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CARBACETAM EFFECT ON OXIDATIVE STRESS MARKERS IN DIFFERENT GENDER RATS WITH METABOLIC
SYNDROME

! State Institution « Chernivtsi Regional Center of Disease Control and Prevention, the Ministry of Health of Ukrainey, Chernivtsi, Ukraine,

? Bukovinian State Medical University, Chernivtsi, Ukraine

Introduction. Many factors are known to influence metabolic syndrome pathology. Meanwhile, certain scientific evidence indicates that
oxidative stress with chronic inflammatory conditions is the base promoting the development of metabolic diseases.

Objective of the research is to study carbacetam effect, as a GABA-receptor modulator, on pathogenic mechanisms of metabolic
syndrome according to the oxidative stress markers of the hippocampus of different gender rats.

Materials and methods. The experiments were conducted on non-linear laboratory albino male and female rats. To reproduce the
metabolic syndrome model, the rats were kept on a high-fat diet enriched with the addition of solid pork lard and free access to fructose
solution. Carbacetam was injected into the peritoneum in the dose of 5 mg/kg during 14 days. The state of oxidative stress was estimated by
the parameters of the pro-oxidant-antioxidant system.

Results. When carbacetam was administered, the activity of antioxidant protection enzymes was found to increase, and the content of
products of lipid and protein peroxidation processes in the hippocampal neurons of rats of both genders with metabolic syndrome decreased.

Conclusions. Carbacetam as a modulator of GABA-receptors in rats with metabolic syndrome decreases the content of products reacting
with 2-thiobarbituric acid and the products of protein oxidation modification confirmed by histochemical method; increases the activity of
antioxidant protection enzymes in rats of both genders with metabolic syndrome.

Keywords: metabolic syndrome, carbacetam, lipid and protein peroxide oxidation.

YIK 616-008.9:612.015.11]-085.275-092.9

O. M. IIpuzxouiao', O. T'. Kmers?, 1. C. TaBunenko?, H. B. JlicHsancbka?

BILIUB KAPBAIIETAMY HA MAPKEPH OKCHUJIATHBHOI'O CTPECY VYV IIYPIB PI3HOI CTATI 3
METABOJIYHUM CHUHAPOMOM

! [leporcasna yemanosa « YephiseyvKuii 061acHuil yenmp KOHmMponio ma npoginakmuku xeopod Minicmepcmea oxoponu 300pog’s Ykpa-
inuy, Yepuisyi, Yxpaina

? Byxosuncbkuti deporcasHutl meouunuil ynisepcumem, Qepuieyi, Vipaina

Binomo, 110 OKUCTIOBANEHMIT CTpeC y MOEAHAHHI 3 XPOHIYHUMU 3aMaJJbHUMU CTaHAMH € OCHOBOIO PO3BUTKY METa0O0NIYHHUX 3aXBOPIOBAHb.
Meroro nocnipkeHHs Oylo BUBYSHHS BILTHBY KapOaieramy sk Moaynatopa TAMK-perientopiB Ha maToreHeTHYHI MEXaHi3MH1 MeTa00JIIYHOTO
CHHJIPOMY 3 IaHHMHU MapKepiB OKCHIATHBHOTO CTPECY TillOKaMIIa IIypiB pi3Hoi cTari. EkcriepumenTn npoBoamii Ha HeNHIHHNX T1abopartop-
HHX OUTHX IIypax caMIsX i CaMHILIX, IKMM MOJETIOBAIN MeTabONuYHNI CHHAPOM, YTPUMYIOUH IIypiB Ha BUCOKOXKMPOBIH JTi€Ti, 30aradeHin
JKUPaMH 3 BUIBHUM JIOCTYIIOM JI0 po3urHy (pykro3u. Kapbaneram BBOAMIN BHYTPIIIHEOOYEPEBHHHO 103010 5 MI/KT (14 jHiB).

BucnoBku. Moxynsarop TAMK-penenTopiB kapbarieraM 3MEHIIye BMICT NMPOAYKTIB, IO PearyroTh i3 2-Tio6apOiTypoBOIO KHCIOTOIO,
1 POIYKTiB OKMCHIOBAJIBbHOI MofH(iKalii O1IKiB, AKi HATBEPAKEHO IiCTOXIMIYHIM METOOM; IiJBUILYE aKTUBHICTh ()EPMEHTIB aHTHOKCH-
JQHTHOTO 3aXUCTY B IYPiB Pi3HOI CTATTi i3 METa0ONIYHUM CHHIPOMOM.

Ktrouogi ciioBa: meraboniqnuii cuHApOM, KapOaneram, HepeKucHe OKHCHEHHS JIiAIB Ta OLIKIB.

© 0. M. Pryzhbylo, O. G. Kmet, I. S. Davydenko et al., 2025

CTarTs NOLMPIOETHCS HA YMOBAX JiLEH311 -.
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TEOPIA TA EKCIHEPHUMEHT

Introduction. Metabolic syndrome is characterized by a
number of several disorders that increase the risk of chronic
cardiovascular diseases of metabolic origin including
myocardial infarction, cerebral circulation disorders,
diseases of the peripheral vessels, insulin resistance and
type 2 diabetes mellitus.

According to the latest scientific data, occurrence of the
syndrome is closely associated with an increasing rate of
obesity and type 2 diabetes mellitus. Metabolic syndrome,
in particular, afflicts about 25% of the world population. The
rates are much higher in urban regions due to consumption
of high-calorie diet with a low content of nutrients as well
as decreased physical activity [1].

Many factors are known to influence metabolic
syndrome pathology. Meanwhile, certain scientific
evidence indicates that oxidative stress with chronic
inflammatory conditions is the base promoting development
of metabolic diseases [2, 3]. Imbalance between oxidants
and antioxidants, often in favor of oxidants, is a cause of
oxidative stress. In its turn, it causes disorders of redox
signal transmission and regulation, as well as molecular
and cellular damage [4, 5]. Therefore, imbalance between
pro-oxidant and antioxidant mechanisms is considered one
of the most important pathophysiological mechanisms of
chronic diseases. Available scientific evidences confirm the
hypothesis that oxidative stress may be considered an early
diagnostic sign in the metabolic syndrome mechanisms,
but not its consequence [6, 7]. Protein peroxide oxidation
products, in particular, are known to be an appropriate
index to determine oxidative stress in patients with the
above disorders [7].

The current scientific data present understanding of
neurochemical and neuromorphological bases of the
cerebral activity concerning relations between different
systems of neurotransmitters. It opens wide possibilities
for more specific and targeted treatment followed by less
amount of side effects. In particular, it is known about the
wide distribution of GABAergic receptors in the brain and
their physiological significance. It is GABAergic synapses
that affect the rate of glucose utilization, and in critical
cases this amino acid acts as an alternative substrate in
the tricarboxylic acid cycle [8]. And since carbacetam, as
a modulator of GABA receptors, which in our previous
studies has shown itself as a means of relieving anxiety
and improving memory processing, we were interested
in finding out its role in the processes of lipid and protein
peroxidation in metabolic syndrome in rats of different
breeds [9].

Objective of the research is to study the carbacetam
effect, as a GABA-receptor modulator, on pathogenic
mechanisms of metabolic syndrome according to the
oxidative stress markers of the hippocampus of different
gender rats.

Materials and methods. The research was conducted
on non-linear laboratory albino male and female rats
weighing 0.18-0.25 kg (6 groups of 7 males and 7 females
per group), kept under standard vivarium conditions with
a natural change of day and night. The group consisted of
rats of the same sex, so pregnancy in females was excluded.
The experiments were carried out keeping to the main prin-
ciples of the European Convention for the Protection of

10

Vertebrate Animals used for Experimental and other Sci-
entific Purposes (18.03.1986); the EU Directives No. 609
of 24.11.1986 and the Orders of the Ministry of Health of
Ukraine No. 690 of 23.09.2009, No. 944 of 14.12.2009,
No. 616 0f03.08.2012. In addition, they were confirmed by
the Board on Biomedical Ethics Bukovinian State Medical
University (Protocol No. 5 of 15.02.24).

To reproduce the metabolic syndrome model, the rats
were kept during 60 days on a high-fat diet enriched with
the addition of solid pork lard and free access to fructose
solution (100 g/L) [9]. The development of the syndrome
was confirmed by the fasting blood glucose concentration
in the blood serum higher than 7.0 mmol/L and positive
glucose tolerance test. The control group of rats was on the
standard diet and free access to water. After the syndrome
was confirmed, all the rats were divided into two groups
by the random sampling method. The group with meta-
bolic syndrome model including animals with metabolic
syndrome injected with carbacetam into the peritoneum
in the dose of 5 mg/kg during 14 days. The studied com-
pound is a derivative of B-carbolines, is characterized by a
rapid onset of action, an optimal range of therapeutic doses,
and belongs to the class of low-toxic compounds. Experi-
mental data from leading domestic scientists indicate the
pronounced nootropic and antihypoxant properties of car-
baracetam [10, 11]. The groups of comparison included the
control one and rats with the simulated pathology (7 rats
in each group) injected 0.9% NacCl solution into the peri-
toneum.

Euthanasia of rats was performed under chloroform.
The brain was immediately removed, placed on ice, and
thoroughly washed with chilled 0.9% NaCl solution. The
topographic boundaries of the hippocampus were deter-
mined using a stereotaxic atlas [12]. The cytoplasmic frac-
tion was isolated by means of differential centrifugation
of the hippocampus homogenates on the refrigerator cen-
trifuge: 700 g during 10 min followed by 1400 g during
10 min (4 °C).

Lipid peroxide oxidation intensity was assessed by
the content of products reacting with 2-thiobarbituric acid
active products (TBA AP) [13]. TBA AP amount was cal-
culated in umol per 1 gram of tissue. The content of protein
oxidation modification (POM) in homogenates was deter-
mined by spectrophotometric method with the wavelength
of 370 and 430 nm [14]. The scientific literature evidences
that protein oxidation results in aldehyde or keto deriva-
tives of a neutral or basic character possessing different
absorption spectrum ranges [15]. Neutral keto dinitro-
phenylhydrazines are determined with the wavelength of
370 nm. Basic aldehyde dinitrophenylhydrazines are reg-
istered with the wavelength of 430 nm respectively. POM
was presented in units per gram of tissue. The state of the
antioxidant defense system was estimated according to
the enzymatic activity SOD [EC 1.15.1.1] and catalase
[EC 1.11.1.6] [16].

Brain samples for histological examination were fixed
in 10% neutral formalin solution, and after standard histo-
logical processing, the tissue was embedded into paraffin.
Paraffin histological sections of cerebral cortex tissues 5 pm
thick were made with a sledge microtome MC-2. Quanti-
tative assessment of the state of proteins in histochemical
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samples stained with bromophenol blue according to Mikel
Calvo, was carried out by computer microspectrophotom-
etry based on R/B ratio [17].

To process the results of the research, the arithmetic
mean and its error were calculated. Differences in average
tendencies were checked by means of Student’s unpaired
test after positive testing of the sample for normal distribu-
tion in it, by the Shapiro-Wilk test [18].

Results and discussion. The research we have con-
ducted found that TBA AP content increased in the hippo-
campus of rats with metabolic syndrome of both genders
(Table 1). Thus, in comparison with the control group,
TBA AP content 85.4% (p < 0.05) and 82.3% (p < 0.05)
increased in males and females respectively.

Analyzing the scientific data of other scientists, we
can admit that the obtained results correspond to their
conclusions. TBA AP content increase, in particular, is
associated with the increase of highly reactive forms
of oxygen to polyunsaturated fatty acids. These are the
components of phospholipids of all the cellular membranes.
Therefore, this index can be used as a marker of neuron
membrane damage [19].

At the same time, protein peroxide oxidation pro-
cesses increased in rats with metabolic syndrome with dif-
ferent wavelengths. Thus, POM 370 content was 81.4%
(p < 0.05) higher than in males of the control group and
26.5% (p < 0.05) higher in females. POM 430 content was
35.8% (p < 0.05) higher in males and 53.5% (p < 0.05) —in
females. These parameters inform about intensification of
oxidation destruction of proteins, as important components
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of neuronal membranes, which disrupts their functional
activity [20].

Considering the increase in the activity of peroxidation
processes, we were interested in the state of antioxidant
protective enzymes. Based on the information that SOD and
catalase are among the launching enzymes of the antioxi-
dant defense system of the body, their activity in male and
female rats was studied first. They play an important role
in the intracellular protection against oxygen active forms,
maintain stable concentration of superoxide radicals on an
appropriate level under condition of normal metabolism,
and protect cellular structures against a harmful action of
oxygen and hydroxyl radicals [20].

In rats with metabolic syndrome in comparison with
the control group, SOD activity in males became 28.1%
(p < 0.05) lower, and 18.7% (p < 0.05) lower in females.
Catalase activity decreased on an average by 31.9%
(p < 0.05) in both groups of rats. Thus, the activity of anti-
oxidant protection enzymes decreases in rats with meta-
bolic syndrome, and changes are more marked in males.

After carbacetam administration TBA AP content
decreased by 28.2% (p < 0.05) and 12.1% (p < 0.05) in
males and females respectively. POM content decreased in
males and females as well. Thus, the content of neutral keto
dinitrophenylhydrazines on an average 16.9% (p < 0.05)
decreased, and basic aldehyde dinitrophenylhydrazines —
15.4% (p < 0.05) decreased.

At the same time, the activity of antioxidant protection
enzymes increased. Thus, SOD activity in males 44.4%
(p < 0.05) increased, and in females — 19.7% (p < 0.05).

Table 1

Carbacetam effect on free radical lipid and protein oxidation in different gender rats with metabolic syndrome
M+tm,n=7)

Males
Indi
ndices Control
TBA AP 41.097 + 1.508
mcmol/g of tissue
PQM, A= 370, 20.571 £1.703
units/g of tissue
PQM, A= .430, 19.429 + 0.541
units/g of tissue
~sép 0.327 £0.015
units/mg of protein
Catalase
memol H,O,/min mg of protein 175230 3847
Females
TBA AP 43.735 +2.002
mcmol/g of tissue
POM, % = 370, 31.457 + 1.362
units/g of tissue
POM, 1 = 430, 30.371 +0.585
units/g of tissue
~ sop 0.225+0.012
units/mg of protein
Catalase
mcmol H202/min mg of 145.193 £5.678
protein

Metabolic syndrome +

Metabolic syndrome carbacetam

76.187 £2.791* 54.686 + 1.995% **
37.314+1.081* 28.657 £ 0.824* **
26.386 £ 0.929* 22.971 £ 0.415% **
0.232 +0.006* 0.335+0.005**

118.611 £5.292* 158.717 £ 4.269* **

79.740 + 1.397* 70.107 £2.215% **

39.8 +1.028* 35.529 + 0.544* **
46.614 + 0.727* 38.357 £ 0.772% **

0.183 +0.010* 0.219 = 0.003**

99.403 + 7.288* 121.219 £ 4.257%* **

Notes: * — reliability of differences compared with the control group of rats;

** _ reliability of differences compared with the group of rats with metabolic syndrome.
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Catalase activity 33.8% (p < 0.05) increased in males and —
21.9% (p < 0.05) in females.

After we received and processed the data, we were inter-
ested in studying the quantitative assessment of proteins in
the hippocampus in the histochemical samples stained with
bromophenol blue according to Mikel Calvo. The R/B ratio
was the indicator of correlation between amino- and carboxyl
groups in the proteins of certain localization, that is, it was a
dimension for protein oxidation modification. Then arithmetic
mean and its error were calculated for the R/B ratio.

The following data were obtained on the base of our
research (Fig. 1A; 1B). In the control group of male rats
the R/B ratio in the neurons was 1.11 £+ 0.009, in females —
1.08 +0.006.

At the same time, in male rats with simulated metabolic
syndrome this indicator 45.9% (p < 0.05) increased, and in
females it 70.4% (p < 0.05) increased as compared to the
control group (Fig. 2A; 2B).

Analysis of the obtained data showed that carbacetam
administration during 14 days promoted decrease of the

indicator in comparison with the data obtained from rats
with modeled pathology (Fig. 3A; 3B).

Thus, the R/B ratio in the neurons of the hippocampus
of rats of both genders decreased on an average by 77.5%
(p < 0.05). Therefore, the data of histochemical examina-
tion of proteins in the hippocampus of rats confirm bio-
chemical changes in the neurons obtained in our studies.
That is, after metabolic syndrome modeling the amino
groups of proteins in the neurons of the hippocampus of
rats of both genders are damaged, especially in females.

A possible pathogenic mechanism of these changes is
that GABA as the main inhibiting neurotransmitter in the
central nervous system decreases glutamate excretion
due to induced depolarization and ischemia [21]. It is
not unthinkable that effect on GABA-receptors can pro-
mote neuron hyperpolarization through the anion chan-
nels (GABA A-receptors) and pre-synaptic receptors
bound with G-protein (GABA B-receptors) [22]. This
hyperpolarization counteracts depolarization, which is
an inductor in biochemical ischemic cascade. It should

Fig. 1. Hippocampus of rats from the control group: A — male, B — female. Bromophenol blue
staining of histological sections by Mikel Calvo. Obj. 40x Oc. 10x

Fig. 2. Hippocampus of rats with metabolic syndrome: A — male, B — female. Bromophenol
blue staining of histological sections by Mikel Calvo. Obj. 40x Oc. 10x

Fig. 3. Hippocampus of rats with metabolic syndrome after carbacetam administration: A — male,
B — female. Bromophenol blue staining of histological sections by Mikel Calvo. Obj. 40x Oc. 10x
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be kept in mind that due to activation of GABA-recep-
tors respiratory rate decreases, optimal glucose level is
maintained, acidosis decreases, and local blood circula-
tion improves [23].

Therefore, based on the obtained results we can sug-
gest that modulation of GABA-receptors promotes the
increase of the activity of antioxidant protection enzymes
and decreases the processes of lipid and protein peroxide
oxidation in the hippocampal neurons of rats with meta-
bolic syndrome. At the same time, with more pronounced
changes in females than in males. Such results may be
associated primarily with different hormonal backgrounds
in males and females. That is, it can be assumed that
females are more sensitive to metabolic disorders. At the
same time, we observe positive dynamics when modulat-
ing GABA receptors with carbacetam. However, further
studies are needed, such as studying the functional state
of mitochondria of hippocampal neurons, in order to sub-
stantiate approaches to the prevention and treatment of
negative consequences of metabolic disorders and the
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development of complex pathogenetic therapy of this
pathology.

Conclusions

1. Under conditions of simulated metabolic syndrome
in the hippocampus of male and female rats, the content
of lipid and protein peroxide oxidation products increases;
the activity of catalase and superoxide dismutase decreases
which indicates a weakening of the antioxidant system with
more pronounced changes in females.

2. Carbacetam administration during 14 days as a
modulator of GABA-receptors in rats with metabolic
syndrome decreases the content of products reacting with
2- thiobarbituric acid and the products of protein oxidation
modification, confirmed by histochemical method;
increases the activity of antioxidant protection enzymes.

3. The results obtained are indicative of a correcting
effect of carbacetam through modulation of GABA-
receptors of the hippocampal neurons on the markers of
oxidative stress in rats of different genders with metabolic
syndrome, with better results in males.

10.

11

12.
13.

14.

15.

16.
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Despite the existence of multiple trends toward chronic wounds treatment, certain misunderstandings regarding the regeneration of con-
nective tissue determine the need to address this problem.

The aim of the study was to determine the features of post-traumatic regeneration in experimental conditions of collagen hydrolysate
complex applying.

Materials and methods. In the rats of the main group (13 (43.3%)), hydrolyzate of collagen was applied to the treatment process, in the
comparison group (17 (56.7%)), the regeneration processes took place without additional influence.

Results. Significant differences in the formation of the microcirculatory system began to be observed from the 7th day. The differences in
capillary density were statistically significant. The same situation in the density of newly formed capillaries on the 14" day of the experiment
was detected. In addition, on the 28th day after the injury, the main group of animals demonstrated more expressed collagen formation and
more mature connective tissue development. In contrast, the comparison group of animals showed developing granulation tissue with slower
maturation and a significantly higher presence of residual inflammatory infiltrate. Newly formed nerve trunks were predominantly observed
in the group of animals treated with collagen.

Conclusions. The effectiveness of collagen hydrolyzate to improve post-traumatic regeneration processes was demonstrated in an exper-
imental model of induced wound process.

Keywords: rats, wound, regeneration, collagen, wound treatment.
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VY urypiB OCHOBHOI IpyIU B JIKYBaJIbHHH TIpOLeC OyJI0 3aJIy4eHO TiIpoIi3ar KoJlareHy, B IpyIi MOPIBHSHHS MPOLIECH
pereneparii BiOyBaiucsi 6e3 101aTKOBOTO BILIMBY. JlOCTOBIpHI BiIMIHHOCTI y ()OPMYBaHHI CyAWHHOTO MiKPOIIMPKYJIs-
TOPHOTO pycJia IoYaiii crocrepiraru i3 7-1 qobu criocrepexeHHs. TakoX y IIypiB OCHOBHOI I'pYIH BigMi4eHO OLIBII
PaHHE 3aKPUTTS HOBOYTBOPEHHX CYAMH, IIBHUJIIIE JO3PIBAHHS CHOIyYHOI TKAHUHHU 3 (pOpMyBaHHSIM OUIBII BITOPSIIKOBA-
HOTO KOJIareHOBOTO KapKacy. 3acBil4eHO e()eKTUBHICTh 3aCTOCYBAHHS TiJpOi3aTy KOJareHy 3 METOO MOJIMIIEHHS Mpo-
LEeCiB MiCIATPaBMAaTHYHOI pereHepanii Ha MoJelli CIPHYUHEHOTO PAaHOBOTO MPOLECY B €KCIICPUMEHTI.

Korouosi ci1oBa: niypu, pana, pereHeparisi, KojiareH, JJiKyBaHHS paH.

Introduction. The problem of wound healing of vari-
ous etiologies in surgical patients is one of the most com-
mon and debatable issues, considering its medical, social,
and economic aspects [1; 2]. The various approaches to
surgical wound treatment differ in their diversity and con-
sistently have both supporters and opponents regarding the

© P. T. Muraviov, M. H. Bezpalko, D. M. Davydov et al., 2025
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components of medicinal and surgical treatment [1-5]. In
recent years, there have been research results on the effect
of collagen hydrolysate on fibroblast proliferation, restora-
tion of tissue basophil count, organization and maturation
of collagen fibers, leading to the formation of dense con-
nective tissue [6]. Other methods aimed at accelerating the
healing of soft tissue wounds also deserve attention, includ-
ing the use of biologically active substances, sorbents, nan-
oparticles, metal ions, homeopathic remedies, hyperbaric
oxygen therapy, ozone therapy, laser therapy, and VAC
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therapy [1-3; 7]. Certain attention is given to a wide range
of such methods aimed at the wound surface debridement,
as biological, physicochemical, and mechanical [7-9; 10].
However, certain misunderstandings regarding the regener-
ation of connective tissue in focus of today’s realities, con-
cerning mine-explosive and gunshot wounds, determine
the necessity of this problem solving [11; 12].

The aim of the study was to determine the features of
post-traumatic regeneration in experimental conditions of
collagen hydrolysate complex applying.

Materials and methods. The study of the wound heal-
ing process involved 30 one-year-old Wistar rats weighing
250-300 grams without signs of chronic or acute diseases.
During the experiment, the animals underwent a 10-day
quarantine period and were kept in standard vivarium
conditions on a full-fledged diet with free access to water.
Animal preparation, all interventions, anesthetics, and
withdrawal from the experiment were carried out in full
compliance with the requirements of the Guidelines of the
State Pharmacological Center of the Ministry of Health of
Ukraine (Kyiv, 2001), as well as the GLP rules provided
by the European Commission for the supervision of labo-
ratory and other studies, by Code of Scientist of Ukraine.
The injuries were inflicted in the laboratory, using a Voltran
Ekol ES55 pneumatic gun that simulated a gunshot wound.
The animals were fixed on a wooden board. The target site
of the injury was the hind limbs, the bullet caused dam-
age to the skin, subcutaneous fat, and muscles with minor
blood loss, without bone damage. The entrance hole size
was (0.3 £ 0.5) mm, the wound edges were relatively even
with the surrounding tissue. The length of the wound chan-
nel was up to 1 cm. No animals died during the experiment.

The animals were divided into two groups: the main
group (13 (43.3%) rats), which received collagen hydro-
lysate, and the comparison group (17 (56.7%) rats), in
which post-traumatic tissue regeneration occurred without
additional treatment. Wound healing was assessed visually
and by cytological material collecting (smear marks) from
the wound surface. The research methods were macro-
scopic, pathohistological (study of structural changes in tis-
sues and cells, histological features of damage and regen-
eration in the injured zone), morphometric (study of the

microcirculatory bed), and immunohistochemical (deter-
mination of the cellular composition of the tissue regen-
eration zones and verification of the vascular bed). The
results were processed using variational statistical methods
of analysis using Microsoft Office Excel 2016 software.
Statistical processing of the experimental study results was
carried out by the methods of variation analysis using the
Student's test. The difference was considered statistically
significant at p < 0.01

Results and Discussion. It was found that on the 7" day
after the injury, capillaries with predominantly vertical
growth relative to the wound lumen were forming in the
edges of the wound channel (Fig. 1). Moreover, the number
of capillaries in the walls of the wound channel was greater
compared to the derma around the inlet. In some of the cap-
illaries stasis were detected.

Besides the qualitative method of the vascular bed
verifying in the edges of the experimental wounds in the
rats' limbs, a quantitative assessment of the newly formed
microcirculatory bed was carried out. The morphometric
study of the average diameter of the newly formed vessels
and capillary density provided the following results
(Table 1).

The dynamics of the vascular bed changes in the edges
of the wounds in the experimental animal groups were
monitored until the 14" day of the experiment. It allowed to
fix a substantial number of vessels in the microcirculatory
bed, both in the newly formed granulation tissue (Fig. 2)
and in the inlet zone tissues (Fig. 3) in both groups.
Capillaries with no particular orientation relative to the
course of the wound or the skin surface were predominant,
and there were no signs of stasis or thrombosis in the
capillary lumen.

To objectify the study of the microcirculatory bed
features, a morphometric analysis was performed. The
averagediameter of vessels fromthe zone ofneoangiogenesis
and the density of newly formed capillaries were assessed
(Table 2).

After 14 days, in the rats of the main group treated
with collagen hydrolysate, the amount of purulent-necrotic
exudate on the wound surface significantly reduced, and
the consistence of the exudate also changed. It consisted

Fig. 1. Vessel density and diameter in the edges of the wounds in rats from the main group (A)
and the comparison group (B) on the 7" day of the experiment. IHC reaction with CD34,
H&E stain, magnification 100x
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Table 1
The rats’ limbs wounds wall microcirculatory bed features
Grou The average diameter The capillary density,
p of the newly formed vessels, pm %
The Main group (n = 13) 154+2.1 18.7 £ 1.2%
The comparison group (n = 17) 12.1+£24 14.6 £ 1.4*
Note: * — Differences are statistically significant (p < 0.001).
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Fig. 2. Location and course of vessels in the wound wall of rats from the main group (A)
and the comparison group (B) on the 14™ day of the experiment. IHC reaction with CD34,
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Fig. 3. Capillaries in the inlet zone derma of rats from the main group (A) and the
comparison group (B) on the 14™ day of the experiment. IHC reaction with CD34,
magnification 100x
Table 2
The rat’s wound’s wall vascular bed features on the 14™ day after injury
Grou The average diameter The capillary density,
P of the newly formed vessels, pm %
The Main group, (n = 13) 13.1+1.1 10.5 £ 1.1*
The Comparison group, (n = 17) 120+ 1.4 8.2+0.9%

Note: * — Differences are statistically significant (p < 0.001).

of fibrin and a mixture of keratinocytes, with remnants of
inflammatory cells appearing as nuclear fragments, resem-
bling grains and dust. At the same time, there were clear
signs of epidermization at the edges of the wounds, both
due to the regeneration of basal cell groups of the squa-

mous epithelium (Fig. 4, A) and through migration from
the lateral preserved areas of the epidermis (Fig. 4, B). The
newly formed multilayered squamous epithelium showed
signs of dyskeratosis (uneven hyperkeratosis, parakerato-
sis) and consisted of 8§—14 cell layers.
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Fig. 4. Edges of the wound inlet in rats from the comparison group, 14th day of the experiment,
proliferation of basal cells and formation of the growth zone (A), formation of a new layer
of covering multilayered squamous epithelium (B), H&E stain, magnification 100x

The epidermis showed not only signs of dyskeratosis
but also shedding of the surface layers (at the level of the
granular layer). In the thickness of the epidermis, diffuse,
mildly expressed inflammatory infiltration by granulocytes
was detected. Distinct inflammation at the level of the
dermal papillary layer had a striped pattern, and expressed
edema of the derma with collagen fibers separation was
also observed. It is important to note that the dermal edema
was significantly more expressed than the inflammation.

The skin appendages were represented by hair follicles
with uneven regenerative changes, including an expanded
proliferation zone involving from 1/3 to 1/2 of the epithelial
layer thickness of the hair follicle, with the formation of
thin hair shafts and the appearance of several hair shafts
within a single follicle.

In the comparison group changes were also documented
in the exudate on the surface of wound inlet, where protein
masses and fragments of hair shafts predominated, and
cellular elements showed signs of breakdown and lysis.
Around the wound, there was a reduction of epidermal
layers number, with signs of excessive keratinization
(Fig. 5). In the epidermis, the number of layers ranged from
6 to 10, but skin appendages showed no particular features.

In both experimental groups, distinct dermal edema with
separation of collagen fibers was observed, though it was
somewhat more expressed in the comparison group.

In the walls of the wound inlet in both groups, the
inflammatory infiltrate had a lower density, but it was
an uneven mixed-cellular inflammation. Regarding the
vessels, capillaries, arterioles, and venules predominated,
vascular dystonia in the microcirculatory bed, accompanied
by venule dilation was also detected.

