The Odesa Medical
Journal”) publishes theoretical and review articles, which
cover important achievements of science, results of com-
pleted original clinical and experimental researches, basic
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— biophysical and morphofunctional analysis of cells
of an organism at different types of pathology;

— works on modern cellular technologies;

— modern elaborations in the field of general and clini-
cal pharmacology and pharmacy;

— achievements in the field of study of etiology, patho-
genesis and diagnostics of modern diseases;

— prophylaxis of diseases, inoculation, prevention of
especially dangerous diseases;

¢) ¢) experimental manuscripts, reviews, clinical cases,
novel methods and technologies on current issues of den-
tistry, medicine, pediatrics, and pharmacy;

d) information, chronicle, anniversaries, materials
on history of science and medicine, farmacy, dentistry,
reviews.

5. The author sends to the editorial office an on-line ver-
sion of the article with a scan of the first page and signatures
of all authors. By their signatures the authors guarantee that
the article meets all the requirements of the manual of the
article style for “The Odesa Medical Journal”, experimen-
tal and clinical researches have been executed according
to the international ethical norms of scientific researches,
and also they give the publisher a right for publication of
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the seal of the establishment where the work was done,
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contribution statement detailing his/her participation in
the work), (3) the declaration of originality of the text
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7. If used in the article materials are intellectual prop-
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with the article.
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words;

b) initials and the last name of the author (authors),
authors’ ORCID ID;

c) the title of the article;
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UDC index, initials and the last name of author (authors),
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h) research materials and methods with descriptions of
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objects. Compliance with the principles of the World Med-
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k) references in the citation order or after the alphabet
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task, methods, results, conclusions, key words. Initials and
the last name of author (authors) are given in translitera-
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tion, the title of the article must be translated into English.
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indicate its number and title of the articles, and if necessary
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15. The tables should be placed on separate pages, be
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the place of figures and tables. The information given in
tables and figures must not be duplicated.
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In the original works they quote no more than 20 sources, in
the reviews — about 60. Every work in the references should
be referred in the manuscript. The literature in the list is
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which is given in square brackets, or after the alphabet. If the
works of one and the same author are presented, they take
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contain works which have not been published yet.

17. The references should be arranged in Latin alpha-
bet according to rules below in English or transliterated
according to the National Library of Medicine (NLM) stan-
dard or Vancouver style.

For articles:

Povorozniuk VYV, Balatska NI, Klymovytskiy FV,
Synenkiy OV. Actual nutririon, vitamin D deficiency
and bone mineral density in the adult population of dif-
ferent regions of Ukraine. Trauma. 2012;13(4):12-16.
(In Ukrainian). Available from: http://www.mif-ua.com/
archive/article/34633

Scott F, Mamtani R, Brensinger C, et al. The risk of a
second non-melanoma skin cancer with thiopurine and anti-
TNF use ininflammatory bowel disease. Am J Gastroenterol.
2014;109:S473. DOI: 10.1016/S0016-5085(14)60282-1.

The authors’ surnames and the title of the Journal are
given in Latin in transliteration, the title of the article is
translated into English. Transliteration can be done auto-
matically at the site: http://ukrlit.org/transliteratsiia. In the
bibliographic reference of each source it is necessary to
specify all authors, separating from each other a comma
and a space. Initials are indicated after the surname, punctu-
ation marks are not separated. The full names of the authors
are not given. In the case of 7 or more authors, the reference
“et al.” after the first three surnames. If the authors are 6 or
less, “et al.” not used. After the list of authors a point and a
space is put. The title of the publication is given in English
in full, without abbreviations. After the title of the article a
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point and a space are put. The title of the periodical is given
in English or transliterated with the symbols of the Latin
alphabet. It is allowed to cite the registered abbreviations
of the title of the periodical. Usually this form of writing
is accepted by the publication itself, it can be found on
the website of the Journal, publisher, on the ISSN website,
or it is necessary to give its full name without abbreviation.
The names of domestic Journals cannot be abbreviated.
After the title of the publication a point and a space are put.
Information about the publication: the year of publication
is separated by a semicolon, then the volum’s number is
given, if necessary, in parentheses indicate the number of
the Journal, after the colon follows the range of pages. For
an article that is not published in English, the language of
the original is indicated in parentheses at the end of the gen-
erated link. Additional information about the article — DOI
number («DOI: https://doi.org/...»), PubMed ID, source
access mode, etc. — is provided at the end of the link as
hyperlink. Search form for DOI: Crossrefsystem.

For materials of conferences:

Sulkowski M, Krishnan P, Tripathi R. Effect of baseline
resistance-associated variants on SVR with the 3D regimen
plus RBV. In: Conference on Retroviruses and Opportunis-
tic Infections (CROI). 2016 Feb 22-25; Boston, MA.

Bakeyeva LY, Saprunova VB, Pilipenko DI. Ultra-
structure of mitochondria in endogenous oxidative stress,
mitochondrial antioxidant protective effect SkQ1. In: Pro-
ceeding of the IV congress of the Russian Society of Bio-
chemistry and Molecular Biology. 2008 May 11-15; Novosi-
birsk, Russian Federation. Novosibirsk; 2008. (in Russian).

The last names of authors are given in transliteration, title
of the work — in translation into English. The main thing in
descriptions of conferences is the name of conference in the
language of original (is given in transliteration if there is not
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into English is given in brackets. Imprint (place of holding a
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Mann DL, Zipes DP, Libby P, Bonow RO. Braunwald’s
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At the end of the literature source, the digital identifier
DOI must be indicated (if it is present). The observance of
these rules will provide the true representation of quoted
sources in the majority of citation databases.

18. Abbreviations of words and word combinations are
given according to State Standards of Ukraine 3582-97 and
National State Standard 7.12-93.
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Those who have no assess to the full content of NSS
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