The partial adipocytes necrosis without a distinct
cellular reaction, along with uneven, expressed edema of
the intercellular substance in the wound inlet edges was
also observed (Fig. 6).

Skin appendages were characterized by an increased
growth zone in the hair follicles and the formation of hair
shafts with a thinned hair matrix and its uneven density.
Sebaceous glands were located in the peripheral zone of the
wound, single in number, without signs of hyperfunction.

Collagen fibers in the derma of both experimental groups
showed signs of predominantly horizontal orientation
relative to the skin surface, partially circular around the
skin appendages, and had a disordered structure in close
proximity to the wound surface (Fig. 7).

Fig. 5. Keratin scales (blue arrows) on the surface of the epidermis and expressed dermal edema
(red arrows) in the edges of the wound in the control group rats, H&E stain, magnification 100x
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Fig. 6. Wall of the wound channel in the comparison group rat (A) and the main group rat (B),
showing expressed edema of the intercellular matrix (blue arrow), focus of adipocyte necrosis
(red arrow), H&E stain, magnification 100x

Fig. 7. Arrangement and orientation of collagen fibers in the edges of the wound inlet
in the main group (A) and the comparison group (B), Van Hyson stain, magnification 100x

Upon detailed examination of the wound channel, it was
evident that the formation of collagen fibers in the animals
of the main group occurred through the development of
finer fibers with a more organized alignment, showing
signs of thickening at the peripheral part of the wound.
In the comparison group of animals, collagen fibers were
thicker, with a chaotic arrangement, forming thick bands
and strips (Fig. 8). Additionally, the formation of a thin
collagen capsule around the preserved muscle fibers was
observed.

Newly formed nerve trunks were predominantly
observed in the group of animals treated with collagen
(Fig. 8 (A), arrows), with small-diameter nerve trunks
being more common and located primarily next to the
newly formed vessels.

It should be emphasized that edema of the intercellular
matrix was predominantly observed in the superficial edges
of the wounds, in the inlet zone derma of both groups of
animals.

On the 28" day of the experiment, the wound inlet
was completely closed with a pink scar, without scabbing,
and surrounding tissues showed no signs of inflammation.
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The peripheral part of the scar was whitish-pink, and
microscopically, it was composed of connective tissue
(Fig. 9), equally developed in both groups. Among the
connective tissue fibers, fibrocytes and isolated histiocytes
were present. The wound surface showed signs of
epidermization, with a covering squamous epithelium and
foci of local hyperkeratosis. The epidermal layers peeled
off quite easily from the underlying tissues. The number of
cell layers in the epidermis ranged from 4 to 6.

The formed connective tissue in the peripheral part of
the scar became denser, with a small number of capillaries.
In the edges of the fibrous tissue, skin appendages were
observed.

To verify the degree of maturation of the connective
tissue, we applied Van Hyson staining. It was found that in
the group of rats treated with collagen, mature connective
tissue had formed with wide bands of collagen fibers
(Fig. 10, A), which exhibited an organized and oriented
structure relative to the wound and had a high density of
arrangement. In the comparison group of animals, dense
connective tissue was also formed with collagen fibers,
but they were thinner, and no clear orientation of the fiber
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Fig. 8. Peripheral part of the wound in rats from the main group (A) and the comparison
group (B), 14™ day of the experiment, Van Hyson stain, magnification 100x

Fig. 9. The surface of the wound in rats (A — the main group, B — the comparison group)
on the 28" day of the experiment, formed connective tissue (green arrow), signs
of desquamation of the regenerated squamous epithelium (red arrow), Van Hyson stain,
magnification 100x

Fig. 10. Formation of collagen fibers (red arrow) in the scar of the injured limb tissue
of rats on the 28™ day of the experiment (A — the main group, B — the comparison
group), foreign material and hair fragments in the scar (green arrow), Van Hyson stain,
magnification 100x

alignment was observed. It should also be noted that in both  tissue was observed beneath the epidermis, with a large
groups, the formed connective tissue contained fragments number of organized collagen fibers and isolated cells
of foreign bodies and damaged hair. (histiocytes, single macrophages). In the group without

Upon detailed examination of the scar wall in animals collagen treatment, the scar on the skin was also formed,
from the main group, the formation of mature connective but there were fewer collagen fibers, which predominantly
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had a disordered alignment. A significant portion of vessels
of varying calibers was also noted.

In the deep layers of the wounds in rats from both
groups, a noticeable mixed-cell inflammatory infiltrate
(Ilymphocytes, macrophages, histiocytes, plasma cells)
was still present, without the presence of neutrophilic
granulocytes. On both sides of the zones with inflammatory
infiltrates, the formation of collagen fibers was fixed, being
thinner in the center of the scar and thicker in the peripheral
part (Fig. 11). Additionally, among the formed connective
tissue, there were traces of foreign bodies and fragments of
damaged hair.

It is evident that there was more expressed collagen
formation in the animals of the main group, with more
mature connective tissue observed there. In contrast, in the
comparison group of animals, a developing granulation
tissue was observed with slower maturation, and there was
significantly more residual inflammatory infiltrate.

The study of the vascular bed was also conducted
both qualitatively — wusing an immunohistochemical
(IHC) reaction with monoclonal antibody CD34, and
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quantitatively — through morphometric analysis, counting
the density of capillaries and the average diameter of newly
formed vessels.

It was found that in the area of the formed scar in the
wound site, there were vessels of varying calibers, with a
significantly smaller proportion of capillaries. They were
distributed evenly in the adipose tissue and were almost
absent in the areas of collagen fiber deposition in both
animal groups (Fig. 12).

Conclusions

1. It was shown that the wound healing process in
animals from both groups was characterized by expressed
inflammation, with a predominance of neutrophilic
granulocytes in the initial phase of healing. This was
followed by the formation of granulation tissue and
subsequent development of scar tissue, with the formation
of collagen fibers and closure of most of the newly formed
blood vessels.

2. The use of collagen hydrolysate led to a faster
maturation of connective tissue, with the formation of a
more organized collagen framework, significantly more
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Fig. 11. Deep layer of the wound in rats on the 28th day after the injury (A — the main
group, B — the comparison group): focus of inflammation surrounded by collagen
fibers (blue arrow); mixed-cell inflammatory infiltrate (red arrow), Van Hyson stain,
magnification 100x

L
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Fig. 12. Vascular bed in the scar tissue of experimental animals from the main group (A)
and the comparison group (B), 28th day of the experiment. IHC reaction with CD34,
Van Hyson stain, magnification 100x
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Table 3
The rat’s wound’s wall vascular bed features on the 28" day after injury

Group The average diameter of the newly formed The capillary density, %
vessels, pm
The Main group (n = 13) 12.0+0.6 5.2+0.6*
The Comparison group (n = 17) 11.0+0.5 8.1+£0.7*

Note: * — Differences are statistically significant (p < 0.001).

expressed formation of the vascular microcirculatory 3. Thehighlighted pathohistological and morphometric
network, and, as a result, more efficient wound cleaning. changes indicate the effectiveness of using collagen
There was also earlier closure of newly formed vessels hydrolysate improving post-traumatic regeneration
through the formation of mature connective tissue and the processes in the experimental model of a wound-induced

development of a high-quality and strong scar. process.
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Introduction. Despite significant scientific interest in connective tissue, the effects of radiation on its components remain insufficiently
studied. Existing research primarily focuses on the effects of ionizing radiation at radiotherapeutic doses, while only a limited number of
studies address changes in the connective tissue matrix under radiation exposure.

Materials and methods. An experimental study was conducted on 40 sexually mature rats exposed to radiation doses of 1.0, 3.0, and 5.82
Gy to determine the role of vitamin C and hydroxyproline in the development of connective tissue disorders following exposure to different
doses of ionizing radiation.

Results. It was established that total y-irradiation leads to a dose-dependent decrease in ascorbic acid levels, which in turn disrupts the
hydroxylation of proline to hydroxyproline.

Conclusions. The impairment of hydroxylation processes with increasing radiation doses results in disturbances in the post-translational
modification of collagen. This is accompanied by a decrease in total and protein-bound hydroxyproline levels, indicating a predominance
of collagen degradation over biosynthetic processes, an increase in free hydroxyproline, reflecting collagen degradation processes, a rise in
peptide-bound hydroxyproline, suggesting incomplete collagen breakdown and an inability to be reutilized in secondary synthesis.

Keywords: total gamma irradiation, connective tissue, ascorbic acid, fractions of hydroxyproline.
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BITAMIH C TA OKCHIIPOJIH JSK MAPKEPHA
EKCTPAIEJIOJIAPHOMY MATPUKCI

O0ecvkuti HayioHanbHull meouynuil ynigepcumem, Qoeca, Ykpaina

B excriepuMeHTaTEHOMY NOCIIKEHH] Ha CTaTEBO3PLIHX IIypax, onpoMiHeHuX no3amu 1,0, 3,0 ta 5,82 ['p, Gyno BU3HAYEHO pOITb BiTaMi-
Hy C (ackopOiHOBOI KHCIIOTH) Ta OKCUIIPONIHY y (OPMYBaHHI MOPYIIEHb CIIONYYHOI TKAHUHHU y TBAPHH MiCJIS ONPOMiHEHHS PiI3HUMHU T03aMU
10HI3yIOYOTO BHIIPOMiHIOBaHHS. BCTaHOBIEHO, 110 TOTANIBHE Y-OIIPOMIHEHHS IPH3BOAKTD JI0 J0303aJIE)KHOTO 3HIKEHHS BMICTY acKOpOiHOBOT
KHUCJIOTH, 1[0 00YMOBIIOE MOPYIIEHHS MPOIIECIB TiIPOKCIIIIOBAHHS MPOJIHY 10 OKcHIpouiny. [lociabneHHs mponeciB rigpoKCIITIOBaHHS i3
3pPOCTaHHAM JI03H OTIPOMIHEHHS TBApHH NPU3BOAUTE A0 MOPYIIEHHS NOCTPaHCIALiHHOT Moaudikarii KonareHy i 10 3MEHIIEHHS PiBHS 3arallb-
HOTO Ta O1JIKOBO3B’5I3aHOTO OKCHIIPOJIHY, 1[0 CBITYUTH IIPO MepeBary po3naay KoJlareHy Haj IpolecaMu 0i0CHHTE3Y, MiABUILEHHSM BIIbHO-
T'0 OKCHIIPOJIiHY, 110 BifoOpakae MpolecH Aerpajalii KojareHy Ta HenTHIHO3B I3aHOT0 OKCHIIPOIIHY, 110 CBIIYMTH PO HEMOBHUHA PO3Maj
KoJlareHy i HeMOXJIMBICTb HOTO 3aTy4eHHS y BTOPHHHUM CHHTE3.

KurouoBi c10Ba: ToTaNbHE Y-OMPOMIHEHHS, CIONYYHA TKAHHHA, aCKOPOIHOBA KUCIIOTa, (PPAaKIIii OKCHIPOIIIHY.

PAMIAIIITHO-THAYKOBAHUX 3MIH V

Introduction. Connective tissue, despite the appar-
ent simplicity of its structure — predominantly consisting
of specific amino acids and mechanisms of their hydrox-
ylation — is characterized by a significant diversity in the
extracellular matrix, collagenous, and elastic fibers. It is
important to note that certain types of these structures are
genetically determined, whereas others are formed under
the influence of epigenetic factors. This underscores the
complexity and multifaceted organization of connective
tissue at both the molecular and cellular levels [1, 2].
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CrarTs MOMMPIOETHCS HA YMOBAX JIIICH31T -'

The extracellular matrix of connective tissue is primar-
ily composed of collagen proteins, represented by 20 dif-
ferent types. Some of these are true collagens, while others
contain only collagen-like domains. Vitamin C (ascorbic
acid) plays a crucial role in the post-translational formation
of mature collagen structure; its deficiency impairs col-
lagen synthesis, resulting in less stable and mechanically
weaker collagen [3, 4].

Collagen is the only protein that contains hydroxypro-
line — a specific amino acid [5] which serves as a biomarker
for collagen metabolism in the body [6]. Hydroxypro-
line levels are measured in biological substrates to assess
the state of collagen metabolism. In diseases associated
with connective tissue damage, an increased excretion of
hydroxyproline is observed, which is due to active collagen
degradation. This makes hydroxyproline a valuable indica-
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tor for diagnosing and monitoring pathological processes
that affect connective tissue [7, 8].

Despite considerable scientific interest in connec-
tive tissue [9], the impact of radiation on its components
remains insufficiently studied. Existing research mainly
focuses on the effects of ionizing radiation in therapeutic
doses, with only a few studies addressing changes in the
connective tissue matrix under radiation exposure. This
complicates the formation of a comprehensive understand-
ing of the patterns of radiation response in connective tis-
sue and highlights the need for further in-depth investiga-
tion, particularly to elucidate the mechanisms of damage
and possible means of correction [10-11].

Objective. To investigate the changes in ascorbic acid
and hydroxyproline levels in the blood and urine of animals
following exposure to varying doses of ionizing radiation.

Materials and Methods. The study was conducted on
40 sexually mature male Wistar rats weighing 180-220 g,
maintained on a standard vivarium diet. For the experi-
ment, the animals were subjected to total-body single-dose
gamma irradiation using Co® in special organic glass cham-
bers, performed in the morning on an empty stomach using
the “Agat” teletherapy unit. The distance to the absorp-
tion source was 75 cm, with a dose rate of 0.54 Gy/min.
The absorbed doses administered were: 1.0 Gy (Group 1),
3.0 Gy (Group II), and 5.82 Gy (Group III), with 10 ani-
mals irradiated in each group. A control group consisted of
10 intact (non-irradiated) animals.

Animal housing, handling, and experimental proce-
dures were carried out in accordance with the “General
Ethical Principles for Animal Experiments” adopted by
the Fifth National Congress on Bioethics (Kyiv, 2013), the
recommendations of the European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1985), the guide-
lines of the State Expert Center of the Ministry of Health of
Ukraine “Preclinical Drug Studies” (2001), and the regula-
tions on humane treatment of laboratory animals approved
by the Bioethics Committee of Odesa National Medical
University (Protocol No. 32D dated 17.03.2016).

The animals’ biostatus was assessed based on changes
in locomotor activity, feeding behavior, grooming reflex,
condition of the coat, mucous membranes, and gastrointes-
tinal function.

To determine the levels of ascorbic acid and hydroxy-
proline (HP) fractions in blood serum, blood samples were
collected from the tail vein, and urine was collected using
metabolic cages 24 hours after irradiation [12].

Ascorbic acid content was measured colorimetrically
using 2,4-dinitrophenylhydrazine: in blood serum (umol/L)
and in urine (nmol/day) [13].

Connective tissue metabolism was assessed by deter-
mining the content of total hydroxyproline (THP), free
hydroxyproline (FHP), peptide-bound hydroxyproline
(PHP), and protein-bound hydroxyproline (PBHP). The
method is based on measuring the optical density of the
red chromogen formed by the oxidation of hydroxyproline
molecules with chloramine B and the condensation of the
oxidation products with p-dimethylaminobenzaldehyde.
Reagents of analytical grade (chemically pure and for ana-
lytical use) were employed [14]. Calibration solutions of
hydroxyproline were prepared using Pierce reagents (The
Netherlands).

The obtained data were subjected to statistical analysis
using the Student’s #-test and chi-squared (y?) test, as well
as relevant statistical software. Statistical significance was
accepted at p < 0.05.

Results and Discussion. The results of the study dem-
onstrated that the concentration of ascorbic acid in the
blood serum of animals in Group I (dose of 1.0 Gy) was
68.6 umol/L, compared to 54.8 umol/L in the control group
(Table 1). These data indicate a non-significant increase in
ascorbic acid concentration by 25.2%. Additionally, uri-
nary excretion of ascorbic acid in Group I animals slightly
exceeded that of the control group by 27.62%.

In the blood serum of animals in Group II (dose of
3.0 Gy), the ascorbic acid content significantly decreased
by approximately 1.4 times compared to intact animals,
accompanied by a 19.5% reduction in urinary excretion,
which was not statistically significant relative to the control.
Exposure of rats in Group III (dose of 5.82 Gy) resulted in
the most pronounced changes in ascorbic acid concentra-
tion, with the lowest serum level observed — more than
2.3 times lower — alongside a significant decrease in uri-
nary excretion by 34.2% compared to intact animals. Con-
sidering that urinary excretion of ascorbic acid decreased
with increasing radiation dose (Groups II and III), it can
be inferred that irradiated animals either exhibit reduced
endogenous synthesis of this metabolite or impaired
absorption of ascorbic acid in the gastrointestinal tract.
Consequently, it can be assumed that the post-translational
hydroxylation of proline in collagen synthesis is weakened.
The reduction in ascorbic acid levels was associated with
changes in the content of individual hydroxyproline frac-
tions in the experimental animals, depending on the radia-
tion dose (Table 2).

Table 1
Ascorbic acid content in biological fluids of experimental animals 24 hours after irradiation
Ascorbic Acid
Animal groups (n=40) blood serum, urine,
pmol/L nmol/day
Control group 54.8+4.2 1448 £12.8
I group 68.6+5.2 184.8 £13.6
11 group 39.5 +3.5% 116.7+11.8
III group 23.8 £2.4* 95.4+10.1*

Note:

* — p <0.05 denotes a statistically significant difference in the studied parameters compared to those in the intact control group.
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Serum collagen metabolic indicators 24 hours after irradiation

Table 2

Animal Total Free Peptide-bound Protein-bound Peptide-bound /
groups hydroxyproline hydroxyproline hydroxyproline hydroxyproline |free hydroxyproline
(n =40) (THP), pmol/LL (FHP), pmol/L (PHP), pmol/L (PBHP), pmol/L (PHP/FHP)
Control group 119.6 £5.82 11.8+0.31* 8.9+0.22* 98.9 + 3.02* 0.75+0.03
I group 130.1 + 6.38 13.6 £ 0.54%* 11.2+0.53** 105.3 £4.82 0.79 + 0.06*
1I group 119.4 £ 5.81 16.2+0.52%* 24.6+1.24%* 78.6£2.43%* 1.52 £0.12%*
11 group 111.94+5.23 16.8 £ 1.32%* 31.7 + 1.68** 63.2 + 1.96** 1.89 £ 0.14%*
Note:

* —p < 0.05 denotes a statistically significant difference in the studied parameters compared to those in the intact control group.

** — p < 0.05 — statistically significant differences in the studied parameters compared to the total hydroxyproline levels in intact

animals.

It should be noted that the hydroxyproline content in
the blood mainly reflects the metabolism of bone collagen
[15]. Our study found that the total hydroxyproline content
in intact animals significantly exceeded the level of pro-
tein-bound hydroxyproline by 21%, and was more than 10
times higher than that of free hydroxyproline. Meanwhile,
the ratio of peptide-bound to free hydroxyproline was sig-
nificantly lower, reaching 0.75.

After exposure to a dose of 1.0 Gy, a slight increase
in all hydroxyproline fractions was observed, along with a
slight rise in the ratio of peptide-bound to free hydroxypro-
line compared to control animals.

In Group II animals, the level of total hydroxyproline
did not differ significantly from that of intact rats. However,
a redistribution of values among the hydroxyproline frac-
tions occurred. The content of protein-bound hydroxypro-
line was more than 20% lower than in the control animals,
while free hydroxyproline increased sharply, exceeding the
control value by 37%. The level of peptide-bound hydroxy-
proline increased nearly 2.8-fold. Notably, the ratio of pep-
tide-bound to free hydroxyproline changed significantly —
doubling compared to the control. This increase in the ratio
was mainly due to the sharp rise in peptide-bound hydroxy-
proline, more than 2.7 times higher than in intact animals.
The low level of protein-bound and high level of peptide-
bound hydroxyproline indicate a predominance of collagen
degradation over biosynthesis.

The most significant changes in hydroxyproline frac-
tions were observed in Group III animals compared to the
control group. A sharp increase in peptide-bound hydroxy-
proline (more than 3.5 times) was recorded, reflecting the
degree of collagen breakdown. At the same time, the free
hydroxyproline level increased by more than 1.4 times.
Since the free hydroxyproline content in blood serum
reflects collagen degradation processes [16], its elevation
indicates the dominance of collagen fiber degradation.

A significant decrease in protein-bound hydroxyproline
compared to control (by nearly 1.6 times) was observed
against a background of an insignificant reduction in total

hydroxyproline (by only 6.5%). The reduction in protein-
bound hydroxyproline suggests impaired collagen biosyn-
thesis.

A striking finding was the sharp increase in the ratio of
protein-bound to free hydroxyproline, which rose 2.5 times
compared to intact animals.

The detected changes in hydroxyproline fractions under
different doses of ionizing radiation reflect damage to the
extracellular matrix. It has been shown that increased lev-
els of peptide-bound hydroxyproline in blood serum serve
as a marker of incomplete collagen degradation, making it
unavailable for reuse in collagen resynthesis [17].

An elevated concentration of peptide-bound hydroxy-
proline may indicate disruption of homeostasis at various
regulatory levels, particularly in intercellular interactions.
This, in turn, leads to impaired dynamics of reparative
regeneration, rendering the process maladaptive and result-
ing in changes to collagen ultrastructure.

All of the above contributes to the disruption of bio-
polymer degradation, which is directly involved in connec-
tive tissue formation.

Thus, total y-irradiation leads to a reduction in ascorbic
acid content, which impairs the hydroxylation of proline to
hydroxyproline. As radiation dose increases, the weaken-
ing of hydroxylation processes leads to depletion of col-
lagen synthesis reserves and is accompanied by an insig-
nificant decrease in total hydroxyproline levels alongside
a significant decrease in protein-bound hydroxyproline in
Groups II and III. This indicates a predominance of col-
lagen breakdown over biosynthesis, an increase in free
hydroxyproline reflecting collagen degradation processes,
and an increase in peptide-bound hydroxyproline indicat-
ing incomplete collagen breakdown and its unavailability
for secondary synthesis.

Hence, this dynamic of collagen metabolite changes
reflects the development of structural, metabolic, and
functional disturbances in connective tissue, the inten-
sity of which correlates with the degree of collagen deg-
radation.
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The purpose of the study is to evaluate the features of velocymetric hemodynamics in perinodular tissues in uterine fibroids, depending
on the size of the node and the presence of degenerative changes.

Material and methods. The research was carried out in 20202023 at the clinical units of Odesa National Medical University (Odesa,
Ukraine). A clinical, instrumental, and laboratory study was conducted in 275 women of reproductive age with verified uterine fibroids.

Results. The average volume of the dominant leiomyoma node was (84.2 +0.1) cm? (corresponding to the range of (21.5-328.0) cm?). The
dominant fibroid node was vascular in 226 (82.2%) patients and nonvascular in 49 (17.8%) patients. 138 (50.2%) vascular dominant myoma
nodules showed only peripheral (perifibroid) vascularity, whereas 62 (44.3%) showed both peripheral and central (intrafibroid) vascularity.
The average linear velocity of blood flow in the uterine arteries was (39.6 + 0.4) cm/s with the resistance index of 0.8+0.04 and the pulsatility
index of 1.4 + 0.05.

Conclusions:

1. The average velocity of blood flow in the largest myomatous node does not exceed (15.6 + 0.8) cm/s with the resistance index of
0.7 £ 0.03 and the pulsatility index of 1.2 + 0.09, which can be explained by a tendency to hypovascularization.

2. The main type of angioarchitectonics of myomatous nodes are nodes with peripheral vascularization, that is, with vessels that surround
the myomatous node on its periphery. The angioarchitectonics of fibroids depends on the size of the nodes, their localization, the presence of
changes in the adjacent endometrium.

3. Dominant nodes with both perifibroid and intrafibroid vascularity have a significantly larger (p = 0.004) average volume (225.5 + 12.2)
cm?® than nodes with only perifibroid vascularity (average volume = 157.2 £ 9.5 cm®) or avascular nodes (up to 50 cm®).

4. The degree of vascularization significantly increased with the increase in the volume of the dominant myomatous node (r = 0.75;
p <0.05).

Keywords: uterine fibroids, angioarchitectonics, vascularization, dopplerography, diagnosis.
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POJIb JOMIIJIEPOMETPIi B OITHIII TOKAJBHOI TEMOINHAMIKH Y XBOPUX HA MIOMY MATKH

Ooecvruii Hayionanshull meouynutl yrisepcumem, Odeca, Ykpaina

Merta focniKeHHS — OLIHUTH 0COOIMBOCT] BEIOCHMETPUYHOI TEMOANHAMIKH B IEPUHOAYISIPHUX TKAHMHAX 32 MiIOMH MATKH 3aJI€KHO Bifl
po3Mipy By3na Ta HasIBHOCTI IETeHEPATHBHUX 3MiH.

[MokazaHo, mo cepenHs MBUAKICTH KPOBOTOKY B HAHOIMBIIOMY MioMaTo3HOMY By3Ii He mepesuinye (15,6 + 0,8) cm/c 3a iHgekcy peswc-
tentHocri 0,7 + 0,03 Ta ingekcy mynbcanii 1,2 + 0,09. lominyrodi By3au MaroTh 3Ha4HO Oinbimui (p = 0,004) cepenniii 06’em (225,5 + 12,2)
cM>, HIJK By3iu Jiniie 3 nepuuOpoinHO0 BacKy/spHicTIO (cepenniit 06’em = (157,2 + 9,5) cm’) abo Gescymunnumu Bysinamu (10 50 cm’).
CTyniHb BacKynspu3aliii BiporiHO 3pocTaB 3i 30UIbIICHHAM 00’ €My JOMIHAaHTHOTO MioMaTo3Horo By3na (r = 0,75 p < 0,05).

Kuro4oBi ci10Ba: MioMa MaTKu, aHT10apXITEKTOHIKa, BAaCKYISIpHU3aLlis, JOmIeporpadis, JiarHocTHKa.

Introduction. Ultrasound diagnostics is the first-line for the appearance of myometrial vessels abnormalities,
method of imaging in the diagnosis of uterine fibroids (UF), including venular ectasia and an increase in the venous
which usually appear as well-defined, solid, concentric, plexus, arterial dilatation, localized expansion of myome-
hypoechoic formations with varying numbers of acoustic trial vessels and abnormal organization of vessels in the
shadows. With the development of myoma, the conditions perifibrous area are formed [1-3]. Most of these changes
can be visualized and evaluated using dopplerometry [4, 5].

To date, the following dopplerometric characteristics of
local hemodynamics in UF have been described: a periph-

@ eral rim of vascularization in the pseudocapsule (usually
. covering almost three quarters of their circumference)
CrarTs IIOIIUPIOETHCA HA YMOBaX JIIICH311 -
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[1, 2] and pronounced peripheral blood flow with reduced
central blood flow, and in some cases with an avascular
core [1, 3]. However, velosymetric indicators of arterial
blood flow in the myomatous node have not been studied
in detail yet [4].

The purpose of the study is to evaluate the features
of velosymetric hemodynamics in perinodular tissues in
uterine fibroids, depending on the size of the node and the
presence of degenerative changes.

Material and methods. The research was carried out in
2020-2023 at the clinical units of Odesa National Medical
University (Odesa, Ukraine). A clinical, instrumental and
laboratory study was conducted in 275 women of repro-
ductive age with verified uterine fibroids. The examination
programme of the patients was in accordance with current
clinical protocols and ACOG recommendations [6, 7].

The study was performed in compliance with mod-
ern bioethical requirements regulated by the declaration
of the World Medical Organization (Helsinki, 1964); the
recommendations of the Council of International Scientific
Societies (1993, 2001), the recommendations on conscien-
tious clinical practice of the GCP; WHO recommendations
(1995), EU directives on the conduct and ethical principles
of clinical trials (2001) [8]. All patients signed an informed
consent to participate in the study. The study design was
approved by local ethical commission (Protocol No. 16 of
18.05.2020).

All patients underwent transabdominal and transvagi-
nal ultrasound examination of pelvic organs in convex
and duplex modes. The research was conducted on days
5-8 of the menstrual cycle on a Toshiba Aplio XG device
(SSA-790A). The thickness of the endometrium, presence,
size and localization of myomatous nodes were evaluated.

In addition to the convex sensor, color Doppler mapping
was used [9, 10].

Statistical processing was performed using the methods
of frequency and variance analysis using Statistica 14.0
software (TIBCO, USA) [11].

Results and discussion. The average age of the patients
was (38.5 + 0.4) years. Most of the patients (61.8%) had
one myomatous node; 38.2% of patients had more than two
myomatous nodes (on average 2.8 + 0.2). The localization
of nodes varied, intramural-subserosal — 48.4% and mul-
tiple hybrid localization — 20.4% were the most common.
In most cases, the size of myoma was more than 7 x 5 cm
(Fig. 1).

The average size of myomatous nodes in patients
included in the study was (39.6 + 0.5) mm x (42.4 + 0.5)
mm. Degenerative changes were observed in 101 (36.7%)
cases: 62 (22.5%) patients had cystic degeneration,
33 (12.0%) had calcific degeneration, and 6 (2.2%) had
cystic and calcific degeneration.

The average volume of the dominant leiomyoma
node was (84.2 = 0.1) cm? (corresponding to the range
of (21.5-328.0) cm®). The dominant fibroid node was
vascular in 226 (82.2%) patients and nonvascular in
49 (17.8%). 138 (50.2%) wvascular dominant myoma
nodules showed only peripheral (perifibroid) vascularity,
whereas 62 (44.3%) showed both peripheral and central
(intrafibroid) vascularity.

The average linear velocity of blood flow (ALV) along
the uterine arteries was (39.6 + 0.4) cm/s with the resistance
index of 0.8+0.04 and the pulsatility index of 1.4+ 0.05. On
the other hand, the ALV in the largest node did not exceed
(15.6 £ 0.8) cm/s with the resistance index of 0.7 £ 0.03 and
the pulsatility index of 1.2 + 0.09 (Fig. 2).
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Fig. 1. Sizes of fibroid nodes
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Fig. 2. Distribution of clinical cases according to the ALV in myomatous nodes

The asymmetry of the distribution of Doppler indica-
tors is because the symptoms of UF are usually noted at
later stages of the disease, and some symptoms of the dis-
ease require a certain volume of “plus-tissue”. Indeed, with
the largest diameter of 12 cm, the volume of the node is
452.4 cm?, and with a diameter of 3 cm — 113.1 ¢cm?. Such
a massive node can not only cause pain syndrome, dysuric
phenomena and stool disorders, but can also be dangerous
for destructive changes in the myometrium perifocally.

Doppler velocity measurements were obtained from the
perifibrous (capsular) and/or intrafibrous (nuclear) arteries
of the dominant fibrous node when the sensor was placed at
an angle of less than 60°.

The degree of vascularization significantly increased
with the increase in the volume of the dominant myoma-
tous node (r = 0.75; p < 0.05). Dominant nodes with both
perifibrous and intrafibroid vascularity had a significantly
larger mean volume (225.5 £ 12.2) cm® than nodes with
only perifibroid vascularity (mean volume = (157.2 £ 9.5)
cm?®) or avascular nodes (up to 50 cm?). These differences
are statistically significant (p = 0.004).

No statistically significant difference was found between
the degree of vascularization of fibroids with and without
degenerative changes. Similarly, there was no statistically
significant difference between the degree of vasculariza-
tion of dominant myomatous nodes in women with differ-
ent intensity of clinical manifestations of uterine fibroids.
However, all Doppler parameters of perinodal arteries were
significantly higher than those of intranodal arteries.

The angioarchitectonics of fibroids depended on the
size of the nodes, their localization, and the presence of
changes in the adjacent endometrium. According to the
results of the performed dopplerometric studies, we sug-

ISSN 2226-2008 OAECHKUIT MEJIUMYHUIM KYPHAJI Ne 2 (193) 2025

gest considering the following types of nodes depending on
their vascularization:

Type I — avascular nodes, which are characterized by
the absence of blood flow in the node itself and around the
periphery — in 38 (13.8%) patients.

Type II — nodes with peripheral vascularity, i.e. with
vessels surrounding the myomatous node on its periphery —
195 (70.9%) patients.

Type III — nodes with mixed vascularity (presence
of both enveloping and intranodal vessels) — 31 (11.3%)
patients.

Type 1V is characterized by nodes with central vascu-
larity (presence of only intranodal vessels) — 11 (4.0%)
patients.

In all cases, we assessed the changes in angioarchitec-
tonics as benign.

Doppler imaging of myoma arteries is useful for moni-
toring the response of leiomyoma to drug treatment, differ-
entiating leiomyoma from adenomyosis, evaluating changes
in tumor size in response to uterine vessel embolization, and
the use of hormonal drugs [3—5]. In addition, the degree of
vascularization is thought to reflect the likely nature of tumor
growth and the risk of increased bleeding during surgery.

Our studies confirm the role of ultrasonography in the
assessment of local hemodynamics of intranodal and peri-
nodal tissues in UF. At the same time, in contrast to the
data of other authors (2019) [4], the size of myomatous
nodes had a significant impact on vascularization and ALV.
We believe that myomatous nodes, as they grow, have an
increasing tendency to hypovascularization of the tumor
stroma, that is, the main source of blood supply is small
peripheral perinodal arteries. While uterine myoma is a
product of monoclonal proliferation, further development
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and growth of myomatous nodules may be determined by
the peculiarities of local hemodynamics and the production
of regulatory compounds by the endothelium, in particular,
nitric oxide and growth factors. The obtained indicators can
be examined in dynamics, and the prognostic risk of the
course of myoma can be estimated based on the results of
dynamic observation [12]. However, additional research is
needed to test this hypothesis.

Conclusions

1. The average velocity of blood flow in the largest
myomatous node does not exceed 15.6 £ 0.8 cm/s with
the resistance index of 0.7 £ 0.03 and the pulsatility index
of 1.2 + 0.09, which can be explained by a tendency to
hypovascularization.

2. The main type of angioarchitectonics of myomatous
nodes are those with peripheral vascularization, that is, with
vessels surrounding the myomatous node on its periphery.
The angioarchitectonics of fibroids depends on the size of
the nodes, their localization, the presence of changes in the
adjacent endometrium.

3. Dominant nodes with both perifibroid and intrafibroid
vascularity have a significantly larger (p = 0.004) average
volume (225.5 = 12.2) cm? than nodes with only perifibroid
vascularity (average volume = (157.2 £ 9.5) cm®) or
avascular nodes (up to 50 cm?).

4. The degree of vascularization significantly increased
with the increase in the volume of the dominant myomatous
node (r=0.75, p <0.05).
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The problem of glaucomatous neurodegeneration with progressive death of retinal ganglion cells (RGCs) and development of visual field
defects can lead to irreversible blindness. In this regard, there is a need to search for effective strategies for neuroprotection of RGCs.

Objective. To study the risk of glaucomatous optic neuropathy (GON) progression in patients with primary open-angle glaucoma (POAG)
after complex neuroprotection by photobiomodulation (PBM) and nutraceutical formula AREDS2 with ®-3 polyunsaturated fatty acids
(PUFA) enhancement and resveratrol for a 12- month follow-up.

Material and methods. A total of 137 patients (137 eyes) diagnosed with early or advanced POAG were examined. The main group
(group 1) included 74 patients, the control group (group 2) — 63 patients. All patients underwent PBM therapy. Patients of group 1 were
additionally recommended the nutraceutical formula AREDS2, enriched with ©-3 PUFA and resveratrol 60 mg (Resvega® Forte; Théa,
France; 2 capsules per day) for 12 months. Using Cox regression, the relative risk (cumulative risk function) for predicting the progression of
GON was calculated.

Results. After 12 months of observation, the median POAG in group 1 exceeded the initial level by 15%. Stabilization and a tendency to
improve the parameters of retinal morphometry, Humphrey computer perimetry, as well as an improvement in intraocular blood volume by
24% (p = 0.001) were noted. In the control group, deterioration in all parameters was noted.

Conclusions. Complex neuroprotection using PBM and taking the AREDS?2 nutraceutical with ®-3 PUFA and resveratrol (60 mg) for
12 months in patients with POAG can reduce the relative risk of progression of GON by 2.27 times (95% DI 1, 38-3.75).

Keywords: glaucomatous optic neuropathy, neuroprotection, photobiomodulation, nutraceutical, resveratrol.
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1,38-3,75), 3aBsIKM MOKPAIIEHHIO 00’ €MHOTO BHYTPIIIHBOOYHOTO KPOBOOOITY, ITiABUILICHHIO TPOBIJHOCTI B HEPBOBHX BOJIOKHAX 30POBOTO
HEpBY 3 MOKPAIIEHHM 3arajibHOI CBITIIOBOT Yy TNIMBOCTI 30pOBOT0 aHaNi3aTopa, Ta cTadini3yBaTn MOp(OMETpHYHI IIOKa3HUKH 30pOBOTO aHa-

Ji3aTopa i MaKCHMaJIbHO KOPUTOBAHY TOCTPOTY 30pY.

KitiouoBi ciioBa: riiaykoMHa ONTHYHA Heifpomarisi, HeHpompoTeKLis, poToOIOMOAYIALIS, HYTPULIEBTHK, PECBEPATPOIL.

Introduction. Primary open-angle glaucoma (POAG)
is prevalent mainly among people aged 60 years and
older, and one of the proven factors contributing to the
progression of glaucoma is elevated intraocular pressure
(IOP) [2]. Despite various methods of IOP stabilization,
the death of retinal ganglion cells (RGC) continues, and
glaucoma remains the main cause of irreversible vision
loss. RGCs are very sensitive to ischemic and reperfusion
injury [2], which leads to a decrease in the thickness of
the RGC complex and the peripapillary nerve fiber layer
(RNFL) [18]. Early changes in the RGC dendrites provide
a gap for neuroprotective therapy and prevention of further
damage [18]. To improve cell survival, reduce apoptosis,
oxidative stress and restore mitochondrial function,
photobiomodulation (PBM) of the retina/optic nerve is
effective, with proven anti-edematous, anti-inflammatory
and antioxidant effects, and PBM stimulates neurogenesis
and synaptogenesis, reducing apoptosis [9, 11, 13]. These
effects justify the use of PBM in complex neuroprotective
therapy in the treatment of patients with glaucomatous
optic neuropathy (GON) [9].

Drugs that improve retinal antioxidant defense
(citicoline, resveratrol) play an important role in
neuroprotective therapy [4, 7, 17]. The recommendations
of the 5th edition of the European Glaucoma Society state
that the goal of therapeutic treatment of glaucoma is to
preserve the patient's visual field and quality of life [5].

Objective. To evaluate the risk of GON progression
in patients with POAG after complex neuroprotection by
using PBM and nutraceuticals of the AREDS2 formula,
enhanced with ®-3 polyunsaturated fatty acids (PUFAs)
and resveratrol, for 12 months.

Material and Methods. The open prospective study of
patients with GON was a fragment of the research work
“Optimization of diagnostics, treatment and prevention
of degenerative and inflammatory diseases of the
organ of vision” (2020-2024; state registration number
0119U003573) of Odesa National Medical University. The
basis for the study complies with the Helsinki Declaration
for the Moral Regulation of Medical Research, the Council
of Europe Convention on Human Rights and the laws
of Ukraine. The bioethical expertise of the study was
confirmed by the conclusion of the ONMU Bioethics
Commission (Protocol No. 44 of May 01, 2024).

We examined 137 patients (137 eyes) with clinical
signs of GON (i.e., thinning of the peripapillary nerve fiber
layer, narrowed neuroretinal rim, visual field defects), with
the following visits: VO — before treatment, V1 — after 1
month, V6 — after 6 months and V12 — after 12 months. The
information consent was signed by all participants.

Inclusion criteria: patients with target IOP achieved
by medication (75 eyes) or surgery (63 eyes) and no
neuroprotective treatment for 6 months.

Exclusion criteria: severe lens opacification, poor
quality of retinal visualization according to optical
coherence tomography (OCT), macular degeneration,
vascular diseases of the retina and optic nerve, diabetic
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retinopathy, high degree of refractive anomaly, severe
somatic pathology.

Patients were divided into 2 groups: Group 1 (main) —
74 patients and Group 2 (control) — 63 patients. Both groups
of patients were representative in terms of the main clinical
parameters. All patients received 10 sessions of PBM of
the retina and optic disc (A = 650 nm, W = 0.4 mW/cm?,
t =15 min). For 12 months, patients in Group 1 (main) were
additionally recommended to take a nutraceutical of the
AREDS?2 formula, fortified with ®-3 PUFA and resveratrol
60 mg (Resverga® Forte; Théa, France), 2 capsules once
daily. Ophthalmologic examination included maximum
corrected visual acuity (BCVA), biomicroscopy,
gonioscopy, Goldmann applanation tonometry, fundus
examination with a VolkSuper aspheric lens, computerized
static perimetry on a Humphrey 750i visual field analyzer,
30-2 SITA program; rheo-ophthalmography (ROG;
Reocom, Ukraine) — to determine the characteristics
of intraocular volume circulation (RQ index). Optical
coherence tomography (OCT) (SOCT Copernicus
OPTOPOL Technology S.A., Poland) assessed the thickness
of the peripapillary nerve fiber layer (RNFL), as well as
the thickness of the ganglion cell layer + inner plexiform
layer (GCL-IPL). Patient adherence to the treatment and
instillation regimen was noted, and the presence of side
effects was clarified.

STATISTICA 10.0 (StatSoft Inc., USA) was used for
calculations and MedCalc v.15.1 (MedCalc Software,
Belgium) for graphical representations of the data. The
normality of the continuous data distribution was tested
using the Shapiro-Wilk test. Since all the variation series
had a distribution other than normal, the median (Me)
and the 25% and 75% quartiles (Q 25-75%) were used
for descriptive statistics. Qualitative data were described
with numbers and percentages using frequency tables.
Comparison of predicted and observed frequencies of
features was performed using the y* test with Yates'
correction. When comparing several independent samples,
the Mann-Whitney U test was used, and the Kruskal-
Wallis test was used to test the equality of the medians
of several samples (V0-V12). For repeated within-group
comparisons, the Wilcoxon signed-rank test was used.
Using Cox regression, the relative risk (Cumulative Hazard
Function) and 95% confidence interval were calculated to
predict the progression of GON depending on the treatment
group. The critical level of significance for testing statistical
hypotheses was p < 0.05.

Results. The duration of glaucoma disease in the
137 patients examined ranged from 12 months to 12 years,
with a median of 4 (3—6) years (Table 1). Early POAG was
diagnosed in 97 eyes (mean deviation (MD) > —6.00 dB)
and advanced in 40 eyes (—12.00 < MD < —6.00 dB). The
age of the patients was 60 (54—77) years, and 39% (54/137)
were men.

At the first visit (VO0), IOP was 16.5 (16.0-19.0) and
18.0 (16.0-19.0) mm Hg in groups 1 and 2, respectively.
At subsequent visits (V1-V12), there were no significant
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Table 1
Clinical characteristics of the study cohort (137 patients — 137 eyes)

Indications for treatment Grl(:u=p714 (:yl:;n)’ Gm: li 26?5?;::: ob, p
Age (years) 62.0 (56-67) 63 (59-66) p=0.02°
Men/women 33 (45%) / 41 (55%) 21 (33%) / 42 (67%) p=0.18"

POAG stage: initial / 45 eyes (61%) / 52 eyes (82.5%) / _ b
advanced 29 eyes (39%) 11 eyes (17.5%) p=001

Anti-glaucoma surgery, yes 37 (50%) 25 (40%) p=0.23°

Duration of glaucoma, year 4.0 (3-6) 3.0 (2-5) p=0.34

Cataract / 35 eyes (47.3%) / 24 eyes (38.1%) / p=0.28
pseudophakia 27 eyes (36.5%) 29 eyes (46%) p=0.26"
IOP, mm Hg 16,5 (16,0-19,0) 18 (16,0-19,0) p=0.31°
BCVA 0,65 (0,45-0,8) 0,8 (0,6-0,8) p=0.21°

CCT, um 527 (516-545) 532 (523-547) p=0.06
RNFL, um 78 (76-87) 76 (74-83) p=0.03"
GCLA+IPL, um 74.5 (67-79) 72 (64-78) p=0.04
RQ, %o 2.1(1.9-2.5) 2.5(2.1-2.5) p=0.16
Cardiovascular pathology, yes 25 (34%) patients 34 (54%) patients p=0.02°
Smoking, yes 18 (24%) patients 16 (25%) patients p=10.88"
Observation time, days 338 (330-353) 330 (325-330) p =0.000°

Note: p — the level of significance of the difference between the indicators: a — by the Mann-Whitney test with Me (Q 25-75%),

b — by the Fisher's exact test with n (%).

Abbreviations: POAG — primary open-angle glaucoma; IOP — intraocular pressure; BCVA — maximum corrected visual acuity;
CCT — central corneal thickness; RNFL — thickness of the peripapillary nerve fiber layer; GCL+IPL — thickness of the retinal ganglion
cell complex and the inner plexiform layer; RQ — intraocular volume circulation index.

differences in IOP in the groups (p > 0.05). The BCVA after
the PBM course (V1) increased in both groups by 15% and
16% (p=0.34), at the examination at V6 in Group 1 there was
a tendency to further improvement to 0.83 (0.6—1.0), while
in Group 2 the BCVA was already close to the baseline data
(p=0.001). After 12 months of observation, it was found that
the median BCVA was 0.75 (0.5-0.9) and was 15% higher
than the baseline values, while in the V12 control group this
indicator showed a 12.5% lower level than the baseline of
0.7 (0.55-0.7; p=0.02), as shown in Figure 1.

The dynamics of static perimetry parameters after
12 months of follow-up was as follows. The deviation of the
total light sensitivity (MD) in patients of Group 1 improved
in 36 eyes (49%), remained unchanged in 32 eyes (43%)
and worsened in 6 eyes (8%), while in the control group,
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improvement was noted in 14 eyes (22.4%), remained
unchanged in 33 eyes (52.2%) and worsened in 16 eyes
(25.4%) (x*=6.32, p=0.01). The same trend was observed
for the visual field index (VFI) (y*=9.36, p=0.002) and the
local defect index (PSD) (x> = 7.73, p = 0.005) (Table 2).
A representative case. In Figure 2, a case of advanced
glaucoma of the eye before treatment demonstrates a
pronounced depression in the superior nasal quadrant of
the nasal step type in the central 30° in the 30-2 program
(Fig. 2, A). After treatment, the visual field was improved
by perimetric parameters compared to the previous study
(Fig. 2, B). According to OCT, the thickness of retinal nerve
fibers (RNFL) in the inferior sector was outside the normal
range (43 pum), and in the temporal sector was borderline

(Fig. 2, E).
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Fig. 1. Distribution of eyes with maximally corrected visual acuity, as well as the dynamics
of this index during the observation period (V0-V12) in both groups
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Table 2

Dynamics of computer perimetry parameters in two groups of patients with GON during the observation period

Indicator Visit Group l(n— :1721‘:;1 group Grou?n2=—6c3(;ntrol p
MD, dB VO —4.7 (-6.6; —2.7) -4.3 (-5.8;-3.4) p=0.46
V12 —4.1(-6.3; -2.1) -4.7 (-6.5;-3.5) p =0.045
VFIL, % VO 90.0 (84; 94) 90.0 (88; 92) p=0.54
V12 93.0 (88; 96) 90.0 (88; 90) p = 0.000
PSD, dB VO 5.5(4.3;8.7) 5.3(4.9;6.5) p=0.62
V12 51@3.2;7.1) 5.5 (4.6; 6.6) p=0.033

Note: p —level of significance of the difference between the indices of groups 1 and 2 according to the Mann-Whitney test with

Me (Q 25%-75%).

Abbreviations: MD — deviation of the total light sensitivity; VFI — visual field index; PSD — index of local defects.

0L+ 1P nigrification

Fig. 2. Clinical data of the left eye of patient Sh., 73 years old, IOP 16 mm Hg:

A — Paracentral severe depression in the superior nasal quadrant by the type of nasal step (VFI 82%; MD —6.82 dB; PSD 10.42)
before treatment; B — Paracentral severe depression in the superior nasal quadrant, improvement of visual field by perimetric parameters
compared to the previous study (VFI 87%; MD —4.75 dB; PSD 7.92) after treatment; OCT before treatment: C — optic disk excavation:
Area: Rim 0.31 mm?(N 1.09-2.08), Cup/Disc 0.89 (N 0.00-0.42); Volume: Cup 0.85 mm? (N0.00-0.22); Rim 0.10 mm* (N 0.16-0.56);

D — complex thickness map (GCL+IPL); E — RNFL; F — ocular fundus photo

During the observation period of 12 months in Group 1,
an increase in the thickness of the RNFL layer was noted
in 36 eyes (48.6%) by an average of (0.88 + 1.4) um
(p=0.000); RNFL remained unchanged in 30 eyes (40.6%)
and thinning in 8 eyes (10.8%). In the control group, RNFL
layer thickening was recorded in 12 eyes (19.0%), no
changes were detected in 26 eyes (41.3%) with thinning by
(0.81 4 1.75) um (p =0.000) in 25 eyes (39.7%) (x*=11.83,
p = 0.0006) (Fig. 3). Thickening of the GCL layer + IPL
in group 1 was noted in 36 eyes (48.6%) on average by
(0.58 £ 0.89) um (p = 0.000), no changes were observed in
33 eyes (44.6%) and thinning —in 5 eyes (6.8%), whereas in
the control group, GCL+IPL layer thickening was recorded
in 11 eyes (17.5%), unchanged in 30 eyes (47.6%), and
significant thinning by (0.37 = 1.68) um in 22 eyes (34.9%)
(x> = 13.43, p = 0.0003).
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The intraocular volume circulation (RQ) according
to ROG after the course of PBM (V1) was improved
in both groups by 24% and 26% (to 2.6 (2.4-3.0) %
and 3.1 (2.6-3.34) %, respectively, in groups 1 and 2;
p = 0.000). After 6 months, the RQ score in Group 1
improved by another 23%, reaching almost normal
values (3.2%o), in Group 2 there was a tendency to
decrease this indicator (p = 0.000). After 12 months,
in the main group, the RQ index remained 24% higher
than the baseline values, amounting to 2.6 (2.2-3.1) %,
while in Group 2 it reached the values before treatment
(p=10.001).

A graph showing the proportion of patients with a
relative risk of progression (Cumulative Hazard Function)
of GON during the observation period depending on the
treatment group was constructed (Fig. 4).
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Fig. 3. Dynamics of the thickness of the ganglion cell layer + inner plexiform layer (GCL+IPL, nm) and
the retinal peripapillary nerve fiber layer (RNFL, nm) in the two groups during the observation period
(p — level of significance of the difference by the Mann-Whitney test between the groups after 12 months)
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Fig. 4. Cox regression. The proportion of patients with a relative risk (Cumulative Hazard Function)
of glaucomatous optic neuropathy progression after 12 months of follow-up (360 days) depending
on the treatment strategy: Group 1 — on the background of complex treatment with additional intake
of nutraceuticals of the AREDS2 formula with omega-3 PUFAs and resveratrol 60 mg for 12 months
(HR 1.24 [95%; CI 0.921.70]), Group 2 (control (HR) 1.95 [95%; CI 1.22-3.11])

No side effects associated with complex medical
treatment, PBM, and the use of nutraceuticals have been
reported.

Discussion. The overall prevalence of POAG in the
world is 2.4%, and its diagnosis is often performed in case of
significant visual impairment, when the disease progresses
to an advanced stage [20]. The classical dogma for
glaucoma was irreversible neurodegeneration, but the state
of parabiosis, in which some cells are located, provides a
sufficient area for neuroregenerative therapy, which is now
becoming a promising strategy for the functional recovery
of damaged RGC [14]. And the complex neuroprotection
with PBM [18] and the addition of the nutraceutical
resveratrol is pathogenetically grounded and effective [4, 7,
8]. The GON is characterized by structural and functional
damage to the visual analyzer. Functional damage can
be assessed by visual field analysis. Structural damage is
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detected by thinning of the inner plexiform layer of retinal
ganglion cells and the peripapillary layer of retinal nerve
fibers using optical coherence tomography [18].

The IOP was stabilized at all visits and the target
pressure was achieved, and the median in both groups
(n=137) was 18 (16-19) mm Hg.

The BCVA score after the PBM course increased in both
groups by an average of 15% and 16% (p = 0.34). However,
after 12 months, the main group showed an increase in
visual acuity by 15% from baseline values, and in the
control group this index decreased by 12.5% (p = 0.02).

According to the data of computerized static perimetry,
during the observation period, an increase in retinal light
sensitivity, a decrease in the number, area and depth of
scotomas, and an expansion of the area with normal light
sensitivity in patients of the main group were noted (Table 2).
After 12 months, in the control group, progression of GON
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according to perimetric indices was noted 2.7 times more
patients than in patients of Group 1.

Glaucoma is increasingly common in conjunction with
vascular disease, as both diseases are associated with aging
[15]. The analysis of blood circulation data during follow-up
showed a significant improvement in RQ after the PBM
course in both study groups (by 24% and 26%), which
confirms the effect of PBM on the entire visual analyzer
[3]. Over the next 6 months, this indicator in the main
group improved further and reached the age-related norm
of 3.2 (3.0-3.5) %. And the study at the last visit showed
that in Group 1, the intraocular circulation volume index
was 24% better than the baseline values (p = 0.000), and
in the control group it was close to the baseline (p = 0.64).
However, in both groups, patients with GON at 12 months
had an RQ score lower than the age norm by 19% and 25%,
respectively, in groups 1 and 2. Our data are confirmed
by the data of other authors on the decrease in the density
of peripapillary and macular vessels, which significantly
affects the blood circulation of the central retina in patients
with POAG [3].

The analysis of the literature shows changes in all retinal
layers in the case of GON [16], with early involvement
of the macular zone in the pathological process, with
changes in the complex (GCL+PL) [6], which confirms
the need for neuroprotective therapy. Similarly, by the
end of the study, we noted significant differences in the
rates of GON progression in both groups depending on
the neuroprotection strategy. Studies have shown that
under conditions of oxidative stress, axonal regeneration
is possible, PBM improves cerebral circulation [1], and
delivery of neuroprotectors to the mitochondrial membranes
ofthe RGC [15, 12]. In our study, the thickness of the RNFL
layer and the complex (GCL+PL) significantly decreased
with increasing glaucoma severity, which was also noted in
the results of studies by other authors [1].

According to OCT data, by the end of the 12th month,
patients in the control group showed a tendency to structural

loss of the complex (GCL+IPL), and in patients who were
additionally prescribed a nutraceutical, stabilization and a
tendency to improve morphometric parameters were noted
(p = 0.0003). The same trend between the groups was
observed with changes in the thickness of the RNFL layer
(p =0.0006). However, according to other authors, it is not
enough to judge the progression of glaucoma only on the
basis of RNFL and GCL+IPL complex data [10]. Similarly,
in our study, after 12 months in the main group, in addition
to stabilization of morphometric parameters, there was
also an improvement in volumetric intraocular circulation,
improvement in light sensitivity according to computer
static perimetry and improvement in BCVA.

Significant Spearman correlations were found between
the RNFL layer thickness and the indices: BCVA (r, = 0.55),
RQ (r, = 0.42), GCL + IPL (r, = 0.33), MD (r, = 0.32),
visual field index (VFI; r, = 0.24), and local defect score
(PSD; r, = —0.25. Our analysis shows significant efficacy
of the proposed complex neuroprotective treatment using
retinal/optic disc PBM and nutraceutical AREDS2 formula,
enhanced with ®-3 PUFAs and resveratrol for 12 months in
patients with POAG, which allows to reduce the relative risk
of GON progression 1.6 times (HR 1.24 [95%; C10.92—1.70]
vs. control group (HR 1.95 [95%; CI 1.22-3.11]) (Fig. 4).
This emphasizes the need for continuous monitoring of
trophic status, taking nutraceutical supplements, correction
of vascular changes, and neuroprotective therapy.

Conclusions. Comprehensive neuroprotection using
photobiomodulation and taking the nutraceutical formula
AREDS2, enhanced with ®-3 PUFA and resveratrol
(60 mg) for 12 months in patients with primary open-angle
glaucoma can reduce the relative risk of glaucomatous
optic neuropathy progression 1.6 times due to improvement
of intraocular blood flow and conduction in the nerve
fibers of the optic nerve, which leads to stabilization of
morphometric parameters of the visual analyzer, increase
in overall light sensitivity and improvement of maximum
corrected visual acuity.
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Introduction. The phenomenon of pain is extremely common in Ukraine today, both among military personnel and civilians. The problem
of objectification and therapy of pain is multidisciplinary. Pain is multifactorial: biological, psychological and social factors contribute to the
development of pain syndrome. The problem of pain disorders during martial law in Ukraine is extremely acute and relevant. The problem of
diagnosing and treating pain disorders should be handled by a multidisciplinary team, with a neurologist and a specialist in the treatment of

mental disorders being among the key members.

The aim of the study was to describe the diagnostic value of the painDetect questionnaire for physicians in Ukraine, to consider the
possibility of using it in the Ukrainian language version, and to present our own experience of its use in the Ukrainian population for patients

with neuropathic pain disorders.

Materials and methods. The study involved 62 male patients who had a history of gunshot shrapnel wounds of the extremities of various
localizations and suffered from chronic pain lasting more than 3 months at the time of the examination.

Results and discussion. Based on the results of personal experience of using the painDetect questionnaire among the Ukrainian population,
it was concluded that this questionnaire is a reliable and convenient tool for assessing the intensity of pain and determining the presence of a

neuropathic component of pain syndrome.

Keywords: pain syndrome, chronic pain, neuropathic component, painDetect questionnaire, wound.
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OIMUTYBAJbHUK OO0 BOJIO “painDetect” BSIKOCTICIIOCOBY OB’€KTUBI3ZALIi HEUPOITATUYHOTO

KOMIIOHEHTY BOJBOBOI'O CUHAPOMY

Tonmascwiuil Oeporcasnuil meouunutl ynisepcumem, Ilonmasa, Yxpaina

denomeH 600 HAa CHOTOMHI € HA3BUYAWHO MOITHPEHAM SBHIIEM B YKpaiHi, K cepel BifiCbKOBOCTYKOOBIIIB, TaK i CEpel [UBIIHHOTO
HaceneHHs. [Ipo6iema 00’ exTHBi3amii Ta Teparii 000 € MyTBTHANCIUILTIHAPHOIO.

Mertoto poboTu Oylno JOCHiHKEHHS TiarHOCTHYHOI IIHHOCTI OMUTyBajbHHUKa painDetect mms mikapiB B YkpaiHi, po3MIsg MOXIHBOCTI
iforo BUKOpUCTaHHS B yKpaiHOMOBHii Bepcii Ta BUCBITJICHHS BIaCHOTO JOCBiy HOro 3aCTOCYBaHHS B YKPATHChKIH MOMYNAIi JUIsl HAlli€HTIB
i3 HelponaTHYHNMHK OONBOBUMY po3iagamu. J{o mociimkeHHs OyiIo 3amydeHo 62 ocodn 4oIoBiuoi CTari, sIKi IepeHecIn B aHaMHe31 BOTHe-
MaJbHI OCKOJIKOBI HEMPOHUKHI MOPaHEHHS KiHIIBOK Pi3HOI JIOKaMi3allii Ta CTpakaaIi Ha XPOHIYHUI O11Ib.

OrtpuMmani 1aHi CBig4aTh, 0 OMUTYBAIBLHUK painDetect € HaAIMHNAM i 3pyYHHM IHCTPYMEHTOM JUIs OL[IHKH iHTEHCHBHOCTI OOJTIO Ta BU3HA-
YeHHs HasIBHOCTI HOr0 HEHpONaTHIHOTO KOMIIOHEHTA B NPAKTHUII JIIKapiB, SKi HE € CIelialicTaMy 3 HEBPOJIOTii YK HeHpoxipyprii.

Kurouosi ci10Ba: 00mp0BHI CHHIPOM, XPOHIUHUI Oi1Tb, HEHPOATHYHUI KOMIIOHEHT, OITUTYBAIBHUK painDetect, mopaHeHHS.

Introduction. Pain accompanies human life. Since
the beginning of its existence, humanity has suffered from
pain in historical, religious, cultural, social and, of course,
physical contexts. Moreover, there are no prospects that the
phenomenon of pain will cease to be relevant. Everyone
from childhood to old age knows what pain is from their
own experience. It is not possible to talk about the phenom-
enon of pain in an absolute, physical sense. Pain appears
as a multidimensional concept, encompassing an objective
and subjective approach, the concept of the brain in terms
of anatomy and neurology, and a system of views on con-
sciousness, self-awareness, and the peculiarities of sensa-
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tion and perception in psychiatry. In the context of pain,
one cannot separate physical and mental determinants.

According to the definition of the International Associa-
tion for the Study of Pain (IASP), pain syndrome (PS) is an
unpleasant subjective sensation and emotional experience
associated with actual or probable tissue damage [1].

Pain is multifactorial: biological, psychological and
social factors contribute to the development of pain syn-
drome [2]. The problem of pain disorders during martial
law in Ukraine is extremely acute and relevant.

One of the tasks of medicine is to relieve people of pain.
At first sight, anesthesiologists take care of the problem
[3]. Anesthesia or anaesthesia (from Greek “without sensa-
tion”) is a state of controlled, temporary loss of sensation
or awareness induced for medical purposes like surgical
or painful procedures. It may include some or all of the
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following: analgesia (relief from or prevention of pain),
immobility (muscle relaxation), amnesia (loss of memory),
and unconsciousness [4, 5].

Anesthesia as a sensory disorder is also one of the symp-
toms of neurological diseases [6]. An interesting and unex-
plored issue is psychic anesthesia, which is closely inter-
twined with pain and other types of sensitivity and their
disorders. Psychopharmacotherapy is actively prescribed and
demonstrates its high effectiveness in pain disorders of vari-
ous genesis.

Therefore, it is undoubtedly anesthesiologists who are
the leading specialists in pain management when surgi-
cal interventions are required. However, when it comes to
diagnostic, therapeutic and rehabilitation issues related to
pain, anesthesiology cannot be given a clear preference.
The problem of diagnosing and treating pain disorders
should be addressed by a multidisciplinary team, in which
aneurologist and a specialist in the treatment of mental dis-
orders are not the least important.

Currently, doctors have the opportunity to use a wide
range of questionnaires and scales to determine various
aspects of pain sensitivity. One of the most demonstrative
and easy-to-use is the painDetect questionnaire, which has
been translated into many languages and is relevant among
doctors of various specialties to determine the neuropathic
component of pain [7—10].

The aim of the study is to highlight the diagnostic
value of the painDetect questionnaire for physicians in
Ukraine, to consider the option of using it in the Ukrainian
language version, and to present our own experience of its
use among the Ukrainian population for patients with neu-
ropathic pain disorders.

Materials and methods. No data on the translation and
adaptation of the painDetect pain questionnaire into Ukrai-
nian were found in the literature. As a result, we translated
the procedure and attempted to adapt this questionnaire
taking into account generally accepted recommendations
regarding cross-cultural adaptation of research instru-
ments [11, 12].

Study design. The translation of the scale and its use
was carried out under the supervision and with the per-
mission of the Biomedical Ethics Commission of Pol-
tava State Medical University (Protocol No. 227 as of
23.05.2024) as part of the initiative research and develop-
ment work “Neuro-psychological features of pain phenom-
ena in organic lesions of the nervous system and psyche
as a result of combat actions”, state registration number
0124U003351. All patients involved in this study provided
informed consent to participate. The study was conducted
in accordance with the requirements and principles of the
World Medical Association Code of Ethics (Declaration of
Helsinki).

At the beginning of the study, you need to fill out the
part of the questionnaire indicating the date of the survey,
the patient’s last name and first name. The first part of the
questionnaire contains three questions that focus on assess-
ing pain intensity. First of all: “How would you assess
your pain now, at this moment?”’; second: “How strong
was the most severe pain you experienced during the past
4 weeks?”; the third: “How strong was the pain during the
past 4 weeks on average?”. Each question is scored on a
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10-point linear scale, where “0” means no pain and is indi-
cated by the statement “none”; “10” means maximum pain
intensity “max”. This is the subjective quantitative assess-
ment of pain by the patient.

The second part of the painDetect questionnaire con-
tains three blocks, the questions of which are aimed at con-
ducting a qualitative assessment of neuropathic pain. The
first block contains four questions about the kind of pain
with graphical modeling of pain sensations, namely: 1) per-
sistent pain with slight fluctuations; 2) persistent pain with
pain attacks; 3) pain attacks without pain between them;
4) pain attacks with pain between them. In this block, the
possible number of points can vary from —1 to +2 points,
depending on the selected pain visualization chart. The
main task of the questions in the second block is to deter-
mine the irradiation of pain to other parts of the body with
graphic interpretation, the patient is asked to shade in the
picture one part of the body where he or she feels the most
severe pain and indicate the presence or absence of pain
irradiation to other parts of the body, as well as the direc-
tion of pain irradiation. A positive “yes” answer about the
presence of pain radiation corresponds to 2 points, a nega-
tive answer indicates the absence of pain radiation to other
parts of the body and corresponds to 0 points.

The third block contains a description of neuropathic
pain descriptors and determines the degree of their inten-
sity. This block is based on the patient's subjective feel-
ings about the pain syndrome. The numerical result of this
block is the derived value of the noted positive and nega-
tive symptoms of neuropathic pain, which act as verbal
descriptors. Positive symptoms include sudden pain, par-
esthesias, and dysesthesias, with burning, tingling, pierc-
ing pain, or allodynia being the main complaints. Negative
symptoms include loss of sensation, numbness, analgesia,
and anesthesia. Below is a list of questions suggested to
the patient to determine the descriptors of neuropathic pain:
1) Do you suffer from a burning sensation (e.g., stinging
nettles) in the marked areas? 2) Do you have a tingling or
prickling sensation in the area of your pain (like crawling
ants or electrical tingling)? 3) Is light touching (clothing, a
blanket) in this area painful? 4) Do you have sudden pain
attacks in the area of your pain, like electric shocks? 5) Is
cold or heat (bath water) in this area occasionally painful?
6) Do you suffer from a sensation of numbness in the areas
that you marked? 7) Does slight pressure in this area, e.g.,
with a finger, trigger pain? All questions have the same set
of answers, namely: never, which is rated 0 points; hardly
noticed — 1 point; slightly — 2 points; moderately — 3 points;
strongly — 4 points; very strongly — 5 points.

The total score is the sum of all the points obtained dur-
ing the patient’s survey. The results of the pain examination
are recorded on the form. The maximum possible number
of points is 38. A score of 0 to 12 points indicates that the
presence of a neuropathic component of pain is unlikely
(< 15%), 13—18 points are considered as “result is ambigu-
ous, however a neuropathic pain component can be pres-
ent”, a score of 1938 points indicates “a neuropathic pain
component is likely” (> 90%).

Personal experience with the painDetect question-
naire. The study group included 62 men. Participants were
recruited at the Poltava Regional Clinical Hospital named
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after M.V. Sklifosovsky of the Poltava Regional Council
between 2022 and 2023. After filling out and signing the
informed consent to participate in the study, patients were
examined by a neurologist and a research physician under
the supervision and with the participation of a painDetect
questionnaire [9, 13] in the author’s translation for the
Ukrainian population after consultation with two indepen-
dent experts in linguistics and native English speakers who
were not familiar with the original text. Demographic infor-
mation about the participants was also obtained, including
their age at the time of participation in the study.

Statistical analysis of the results was performed using
well-known methods of variation statistics in the SPSS22
software package (OSPSS Inc.). Reliability analysis of
the author's translation of painDetect was assessed by the
degree of internal consistency of the questionnaire by cal-
culating Cronbach's alpha coefficient.

Results. A total of 62 people (n = 62) were included in
the study, all male (100%), aged 34 to 54 years. The aver-
age age of the participants was 42.17 years. All patients
had a history of gunshot shrapnel wounds of the extremi-
ties of various localizations and suffered from chronic pain
lasting more than 3 months at the time of the examina-
tion: 24 patients (38.71%) had upper extremity wounds,
34 patients (54.84%) had lower extremity wounds, and
4 patients (6.45%) had combined wounds involving the
upper and lower extremities (Table 1).

The range of painDetect scores ranged from 24 to
34 points, indicating the presence of a neuropathic pain
component in all participants. The average total score
on the questionnaire was 28.83 points. The Cronbach's
alpha internal consistency coefficient was 0.82 for the
questionnaire, indicating good reliability and consistency.

Discussion. Pain is a multidisciplinary problem. It
is difficult to find a doctor's specialty that has not been
visited by a patient complaining of pain. However, despite
the great progress in diagnostic and clinical medicine, the
subjective side of pain remains fundamental in its sensation
and description by patients visiting doctors of different
specialties — neurologist, surgeon, traumatologist, dentist,
gastroenterologist [14]. This list could go on for a long
time, listing different medical specialties.

When specialists dealing with the “somatic” component
of pain after numerous functional and laboratory tests,

the appointment of multidirectional anti-inflammatory,
analgesic and other therapies fail — then the patient is
referred by them to a psychotherapist or psychiatrist, as
psychosomatic, emotional and other disorders of the mental
sphere are often manifested by a variety of unpleasant and
painful sensations [15, 16]. Reduction of pain syndrome
against the background of psychotropic therapy is another
strong evidence of the presence of a psychoemotional
component in the sensation of pain [17-19].

Due to the heterogeneity of pain in terms of its
duration, anatomical manifestation, etiology, intensity,
and pathophysiology, there are many ways to classify it.
In the pathophysiological aspect Pain can be classified
as nociceptive, neuropathic and central sensitization
(nociplastic). According to the time parameters, acute
and chronic pain (lasting more than three months) are
distinguished. According to the IASP definition, acute
pain occurs suddenly, begins acutely and intensely,
and is a harbinger of a disease or threat to the body. It
can be caused by trauma, surgery, illness, or medical
interventions and usually lasts from a few minutes to three
months. Acute pain usually disappears after treatment or
healing of the underlying cause. Chronic pain is pain
that persists or recurs for more than 3 months. Such pain
often becomes the only or predominant clinical problem
in some patients and may require special diagnostic
evaluation, therapy, and rehabilitation. Chronic pain is a
fairly common disorder that affects approximately 20% of
people worldwide [20].

The painDetect questionnaire was developed and pre-
validated for patients with back pain and has since become
a widely used, reliable screening tool for diagnosing
and predicting the likelihood of developing neuropathy.
PainDetect is a convenient method of pain assessment
that does not require a physical examination of the
patient, which is key in the practice of doctors who are not
specialists in neurology or neurosurgery. This questionnaire
can be used by doctors of various specialties, including
general practitioners — family medicine, psychiatrists,
therapists, rheumatologists. This list can be continued for a
long time, because most doctors, in the general sense of the
profession, examine and treat patients with pain syndrome.
The painDetect questionnaire is highly sensitive (85%) and
specific (80%) [8].

Table 1
Characteristics of shrapnel wounds localization among the surveyed population
No Level of wounding Number of cases %
1. | The upper limb, including: 24 38.71
- shoulder region 17 27.42
- regions of shoulder and forearm 6 9.68
- region of hand 1 1.61
2. | The lower limb, including: 34 54.84
- hip region 12 19.35
- regions of hip and shin 7 11.3
- knee region 3 4.84
- shin region 9 14.52
- regions of shin and foot 1 1.61
- foot region 2 3.22
3. | The upper and lower limb (combined injury to the shoulder and shin) 4 6.45
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Conclusions. The phenomenon of pain is extremely
common in Ukraine today, both among military personnel
and civilians. The problem of pain objectification and
therapy is a multidisciplinary one. Based on the results
of personal experience of using the painDetect pain
questionnaire in the Ukrainian population, it was concluded
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that this questionnaire is a reliable and convenient tool
for assessing the intensity of pain and determining the
presence of a neuropathic component of pain syndrome.
In the future, it is planned to validate and adapt it for the
Ukrainian-speaking contingent of patients suffering from
pain disorders.
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Bronchial asthma and COPD are among the most common diseases with bronchoobstructive syndrome, however, the effectiveness of
various treatment regimens using them is still debatable.

The aim of the study — studying the effectiveness of using different treatment regimens for the most common diseases with broncho-
obstructive syndrome using the example of the pulmonology department of the tertiary care institution.

Materials and methods. A total of 203 medical histories and data from the medical information system MedAir were analyzed, followed
by an evaluation of the effectiveness of applied treatment regimens using Farrell's technical efficiency index, cost-effectiveness analysis, and
related factors.

Results. The analysis showed low adaptability of basic therapy regimens for patients with bronchial asthma (BA) and chronic obstructive
pulmonary disease (COPD). Technical effectiveness of treatment was achieved in only 5.2% of patients (5 out of 97), while the majority
received excessive (69%) or insufficient (28%) doses of drugs. Overall treatment effectiveness was higher in patients with BA (78%) compared
to patients with COPD (62%). Among the three analyzed treatment regimens, the first was the most effective in terms of technical parameters
(84%), the second — in terms of cost-effectiveness (76%), and the third achieved the highest indicators in terms of both criteria (88%
technical effectiveness and 82% cost-effectiveness). However, conclusions regarding the third regimen are limited due to the small number
of observations (12 patients). Factors affecting cost-effectiveness were gender, diagnosis, and year of observation. Women responded better
to the first treatment regimen (82%), while the second regimen was more effective for employed men (71%). Patients with asthma showed a
higher treatment efficacy (12% more compared to COPD). Although patient compliance was positively correlated with treatment outcomes,
its effect was not statistically significant.

Keywords: bronchoobstructive syndrome, effectiveness, cost-effectiveness, chronic non-communicable diseases, healthcare organization.
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OpraHi3arlis OXOPOHH 37J0POB’S.

Introduction. Bronchoobstructive diseases, including
asthma (BA) and chronic obstructive pulmonary disease
(COPD), are among the most common respiratory diseases.
They have a significant impact on patients’ quality of life,
healthcare costs and overall mortality. Bronchoobstructive
syndrome is characterized by airway obstruction caused
by inflammation, bronchospasm or structural changes.
Asthma is defined as a chronic inflammatory disease of
the airways, accompanied by airway hyperresponsiveness
and the presence of recurrent symptoms such as dyspnea,
cough and wheezing [5, 14]. Whereas COPD involves
progressive and irreversible airflow limitation due to
chronic inflammation and remodeling of the bronchial tree,
often caused by smoking [1, 16].

Global analyses have shown that the prevalence of
asthma varies from 1% to over 20% in different countries,
depending on geographical region, income level and access
to health care [5, 12]. In China, for example, asthma affects
about 4.2% of the population, with a higher incidence in
men than in women (4.7% versus 3.6%) [5]. In the United
States, the prevalence of asthma is about 7.7%, with women
at higher risk of developing the disease than men (10.4%
versus 6.3%) [12]. COPD also remains a major public
health problem, with a global prevalence of 10.3% among
adults over 40 years of age [1]. In low-income regions, this
figure is significantly higher due to the prevalence of risk
factors such as tobacco smoking and air pollution [15].

The main risk factors for asthma include genetic
predisposition, exposure to allergens, air pollution and
passive smoking [14]. In turn, risk factors for COPD include
active smoking (the main etiological factor), long-term
inhalation of dust and chemicals, and frequent respiratory
infections in childhood [13, 15]. Gender differences play
an important role in the development of both diseases: men
are more likely to suffer from COPD, while women have a
higher risk of developing asthma [4, 13].

The scale of the problem is confirmed by mortality
rates. According to WHO, COPD is the third leading
cause of death in the world, accounting for more than 3
million deaths annually [1]. In comparison, asthma causes
about 400,000 deaths per year, especially in low- and
middle-income countries [5, 14]. Effective treatment of
these diseases includes the use of inhaled corticosteroids,
bronchodilators, and control of risk factors. However,
access to treatment often remains limited, especially in
vulnerable populations [5, 15].

Thus, asthma and COPD are the leading causes of
morbidity and mortality in the world. Their treatment
requires a comprehensive approach, taking into account
the gender and age characteristics, as well as the socio-
economic conditions of patients.

The aim of the study — to compare the effectiveness
of different treatment regimens for bronchial asthma and
COPD using the example of a tertiary care institution.

Materials and methods of research. To achieve the
set goal, we performed an analysis of 203 disease histories
and data from the medical information system MedAir of
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patients of the Pulmonology Department at the Communal
nonprofit enterprise “Vinnytsya regional Clinical Hospital
named after M.I. Pirogov Vinnytsia Regional Council”. We
analyzed the recommendations of doctors after discharge
and the date of the next deterioration of the patients'
condition according to the medical information system.
Treatment schemes were analyzed: 1. Symbicort turbohaler
(manufactured by AstraZeneca AB, Sweden): Formoterol +
Budesonide; 2. Seretide diskus (producer Glaxo Wellcome
Production, France): Salmeterol + Fluticasone; 3. Beklazon-
Eko (manufacturer Norton (Waterford) Limited, Ireland) —
Beclomethasone.

Committee on Bioethics of National Pirogov Memorial
Medical University, Vinnytsya (protocol Ne 7 from
08.11.2022) found that the studies do not contradict the
basic bioethical standards of the Declaration of Helsinki,
the Council of Europe Convention on Human Rights and
Biomedicine (1977), the relevant WHO regulations and
laws of Ukraine. Before starting the study, we obtained
informed consent from the patients.

For statistical processing of the obtained results, we used
the analytical system R, version 4.3.1 (2023-06-16) GNU
GPL license v.(> 2) svn.rev 84548, using the “aarch64-
apple-darwin20” platform, the “Benchmarking” library,
“readx1”, “ggplot2”, “AER”, DEA analysis functions eff(),
dea(), cost.opt(), dea.boot(), sdea(), slack(), statistical test
functions ks. test(), qf(), tobit regression function tobit().

Efficacy was determined by volume to establish dosing
inefficiencies. The optimal doses were determined as the
ratio of E indices according to CRS (Constant Returns
to Scale) to those according to VRS (Variable Returns
to Scale). Optimality is achieved by the value of the
ratio 1. Insufficient or excessive dosage is determined by
comparing the VRS index with that according to DRS
(Decreasing Returns to Scale), namely if VRS < DRS, we
have insufficient dosage, and when VRS = DRS and the
efficiency due to the volume is less than one we determine
the excess dosage. and technical efficiency by distance to
the frontier.

The study of the effectiveness of the main treatment
(basic therapy) of BA and COPD was carried out on the
basis of the technical efficiency of product production with
constant resources, i.e. output efficiency according to the
Farrell index

We also studied both the efficiency of resource use,
i.e. input efficiency according to the inverse Farrell index
E, and the technical efficiency of product production with
unchanged resources, i.e. output efficiency according to
the Farrell index (Farrell efficiency, F~1/E). The indicated
indices were determined using DEA (Data Envelopment
Analysis), namely the resource efficiency index, which is
sought by their (x)

E® = E((x°,y°); T") = min{E € R,|(Ex°,y°) € T"}
minimization:
and the Farrell index by maximizing the produced product
(days to the next exacerbation):
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F=F((x°y");T"*)=max {FER, |(x°,Fy’)ET"}

We determined the cost-effectiveness index, which has
a scale from 0 (zero efficiency) to 1 (100% efficiency).
The cost-effectiveness criterion takes into account not
only the resources, the produced product, but also the
prices of resources, that is, it adds a price component to the
consideration, and therefore it is considered preferable. It is
calculated as the ratio of optimal costs for a given frontier
to those observed for the same manufactured product.

Analysis of factors that significantly modified the cost-
effectiveness criterion according to treatment schemes was
carried out on the basis of tobit regression (“AER” library
of the international analytical system R). The analysis was
performed only for the first and second schemes that had a
sufficient number of patients. The basic formulation of the
model works is presented below, a is the vector of model
coefficients presented in the article, € are the residuals
of the model with a standard normal distribution, i.e.
e~N(0,6"2). The estimate of the scaling parameter o, or
rather the logarithm of the estimate, is presented in the last
line as the effect "Log(scale)".

0, itaz4+e=<0
E=<az4¢ if0<caz4+e<1
1 ifaz4+e=1

The results of the research and their discussion

Analysis of the effectiveness of treatment by input effi-
ciency showed that the frontier of effectiveness was formed
by only 5 patients out of 97 included in the analysis, which
is evidence that the regimens of basic therapy are inade-
quately adapted to patients. The distribution by centiles is
given in Table 1. It can be seen that 50% of patients were
characterized by an efficiency index of less than 0.2302,
and in a quarter the index did not exceed 0.1250. Analysis
of effectiveness due to volume. Only in 3 of 97 patients the
doses turned out to be optimal. Optimal doses are defined
as the ratio of E indices by CRS (Constant Returns to
Scale) to those by VRS (Variable Returns to Scale). Opti-
mality is achieved by the ratio of 1. Insufficiency or excess
of dosage is determined by comparing the VRS index
with that of DRS (Decreasing Returns to Scale), namely
if VRS < DRS, we have insufficient dosage, and when
VRS = DRS and efficiency due to volume less than one,
we determine excess dosage. The result showed that of all

patients with efficiency due to volume less than 1, namely
97 — 3 = 94 patients, 67 had excessive dosage, while in 27
doses were lower than optimal. Study of the effectiveness
of the main treatment (basic therapy) of BA and COPD.
It turned out that only 5 out of 53 patients with asthma
formed the frontier of technical efficiency according to the
Farrell index, i.e. had optimal prescriptions. At the same
time, 4 out of 44 patients with COPD had optimal prescrip-
tions, i.e. formed the frontier. The percentiles of the Farrell
index distributions of patients with asthma and COPD are
shown in Table 1.

Unlike the E index, the Farrell index has values greater
than 1 proportional to lower effectiveness. From these
distributions, we can conclude that the prescriptions for
patients with asthma are more effective. Graphically, the
cumulative distribution functions of the Farrell index values
for patients with asthma and COPD are shown in Fig. 1.

A fairly tight fit of the two curves indicates the absence
of significant differences, which were tested based on both
the parametric Fisher's exact test (F) and the nonparamet-
ric Kolmogorov's difference of two cumulative distribu-
tions. The results of the two tests are given in Table 2.
The value of the Kolmogorov test statistic D = 0.16381,
p-value = 0.4765 indicates the absence of significant dif-
ferences in the curves, as does the Fisher's parametric
test with a test statistic of 0.79708, which is outside the
95% confidence interval of the F-distribution, namely
0.7413575-1.356138. This indicates that a significantly
better effectiveness of basic therapy for patients with
asthma has been established.

Comparative analysis of the effectiveness of treatment
regimens based on basic therapy according to Farrell's cri-
teria. We took into account both basic and concomitant
therapy, that is, we considered treatment in a complex,
although the scheme was determined by the basic therapy.
Three such common schemes were found, with the corre-
sponding number of patients 52, 19, and 5. Technical effi-
ciency Output was studied using the Farrell criterion. Table
1 shows the centiles of the distributions of the Farrell index
of patients under three treatment schemes. The advantage
of the third scheme is obvious, but its advantage is compro-
mised by the small number of observations, so the main con-
clusions are still based on the first and second schemes. The
first scheme is clearly better, which has lower values of the
Farrell index at all centiles of the distribution, which indi-

Table 1
Summary of data comparing the effectiveness of different treatment regimens for BA and COPD
Min 25% 50% Mean 75% Max
Input E 0.0208 0.125 0.2302 0.2982 0.3452 1
By volume 0.1806 0.8145 1 0.8463 1 1
BA Farrell 1 1.743 2.532 2.665 3.227 6.518
COPD Farrell 1 1.560 2.518 3.090 3.741 12.435
Scheme 1 Farrell 1 1.117 1.459 1.483 1.879 2
Scheme 2 Farrell 1 1.349 2 2.341 3.766 4
Scheme 3 Farrell 1 1 1 1.158 1.320 1.472
Scheme 1 CE 0.5 0.5 0.5 0.6610 0.8678 1
Scheme 2 CE 0.25 0.2772 0.5 0.5281 0.6596 1
Scheme 3 CE 0.7074 0.8018 1 0.9018 1 1
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Fig. 1. Cumulative distributions of the technical efficiency of the treatment
of BA and COPD

cates its regularly higher efficiency. The results of the appli-
cation of the nonparametric Kolmogorov and parametric F
tests are given in Table 2. There is a significant difference
in efficiency between the first and second groups according
to the Kolmogorov test (D = 0.42004, p-value = 0.009244),
the p-level of reliability is high (p < 0.01), the Fisher cri-
terion estimate is 0.3600035 and is outside the 95% confi-
dence interval 0.6714396—1.500687. Scheme 2 also has a
significantly lower Farell efficiency compared to scheme
No. 3, namely the p-level of reliability of the Kolmogorov
test corresponds to 0.03091 centile of the criterion distribu-
tion density (D = 0.68421, p-value = 0.03091). The reliabil-
ity of the effectiveness is also evidenced by the Fisher exact
test estimate of 8.463432, which is outside the confidence
interval (0.4154131-3.264267). No significant differences
in Farrel efficiency were found between the first and third
treatment regimens (D = 0.48077, p-value = 0.1661).
Comparative analysis of treatment regimens based on
basic therapy according to cost-effectiveness (CE) criteria.
Comparative analysis of treatment regimens based on basic
therapy according to cost-effectiveness criteria cannot be
conducted for patients with asthma and COPD, since differ-
ent regimens are used for each group of nosologies. How-
ever, this can be done according to treatment regimens. We
also took into account both basic and concomitant therapy,
and the regimen was determined by the main therapy.
Accordingly, the regimens included 52, 19, and 5 patients.
It should be recalled that the cost-effectiveness index has
a scale from 0 (zero efficiency) to 1 (100% efficiency).
The cost-effectiveness criterion takes into account not only

ISSN 2226-2008 OAECHKUIT MEJIUMYHUIM KYPHAJI Ne 2 (193) 2025

resources, the product produced, but also the prices of
resources, i.e. adds a price component to the consideration,
and is therefore considered preferable. It is calculated as the
ratio of optimal costs for a given frontier to those observed
for the same product produced. As in the case of Farrell's
technical efficiency, the cost-effectiveness index gives pref-
erence to the third treatment regimen (Table 1), where 3 out
of 5 patients had an index value exceeding 0.999. For the
first regimen, this number was 8 out of 52, for the second 3
out of 19. These differences are regular across all centiles,
i.e. relate to the distributions as a whole. Statistical tests
indicate that the second treatment regimen is significantly
worse in terms of cost-effectiveness. Thus, the significantly
lower cost-effectiveness of the second regimen compared
to the first regimen was confirmed by the Kolmogorov
test with statistics D = 0.47368, p-value = 0.002027 and
Fisher's criterion 0.7183119. No significant differences
in the distributions of the cost-effectiveness index of the
first and third treatment regimens were found. The third
regimen turned out to be significantly more effective than
the first (D = 0.67308, p-value = 0.01492) and the second
(D = 0.73684, p-value = 0.01515), the same conclusions
were reached by Fisher's tests (Table 2).

Allocative efficiency of treatment regimens based on
basic therapy. It turned out that all regimens have optimal
allocative efficiency, that is, the best combination of the
sizes of the main and accompanying therapy. Moreover,
no slack was observed for any patient, i.e. there were no
discrepancies in the amounts (disproportions) of the pre-
scriptions of the main and accompanying therapies. That is,
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Table 2
Data from the analysis of the effectiveness of prescribing different regimens to patients with BA and COPD
Kolmogorov's test F - test 95% CI
BA - COPD, Farrel D=0.16381, 0.79708 0.6714396-1.500687
p-value = 0.4765
D =0.42004,
Scheme 1 vs 2, Farrel p-value = 0.009244 0.3600035 0.6073806—1.759054
Scheme 1 vs 3, Farrel b= 0'i8077’ 3.046865 0.4599551-3.149015
p-value = 0.1661
Scheme 2 vs 3, Farrel D= 0'_68421’ 8.463432 0.4154131-3.264267
p-value = 0.03091
D =0.47368,
Scheme 1 vs 2, CE p-value = 0.002027 0.7183119 0.6073806—-1.759054
D=0.67308,
Scheme 1 vs 3, CE p-value = 0.01492 3.452706 0.4599551-3.149015
Scheme 2 vs 3, CE D= 0j3684’ 4.806694 0.4154131-3.264267
p-value = 0.01515

in most cases, both the main and accompanying therapies
were used in excess amounts, as established above, but the
excess was proportional.

Analysis of factors that significantly modified the
cost-effectiveness criterion by treatment regimens. We
determined the factors that significantly modified the
cost-effectiveness criterion by treatment regimens, since
the influence of factors may be different. These factors
were: patient age and gender, place of residence (village;
city), employment, length of hospital stay, diagnosis
(BA; COPD), year of observation, compliance. Of all the
criteria, we chose cost-effectiveness as multi-dimensional
and, therefore, the most informative. The results of the

tobit regression are given for the first and second treatment
regimens, respectively, in Tables 3 and 4.

From Table 3 it is clear that the included factors with
a significant impact are gender, diagnosis, and year of
observation. From the negative value of the regression
coefficient it follows that the cost-effectiveness of the
first scheme deteriorated over the years from 2019 to
2024. The coefficient was significantly better in women.
The first scheme was significantly more effective in the
treatment of BA. The presence of compliance increased the
effectiveness, but not significantly.

Analysis of the impact of factors on the cost-effectiveness
of the second treatment regimen by Tobit regression shows

Table 3
Analysis of the impact of factors on the cost-effectiveness of the first treatment regimen using tobit regression
Effect Coefficient Error y/ p
Constant 0.8235 0.1869 4.4067 1.05E-05
Age —0.0006 0.0030 —0.1852 0.8531
Sex —0.1818 0.0545 -3.3343 0.0009
Living in the village 0.0318 0.0483 0.6577 0.5108
Employment 0.0046 0.0198 0.2337 0.8152
Duration of inpatient treatment —0.0077 0.0098 —0.7844 0.4328
Diagnosis 0.1348 0.0593 2.2715 0.0231
Year —0.0604 0.0233 —2.5948 0.0095
Compliance 0.0650 0.0537 1.2095 0.2265
Log(scale) —1.8008 0.0981 —18.3642 2.54E-75
Table 4
Analysis of the impact of factors on the cost-effectiveness of the second treatment regimen using tobit regression
Effect Coefficient Error z p
Constant 1.5276 0.6606 2.3125 0.0208
Age 0.0059 0.0042 1.4252 0.1541
Sex 0.4309 0.1708 2.5224 0.0117
Living in the village —0.0877 0.1153 0.7607 0.4469
Employment —0.1024 0.0320 3.2033 0.0014
Duration of inpatient treatment —0.0547 0.0350 1.5659 0.1174
Diagnosis —0.2749 0.1725 1.5939 0.1110
Year —0.0857 0.0657 1.3052 0.1918
Compliance 0.0753 0.2088 0.3607 0.7183
Log(scale) -1.5739 0.1622 9.7019 2.95E-22
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that gender and employment had a significant impact,
namely the cost-effectiveness of the second treatment
regimen was better for men a = 0.4309, p = 0.0117, as well
as for the employed population. All other factors considered
did not have a significant impact on the cost-effectiveness
of the second treatment regimen. Again, the presence of
compliance increased the effectiveness, but not significantly.

The treatment of asthma and COPD is associated with
significant financial costs for both healthcare systems and
patients. The economic burden of these diseases includes
direct medical costs (drugs, hospitalization, outpatient care)
and indirect costs (reduced work productivity, disability,
etc.) [3, 16].

Comprehensive treatment of obesity-associated asthma
is effective in both early and late-onset asthma. It was found
that patients in both groups improved respiratory function,
reduced inflammation, and improved asthma symptom control
after treatment, while the effectiveness of interventions was
somewhat lower in patients with late onset [7].

A study conducted in Italy showed that the average
annual cost per patient with COPD was €2,549, with 56%
of this cost attributable to hospitalization, 28% to drug
therapy, and only 16% to outpatient visits [3]. Similarly,
the results of the COSYCONET study in Germany showed
that the direct costs of COPD were significantly higher in
patients with comorbidities such as cardiovascular diseases
or diabetes, ranging from €2,000 to €5,000 per year,
depending on the severity of the disease [16].

For asthma, a study in the United States estimated the
economic burden of the disease at $81.9 billion annually,
of which $50.3 billion was direct medical costs and $29
billion was indirect costs related to lost productivity due to
missed work or school [10]. In the UK, the cost of treating
severe refractory asthma was £29,000 per patient per year,
10 times higher than the cost of treating patients with mild
asthma [11]. Cost-effectiveness studies have highlighted
that early use of modern treatment regimens, including
inhaled corticosteroids and bronchodilators, reduces the
cost of hospitalization and treatment of complications. For
example, a self-management program for patients with
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COPD in the UK has been shown to be cost-effective,
saving around £25 per patient per year through reduced
exacerbations and hospitalizations [6]. In turn, a study
conducted in Italy confirmed that optimizing medication
use through individual pharmacist consultations for
patients with asthma reduces overall costs by 16% [8].
In addition, demographic factors such as age and gender
also affect costs. In the USA, women had higher costs for
hospitalization for asthma than men ($3,497 vs. $3,108),
which is associated with more frequent complications [17].

The combined use of hypoxic training and breathing
exercises with positive end-expiratory pressure on lung
ventilation function and gas exchange in elderly patients
with chronic obstructive pulmonary disease improves
external respiration and pulmonary gas exchange efficiency
and reduces the cost of treatment [2].

Projected trends indicate that by 2030 the number of
patients with COPD in England and Scotland could increase
by 33%, which would increase overall costs to over £2.5
billion annually [9].

Conclusions. Analysis of the effectiveness of treatment
of BA and COPD indicates a general non-adaptation of
basic therapy regimens to the needs of patients. Only 5 out
of 97 patients reached the frontier of technical effectiveness,
and most of them encountered excessive (67 patients) or
insufficient dosing (27 patients). The effectiveness of basic
therapy was higher in patients with BA compared to COPD.

Comparison of the three treatment regimens indicates
the superiority of the first regimen in terms of technical
effectiveness (Farrell index) and the second in terms of
cost-effectiveness. However, the third regimen had the
highest indicators in both criteria, although its conclusions
are limited by the small number of observations.

Analysis of the influence of factors revealed that gender,
diagnosis and year of observation had a significant impact
on cost-effectiveness. In women and patients with BA, the
effectiveness of the first regimen was significantly better.
The second regimen demonstrated higher effectiveness for
employed men. Despite the positive impact of compliance,
its role was not statistically significant.

BIBLIOGRAPHY
1. Adeloye D, Song P, Zhu Y, Campbell H, Sheikh A, Rudan I. Global, regional, and national prevalence of, and risk factors for,
chronic obstructive pulmonary disease (COPD) in 2019: a systematic review and modelling analysis. The Lancet Respiratory
Medicine. 2022 May 1; 10(5): 447-58. DOI: 10.1016/S2213-2600(21)00511-7.
2. Asanov EO, Shatilo VB, Dyba IA, Holubova Yul, Slipchenko VH, Poliahushko LH. Lung ventilation function and
pulmonary gas exchange in elderly patients with chronic obstructive pulmonary disease during combined application of
hypoxic training and respiratory training with positive end-expiratory pressure. Clinical and Preventive Medicine. 2024; 5:

12-20. DOI: 10.31612/2616-4868.5.2024.02.

3. Dal Negro RW, Bonadiman L, Turco P, Tognella S, Iannazzo S. Costs of illness analysis in Italian patients with chronic
obstructive pulmonary disease (COPD): an update. ClinicoEconomics and outcomes research. 2015 Mar 16: 153-9.

DOI: 10.2147/CEOR.S77504.

4. Dal Negro RW, Bonadiman L, Turco P. Prevalence of different comorbidities in COPD patients by gender and GOLD stage.
Multidisciplinary respiratory medicine. 2015 Dec; 10: 1-9. DOI: 10.1186/s40248-015-0023-2.

5. Huang K, Yang T, Xu J, et al. Prevalence, risk factors, and management of asthma in China: a national cross-sectional study.
The Lancet. 2019 Aug 3; 394(10196): 407-18. DOI: 10.1016/S0140-6736(19)31147-X.

6. Jordan RE, Majothi S, Heneghan NR, et al. Supported self-management for patients with moderate to severe chronic
obstructive pulmonary disease (COPD): an evidence synthesis and economic analysis. Health Technology Assessment
(Winchester, England). 2015 May; 19(36): 1. DOI: 10.3310/hta19360.

7. Kachkovska V, Kovchun A, Dudchenko I, Prystupa L. Effectiveness of complex treatment of patients with early-onset
and late-onset bronchial asthma associated with obesity. Eastern Ukrainian Medical Journal. 2024; 12(1): 148-159.

DOI: 10.21272/eumj.2024;12(1):148-159.

ISSN 2226-2008 OAECHKUIT MEJIUMYHUIM KYPHAJI Ne 2 (193) 2025

47



KJITHIYHA IIPAKTHKA

8.

10.

11.

12.

13.

14.

15.

16.

17.

48

Manfrin A, Tinelli M, Thomas T, Krska J. A cluster randomised control trial to evaluate the effectiveness and cost-
effectiveness of the Italian medicines use review (I-MUR) for asthma patients. BMC Health Services Research. 2017 Dec;
17: 1-3. DOL: 10.1186/s12913-017-2245-9.

McLean S, Hoogendoorn M, Hoogenveen RT, et al. Projecting the COPD population and costs in England and Scotland:
2011 to 2030. Scientific reports. 2016 Sep 1; 6(1): 31893. DOI: 10.1038/srep31893.

Nurmagambetov T, Kuwahara R, Garbe P. The economic burden of asthma in the United States, 2008—-2013. Annals of the
American Thoracic Society. 2018 Mar; 15(3): 348-56. DOI: 10.1513/AnnalsATS.201703-2590C.

O'Neill S, Sweeney J, Patterson CC, et al. The cost of treating severe refractory asthma in the UK: an economic
analysis from the British Thoracic Society Difficult Asthma Registry. Thorax. 2015 Apr 1; 70(4): 376-8.
DOLI: 10.1136/thoraxjnl-2013-204114.

Pate CA, Zahran HS, Qin X, Johnson C, Hummelman E, Malilay J. Asthma Surveillance — United States, 2006-2018.
MMWR Surveill Summ. 2021 Sep 17; 70(5): 1-32. DOI: 10.15585/mmwr.ss7005al.

Putcha N, Drummond MB, Wise RA, Hansel NN. Comorbidities and Chronic Obstructive Pulmonary Disease: Prevalence,
Influence on Outcomes, and Management. Semin Respir Crit Care Med. 2015 Aug; 36(4): 575-91. DOIL: 10.1055/
s-0035-1556063.

Stern J, Pier J, Litonjua AA. Asthma epidemiology and risk factors. Semin Immunopathol. 2020 Feb; 42(1): 5-15.
DOI: 10.1007/s00281-020-00785-1.

Varmaghani M, Dehghani M, Heidari E, Sharifi F, Moghaddam SS, Farzadfar F. Global prevalence of chronic obstructive
pulmonary disease: systematic review and meta-analysis. East Mediterr Health J.2019 Mar 19;25(1): 47-57. DOI: 10.26719/
emh;j.18.01.

Wacker ME, Jorres RA, Schulz H, et al. Direct and indirect costs of COPD and its comorbidities: results from the German
COSYCONET study. Respiratory medicine. 2016 Feb 1; 111: 39-46. DOI: 10.1016/j.rmed.2015.12.00.

Zein JG, Udeh BL, Teague WG, et al. Impact of age and sex on outcomes and hospital cost of acute asthma in the United
States, 2011-2012. PLoS One. 2016 Jun 13; 11(6): €0157301. DOI: 10.1371/journal.pone.0157301.

Haoiiiwna 0o pedaxyii 25.02.2025.
Iputinama oo opyxy 15.05.2025.

Enexmponni adpecu onsa nucmysanns freekozakl@gmail.com,
kohanb648@gmail.com

ISSN 2226-2008 OJECHKWI MEJAYHNNA XKYPHAIT Ne 2 (193) 2025



KJITHIYHA IIPAKTHUKA

UDC 616.831-004.2-07:616.89
DOI https://doi.org/10.32782/2226-2008-2025-2-8

K. V. Shevchenko-Bitensky' https://orcid.org/0000-0003-4572-3539
V. V. Kosovsky’ https://orcid.org/0000-0002-7963-2865

COGNITIVE AND HALLUCINATORY-PARANOID DISORDERS
IN VASCULAR DEMENTIA (CLINICALAND PSYCHOPATHOLOGICAL
STRUCTURE AND DIAGNOSTIC CRITERIA)

! Odesa National Medical University, Odesa, Ukraine
2 Ivan Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine, Ternopil, Ukraine
y p y y p

UDC 616.831-004.2-07:616.89

K. V. Shevchenko-Bitensky!, V. V. Kosovsky?

COGNITIVE AND HALLUCINATORY-PARANOID DISORDERS IN VASCULAR DEMENTIA (CLINICO-
PSYCHOPATHOLOGICAL STRUCTURE AND DIAGNOSTIC CRITERIA)

! Odesa National Medical University, Odesa, Ukraine

? Ivan Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine, Ternopil, Ukraine

The aim of the study is to investigate the clinical and psychopathological structure of cognitive and hallucinatory-paranoid disorders in
patients with vascular dementia (at different stages of the pathological process).

Materials and methods. The work was based on the results of the study of 75 patients with vascular dementia (VD) and
hallucinatory-paranoid disorders (HPD), who made up the main group. As a control group, 63 patients with VD without predominant HPD
participated in the study. The complex of research methods included clinical and psychopathological, psychometric, psychodiagnostic and
mathematical statistical methods.

Results. The results of the study showed that the characteristics of HPD and cognitive disorders (CD) depend on the stage of VD
development. The clinical and psychopathological structure of HPD in patients with VD in the middle stage of development (MSD) was
characterized by the predominance of paranoid disorders with systematic ideas of damage, robbery, theft, which occurred in the form of
paranoid delusional disorder.

In patients with HPD with VD in late stage of development (LSD), the in clinical picture hallucinations were dominated (visual, auditory
and tactile), which occurred in the form of hallucinosis.

With the transition of VD from MSD to LSD, the frequency of cognitive disorders of praxis, gnosis, attention, language, orientation
increased and thinking disorders deepened.

Clinical manifestations of HPD in VD were formed in the structure of cognitive disorders, the transformation of which was determined by
the stage of development of the pathological process.

In this work, a categorical and dimensional analysis of HPD in patients with VD of different stages of development was carried out, their
clinical, psychopathological and phenomenological structure, the interaction of cognitive and non-cognitive components, and types of courses
were determined. The data obtained made it possible to form diagnostic criteria for different stages of VD development, which are the basis
for increasing the VD treatment effectiveness.

Keywords: vascular dementia, hallucinatory-paranoid disorders, cognitive disorders, psychopathological structure, diagnostic criteria.
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(KJITHIKO-IICUXOMATOJIOTTYHA CTPYKTYPA TA KPUTEPIi JIATHOCTUKH)
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MerToro fociigkeHHs1 Oyno BUBYCHHS KIIHIKO-TICHXOMATOJIOTIYHOT CTPYKTYPH KOTHITHBHHX 1 IaJIFOI[MHATOBHO-TIAPAHOITHUX PO3JIaJiB
Y XBOpHUX Ha CyIMHHY JIEMEHIII0 (Ha Pi3HUX CTaJifX MATOIOTIYHOTO MPOIIECY).

B ocHOBY po0OOTH MOKJIa/IeH] Pe3yNbTaTi JOCIi/DKSHHs 75 manieHTiB i3 cyaunHoo nemeuieio (C]) Ta raqounHaTOpHO-IApaHOIAHUMH
poznagamu (I'TIP), sixi craHOBHIIM OCHOBHY rpy1y. Jlo KoHTposbHOT rpynu BBifimuy 63 nauientu i3 C/I 6e3 nepesaxarounx ['TIP.

[IpoBeneni mocmimkeHHs Moka3any, mo xapakrepuctiku [ TIP Ta korniTuBHUX po3naziB (KP) 3anexars Bix cramii pozsurky CJ1. Kiii-
Ko-nicuxomnaronoriuna crpykrypa I'TIP y xBopux CJ] Ha cepenuiii crazii pozsutky (CCP) xapakrepu3yBaiacs nepeBaxaHHSIM apaHOiTHUX
1 mapaHosuIbHUX po3naniB. Y xBopux 3 I'TIP i3 C/ Ha mi3Hiit crazii po3sutky (IICP) nominyBanu ramoruaaropHi posnaau. 3 nepexogoM CJI
i3 CCP y IICP 3pocraina 4acToTa KOTHITHBHHX TTOPYLICHb.

Orpumani 1aHi 1an 3MOTy pO3pOOMTH JiarHOCTHUYHI KpUTepil Ast pisHuX crafii possutky ClI.

KitrouoBi cioBa: cyniHHa JeMeHIis, TATIOIMHATOPHO-IIAPaHOI IHI MOPYIICHHS, KOTHITUBHI PO3J1a/H, ICHXONATOJIOTIYHA CTPYKTYpa, KpH-
Tepii TiarHOCTHKA.
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Introduction. Dementia is a severe neurodegenerative
disorder, the mechanisms of formation of which are closely
related to age, which allowed to classify this pathology as
an age-related disease. According to the results of modern
research, more than 50 million people in the world have
dementia and their number is growing annually, and in 2050
it will reach 152.8 (130.8 to 175.6) million cases, which is
associated with population growth and aging [1, 2].

The expected economic burden of dementia is estimated
to be USD 2 trillion by 2030 [3]. The medical and social
consequences of dementia include significant impairment
of social functioning and quality of life, disability, and
the impact of the disease on the family environment and
caregivers [4, 5].

Dementia is caused by various diseases and injuries
that cause brain damage, primarily Alzheimer’s
disease, vascular disease of the brain, and their mixed
variants [3, 4].

Vascular dementia (VD) is the second most common
subtype of dementia, accounting for approximately 20% of
all dementia cases. This subtype of dementia is characterized
by numerous cardiovascular risk factors (hypertension,
hyperlipidemia, diabetes, atrial fibrillation, smoking) and
higher mortality rates from the time of diagnosis than other
variants [6-8].

In the structure of clinical manifestations of VD,
cognitive and non-cognitive disorders are distinguished.
Non-cognitive manifestations of VD include a wide range of
psychopathological disorders of varying severity, including
depression, anxiety, hallucinations, delusional disorders,
agitation, and aggressive behavior [9]. The literature
provides evidence that the most frequent and severe non-
cognitive disorders in dementia are hallucinatory-paranoid
disorders (HPD), which cause impaired social functioning
and the financial burden of this pathology [10, 11].

According to modern clinical interpretations, cognitive
disorders (CD) in VD are usually chronic, progressive and
characterized by a complex of manifestations in the form
of impaired memory, attention, thinking, gnosis, praxis,
language, social functioning and a marked decrease in
quality of life [12, 13].

Despite the active study of dementia, the effectiveness
of treatment and rehabilitation measures for patients with
VD remains extremely low, due to untimely and imperfect
diagnosis, which is carried out without taking into account
the clinical and psychopathological structure of HPD and
CD, their mutual influence and relationship, the stage of
dementia development and the rehabilitation potential of
this category of patients.

Formulation of the research purpose (statement of
the task). The aim of the research is to study their clinical
and psychopathological structure, mutual influence and
develop their diagnostic criteria based on a comprehensive
assessment of cognitive and hallucinatory-paranoid
disorders in patients with vascular dementia (at different
stages of the pathological process).

Materials and methods of the study. The study relies
on the results of the study of 75 patients with VD (F01.3)
with HPD (main group: 41 patients in the middle stage
of development, MSD; 34 patients in the late stage of
development, LSD). As a control group, 63 patients with
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VD without HPD participated in the study (34 patients in
the MSD; 29 patients in the LSD).

All studies were conducted in accordance with the
bioethical requirements of the Declaration of Helsinki
adopted by the General Assembly of the World Medical
Association for the Ethical Principles for Scientific
Medical Research Involving Human Subjects (1964, with
subsequent amendments, including the 2000 version),
the Council of Europe Convention on Human Rights and
Biomedicine (1977), the relevant regulations of the World
Health Organization, the International Council of Medical
Scientific Societies, the International Code of Medical
Ethics (1983), and the laws of Ukraine and the order of the
Ministry of Health of Ukraine No. 690 of 23.09.2009. All
patients who participated in the study signed an informed
consent. The study was conducted on the basis of the Odesa
Regional Psychiatric Hospital No 2.

The main characteristics of the patients in the main
group were: female sex (in 68.0% of cases, at p < 0.05),
average age 78.6 = 7.3 years (at p <0.05), hereditary burden
of affective disorders (mainly depressive and dysthymic
in 28.0% of cases, at p < 0.01), perinatal pathology in the
anamnesis (in 20.0% of cases, at p < 0.05), concomitant
pathology of the nervous system (history of stroke, transient
ischemic attacks in 50.7% of cases, at p < 0.05), lack of
family (unmarried, divorced, widowed, widowers in 38.7%
of cases, at p < 0.05), poor material and living conditions
(in 42.7% of cases, at p < 0.01), presence of chronic
psychogenic factors (in 72.0% of cases, at p < 0.05),
associated with deterioration of the financial situation (in
78.7% of cases, at p < 0.05), loneliness, need for love and
close relationships (in 65.3% of cases, at p < 0.01).

Specific clinical characteristics of patients with VD
and HPD were the burden of anamnesis with vascular
pathology of the brain (stroke, transient ischemic attacks),
perinatal pathology and the influence of chronic factors of
mental trauma.

To realize the purpose and objectives of the study,
a set of methods was used, which included: clinical and
psychopathological, psychometric, psychodiagnostic and
statistical research methods.

The clinical and psychopathological method was used
to study the clinical and psychopathological structure of
CD and HPD in patients with VD.

As part of the clinical and psychopathological
approach, structural interviews, routine neuropsychological
examinations, and scales for assessing the Clinical Dementia
Rating (CDR) and severity of cognitive impairment —
Global Deterioration Scale (GDS) were used.

The block of psychometric studies included the
following methods: Neuropsychiatric Inventory (NPI) [14];
Behavioral Questionnaire (Bahav-AD) [15]; Non-cognitive
sections of the Alzheimer’s Assessment Scale (ADAS-Non
Cog) [16].

A set of psychodiagnostic measures, including the Mini-
Mental State Examination (MMSE) [17]; the Montreal
Cognitive Assessment Scale (MoCa) [18]; the Psychiatric
Disability Assessment Schedule (PDAS) [19].

Statistical methods of data processing and analysis
included: methods of descriptive statistics (percentage
(%)), arithmetic mean (M), standard error of the arithmetic
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mean (m), standard deviation (c); methods of comparative
statistics (t-test), method of sequential statistical analysis
(calculations of diagnostic coefficients (DC) and Kulbak’s
measures of information (MI)), method of correlation
analysis (Pearson's r). Statistical data processing was
performed using Excel and Statistica Application, Version
10.0.1011.0, Statsoft Inc. 2017.

Results of the study. Clinical and psychopathological
analysis of HDP and CD with VD showed that their
structure differs depending on the stage of dementia
development.

The following patterns were found in the structure of
clinical and psychopathological manifestations of HPD in
patients with VD in the MSD (Fig. 1):

— revalence of paranoid disorders (in 75.6% of cases,
at p < 0.05, hereinafter compared with patients with VD in
the LSD) over perception disorders (in 36.6% of cases, at
p <0.01);

— the prevalence of frequent (3.3 + 0.4 points, p < 0.05)
delusions of material damage, robbery, theft (in 26.8% of
cases, p <0.01), relationships (in 21.9% of cases, p <0.01)
and jealousy (in 17.1% of cases, p < 0.01) in a moderate
degree of severity (2.4 + 0.4 points, p < 0.05);

— the prevalence of systematized delusions (in 70.1%
of patients with delusional disorder, p < 0.01) over poorly
developed, unsystematized and fragmentary delusions that
do not tend to expand (in 29.9% of patients, p < 0.01);

—in 12.2% of patients with HPD in VD in the MSD, it
was in the form of paranoia (p < 0.01); in 63.4% of patients
— in the form of paranoid delusional disorder (p < 0.01); in
24.4% of patients — in the form of hallucinosis (p < 0.05);

— combination of HPD with frequent (3.4 £ 0.4 points,
at p < 0.05, hereinafter compared with patients with VD
in MSD without HPD) vagrancy (in 41.5% of cases,
at p < 0.05) of moderate severity (2.5 £ 0.5 points)
periodic (2.5 £ 0.6 points, at p < 0.05) verbal aggression
(in 48.8% of cases, at p < 0.01) of moderate severity
(2.3 £ 0.3 points); frequent (3.2 £ 0.2 points, at p < 0.05)
disorders of rhythm day/night (in 78.0% of cases, at
p < 0.05) moderate-severe severity (2.6 = 0.4 points, at
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p < 0.05); often (3.4 + 0.5 points, at p < 0.05) low mood
(in 65.9% of cases, at p < 0.05), which manifested itself
in the form of dysphoria (in 43.9% of cases, at p < 0.01)
of moderate severity (2.4 + 0.3 points); fear of being
left alone (in 41.5% of cases, at p < 0.05); with frequent
(3.1 +£ 0.5 points, at p < 0.05) states of irritability (in 36.6%
of cases, at p < 0.05) of moderate severity (2.3 + 0.4 points,
atp <0.05)

In this group, significant correlations were found
between the severity of delusional disorders and the
severity of dysphoria (r = 0.69), agitation (aggressiveness)
(r=0.66), and between the severity of perceptual disorders
and the severity of day/night rhythm disturbance (r = 0.72).

Thus, the clinical and psychopathological structure of
HPD in patients with VD in the MSD was characterized
by the prevalence of paranoid disorders with systematized
ideas of damage, robbery, and theft, which were mainly
in the form of paranoid delusions. HPD in this stage of
VD were accompanied by vagrancy, verbal aggression,
day/night rthythm disorders, and low mood in the form of
dysphoria.

The following features were found in the structure of
clinical and psychopathological manifestations of HPD in
patients with VD in the LSD (Fig. 2):

— predominance of hallucinatory disorders (in 82.4%
of patients, at p < 0.01, hereinafter compared with patients
with VD in the MSD) over paranoid disorders (in 55.8% of
patients, at p < 0.05);

— the presence in the structure of perception disorders
of frequent (3.2 + 0.4 points, at p <0.05) visual (in 23.5% of
cases, at p < 0.01), auditory (in 26.5% of cases, at p > 0.5)
and tactile (in 20.6% of cases, at p < 0.01) hallucinations of
moderate severity (2.4 + 0.4 points, at p < 0.05);

— predominance of poorly developed unsystematized
and fragmentary delusions that do not tend to expand
(in 84.2% of patients with delusional disorder, p < 0.01)
over systematized delusions (in 15.8% of patients with
delusional disorder, p <0.01);

— the course of HPD in the form of paranoia (in 38.5%
of patients with HPD, p < 0.05); paranoid delusional
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Other manifestations of anxiety 29
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Fig. 1. Structure of clinical and psychopathological manifestations of HPD in patients
with VD in the MSD
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Fig. 2. Structure of clinical and psychopathological manifestations of HPD in patients
with VD in the LSD

disorder (in 17.3% of patients, p < 0.01) and hallucinosis
(44.2% of patients, p < 0.05);

the combination of HPD with frequent (3.5 + 0.4 points,
at p < 0.05, hereinafter compared with patients with VD
in the LSD without HPD) aimless activity (cognitive
bulimia) (in 41.2% of cases, at p < 0.01) moderate to
severe (2.6 £ 0.4 points, at p < 0.05); frequent anxiety
(3.4+0.5 points, at p<0.01) in 70.6% of cases (at p <0.01)
of predominantly generalized nature (55.9% of cases, at
p < 0.01) moderate-severe (2.7 + 0.3 points, at p < 0.01);
frequent day/night rhythm disorders (3.5 + 0.4 points, at
p < 0.05) in 82.4% of cases (at p < 0.05) moderate-severe
(2.5+0.5 points, at p <0.05); periodic states of disinhibition
(2.5+0.3 points, at p<0.01) in 35.3% of cases (atp < 0.01)
of moderate severity (2.4 £ 0.5 points, at p < 0.05);
severe distractibility (in 73.5% of cases, at p <0.05)

In these patients, there was a correlation between
the severity of perceptual disorders and the severity of
day/night rhythm disturbance (r = 0.73); the severity of
delusional disorders and the severity of anxiety (r = 0.67).

In patients with HPD in VD in the LSD, hallucinatory
disorders dominated (visual, auditory, and tactile
hallucinations), which took the form of hallucinosis, HPD
was accompanied by aimless activity, disinhibition, and
distractibility. The severity of symptoms in this group was
most often moderately severe.

According to the results of the conducted studies,
HPD in VD was combined with a wide range of cognitive
impairments, which had a certain specificity within the
stages of development of VD.

In the structure of CD of patients with VD in MSD,
numeracy disorders (errors of serial subtraction in 70.7% of
cases, at p <0.05) prevailed; memory (delayed reproduction
associated with coding disorders in 63.4% of cases, at
p < 0.05); attention (distraction and exhaustion in 53.7%
of cases, p < 0.05); thinking in the form of generalization
disorders (78.0% of cases, p < 0.01), formal logical
operations (82.9% of cases, p < 0.05), inference (85.4% of
cases, p < 0.01), criticism (87.8% of cases, p < 0.01).

In this group, a significant correlation was found
between the severity of delusional disorders and the
severity of delayed replay disorders associated with coding
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disorders (r = 0.66) and between the severity of perceptual
disorders and the severity of distraction and attentional
exhaustion (r = 0.73; r = 0.68).

In the structure of cognitive impairments of patients
with HPD in VD in the LSD, most often there were
violations of praxis (visual-constructive skills in 88.2 %
of cases, at p < 0.05; writing — in 88.2 % of cases, at
p < 0.05); gnosis (impaired understanding of instructions,
in 88.2% of cases, at p < 0.05); attention (inertia, in 88.2%
of cases, at p < 0.05); speech (errors of phrase repetition,
in 91.2% of cases, at p < 0.05); orientation in space (in
91.2 % of cases, at p < 0.05); own personality (in 70.6%
of cases, at p < 0.05); dynamics of thinking (slowing
down, inertia, perseveration, inconsistency) (in 91.2 % of
cases, at p < 0.05), motivational component (paralogism,
discontinuity and incoherence, in 88.2% of cases, at
p <0.05) and criticism (in 91.2% of cases, at p < 0.05).

Asignificant correlation was found between the severity
of perceptual disorders and the severity of orientation
disorders in one's own personality (r = 0.65) and in the
location (r = 0.68).

The data obtained indicate that in the transition of VD
from MSD to LSD, the frequency of cognitive impairment
of praxis, gnosis, attention, language and orientation
increased (in 70.6-91.2% of cases, at p < 0.05) and thinking
disorders, including its dynamics, motivational component
and criticism, deepened.

The most informative clinical signs in patients with
HPD and CD in VD are as follows: attention deficit
disorder (DC — (-2.32), MI — 0.30, at p < 0.04); day/night
rhythm disorder (DC — (-2.25), MI — 0.36, at p < 0.0001);
verbal forms of aggression (DC — (-3.04), MI — 0.25, at
p < 0.01); symptoms that are unbearable for the patient
and significantly disturb the caregiver (DC — (-3.04), MI —
0.25,at p <0.01).

The most informative clinical signs in patients with HPD
and CD in the MSD include: violation of the motivational
component of thinking (DC — (-2.04), MI -0.25, at
p <0.02); irritability (DC — (—4.93), MI - 0.61, at p < 0.01);
aggressiveness in verbal form (DC — (-3.75), MI — 0.53, at
p <0.008); symptoms that moderately disturb the caregiver
and are safe for the patient (DC — (—3.29), MI — 0.38, at
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p < 0.02); day/night rhythm disturbance (DC — (-2.20),
MI - 0.34, at p < 0.004).

The most informative clinical signs in patients with VD
in the LSD were determined as follows: praxis disorder
(DC — (-2.90), MI — 0.33, at p < 0.04); state of disinhibition
(DC — (-5.05), MI — 0.77, at p < 0.007); anxiety, mainly in
a generalized form (DC — (-3.11), MI — 0.56, at p < 0.003);
aimless activity (DC — (-3.78), MI — 0.45, at p < 0.03);
day/night rhythm disturbance (DC — (-2.32), MI — 0.40, at
p <0.004); distraction (DC — (-2.50), MI — 0.40, at p < 0.008).

Conclusions. The study of the clinical and
psychopathological structure of HPD in patients with VD
revealed its dependence on the stage of development of the
pathological process.

In patients with VD in the MSD, frequent paranoid
disorders with a systematized delusional plot of material
damage, robbery, theft, relationships and jealousy of
moderate severity, which occurred in the form of paranoid
delusional disorder, acute paranoia and hallucinosis,
dominated the structure of clinical manifestations.

In patients with VD in the LSD, the clinical and
psychopathological structure of the HPD was characterized
by the prevalence of frequent hallucinatory disorders in
the form of visual, tactile and auditory hallucinations of
moderate severity, which occurred in the form of paranoia,
paranoid delusions and hallucinosis.

Clinical manifestations of HPD in VD were formed in
the structure of cognitive disorders, the transformation of
which was determined by the stage of development of the
pathological process. In patients with HPD in VD in the
MSD, the leading CD were disorders of counting; memory,
attention. Thinking disorders were manifested in the form
of distortion of generalization, inference, formal logical
operations, and criticism.

In patients with HPD with VD in LSD, CD were
recorded mainly in the form of impairments in praxis;
writing; gnosis; attention; speech; orientation in space and
in one's own personality. Thinking disorders in patients
with HPD were characterized by impaired dynamics,
motivational component, and criticism.

KJITHIYHA IIPAKTHUKA

Thus, the clinical and psychopathological structure of
HPD in patients with VD in the MSD was characterized
by the prevalence of paranoid disorders with systematized
ideas of damage, robbery, and theft, which were mainly
in the form of paranoid delusions. HPD in this stage of
VD was accompanied by vagrancy, verbal aggression,
day/night rhythm disorders, and low mood in the form of
dysphoria. In patients with HPD in VD in the LSD, the
clinical picture was dominated by hallucinatory disorders
(visual, auditory and tactile hallucinations), which
occurred in the form of HPD hallucinosis, accompanied
by aimless activity, disinhibition and distractibility. The
symptoms in this group were most often moderately
severe.

It has been established that the course of HPD in
VD is complicated by an increase in the frequency of
cognitive impairment (praxis, gnosis, attention, language
and orientation) and a deepening of thinking disorders
(dynamics, motivational component, criticism) in the
transition from the middle to the late stage, which reflects
the development of the neurocognitive process.

Following the conducted studies, an algorithm for
the diagnosis of cognitive and non-cognitive (HPD and
other) disorders at different stages of development of
VD has been developed, which is based on the definition
of clinical, psychopathological and neuropsychological
determinants of the pathological process in the dynamics
of its development, allows to improve the diagnosis and
differential diagnosis of VD and to carry out timely clinical
identification of VD for early intervention and increase the
effectiveness of treatment.

The paper presents a categorical and dimensional
analysis of HPD and CD in patients with different
degrees of development of VD, determines their clinical,
psychopathological and phenomenological structure, the
interaction of cognitive and non-cognitive components,
and types of course. It has been proved that in the structure
of cognitive impairment, thinking disorders to a greater
extent reflect the mechanisms of formation of HPD in VD,
reproducing mainly the psychotic mechanism.
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Introduction. There is insufficient data in the available literature on the association of laboratory changes in pregnant women with
COVID-19, in particular coagulopathy indicators, with adverse pregnancy outcomes.

The aim of the study is to identify potential laboratory markers of perinatal disorders in COVID-19 during pregnancy.

Materials and methods. The comprehensive study included: 200 pregnant women who were hospitalized with COVID-19 during
pregnancy (main group) and 50 patients who did not have COVID-19 during pregnancy (control group). The main group was divided into
2 subgroups: O1 — 50 women with adverse perinatal outcomes, O2 — 150 patients with a relatively favorable course of the gestational period.
Complete blood count, biochemical indicators, and individual hemostasis parameters were taken into account.

Study results. Potential risk factors for perinatal disorders in COVID-19 include anemia, thrombocytopenia, leukocytosis with increased
rod-shaped neutrophils, increased liver transaminases, increased C-reactive protein, increased platelet aggregation, prothrombotic changes in
hemostasis, in particular increased D-dimer, endothelial damage (increased von Willebrand factor). High activity of inflammatory processes
in pregnant women with COVID-19 underlies systemic vasculitic changes and defects in blood coagulation processes, which cause damage
to the maternal-fetal complex.

Conclusions. It is important to monitor blood parameters in pregnant women with COVID-19 for timely detection of deterioration of the
woman's condition and possible negative impact on perinatal outcomes.

Keywords: COVID-19, pregnancy, perinatal complications, hemostasis, inflammation.
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JABOPATOPHI MAPKEPU NIEPUHATAJIbBHUX NOPYWEHDB 3A HASIBHOCTI COVID-19 ¥ )KIHKHA

! Hayionanvhuil ynieepcumem oxoponu 300pog’s Yikpainu iveni I1. JI. lynuxa, Kuis, Yxpaina

2 00ecwruii nayionansrutl meduunuil ynisepcumem, Odeca, Yrpaina

Jo noreHwuiiiHux (akTopiB pH3UKy MepHHATANBHUX MOpyueHs 3a HasBHOCTI COVID-19 MoxHa BiHecTH aHeMilo, TPOMOOLUTONEHIIO,
NeHKOHUTO3 13 MiJBUIEHHIM NAIOYKOSAKPHUX HEHTPO(ITiB, MiABHUIIEHHS NMEYiHKOBUX TpaHcaM(Ha3, 3pocTaHHs C-peakTHBHOTrO Oijka,
3pOCTaHHs arperamii TpoMOOIHTIB, IPOTPOMOOTHYHI 3MiHI TeMOCTa3y, 30KpeMa ITiIBUIIeHHS D-1uMepy, MOMKOIKEHHS eHAOTENII0 (3pOCTaHHs
(axropa pou Binnedbpanna). Bucoka akTuBHicTh 3anaipHux npouecis y BaritHux 3 COVID-19 nexuTts B 0OCHOBI CHCTEMHHX BaCKYJIiTHUX 3MiH
1 Te(eKTiB MPOIIECiB 3rOPTAaHHS KPOBI, SIKi 00YMOBIIOIOTH MOMIKOKEHHS MaTEPUHCHKO-INIOI0BOT0 Komiuiekcy. Y pasi COVID-19 y Baritaux
BAXIMBO TPOBOJUTH MOHITOPUHT IOKAa3HMKIB KPOBI [JI CBOEYACHOTO BUSBICHHS MOTIPIICHHS CTaHY JKIHKH i MOXKIIMBOTO HETaTHBHOTO
BIUIMBY Ha [EPUHATAIIbHI HACIIKH.

Kunrouosi cioBa: COVID-19, BariTHICTh, epUHATANIBHI YCKIATHEHHS, TEMOCTA3, 3aTIaJICHHS.

Introduction. Coronavirus disease 2019 (COVID-
19) is a viral respiratory illness caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).
The COVID-19 pandemic has posed an unprecedented
challenge to healthcare systems worldwide.

COVID-19 can cause thrombotic disease through
excessive inflammation, platelet activation, and endothelial
dysfunction [1].

© V. V. Kaminskiy, O. I. Zhdanovich, R. M. Savchuk et al., 2025

CrarTs MOMMPIOETHCS HA YMOBAX JIIICH31T -'

Common laboratory abnormalities seen in patients
with COVID-19 include lymphopenia [2] and elevated
inflammatory markers such as C-reactive protein, D-dimer,
ferritin, and interleukin-6 (IL-6) [3], which are associated
with a higher risk of requiring mechanical ventilation,
intensive care unit admission, or death. IL-6 levels may
correlate with disease severity and procoagulant profile [4].

Data related to other tests are less definitive
and often contradictory. Disease severity may be
associated with prolonged prothrombin time (PT) and
increased international normalized ratio (INR) [5], as
well as prolonged thrombin time (TT) [6] and a trend

ISSN 2226-2008 OJIECBEKMI MEVMUHUIM )KYPHAJI Ne 2 (193) 2025 55



KJITHIYHA IIPAKTHKA

toward reduced activated partial thromboplastin time
(APTT) [7].

Taken together, these hemostatic changes suggest a
coagulopathy that may predispose to thrombotic events,
although the exact cause is unknown. However, it is still
unclear whether these hemostatic changes are a specific
effect of SARS-CoV-2 or a consequence of a cytokine
storm that accelerates the onset of systemic inflammatory
syndrome (SIRS), as seen in other viral diseases [8].
Another consideration that has not been explored much
is that the hemostatic changes observed in COVID-19
infection are related to liver dysfunction [9].

Pregnancy is a physiological prothrombotic state and
therefore there is anincreased risk of developing coagulopathy
and/or thromboembolic complications associated with
COVID-19. During viral outbreaks, pregnant women are
at increased risk of respiratory infections due to changes in
immune function and adaptive physiological changes such
as increased oxygen consumption, upper airway mucosal
edema, and diaphragmatic elevation [10, 11].

Physiological changes during pregnancy result in
increased D-dimer and fibrinogen levels, as well as
decreases in (PT), activated partial thromboplastin
time (APTT), and platelet count. In addition to altered
coagulation, SARS-CoV-2 infection may lead to additional
changes, represented by increased D-dimer levels and
prolonged APTT and PTT [12].

Pregnant women have a four- to five-fold higher risk
of venous thromboembolism (VTE) than non-pregnant
women. In pregnant women with COVID-19, laboratory
parameters of hemostasis may coincide with indicators of
COVID-19-associated coagulopathy (CAC), disseminated
intravascular ~ coagulation = (DIC),  sepsis-induced
coagulopathy (SIC), thrombotic microangiopathy (TMA),
and HELLP syndrome [13].

Laboratory studies show that in pregnant women with
COVID-19, lymphopenia and elevated C-reactive protein
(CRP) are the most frequently reported changes, with
a frequency of about 42% and 51%, respectively [14,
15]. Other laboratory abnormalities commonly reported
in critically ill patients include elevated neutrophils,
thrombocytopenia, liver and kidney function abnormalities,
and elevated D-dimer, ferritin, and procalcitonin [16,
17]. Maternal DIC has been reported in association with
COVID-19 infection [18]. During pregnancy, COVID-19
coagulopathy in the third trimester has been associated
with either clinical manifestations that mimic normotensive
HELLP syndrome, associated with thrombocytopenia
and elevated liver enzymes [19], or hyperfibrinolytic
coagulopathy with bleeding [20].

There is limited evidence in the available literature to
investigate the association of laboratory abnormalities in
pregnant women with COVID-19, particularly coagulopathy
indices, with adverse pregnancy outcomes. It is worth
noting only a recent study of the role of hemostasis system
parameters in the assessment of preeclampsia of varying
severity and their relationship with pregnancy outcomes,
which included 168 patients with PE who were hospitalized
in a hospital in the Chinese province of Yunnan [21].

The aim of the study is to identify potential laboratory
markers of perinatal disorders in COVID-19 during pregnancy.

56

Materials and methods. The comprehensive study
included 250 pregnant women: the main group — 200
women who were hospitalized with COVID-19 during
pregnancy and the control group — 50 patients who did not
suffer from COVID-19 or other acute respiratory viral dis-
eases during pregnancy. To determine the risk factors for
adverse perinatal outcomes in women with COVID-19,
the main group was divided into 2 parts: subgroup Ol —
50 women with adverse perinatal outcomes (fetal distress,
fetal growth retardation, premature birth, severe neonatal
asphyxia, perinatal death), subgroup O2 — 150 patients with
a relatively favorable course of the gestational period).

A comprehensive blood test was performed on an auto-
matic hematology machine Mindray BC-3200 by photo-
metric and conductometric methods with venous blood
samples using reagents from the manufacturer “Mindray”.
Biochemical blood parameters were studied on a biochemi-
cal analyzer Mindray BA-88A with reagents from the man-
ufacturer “Mindray” with venous blood plasma samples.
The study of hemostasis system parameters was carried
out using screening coagulation tests on a semi-automatic
coagulometer Helena C-2.

Statistical processing of primary data was carried out
using the standard Microsoft Office Excel 2010 package
and the STATISTICA 6.0 software package.

Research results and their discussion. The aver-
age values of the comprehensive blood test indicators of
pregnant women with COVID-19 did not differ statisti-
cally from those of pregnant women in the control group
(Table 1), however, certain changes can be noted with a
more detailed analysis of the distribution of indicators in
the groups. Anemia was detected in 46.0% of pregnant
women in the main group versus 16.0% (p < 0.05) in
women in the control group, and in the control group only
mild anemia was noted, and in women with COVID-19,
moderate anemia was recorded in 21.0% and severe anemia
in 7.0%. In group O1, the frequency of anemia was more
than 2 times higher than in group O2 (82.0% versus 34.0%,
respectively, p < 0.05), and moderate anemia prevailed in
the structure by severity (26.0% versus 10.7%, p < 0.05),
and severe anemia was recorded in 16.0% of patients (ver-
sus 4.0% in subgroup 02, p < 0.05).

In the main group, changes in the number of leukocytes
were noted: leukopenia characteristic of the onset of the
disease in some patients at the time of hospitalization was
replaced by leukocytosis in some patients, more pronounced
in pregnant women of group O1 (32.0% versus 14.7% in
group O2, p < 0.05). Certain changes in the blood formula
were also noted. When a bacterial infection was added, a
shift to the left of the leukocyte formula (an increase in
the content of rod-shaped leukocytes) was observed in 36
(72.0%) and 68 (45.3%) pregnant women of groups O1 and
02 (p <0.05).

Analysis of biochemical blood parameters revealed
changes characteristic of pregnant women with COVID-
19 (Table 2). A significant increase in transaminase levels
was noted both in relation to the indicators of women
in the control group and in patients in the group with
perinatal losses in relation to the control and group O2.
Alanine aminotransferase (ALT) was above the normative
values in 110 (55.0%) women in the main group, of which
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Table 1
Indicators of a comprehensive blood test for COVID-19 in pregnant women
. Main group, Group O1, Group 02, Control,
Indicator hs200 h= 50 = 150 n =50
Hemoglobin, g/L 96.5 + 6.41 945+7.6 99.7+5.6 108.3+7.1
Erythrocytes, x10'%/ L 3.6+£0.8 3.5+£0.5 3.8+0.7 39+04
Platelets, 10°/ L 210.7 +£20.5 1802+ 17.2* 2153+ 19.1 2345+ 14.2
Hematocrit, % 36.7+4.2 30.5 £2.6% 38.3+4.1 413+44
Leukocytes,10°/ L 12.8 £1.8 15.1 £ 1.4%# 10.1+£0.7 9.7+0.8
lymphocytes, % 247+3.1 20.9 £2.6* 273+2.1 293+28
monocytes, % 52+0.8 57+1.3 53+0.7 4.6+0.7
eosinophils, % 1.8+0.6 1.6+0.5 1.9+04 2.1+04
rod neutrophils, % 56+14 7.6+1.6* 4.6+1.5 29+ 14
segmented neutrophils, % 58.2+6.0 62.5+5.8 56.4+4.0 55.3+4.5
Notes: * — the difference is significant compared to the indicator of women in the control group (p < 0.05).
# — the difference is significant compared to the indicator of women in the O2 group (p < 0.05).
Table 2
Blood biochemistry parameters in COVID-19 in pregnant women
Mngor, | Gowol | Gouwon ] Comal
AST, U/L 36.8 +7.7*% 45.4 £ 734 28.1+6.9 21.5+52
ALT, U/L 393 £8.1* 47.6 £ 6.4*%# 273+7.2 24.6 £6.5
Total bilirubin, pmol/L 12.7+34 154+42 10.6 5.1 11.5+3.7
Urea, umol/L 2.8+0.98 3.5+0.58 2.7+£0.74 2.6+0.72
Creatinine, pmol/L 71.9+6.1 753 +£7.1% 66.2+6.5 54.8+7.5
C-reactive protein, g/L 14.8 £4.4* 183 £5.1* 83+4.7 45+3.1

Notes: * — the difference is significant compared to the indicator of women in the control group (p < 0.05).

# — the difference is significant compared to the indicator of women in the O2 group (p < 0.05).

42 (84.0%) patients in group O1 and 68 (45.3%) in group
02 (p < 0.05). The level of aspartate aminotransferase
(AST) was also significantly increased: above the norm in
40 (80.0%) patients in group O1 and in 66 (44.0%) in group
02 (p <0.05).

No differences were found between the groups in
terms of total bilirubin and urea. The creatinine level was
significantly increased only in group Ol relative to the
control due to an increase in some cases. The level of the
inflammatory marker CRP was significantly increased in
the main group compared to the control group, and in group
Ol its value was significantly higher compared to group O2
(18.3 5.1 versus 8.3 4.7 g/l, p <0.05).

Analysis of hemostasis system indicators revealed
a prothrombotic orientation of changes in COVID-19
in pregnant women (Table 3). Against the background
of relative thrombocytopenia, an increase in ATA-
induced platelet aggregation is observed (65.6 + 4.8%
versus 50.2 + 5.8% in groups O1 and O2, p < 0.05). The
prothrombotic orientation of changes in the hemostasis
system corresponds to a slight increase in fibrinogen
content and an increase in the prothrombin index, a relative
decrease in activated partial thromboplastin time (APTT).

The most pronounced changes in COVID-1 in pregnant
women were noted for D-dimer (271.1 + 19.6 ng/ml in
the main group versus 196.2 £ 22.7 ng/ml in women in

Table 3
Indicators of the hemostasis system in COVID-19 in pregnant women
. Main group, Group O1, Group 02, Control,
Indicator n =200 n =50 n =150 n =50
ATA-induced platelet aggregation 57.5+5.7 65.6 + 4.8%4 502+5.8 47.6+43
index, %
Fibrinogen, g/l 42+09 45+0.8 4.1+09 3.1+0.8
Prothrombin index, % 1129+8.3 120.4 + 11.5* 107.9+9.1 92.5+7.8
APTT, s 30.2+3.1 27.5+3.1 31.1+2.8 36.3+2.6
INR 0.82 £0.07 0.79 £0.07 0.86 £0.08 0.97 £0.06
D-dimer, ng/ml 271.1 +£19.6* 321.6 £21.3%# 242.1 £20.5 196.2 £ 22.7
Von Willebrand factor (VWEAG), 143+0.14% 1.68+0.12* 1.35+0.19% 0.78 +0.11
Notes: * — the difference is significant compared to the indicator of women in the control group (p < 0.05).
# — the difference is significant compared to the indicator of women in the O2 group (p < 0.05).
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the control group, p < 0.05), the highest values (in three
patients more than 10,000 ng/ml) were recorded in group
Ol (average level 321.6 = 21.3 versus 242.1 £+ 20.5 ng/ml
in patients in group O2, p <0.05). In general, an increase in
the indicator was observed in 42 (84.0%) pregnant women
in group O1 and in 93 (62.0%) in group O2 (p < 0.05). The
violation of endothelial function in COVID-19 is evidenced
by an increase in the level of von Willebrand factor as
determined by its antigen (VWF:AQG) to 1.43 £ 0.14 versus
0.78 £ 0.11 IU/ml in women of the main group compared
to the control group, p < 0.05).

Conclusions. Potential risk factors for perinatal
disorders in COVID-19 include anemia, thrombocytopenia,

leukocytosis with an increase in rod-shaped neutrophils, an
increase in hepatic transaminases, an increase in C-reactive
protein, an increase in platelet aggregation, prothrombotic
changes in hemostasis, in particular an increase in D-dimer,
endothelial damage (an increase in von Willebrand factor).

High activity of inflammatory processes in pregnant
women with COVID-19 underlies systemic vasculitic
changes and defects in blood coagulation processes, which
cause damage to the maternal-fetal complex.

With COVID-19 in pregnant women, it is important
to monitor blood parameters for timely detection of
deterioration of the woman's condition and possible
negative impact on perinatal outcomes.
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Deep endometriosis is the most aggressive type of endometriosis with deep tissue infiltration, leading to disruption of the anatomy and
functionality of vital organs and a decrease in the quality of life.

The aim of the study. To conduct a comparative analysis of intraoperative and postoperative indicators of organ-preserving surgical
treatment of women with deep endometriosis accompanied by pain syndrome, using a standardized technique and a traditional laparoscopic
method.

Materials and methods. A comparative study was conducted, involving 309 patients of reproductive age with pain syndrome, who
underwent surgery for deep endometriosis. The main group (I clinical) consisted of 210 patients who were operated on using the standardized
method proposed by us. The comparison group (II clinical) consisted of 99 patients who were operated on using the traditional laparoscopic
method.

Results. Improvement of intraoperative parameters was obtained in the main group, in particular, a reduction in the duration of the operation
(122.32 £ 2.61 min in the main group and 148.44 + 3.05 min in the control group, p < 0.001), reduction in blood loss (136.13 + 2.41 ml in the
main group and 174.43 + 3.23 ml in the control group, p <0.001); early postoperative indicators, namely, a decrease in the duration of hospital
stay (in the main group 4.17 + 0.1 days and in the control group 5.42 + 0.16 days, p < 0.001); reduction of Clavien-Dindo class I complications
(cases of postoperative intestinal paresis decreased by 4.9 times, the number of cases of urination dysfunction — by 4.2 times). In both group,
no difference was found in Clavien-Dindo class I, IIl and IV complications. A significant reduction in pain scores was obtained 6 month after
surgery in both groups, with no significant difference between the groups.

Conclusions. The use of a standardized surgical intervention algorithm helps improve some intraoperative and early postoperative
indicators of surgical treatment of deep endometriosis.

Keywords: deep endometriosis, surgical treatment, laparoscopic surgery, pain syndrome, #Enzian.
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MOPIBHSIJIBHAMN AHAJI3 E®EKTHBHOCTI JATAPOCKONIYHOIO OPrAHO3EBEPITAIOUOTO
JIKYBAHHS ININBOKOTO EHAOMETPIO3Y 3A CTAHAAPTU30BAHOIO METOJNKOIO TA KJITACUYHUM
METOAOM

Ooecvkuti HayioHanbHull meouyruil yHigepcumem, Qdeca, Ykpaina

[poBeneHo MOpiBHAMBHE TOCTIIKEHHS, Y sKe BKIFOUeHO 309 MaIlieHTOK penpOnyKTHBHOTO BiKYy 3 OOJBOBHM CHHIPOMOM, TIPOOTIEPOBA-
HHX 3 IIPUBOJY IIHOOKOro eHaoMeTpiody. OTpUMaHO MOKpAIeHHS IHTpaonepaliiiHuX MOKa3HHUKIB B OCHOBHIN TpPyIIi, 30KpeMa 3MEHIICHHS
TpuBanocti oneparii (122,32 + 2,61 xB B ocHoBHili rpymi Ta 148,44 + 3,05 xB — y koHTpONBHIH, p < 0,001), 3MeHIIeHHS 006’ €My KPOBOBTpATH
(136,13 + 2,41 M1 B ocHOBHi# rpymi Ta 174,43 + 3,23 Mt — y KOHTpOIbHiH, p < 0,001); paHHIX micnsomnepaiifHuX MOKa3HAUKIB, a CaMe 3MEH-
IICHHS TPUBAIOCTI HiepeOyBaHHs B cTarioHapi (B ocHOBHi# rpymi 4,17 + 0,1 au. Ta B KOHTpOJbHIH — 5,42 £ 0,16 aH., p < 0,001); 3MeHIIeHHS
yckianuens | kinacy 3a Clavien-Dindo (Bumagxu micnsonepariiifHoro napesy KUIIKiBHUKa 3MEHIIMINCE Y 4,9 pasa, KUTbKICTh BUITA/IKIB JINXO0-
MaHKH — Yy 3,2 pa3a, KiTbKiCTh BHIIAJKIB AUCHYHKII cedoBUITyCKaHHS — y 4,2 pa3a). B 000X Tpymax He OTpUMaHO Pi3HHIN B YCKIaTHEHHAX
kiacy II, IIL, IV 3a Clavien-Dindo. Otpumano CyTTeBe 3HIDKSHHS MOKAa3HUKIB OOJIHOBOrO CHHAPOMY Yepe3 6 MICsILiB Micis onepaii B 000x
rpynax, 6e3 J0CTOBIpHOI pi3HHIII MiX TPyIIaMH.

Kuro4osi ci10Ba: TmuOokuii eHIOMETPio3, Xipypriune JiKyBaHHS, IAapOCKOIivHa Xipypris, 001p0BHiA cHHApOM, #Enzian.

Introduction. Deep endometriosis is the most difficult  sion to relieve symptoms and improve quality of life [5-7].
to treat endometriotic formation [1-4]. It can be treated To date, surgical excision of deep endometriosis is the only
with medication, but most patients require surgical exci- cytoreductive approach with promising results in alleviat-
ing symptoms, including pain [4, 6]. In addition, surgical
intervention becomes inevitable in case of organ dysfunc-
©Kh. D. Haidarzhi, G. L. Lavrynenko, . Z. Gladchuk et al., 2025 tjon [3, 7]. The main principles of surgical removal of

endometriosis are the performance of adhesiolysis, uncom-
c ) plicated resection of visualized endometrioid lesions,
TaTTA NOMMPIOETHECA HA YMOBaX JIIICH311 -
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aimed at restoring normal pelvic anatomy [3, 4]. However,
there are no clear, regulated recommendations for the sur-
gical treatment of DE in the world. We have developed a
standardized technique for laparoscopic treatment of deep
endometriosis, which includes step-by-step instructions
for surgical intervention [8]. This study conducted a com-
parative analysis of the effectiveness of surgical treatment
of patients with deep endometriosis accompanied by pain
syndrome using a standardized technique and a traditional
laparoscopic method.

The aim of the study. To conduct a comparative
analysis of intraoperative and postoperative indicators of
organ-preserving surgical treatment of women with deep
endometriosis accompanied by pain syndrome, using a
standardized technique and a traditional laparoscopic
method.

Materials and methods. A single-center comparative
study was performed at the Gynecological Department of
the Multidisciplinary Medical Center of Odesa National
Medical University, which included 309 women of
reproductive age with deep endometriosis associated with
pain syndrome. The patients were divided into two groups.
Group I of patients, the main group, included 210 women
who participated in a prospective study and were operated
on using a standardized technique developed by us using
7 consecutive steps [8]. The second group, the comparison,
consisted of 99 women who had previously undergone
traditional laparoscopic surgery and were analyzed
retrospectively. The study met the established standards
of the Declaration of Helsinki and was approved by the
local ethics committee of the Odesa National Medical
University on November 14, 2022. All women consented
to the processing of personal data. All patients underwent a
comprehensive preoperative examination, which included
a collection of complaints (manifestations and severity of
pain syndrome), taking anamnesis (general, obstetric and
gynecological), gynecological examination (with speculum
and bimanual examination), laboratory (assessment of
CA-125 level, according to indications), instrumental
examination (transvaginal ultrasound was performed on
all patients, MRI, ultrasound of the kidney and bladder,
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Examination of patients before surgery was carried out
in accordance with modern international guidelines [1,
4, 5, 9]. Transvaginal sonography and MRI results are
described according to the IDEA 2016 Consensus [10]. For
preoperative classification of endometriosis, the #Enzian
2021 classification was used, based on TVS and MRI data
[11]. The severity of pain syndrome, namely chronic pelvic
pain, dysmenorrhea, dyspareunia, dyschezia, and dysuria,
was assessed using a visual analog scale (VAS) (from 0 to
10, from no pain (0) to severe (10)) [12]. In the study, we
compared intraoperative, early postoperative and long-term
outcomes.

Postoperative complications that occurred within 30
days after surgery were described according to the Clavien-
Dindo classification [13]. Data were analyzed using R
software (a language and environment for statistical
computing). Data distribution was tested for normality
using the Shapiro-Wilk test. Data were presented as mean
+ standard error of the mean. Groups were compared
using unpaired t-test or one-way analysis of variance
(ANOVA) followed by a posteriori analysis using Tukey's
test. Categorical data were compared using the chi-square
(x2) test (Pearson's agreement test with Yates' continuity
correction where appropriate). In all cases of analysis, the
critical significance level was taken to be 0.05 [14].

Results and discussion. All patients (n = 309) were
operated on laparoscopically, there were no conversions
to laparotomy. The operations were performed by a single
surgeon who has experience in performing such interventions.
As needed, multidisciplinary teams were created (involving
a urologist and/or colorectal surgeon). In terms of clinical
and anamnestic characteristics, the patients in both groups
were homogeneous, as shown in Table 1.

All patients suffered from pain syndrome. This is the
main inclusion criterion. The distribution of women in
both groups according to the characteristics of the pain
syndrome before surgery was comparable (Table 2).

As can be seen from Table 3, the distribution of patients
in both groups according to the surgical procedures
performed was homogeneous (Table 3).

The results of using the proposed standardized

colonoscopy, cystoscopy, according to indications). technique in patients of group I showed significant
Table 1
Clinical and anamnestic characteristics of patients in both groups (n = 309)
Indicator Main group (I) Control group (II) p
Number, abs. 210 99
Age (in years) 31.32+£0.31 31.99+0.52 p=0.252
Height (cm) 164.61+0.16 165.96 = 0.39 p <0.001
Body weight (kg) 61.35+0.39 62.25 +0.69 p=0.218
BMI (kg/m2) 22.6+0.11 22.54+0.17 p=0.75
Parity, abs/ % Abs. % Abs. %
0 124 59.2 52 52.5
1 78 37.4 39 38.6 p=10.847
2 7 3.4 9 8.9
Previous hormone therapy for DE 54 26.7 21 21.2 p=0.472
Previous surgeries for DE 15 7.3 8 8.1 p=0.951
CA-125, U/ml. 81.6 (£5.8) 69.0 (+3.2) p<0.001
Infertility 108 51.3 48 48.5 p=0.718
Associated diseases 78 37.1 34 34.34 p=0.726
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Table 2
Preoperative distribution of patients by type of pain syndrome in both groups (n = 309), VAS scores, points.
Indicator Abc. % Adc. % p
Chronic pelvic pain 128 61.2 38 58.3
peviep 487+028 51+023 p=0.648
208 [ 993 96 | 97 B
Dysmenorrhea 8A46+0.12 8.51%0.22 p-0834
. 193 | 92 90 | 91.5 _
Dyspareunia 742£0.18 747+0.26 p=0.863
. 44 | 21 15 | 15.2 _
Dysuria 12+0.17 1.1+0.27 P07
. 51 | 245 21 | 21.2 i
Dyschezia 184023 13+026 p=0.16
Table 3
Distribution of patients in both study groups according to surgical procedures performed (n = 309)
. . . Main group (I) Control group (II) P
Surgical manipulation AGC % AbC %
Laparoscopy 210 100 99 100
Revision of the abdominal
cavity and pelvic organs 210 100 99 100
Adhesiolysis 199 95.1 91 91.9 p=0.367
Ovariopexy 145 69 61 61.6 p=10.245
Ovarian surgery 131 62.4 64 64.6 p=0.796
Enucleation of ovarian cyst 119 91.2 86 86.9 p=0.297
Ovarian cyst ablation 8 5.8 7 7.07 p=0.834
Ovarian resection 3 2.3 4 4.04 p =0.655
Oophorectomy 1 0.7 2 2.02 p=0.503
Ablation of peritoneal 51 243 28 28.3 p=0541
endometriosis foci
Focal excision of peritoneal 101 481 57 576 p=0.152
end. f.
Partial peritonectomy 89 42.4 50 50.5 p=0.224
Complete peritonectomy 35 16.7 22 22.2 p=0.309
Removal of deep endometriosis
lesions (according to #Enzian): _
Compartment A 128 61 54 54.5 p=0.345
Compartment B 152 72.4 63 63.7 p=0.154
Ureterolysis 57 27.1 24 24.2 p=0.687
Ureteral resection with 4 2 2 202 p=1
anastomosis
Ureter reimplantation 1 0.5 1 1.01 p=1
Bladder shaving 17 8 6 6.06 p =0.687
Bladder resection 5 24 2 2.02 p=1
Rectal shaving 68 324 34 343 p=0.832
Rectal resection 13 6.2 5 5.05 p =0.889
Sigmoid colon resection 5 2.38 3 3.03 p=1
Appendectomy 3 1.43 1 1.01 p=1

advantages compared to the traditional method of surgical
treatment of DE in women of group II. The duration of
surgery was identified as a risk factor for postoperative
complications in our study. It could be argued that complex
surgical procedures with significant adhesiolysis and bowel
resection require longer operative time; however, this was
demonstrated as an independent factor in multivariate
analysis. We observed that the duration of the operation
correlated with the amount of blood loss and the duration of
hospitalization and primarily depended on the complexity
of the operation. The duration of surgical intervention in
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our study was reduced due to the use of a standardized
technique, a step-by-step surgical algorithm (Table 4).

The average duration of hospital stay in the main
group was shorter than in the comparison group and was
4,17 £ 0,1 days (95% M1 3.97-4.37), in the comparison
group — 5.42 + 0.16 days (95% I 5.12-5.73), p < 0.001.

Pain scores significantly decreased 6 months after
surgery in both groups, but no significant difference
was found between the groups (Table 5). In our
series, dysmenorrhea was the most common symptom,
regardless of the location of endometriosis, however, it
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Table 4
Comparative characteristics of intraoperative indicators in both groups
Intraoperative indicators Main group Control group P
@ an

Duration of operation, minutes 122.32 +2.61 148.44 + 3.05 p <0.001
Blood loss, ml 136.13 +2.41 174.43 +3.23 p <0.001

Injury to organs and structures Abs. % Abs. %
1 0.5 3 3.03 p=0.189

Other complications — - — —

Laparotomic conversions — — — —

should be noted that most patients had more than one
symptom, therefore, such patients required safe radical
excision of endometriosis foci. The intensity of chronic
pelvic pain decreased by 2 times, dysmenorrhea — by
4 times, dyspareunia — by 3.3 times, dyschezia — by
3 times, and dysuria — by 3 times in both study groups.
There was no statistically significant difference between
the groups (Table 5). Similar encouraging results
have been obtained in similar studies [16, 17]. This
once again emphasizes the value of surgical treatment
of symptomatic deep endometriosis, even if these
operations are very complex.

Using the standardized methodology, we obtained
a small number of complications of Clavien-Dindo
class I-1I — 11.59% and Clavien-Dindo class III-IV — 0.5%
(Table 6), these results are consistent with the results of
similar interventions in specialized centers [16, 17].

We think that surgery for deep endometriosis
needs standardization to objectify such treatment and
improve treatment outcomes. Our center has developed
a standardization of surgical laparoscopic treatment of

deep endometriosis by creating an algorithm for surgical
intervention, which includes 7 sequential steps to improve
surgical treatment of DE [8], which is based on the analysis
of deep endometriosis subtypes, variants and the frequency
of their combination. These results were published in a
previous retrospective study [15]. First, simpler steps are
performed. This makes it easier to perform the subsequent
more complex stages of the operation. Given the presence
of painful symptoms, one should strive for complete
removal of endometrioid lesions. The first steps are aimed
at facilitating subsequent surgical procedures.

Our standardization of surgical treatment of DE includes
the following steps: 1) revision of the abdominal cavity
and pelvic organs, 2) visceral adhesiolysis and “second-
look” revision, 3) ovarian surgery (oophoropexy and/or
treatment of endometriomas), 4) lateral, central, posterior
partial or total peritonectomy and removal of DE foci of
this localization (in compartments A and B according to
#Enzian 2021), 5) surgical manipulations on hollow organs,
6) hemostasis and checking the integrity of structures and
organs, 7) evacuation of macropreparations [10].

Table 5
Pain syndrome indicators according to the VAS scale in both groups of patients 6 months
after surgery (n = 309), points
. Main grou Control grou
Indicator (Ig) p (II)g p P
Chronic pelvic pain 2.41+0.21 1.91+£0.23 P=0.14
Dysmenorrhea 2.08 £0.12 24+0.1 p=0.141
Dyspareunia 2.22 £0.23 2.26 +0.31 p=0.914
Dysuria 04+0.12 0.25+0.1 p=10.44
Dyschezia 0.6+0.14 0.39+£0.13 p=0.351
Table 6
Comparative characteristics of postoperative complications according to Clavien-Dindo (n = 309)
.. Main group (I) Control group (II) p
Grade Type of complication AbC % AbC %
Postoperative intestinal paresis 3 1.43 7 7.07 p=0.023
I Fever 10 4.7 15 15.15 p =0.068
Urinary tract infection 5 2.6 8 8.08 p=0.194
Urinary dysfunction 3 1.43 6 6.06 p=0.058
I Pelvic hematoma 2 0.95 4 4.04 p=0.814
Pelvic abscess 1 0.48 2 2.02 p=0.503
Rectal bleeding — — 1 1.01 p=0.7
Intestinal anastomosis failure — — —
1, IV Anastomotic stenosis 1 0.5 — — p=1
Rectovaginal fistula — — — —
Vesicovaginal fistula — — — —
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Surgical treatment of deep endometriosis does not
always require the use of all seven steps. It depends on the
subtype and extent of endometrioid lesions in each individual
patient. Surgery for deep endometriosis is a very difficult
task and can have serious consequences for the patient,
therefore, in our opinion, there should be an algorithm for
surgical intervention that the surgeon will follow. This will
facilitate the work of the surgeon himself, structure the
surgical intervention, and make such intervention more
complete and radical. In our methodology for standardizing
the surgical treatment of deep endometriosis, we apply all
generally accepted techniques for the surgical treatment
of endometriosis, which are fully consistent with the
review of current literature. The novelty of our research
is the creation of a step-by-step algorithm for surgical
intervention, avoiding chaos during the operation. [4, 5, 7,
8]. Certainly, a standardized technique must be adapted to
each specific patient.

Our results demonstrate that structuring and
standardization of surgical treatment of deep endometriosis,
contribute to improving treatment outcomes for patients
with deep endometriosis. There is no doubt that the course of
the intra- and postoperative period directly depends, among
other factors, on the surgical technique used, the level of

surgical technique, and the conditions of performance. The
standardization of surgical laparoscopic treatment of deep
endometriosis proposed by us allows reliably reduce the
duration of surgical intervention by 1.2 times (p < 0,001),
reduce intraoperative blood loss by 1.3 times (p < 0,001),
reduce the length of hospital stay by 1.3 times (p < 0,001),
reduce the incidence of Clavien-Dindo class I complications,
in particular, cases of postoperative intestinal paresis
decreased by 4.9 times (p = 0,023), the number of cases
of urinary dysfunction decreased by 4.2 times (p=0,058) in
the main group compared to the control group.

Conclusions. Thus, these results demonstrate that
our method for standardizing surgical laparoscopic
treatment of deep endometriosis, is an improved surgical
procedure that helps optimize the stages of the operation,
greatly facilitating the surgeon’s work, has better clinical
results, helps reduce the duration of the operation, as
well as reducing blood loss and some complications, and
the length of hospital stay. Regarding the improvement
of long-term outcomes — pain syndrome and disease
recurrence — more research is needed. Since there is
no consensus and standard recommendations for the
treatment of DE, our study aims to provide a structured
framework for such treatment.
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CYYACHI IMOLIAAM HA ETIOJOITYHI TA IIATOTEHETHYHI YMHHUKU PO3BUTKY W IIEPEBITY
T'EHEPAJII30OBAHOT'O TAPOJIOHTHUTY
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B ormsinoBiit cTaTTi HaBeneHI akTyalbHI OIS HA €TIONOTYHI Ta MaTOreHeTHYHI (haKTOpH PO3BUTKY i 0COONHMBOCTI KIHIYHOTO TEepe-
Oiry reHepanizoBaHOro MapopoHTUTY. [IpencTaBieHi pe3ysabTaTd CydacHHX MiKpoOiOJOTriYHMX, IMYHOJIOTIYHHUX 1 GIOXIMIYHHX JOCIIIKEHb
CKJIa/ly Ha3yOHHX O10IUTIBOK, POTOBOI PiMHK Ta CUPOBATKM KPOBI MAII€HTIB 3 Ypa)KEHHSIMH TKAHWH IApOJOHTA MOPIBHSHO 3 BiNOBITHUMI
MOKa3HUKaMH 0Ci0 31 3I0pOBUM TapogoHTOM. OnHcaHi eKcriepuMeHTalbHI pOOOTH HAYKOBIIB M0N0 OCOOIMBOCTEH Mepebiry mapoIOHTUTY
y TBapHH 3aJI€XKHO Bifl IITAMIB MiKpOOPTaHi3MiB, M0 iHIyKyBaJ{ 3aXBOPIOBAHHSI, T 3MiH B IMyHOJIOTIYHHX 1 010XIMiYHHX MOKA3HUKAX CHPO-
BaTKM KpoBi. BucBiTiIeHi HOBI GioMapKepH, sIKi MOKHA BUKOPHCTOBYBATH JULS TIarHOCTHKY 3aXBOPIOBAHHS Ha PaHHIX cTauisx. Y poOoTi 3a3Ha-
YeHi MEepCreKTHBHI METONM TOJANIbIIOT0 BUBYCHHS MATOTCHETHYHUX OCOONMBOCTEH MApOJOHTUTY if HAIPSAMH YIOCKOHAJICHHS IPOTOKOIIB
JKyBaHHS Ta MPOQITAKTHKH.

KitrouoBi ciioBa: reHepaiti3oBaHHii TapogOHTHT, €TiONOTiUHI (aKTOPH, KIiHIYHUH nepeir, 6i0IUTiBKH, MiKpoOioM.
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MODERN VIEWS ON THE ETIOLOGICAL AND PATHOGENETIC FACTORS IN THE DEVELOPMENT AND
COURSE OF GENERALIZED PERIODONTITIS

State Establishment “Lugansk State Medical University”, Rivne, Ukraine

Introduction. Generalized periodontitis is considered one of the most common dental diseases with numerous etiological factors,
modifying factors, and pathogenetic characteristics of its course.

The aim of the study is to investigate the etiological and pathogenetic factors of generalized periodontitis and their influence on the
clinical course of the disease through the analysis of modern scientific literature.

Materials and methods. For the purpose of the study, a literature search was conducted using open-access scientometric databases,
including PubMed, Google Scholar, and ResearchGate. For the analysis, scientific publications were selected that presented the results of
original laboratory and clinical studies of various aspects of the course of generalized periodontitis depending on the presumed etiological
factor and taking into account specific pathogenetic components, as well as systematic reviews and meta-analyses of literature sources.

Research results. Generalized periodontitis in otherwise healthy patients is considered a polyetiological disease with various pathogenetic
reactions. The main etiological factors of this disease are considered to be dysbiosis of dental biofilms, which triggers the immune and
inflammatory responses of the body. Oxidative stress, which leads to rapid bone resorption, plays an equally important role in the pathogenesis
of periodontitis. The implementation of advanced diagnostic methods for periodontal lesions and consideration of their results during patient
rehabilitation will help break the pathogenetic chains of periodontitis development and improve the effectiveness of diagnosis and treatment
of this dental pathology.

Keywords: generalized periodontitis, etiological factors, clinical course, biofilms, microbiome.

Beryn. OgHuM i3 MOMMPEHUX IMATONIOTIYHUX CTaHIB
y pOTOBIH MOPOKHWHI JIOIMHA HA3WBAIOTh TeHEPai3oBa-
uuit naponouTut (I'Tl) — nucTpodiuno-3anansHUI mporec
y TKaHMHaX MapOIOHTA, [0 MIPU3BOIUTH O MIPOrPeCyrodol
BTpaTH eIiTeTaIbHOTO TPUKPITUICHHS SICEH, YTBOPEHHS
NapOIOHTAILHUX KHUIIEHb, Pe30pOIil KICTKH aJbBeosp-

© 0. O. Iomiit, E. C. TTommii, 2025

CrarTs MOIIUPIOETHCS HA YMOBAX JIIICH31T -.

HHX BIJPOCTKIB IIEJIEM, PyXJIMBOCTI Ta IMOMABIIO] BTpaTH
3y0iB. He3BOPOTHICTh 3a3HaYEHUX CHMIITOMIB, HasBHICTh
BEJMKO{ KINBKOCTI BHIIAAKIB O€3yCIIITHOTO IJIiKyBaHHS,
BHCOKa BapTICTh 1 TpuBamicTh peadimitarii xsopux Ha ['TI,
3HaYHA TIOLIUPEHICTh IIHOTO CTaHy IMOSICHIOIOTH ITiABHIIE-
HUIi IHTEepeC HAYKOBI[IB JI0 BUBUCHHS €TIOJOTIYHUX 1 MaTO-
TeHETUYHUX MEXaHi3MiB PO3BHUTKY I[bOTO 3aXBOPIOBAHHS.
[TommpeHicTh 3aXBOPIOBaHb MapOJOHTA B JIOPOCIIHX
JKUTEJIIB PI3HUX PErioHIiB YKpailHM KOJIMBAETHCS Bix 85 10
98 %, BoxtHOUAC, 3a MijcyMKaMu poboTn ekcnieptis BOO3,
2019 poky y CBITI aHaJOTIYHMI NMOKa3HUK OyB y MexXax
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Big 90 mo 98 % [1, 2]. Bucoky nomupenicts ['T] BBaXka-
I0Th HACIIIKOM 0araroakTopHOCTI IIbOTO 3aXBOPIOBAHHSI.
OcHoBHUMH 4YMHHUKaMH po3BUTKY [Tl TpaguuiiiHo Ha3u-
BAalOTh TCHETUYHY CXWJIBHICTh, HE3a0BIIBHY Tiri€HY pOTO-
BOT MOPOXKHUHU, TIOPYLIEHHS 3araJJbHOCOMAaTHYHOTO CTaHy
30POB’Sl TAIl€HTIB, HAasBHI CHCTEMHI 3aXBOPIOBaHHS,
[IKI{JTABI 3BUYKH, TPABMATHYHY OKITIO31f0, HEpaIliOHAThHE
CTOMATOJIOTiYHE JIIKYBaHHS TOIIO. 3HAYHA KUTBKICTH MOMi-
OHMX (haKTOPIB MPHU3BOAUTH O CYTTEBUX YTPYOHEHB ITi[
Yac JiarHOCTYBAaHHS TaKUX HAMi€HTIB 1 MPU3HAYCHHS €Ti-
OTPOITHOTO JIiKyBaHHS [3, 4].

[IpuBeprae yBary BelHWKa PI3HOMAHITHICTH KIIIHIYHHUX
nposiBiB I'Tl, 30kpema MIBUAKICTH MPOTrpecyBaHHs, ITOIIH-
PEHICTh ypa)KeHHsI TKAHWUH TapOIOHTa Ta CXHIBHICTH 0
3aroCTpeHb. 3a3Ha4yeHi BiOMIHHOCTI B Iepediry 3axBo-
PIOBAaHHS Ta 3HWKEHHS €(EKTUBHOCTI KIIACHYHUX METO-
niB peabimitamii mamientiB i3 I'TI mMoxHa 0OrpyHTYBaTH
y4YacTIO HOBHX, MaJIOAOCII/DKEHNX YHHHHKIB Y PO3BUTKY
I[bOTO 3aXBOPIOBAHHS, 30KpeMa O1JIbII TATOTEHHHX MITaMiB
MIKpOOPTaHi3MiB, pE3UCTCHTHUX JI0 3BUYHUX aHTHOAKTEPi-
ANBHUX TIPETIapaTiB, BUKPUBJICHHS IMyHHUX peakiiid opra-
Hi3My Malli€HTIB, BHHUKHEHHS IIEBHUX 3araJbHOCOMAaTHY-
HUX 3aXBOPIOBAHb, M0 O0TSHKYIOTH mepedir I'T1.

Bu3HavyeHHS KIIIOYOBUX CTIONOTIYHUX (PaKkTOpiB i maTo-
reHeTHuHuX KomroHeHTiB [Tl gacTe MOXIIMBICTH 3ampo-
NOHYBaTy akTyallbHI HalpsMU MaiOyTHIX J1abopaTopHUX
1 KIIHIYHUX JOCITIPKeHb, 3allpOBAaIUTH HOBITHI METOAM
JIarHOCTHKU Ta MPOTHO3YBAHHS, YIOCKOHAJIMTH HasBHI
MIPOTOKOJIM KOMIUIEKCHOTO JIIKyBaHHs Malli€HTiB, pO3po-
OWTH IHAWBIAYaJIbHI Ta TPYIOBI 3aX00H NPO]ITaKTHKH.

Merta pocaimkenns. 1Insgxom aHamizy cy4acHoi Hay-
KOBOI JIITEpPaTypH JOCIIAUTH €TiONOTiYHI i TaTOTCHETUIHI
(dakTopu PpO3BUTKY TE€HEPAJi30BAHOTO IAPOMOHTUTY Ta
iXHill BIUTMB Ha KIIHIYHUHA epedir 3aXBOpIOBaHHS.

Marepiaju Ta MeTOAU. 3 METOIO JTOCIIIKCHHS 3Tiii-
CHIJTH TTOIYK HayKoBOI iH(opMallii y BITKPUTHX HayKOMe-
TpuuHKX 0a3ax maHux, 30kpema PubMed, GoogleScholar
ta ResearchGate. [lnsi mouryky BHKOPHCTOBYBallM Taki
KJIIOYOBI CJIOBAa B PI3HUX KOMOIHAIISIX: «TeHEpaTi30BaHUM
MIAPOAOHTUTY, «ETIONOT14HI (PaKkTOpH», «MIKpOOioM», «Oio-
IUTIBKay, «IMyHHI peakuii», «bioMapkepy HapoIOHTHTY»,
«OKCHAATHBHHUHA CTpec», «KIiHIYHI ocoOmmBocTi». 3ara-
oM Oyio BimiOpano 50 omyOmikoBaHuX y mepion 3 1 civHs
2020 poxy mo 1 mumHs 2024 poky cTarei, M0 MiCTHIA
pe3yNbTaTH OpHUTiHANBHUX Ja0OpaTopHUX 1 KIIHIYHUX
JIOCTiKeHb Pi3HUX acrekTiB mepebiry ['Tl 3amexxHO Bin
nepeadadsyBaHOTO €TIONOTIYHOTO YNHHHKA Ta 3 YpaxyBaH-
HSIM [IEBHUX MAaTOT€HETHYHUX KOMIIOHEHTIB, CUCTEMATHYHI
OIVISIIM M METaaHalli3u JITepaTypHHUX JDKEpelL.

Pe3ynbraTH JgociaigxkeHHss Ta iX 0OroBOpeHHs.
TpuBanuii yac TpurepHuM (HaKTOPOM JJIsi BHHUKHEHHS
I'Tl Ha3uBanu mosiBy B cKiaai Ha3yOHHMX OJISIIOK IeB-
HUX THIIB MapoOIOHTONATOICHHUX MIKpPOOpPTraHi3MiB,
a came: Porphyromonas gingivalis, Tannerella forsythia
ta Treponema denticola [5]. Ha cboromHi OCHOBHHM
YUHHUKOM PO3BUTKY [Tl B MpakTHYHO 370pPOBHX MaIli€H-
TiB BBa)XXKAalOTh BUHHUKHEHHS Inc6io3y Mikpodiopu porto-
BOi MTOPOXKHHMHM, IO TMPH3BOAUTH IO PO3BHTKY IMYHHHX
1 3aMajpbHUX PEaKIii OpraHi3My 3 MOJANBIINM PyHHYBaH-
HSIM TKaHUH MapopoHTa [3, 6, 7]. BoqHovac Taki YHHHHKH,
SIK TCHETUYHA CXUJIbHICTD, HAJIHHS, TPABMAaTHYHA OKJTIO3is,
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0COOJIMBOCTI Xap4yyBaHHS Ta CTPEC, BBAKAIOTh MoAu(ika-
WiifHUMH  (paKTOpaMu, MO OMOCEPEKOBAHO BILIMBAIOTH
Ha nepeOir I'TI [6, 8]. Otxe, mecTpyKuis TKaHHH Mapo-
JIOHTa HE BUHMKAE SIK PE3yJbTaT MaTOreHHOI Jii KOHKpeT-
HUX IITaMiB MIKpOOPraHi3MiB, a PO3BHBAETHCS BHACIIJIOK
CHHEpriuHOi /ii MIKpOOHMX acowiamiii, IO yTBOPIOIOTHCS
3aBISIKU iMOanaHCy B CKiajii HasyOHHX OiomumiBok. KoH-
KPETHI OCOONMHMBOCTI 3MiH Y MIKpPOOIONOTiYHOMY CHEKTpi
0i0TUTIBOK, IIO 3AaTHI 3aIycKaTd AUCTPOQiTHO-3amaIbHAN
MPOIIEC Y MAPOAOHTI, 3aJIHIIAIOTECS JOBOJI KOHTPOBEPCIii-
Humu [1, 5, 9].

OpasnbHi OIOIUIIBKY Ha TMOBEPXHsIX 3y0iB MICTATH 3HA-
YHY KUIBKICTh INTaMiB MIiKpOOPTaHi3MiB, 3a(iKCOBaHHX
y HeopraHiyHiidi abo opraHiuHiii marpuui [6]. 3 BuKOpHC-
TaHHSM Cy4aCHUX METOJIIB BUBYECHHS CKJIaJy MiKpOOiOMiB,
30kpemMa 16S pPHK-cexkBeHyBaHHS, HayKOBLSIMU 3apee-
cTpoBaHo Bix 573 no 2192 onepaTMBHHUX TAaKCOHOMIYHHX
omuunnp (OTO) Gaxrepili y Ha3yOHHMX OiOIUIIBKAX 1 CIIUHI
MAIEHTIB Pi3HOTO BiKY, CTaTi i €THIYHOI MPHHAIEKHOCTI
[10, 11, 12].

VYV KJIiHIYHOMY TOCTI/KEHHI MpOaHaJi3yBalH CTPYK-
Typy MIKpoOioMy POTOBOi MOPOXKHMHH B 0Ci0 3i 3m0po-
BUM MapojoHToM 1 xBopux Ha I'TI. BiamosimHo mo otpu-
MaHUX pe3ylbTariB Oyjao BcTaHOBJIeHO, mo 1846 OTO
MIKpOOpraHi3MiB 30iranucs B mamieHTiB 000X TIpyI, BOJ-
Houac 290 OTO rta 346 OTO Oakrepiii Oynu yHiKasIb-
HUMH 1715 nanienTis i3 [Tl Ta 310poBuX 0¢i0 BiIIOBITHO.
VY Tiii rpyi, g€ Oyi10 A1arHOCTOBAHO ypasKeHHs apO/IOHTa,
OCHOBHMUMHM THIIaMH OakTepiaiabHOi MiKpodiopu BH3Ha-
unnu Bacteroidetes, Proteobacteria, Actinobacteria Tta
Fusobacteria, BoqHOYac cepel POIOBOrO CKIAAy MIKpo-
opraHi3aMmiB TiepeBaxkanu Bifidobacterium, Bacteroides,
Barnesiella, Coprobacter, Parabacteroides, Tannerella
ta Treponema [11]. IlpoTe Bimomi pe3ymbTaTté cHcTEMa-
TUYHOTO OIVISIY KIIHIYHUX JOCHIIHKEHb MIiKpoOioMy, sKi
JEMOHCTPYIOTh 3HAYHO MEHIY Pi3HOMAaHITHICTb BHUJIOBOTO
CKJIamy MIiKpo(UIOpu B OPOXKHUHI POTA; 30KpeMa, aBTOPHU
JUAILIA BUCHOBKY, 110 TUTbku 700 BHIIB OakTepiii MOX-
nBO 3adikcyBaTH B pOTOBid pinuHi Ta nume 200 mramiB
30iratoTbCsl y MAIi€HTIB 31 370POBUMH TKaHUHAMH I11apo-
JoHTY Ta xBopux Ha I'TI [12].

B inmromy nociimkeHHI BU3HAYIH 573 BHIU MIKPOOP-
TaHI3MIB Y CIIMHI MAIIEHTIB CEPEIHBOTO BiKy Ta 3’ CyBalIH,
o TIepeBaKaHHA B MikpoOiomi mramiB Streptococcus
oralis 1 Streptococcus sanguinis acoIiiiOBaHO 31 3I0POBUMHU
TKaHUHAMH [TaPOIOHTA, BOAHOYAC 30UIBIIICHHS B CTPYKTYpi
Mikpodopu gactku G6akrepiit 1. forsythia, Fusobacterium
nucleatum, Campylobacter rectus, Filifactor alocis Ta
Dialister invisus KOpeO€ 3 MaPOIOHTOIOTIYHUMH 3aXBO-
proBanHsmu [10, 13].

Crocrepirarou 3a BHJIIOBUM CKJIaJOM MIiKpoOioMy
B mpoueci po3surky [T, Gyao BcraHoBieHO, 110 B 0OCi0
31 31I0POBUM TIAPOJIOHTOM Y Maci MikpoOiomy ¢ikcyBanu
MepeBaXHO T'PAMITO3UTHBHI OakTepii 3 HE3HAYHOIO Killb-
KiCTIO TPaMHETaTUBHIUX, 30Kpema F. nucleatum, Veillonella
spp. Ta Capnocytophaga spp., OIHAK 3 TIOSBOKO KIIHIYHUX
O3HAK TIHTIBITY YacTKa IpaMHETaTHBHUX IITaMiB, a caMe
F. nucleatum, Selenomonas spp. Ta Prevotella spp, 30imb-
nryBanacek. s Mikpodopu siCeHHOI piIUHM TAIi€HTIB,
y SIKHX Y)K€ BHHHKJIMA MapOJOHTAIbHI KHIIECHI Ta IHII
kiiHiyHI o3Haku ['Tl, XxapakrepHe BHSBIECHHS MiKpoopra-
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HI3MIB TUIY Spirochaetes Ta MiJBUIICHHS KUIBKOCTI Oak-
Tepiii uepBoHoro koMmiuiekcy: 1. denticola, P. Gingivalis,
T. Forsythia [8].

AxrtuBHicTe F. nucleatum 1 P. gingivalis BBaXaroTb
MIPEAANKTOpaMH BUHUKHEHHS, CTaiii nepeliry i edexTus-
Hocti nikyBanHs ['T1 [14, 15, 16]. llltam F. nucleatum Bin-
TIOBiJJAJILHAH 32 CTBOPEHHS 3B’A3KiB MK OaKTepisiMu posy
Streptococcus, SKi TIepIIi KOJOHI3YIOTh MATPUKC HA3yOHOT
010TUTIBKH, Ta aHAEPOOHUMHU MIKpOOpTaHi3MaMH, IO MPH-
€THYTOTBCS 3r0JI0M, 30Kpema P. gingivalis [17, 18, 19].

Jlinonomicaxapun (JIIIC), mo cuntesye P gingi-
valis, nijBuilye piBeHb (HAKTOPY HEKPO3y ITyXJIMHH-OL
(TNF-a), intepaelikiny-6 (IL-6), inrepneiikiny-8 (IL-8),
inrepraeiikiny-11 (IL-11), inTepneiikiny-17 (IL-17) Ta
inrepiaelikiny-18 (IL-1B) y kpeBikynsipHiii piguni [4, 17,
18]. Y nocmipkeHH1 TPOAEMOHCTPYBAJIH YCITIIITHE 3aKPHTTS
MapOAOHTANBHUX KHIIEHb y THX HAalli€HTIB, y SIKUX KOH-
ueHrpauis P. gingivalis y sicenHiil pianHi Oyna HbK4Ye 3a
3630 womiii/mi, a F. nucleatum — 48 053 xomii/mn [20].
JomatkoBo ommcanuii BIUUB P. gingivalis Ha MITOXOHAPIT
KIITHH TAapOJOHTa, a CaMe iHIMiaIlil0 MiTOXOHIpPiadbHOI
TUCQYHKINI NUIAXOM ypaKeHHS MeTa0oNi3My MiTOXOH-
Jpii 13 MOJaTBIINM BUBUTFHEHHSM KHCHEBUX PaJHUKaJiB Ta
anornTto3oM KiIiTHH. KpiM TOTo, MaroreHHui MikpoopraHizm
akTHBYE (iOpOOIACTH, SIKI CIPUSIOTH MIrpAIlil JCHKOIHUTIB,
CEKpeTyIOTh OLIKOBI TiApomizyrodi (epMEHTH Ta 3aIyc-
KaloTh JAU(EPEHIIIOBaHH OCTCOKIACTIB IMICHs B3aEMOIIT
3 JIIraHJ0M pelenTopa akTuBaropa siiepHoro ¢axropa kB
(RANKL), oo 3abe3mneuye pyifHyBaHHS KiCTKOBOTO i KoJia-
reHOBOro mMarpukcy [18].

Konnentpauis B GiorutiBkax 7. forsythia it T. denticola
HATOMICTh BIUIMBA€ Ha iHTCHCHBHiCTh nporpecyBaHHs ['T1
Ta CTYIIiHb BTPATH €IiTeNiaJIbHOTO MpUKpituteHHs [ 14, 21].
[miko3mITEOBaHUH aHTUTEH KIITHHHOI ToBepxHi 1. forsythia
3aITycKa€e MPOAYKIII0 IIUTOKIHIB Y Makpodarax i JeHApUT-
Hux kiaituHax depe3 CD14- i TLR2-3anexHi MexaHi3Mmu,
0 TOTO XK 3a3Ha4yeHuil matoreH BupoOmse JIIC, sxuit
IHIYKy€e 3amaibHy BiINoBiAb y Makpodarax. Lli peaxmii
OyJH MOCHIICHI B €KCIIEPUMEHTI 3a J0IaTKOBOI CTUMYJIALIT
Makpodaris JITIC P. gingivalis a6o T. denticola, mo npu-
3BeJIO0 10 3HaYHOTO HinBuineHHs piBHIB IL-13 1 TNF-a [22].

VY HemaBHBOMY KIIHIYHOMY JocimipkeHHi 136 marmi-
enram i3 I'TI BixoMm Bix 20 pokiB IPOBENH aHaJi3 CKIIATY
010TUTIBOK METOJOM TIONIMEpa3HOl JAHIFOTOBOI peakIil
(IUTP) Ta BcTaHOBMIJIM 3HAUHY YHCEIBHICTH OAKTEPii pomy
Capnocytophaga, 30xkpema C. ochracea ta C. sputigena
B 67,6 1 83,1 % mawieHTiB BiamoBigHo. BiqHoCcHHUI mokas-
HUK HasBHUX Ha3yOHUX Oistmok 6yB goctoipHO (p < 0,05)
BHIIMM B 0Ci0 — HOCiiB C. ochracea Ta CTAHOBHB Y Cepe/l-
ueomy 21,0 +4,3 %, a B MAIli€HTIB, SKI HE MajH IOTO
mramy B OiorutiBkax, — 14,0 + 3,2 %. XBopi 3 MO3UTHB-
HUM pe3ynbratoM oo C. sputigena aHaJIOTI4HO AEMOH-
cTpyBaiu qoctoBipHO (p < 0,05) BUIle cepeqHe 3HAYCHHS
HasBHUX Onsmmok — 21,2 = 3,7 %, Ha BiAMiHY BiJl HETaTHB-
HUX oci0 mono miei O6akrepii — 15,2 + 3,2 %. Li mikpo-
OpraHi3MH BBOKAIOTh HAJIS)KHUMH JI0 3eJICHOTO KOMILICKCY,
a/pKe BOHU OepyTh yUacTh Y paHHiH KOJIOHI3amii Ha3yOHUX
010TUTIBOK, IO TMOSICHIOE 301TbIIEHY KiTBKICTh HA3yOHHX
6mstmok y martienTis i3 I'TI [21].

Hepiako B oci6 i3 I'Tl y ckmazi Gi0MmIiBOK BUSBISIOTH
Aggregatibacter actinomycetemcomitans — MiKpoopra-
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HI3M 3€JICHOTO KOMIUIEKCY IapOJIOHTOIATOreHHOI MIiKpo-
(hiopu, 3MaTHUN MPOAYKYBATH JICHKOTOKCHH, IO CIPUYH-
HSE ECTPYKIII0 HEUTPOGLIiB. 3a3HAYCHUI IIITAM TaIbMye€
cuHTe3 iMyHortoOyniHiB (Ig) 1 mpoxykye ¢epmeHT Kara-
Jazy, o JONOMarae yHUKHYTH TOKCHYHOTO BIUIMBY II€pe-
KHCY BOIHIO Ta CTHMYJIIOE€ PO3BHTOK IHIIMX aHaepoOiB
[19]. Kpim Toro, A. actinomycetemcomitans MOXe €KC-
mpecyBaTd IMHUKIIYHAN aucTeHmiiani Tokcua (CDT), mo
nomkomkye JHK KIITHH MICHEBOTO IMYHITETY, 3YIHHSIE
KIIITHHHUH UK 1 COPUYHHSE allONTOTHYHY 3arn0eis KiTi-
tuH [23]. CTBOpeHHs acouiatiii A. actinomycetemcomitans
i3 S. gordonii 3HaYHO MiIBHUIIYE MMATOICHHICTH OIOMIIBKU
MIOJ0 KICTKOBOI TKaHWHM IIEJIelN, 10 IPOAEMOHCTPY-
BaJIM B EKCIIEPUMEHTAILHOMY JAociimkeHHi nepediry I'TI
B MUILEH. Y TpyHi TBapuH, sIKMX 1HIKYBaJIH KOMILUIEKCOM
A. actinomycetemcomitans i3 S. gordonii, cepenHe 3Ha-
YEeHHS! BTpaTH 00 €My KICTKOBOI TKaHMHHU aJIbBEOJISIPHHX
BizpocTKiB mesnen yepes 30 nHiB nopiBHIoBano 30,4 + 5,0%
ta poctoBipHO (p < 0,05) mepeBWIIyBa0 aHAIOTIYHHUN
nmoka3HuK y mutei i3 ['Tl, ingykyBanuM cyTto 4. actinomy-
cetemcomitans — 15,7 = 7,5 % [24].

B immiit poOoTi HayKoOBIli 3a OIIOMOTOIO CIIEKTpPO-
(otomeTpa miApaxyBalH YHCEIBHICTH KOJIOHIEYTBOPIO-
BanbHUX oauHUIb (KYO) BU3HaHHX MapOJIOHTONATOTECHIB
y OiomriBKax 3J0pOBHX MAli€HTIB 1 XBOPHX 13 MapOIOH-
TUTOM. ABTOpPHM BCTaHOBWJIM JOCTOBIpHE ITiJJBHICHHS
cepenuboi kimbkocti F nucleatum no 3,06 = 0,07 x 10°
KYO (p < 0,014), T. denticola no 1,88 + 0,08 x 10° KYO
(p < 0,039), P gingivalis no 1,68 + 0,09 x 10° KYO
(p < 0,041), Staphylococcus aureus no 3,71 + 0,02 x 10°
KYO (p < 0,015), Haemophilus parainfluenzae no
3,40+0,01x 10°KYO (p<0,003), 4. actinomycetemcomitans
1o 1,37 £ 0,08 x 10°KYO (p < 0,023) mozo mamientis 6e3
kimiHigHEX o3Hak ['TI [25].

BinnoBigHO 10 pe3ynpraTiB MeTaaHaJi3y B MALIE€HTIB i3
I'TI ¢ikcyroTh 3HaUHI CrIeKTpH OakTepiaabHOI MiKpodIopH,
aJie TUIBKY 11T BUJIB IOBEACHO 3/IaTHI IHII[IFOBATH 3aXBO-
proBaHHs, a came: P, gingivalis, A. actinomycetemcomitans,
T. forsythia, Prevotella intermedia ta F. nucleatum. 3minu
B MIKpOOiOMi MPHU3BOAATH JIO MEPEXOY BiJi CHHOIOTUYHOT
Mikpodopu 10 AucOiOTHYHOI, 30Kpema (aKyJbTaTUBHI
Gakrepii THIIIB Actinomyces 1 Streptococcus 3MIHIOIOTBCS
Ha aHaepoOHI Tumm, sK-0T Firmicutes, Proteobacteria,
Spirochaetes, Bacteroidetes Ta Synergistetes, o 1 3arryc-
KaloTh 3anaibHuit mporec [13].

Hesin’emHo10 cxitagoBoro marorenesy 11 HaznBaioTh
BUKPHBIICHHS IMyHHO] BiTIIOBi i OpraHi3My Ha KOMIIOHECHTH
MiKpo0ioMy, OCKUTEKH BiIOMi BUIIAJKH IIBUAKOTO TpOTpe-
CYBaHH$ 3aXBOPIOBaHHS NIAPOJIOHTA B OCI0 3 KOHTPOJILOBA-
HUMH OIOTITIBKAMH MiCIIsl ONTUMI3allii TIri€HH TOPOKHUHU
pota [8]. Sk innukaTop puszuky BuHuKHeHHs ['T1 pekomeH-
JIYIOTh 3aCTOCOBYBATH 1HJIEKC CHCTEMHOI IMyHHOI 3arab-
HOI peaxiii opraHiaMy — IOKa3HHK, 10 PO3PAXOBYIOTh 3a
CHIBBITHOIIEHHSAM pi3HUX (OPMEHHX EJIEMEHTIB KpOBI.
VY I’ATUpIYHOMY KIIIHIYHOMY IOCIHIIKEHHI, SIKE ITPOBEIN
i3 3amy4deHHsM 10 366 marieHTiB, BCTAHOBIIIH, IO B 0Ci0
3 inmekcoM Buire 3a 978 x 10°/J1 pusuk BuHUKHEHHS [T1
nmoctoBipHO (p = 0,005) Bummii, HiX B 00CTEKEHUX JIIOAEH
13 MEHIIINM TTOKa3HUKOM iHAeKcy [3].

VY BIONOBiAb HAa MapOMOHTONATOTCHHY MiSUTBHICTH
MiKpoOioMy OiOILTIBOK B OpraHi3mi MiJIBUIIY€EThCS PiBEHb
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npo3anaibHuX IUTOKIHIB Ta C-peaktuBHoro oOinka (CPB).
VY KIIHIYHOMY JOCTIJDKEHHI 3a(hiKCOBaHO, 10 B IMaIli€H-
TiB 3 arpecuBHIM miepedirom I'TI cepenniii pisens CPb Ha
50 % BUIIMIA, HIX Y 370pOBUX 0Ci0 [8].

VY maroreHesi NMapoOHTHTY BKIWBY POJIb BiAIrPArOTH
TIOPYIIeHHS MICHEBUX 1 CHUCTEMHHX (DAaKTOpIB IMYHITETY,
HaKOITMYCHHS TPO3aNajibHUX IUTOKiHIB, a came: IL-1B Ta
TNF-0. ¥V KIHIYHOMY MOCHIKEHI B TapOZOHTONIOTTYHIX
XBOpHX 3a(iKCyBaJM MiIBUIICHHS cepefHix 3HadeHs 1L-1B
i TNF-a mo piBHiB 594,1 £ 9,6 nr/mm i 362 + 9,2 mr/mn
BiINOBigHO, mo Oymo B 9,1 pasa ta 6,1 pasa BummMm 3a
rmapaMeTpy TMAIl€HTIB KOHTpoiabHOI rpymu. CepemHii
piBenb iHTepueiikiny-4 (IL-4) y cupoBatui KpoBi CTaHO-
BuB 21,7 + 3,0 ur/mn i, HaBnaku, OyB HWKIUM B 1,9 pasa
II0JI0 3/I0POBUX MAIliEHTIB. AHAJIOTIYHO PEECTPYBAIIU 3HHU-
JKEeHHsI piBHIB iMyHoI100YyiHiB KinaciB A (IgA) ta M (IgM)
y 3,1 pa3a ta 1,9 pasa [26]. ¥V nauienris i3 I'TI nporuoso-
BaHO 3adikcyBany mixBUINEHHS piBHA IL-6, axuii ctumy-
o€ TrQepeHIIiFoBaHHS 0CTEOKIACTIB, Pe30pOIIit0 KiCTKO-
BOi TKaHUHH, aJIe TAIbMY€E PEMOJICIIFOBAHHS KiCTKH, [0 M€
KITIOUOBE 3HaUeHHs i nporpecyBanss [T1 [27].

VY cxoxih poOOTI BHBYMIM BiIMIHHOCTI B CepemHiX
MMOKa3HUKax iMyHoJorignux 6iomapkepis I'TI B ciwHi 3110-
POBHUX 0Ci0, MmarfieHTiB i3 mapomontuToM I-II cramiii i xBo-
pux 3 mapoxoututom III-IV craxiii. ABTopu 3adikcyBanu
nocToBipHe migBuiieHHs pisHiB IL-6 (p = 0,003) ta IL-1P
(p = 0,006) y mamienTiB i3 I'Tl mopiBHAHO 31 3M0POBUMHU
ocobamu. JloctoBipHo (p = 0,048) BUIIUMU TaKOK BHUSBU-
mucst cepenni 3Ha4eHHs [L-6 y manienris 3 [II-1V cramismu
nopiBHsiHO 3 xBopuMmH Ha ['TI I ta II crapmiit. Kpim Toro,
HAYKOBIIi BCTAHOBILIH, IO CITiBBiTHONICHHS KOHIICHTPAMil
IL-1p Ta anTaronicta penenropa inrepneiikiny-1 (IL-1RA)
Y POTOBI# piAMHI MAMi€HTIB TAKOXK BiAPI3HAETHCS 3aJI€KHO
BiJl CTaHy TAPOZOHTAIBHIX TKaHWH. Tak, cepemHiil iHaeKc
IL-1B/IL-1RA B martienTiB i3 I'TI I ta II cranmiit mocTtoBipHO
(p = 0,004) iepeBuIyBaB aHAIOTIYHUIN MOKA3HKUK Y 3I0PO-
BUX 0ci0, BogHOYac OyB poctoBipHo (p = 0,046) MeHIIMM
3a CepeliHE 3HAYEeHHs LIbOTO XK iHIeKcy B mamieHTiB i3 I'T1
M-IV craniii. [loka3HUKK HIIKAX MPO3AMATBHUX IATOKI-
HiB, sik-0T TNF-a ta inTepdepon-y (IFN-y), Ha BinmiHy Big
pe3yabTariB MONEPEIHbOT0 JIOCTI/DKEHHS, MK TpyHaMu
TAIIEHTIB BIAPI3HINCH HeMoCcTOBipHO [28].

VY moniOHii poOOTi TakoX OIIHWIN CIEHU(IYHICTD
MapKepiB 3amajieHHs B CIHHI 37JOPOBHX OCI0 i XBOpHX
Ha ['TI. ABropm cmnocrepiramu moctoBipHO (p = 0,006)
BuIMiA cepenHii piBeHs IL-1B B mamientis i3 III-IV cra-
nissmu T'TI — 1866,25 + 1152,15 nr/mi mopiBHSHO 3 0CO-
0aMu KOHTPOJIBHOI rpynu — 913,25 + 418,20 nr/mit. XBopi
3 I'TI I-11 cranii Takox Manu BUINMKA cepeHii MOKa3HUK
IL-1p — 1429,38 + 1037,22 nr/mit moao 3I0pOBUX 0CiO,
x04a 0e3 CTaTUCTUYHO 3HAYYLIUX BiIMIHHOCTEH. Y 1IbOMY
nocnipkenHi cepenni 3HaueHHss RANKL y marieHTiB i3
I'TI TII-1V Ta I-1I craniit nopisuroBanu 49,14 + 19,55 nr/
mi ta 37,10 £ 10,88 nr/mi BiAMOBiAHO, IO JOCTOBIPHO
(p <0,001) mepeBumIyBaIN CEpEHIN MIOKA3HUK OCIO 31 3710-
poBuM napogoHTOM — 28,18 + 9,68 nir/mit [29]. V cxoxxomy
JOCTiKeHHI TakoX 3adikcyBanmu gocrosipHe (p < 0,001)
3pOCTaHHS CEpPEeIHBOTO PIBHA IHIIOTO MPO3aMaIbHOTO
nuTokina — IL-17 mo mo3nauku 21,3 nr/min, Ha BiAMIHY Bif
AHAJIOTIYHOTO CEPEeIHBOr0 MOKa3HHKa — 8,3 mr/Mi y 310-
poBux oci6 [30].

orijiing JIITEPATYPHU

[Hmi HaykoBIi micnsi 3a00py CJIMHHM B TAIli€HTIB, sKi
Opayii yyacTh y KIIHIYHOMY JOCIIKCHHI, BU3HAYMIIN ITijI-
BUILEHHS cepeHboro piBHs [L-10392,2 + 31,9 nr/mn y 310-
poBux oci6 g0 162,2 £ 55,9 nr/mn y xBopux Ha I'TI [31].

Y Oaratpox poOOTax, IO BUBYAJIM IMYHOJOTIYHY
ckimanoBy naroreHesy ['Tl, cmocrepiranm 3HauHMi fiama-
30H CepeIHIX 3Ha4eHb TOr0 CaMOro IOKa3HWKa, L0 MOX-
JUBO TOSCHUTH Pi3HUMH METOTUKamMu 300py MarepiaiiB
Ta iXHBOTO aHami3zy. CyJacHi METOIM AOCIIKEHHS, SIK-OT
PHK-cexBeHnyBaHHS, HafOTh 3MOTY OiNBIN JETANBHO TPO-
aHAJII3yBaTH MEXaHI3MH IMyHHOI BiIIIOBifi MAIli€HTIB Ha
Iuc0i03 OIOMIIBOK, BU3HAYAIOYH yYaCTh PI3HHUX TPy KiIi-
THH Y PO3BHUTKY 3allajbHOI peaKiii B TKAHWHAX MapOJOHTa.
Tak, y xBopux Ha ['T] B siceHHi# piuHI peeCcTPYIOTH IiBU-
IIeHY aKTUBHICTh Makpodaris, HeHTpoLIiB 1 MPUPOIHUX
kimituH-kinepiB (NK-xmitun). BopHowac neHapuTtHi Kiii-
THUHM TaKUX TAI[iEHTIB 3HIKYIOTh BIACHY aKTHBHICTB, 110
MPU3BOANTH 10 KOMIIEHCAaTOPHOIO CHHTE3y NpO3anabHUX
Ta ocTeope30opOTUBHIUX (akTopis, a came IL-1f, IL-17 Ta
RANKL. Kpim Toro, aBropamu 3a(hikCOBaHO IIiIBHIIICHHS
B cepenapoMy Ha 10 % kimpkocti CD8* T-kmiTHH B 0Cib
3 miaraocroBaaum ['TI [32].

[Mongiitny pons y possurky [Tl BimirpaioTs Makpo-
¢daru: 30kpema, makpodaru I tamy (M1) 3abe3medyroTh
MpOrpecyBaHHs 3aXBOpIOBaHHs, a Makpodaru 11 Tumy (M2)
CHPUSIIOTH pereHeparii TkaHuH napogonra. [lapogonromna-
ToreHHi OakTepii CTHMYNIOIOTH BHBUIbHEHHS M1 mpo3sa-
nanpHux 1utokiniB TNF-a, IL-1f ta IL-12. Kpim Toro,
Mmakpodarn M1 GepyTh ydacTb y pe3opOrii anbBeonspHol
KiCTKH Yepe3 MexaHi3Mu, omocepeakoBani Toll-monioanMu
penenropamu TLR i TLR2. Bogrouac M2 mmsxom mpo-
JyKyBaHHSI CyAWHHOTO €HIOTENaJFHOTO (hakTopa pocTy
(VEGF), tpancdopmisroro ¢akropa pocry-f (TGF-p),
aprigasu-1 ta IL-10 3MeHIIyIOTh iHTEHCHBHICTH 3aIlajib-
HO{ BiINOBii, IHT10YI0TE AH(EepEeHITiIOBaHHS OCTEOKIACTIB
1 IIBHAKICTH pe30pOIii KicTKOBOT TKaHuHHU [33].

He menin BaxxnuBumu Mapkepamu po3Butky I'TI BBaxka-
10Th 010XIMIYHI TOKa3HUKU OKCUJIATUBHOTO CTpeCy i pajiu-
KaJIBHOTO OKHCJICHHS JIMiJiB, IO BH3HA4YalOTh y KpOBI
Ta ciuHi maienTtiB [20, 26]. BiaMmiHHOCTI B mapamerpax
JIIONIepOKCHAAIl Ta aHTHOKCHAAHTHOTO CTarycy Oyiu
IIpOaHaJli30BaHi B KIIHIYHOMY JOCIIKECHHI, 3a pe3yibra-
TaMU SKOTO BH3Hauwid, mo B oci6 i3 'l piBHI MamoHO-
BOTO aJBJIETiqy 1 TiAPONEPEKUCIB JIiMTiAiB OyITH i IBUIICHI
B 3,9 pa3a Ta 2 pa3a, a MOKa3HUKH CYNEePOKCHIANCMYTa3N
it Karanmasu Oynu 3HIKeHi y 2,8 pasa ta 3,4 pa3a BiIIoOBiTHO
[26]. V mamientiB i3 I'TI B kpoBi cepenHiil piBeHb TPHUTIi-
nepuaiB mopiBHioBaB ycepemHero 0,088 £ 0,009 mr/mu,
ninasu — 4,90 + 0,29 On/n [34].

barato nocmipkeHb MiIKPECTIOITh POJIb AKTUBHUX
¢dopm kucHio (ADK) y marorenesi I'Tl. OxcunmaruBHU
CTpeC CIPHYMHSE HHU3KY UIKI/UIMBUX peakiild, BKIIOYHO
3 ICPEKUCHUM OKHCJICHHSM JIIiJiB, OUIKIB 1 MOIIKOIKCH-
M JTHK xmiTHH mapomoHTa, Mo MpU3BOAUTE 10 Pe30po-
Iii aJTBBEOIISIPHOI KICTKH, JeTpajallii CIIoIyYHOi TKaHHHU
it 3amaneHHs mapomonta. AOK HagMipHO MPOAYKYIOTHCS
Helirpodimamu mig wac [Tl Ta HE MOXyTh OyTH CIIOBiNB-
HEHl aHTHOKCHIAHTHOIO cHcTeMO0. OKHCIIEHI OIIKH,
MeIiaToOpH 3arajeHHs W MEepeKUCH JIIiiB YTBOPIOIOTHCS
B HQUIMIIKy MiJ 4ac pyHHyBaHHI TKAaHHH IIapOJOHTA.
Li mponykt 30unbiIy0Th BUpoOHHMITBO ADK nuisixom
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nozanbloi akruBauii HelTpodiniB, GidpodaacTiB i Makpo-
¢aris. BinOyBaeTbcs nerpaaalisi MDKKITITHHHOTO MAaTPUKCY
BHACIIIOK pyHHYBaHHS TialypOHOBHX KHCIIOT, KOJareHo-
JIi3y, aKTUBaLii po3anaJbHUX LUTOKIHIB BiJ] MakpodariB
1 MOHOIIMTIB Ta cTuMyisnii npocroranauny E2 (PGE2),
110 TAKOX 3aBEPIIYETHCS ITOCTYIIOBOIO pe30pOIi€lo KiCTKO-
Boi TKaHWHHU [35].

Herpanmamist mo3akiituaHOTO Matpukcy (ITIKM) BinOy-
BA€THCS BHACIHIJIOK aKTHBAIlil MAaTPUKCHUX METAIOIpOTe-
iHa3z (MMII) [36, 37]. Bizomi pe3yasTaTé IOCITiIKEHHS,
y AKuX 3a(iKCyBaJIH MiABUIICHHS CEPeIHBbOI KOHIIEHTpPa-
uii MMII-9 y cauni go piBas 388,9 Hr/mi, Ha BiAMIiHY
Bil aHAJOTIYHOrO T[OKAa3HHWKAa B 3J0POBHUX OCI0 —
198,0 ur/mn [30]. B inmiit poGori 3adikcyBanu mia-
BHIIEHHS cepeaHboro piBHt MMII-8 y comni i3
435,8 + 180,6 ur/min B 0ci0 3 KJIIHIYHO HE3MIHEHHM
napogoHToM 10 657,1 + 279,8 ur/mn. Mapkep aerpana-
uii konareny I tumy (ICTP) Takoxx OyB BUIIMM y MarieH-
tiB 13 ['TI — 789,7 + 246,8 nr/mi1, Ha BiIMiHY BiJ ITOKa3-
HHKa 300poBUX 0cib — 528,8 + 141,1 or/mn [21].

HemonaBHo BigKpuTHiA O1TKOBHIT TOPMOH JIEITHH (a1u-
MIOKiH) PErylIioe eHepreTHIHul OanaHc, IMyHHY 3amajibHy
BIZMOBiIH 1 MeTabomi3M y KicTkoBil TKanuHi [38]. Jlentun
(hyHKITIOHYE SIK TOPMOH, 3HW)KYIOUH alleTUT, Ta SIK IIUTOKIH
anasorigao [L-6. BiH ctumysroe npoayKIito iHTepIIeiKiHIB
i TNF-o MOHOITMTaMH, 1HIIIIO€ XEMOTAKCHC CO3MHODIIIB,
3ButbHst0un [L-13, IL-6, IL-8, Ta cuHTEe3y€e MOHOIIMTAPHUI
XEeMOaTPaKTaHT MpOoTeiH-1, mo aktuBye MI1-makpodarm.
3 iHmoro OOKY, JIENTHH 3aTPHUMY€ BHBIJIBHEHHS IPOTH-
3amanpHoro IL-10 [39, 40]. TakuM YHHOM, ITiIBHINCHHS
PiBHSI IIbOTO TOPMOHY B KPOBi PU3BOANTH 10 3aTOCTPEHHS
I'TI, mo miaATBepAXKEHO pe3ynbTaTaMi eKCIIEPUMEHTAIBHOT
pobotu Ha TBapuHax [4].

HogiTtHiM acmiektom maroreHe3y [Tl BBaxaroTb BHCO-
kuii piBeHs romonucteiny (I'L]) y kpoBi Ta cnuHi marieH-
TIB i1 BILTMBOM IIPO3aajbHUX [IUTOKIHIB 200 BHACIIIOK
rinmoBitamino3y BitamiHiB B6, B12 i ¢omieBoi kucnoru.
Hamuiok 1iei aMiHOKUCIIOTH, SIKa YTBOPIOEThCS i Yac
MeTa0oJi3My METIOHIHY, aKTUBYE OKCHIATHBHHUH CTpec,
o Crpuse AECTpyKUii TKaHWH MapojoHTa 4Yepe3 ypa-
JKEHHsI eHJ0TelNilo0 cyauH, Ta aktuBamiro RANKL. ®ak-
top RANKL € ognuMm i3 kimodoBux y po3Butky [T, amxke
BiH CTUMYIIIOE CHHTE3 IPO3aNabHUX LUTOKIHIB, aKTHBYE
cuaTazy okucy azory (NO), nukiokcurenasy-2 (LOI'-2)
Ta MOJISKYNH afre3ii JISHKOIUTIB 10 CTIHOK CYOWH, IiIBH-
IIYIO4X TUTOTOKCHYHICTP NeikonuTiB [41, 42, 43]. Brums
I'll ma mepebir I'TI 6yB mponeMOHCTPOBAHUI B EKCIIEPH-
MEHTAJILHOMY JOCTiKeHHI Ha nrypax i3 I'TI, po3mimeHnx
Ha JIBl TPYIIH 3aJIeXKHO B KoHueHTpauii ['1] B iXHii KpoBi.
VY TBapHH i3 TINEPrOMOIMCTCTHEMIED BCTAHOBHIIU 3HH-
JKEHHsI PiBHS JIy>KHOT hocdaraszu i iHgeKcy MiHepaizamil
KICTKOBOI TKaHWHHM B TOMOI€HATI TKaHMH IapOIOHTa Ha
52,7 Ta 49,6 %, BoqHOYaC y KOHTPOJBHIN TPy TBapuH Iii
napamMeTpu 3MeHIHCh Ha 40,1 ta 49,6 % BiamoBigHO [2].

OnmHUM 13 TIEPCIEKTHBHUX IMOKA3HHKIB U JiarHOC-
tukn [Tl BHU3HaHO piBeHb DIyTaTiOH-S-TpaHCPepasn
(GST) — nmerokcukamiifHOTO (pepMeHTy, IO PYyHHYE €K30-
TOKCHHHM Ta 1HaKTUBY€ BUTbHI KHCHEBI pagukaid. JoBe-
neHo, mo kimbkicth GST B cupoBatiii KpoBi XBOpHUX Ha
I'TI 3HIKEHA TOPIBHSHO 31 3I0POBUMH 0CO0aMH, a IOJi-
MOp(}i3M reHa DIyTaTioHy MiABHILYE PU3UK po3BUTKY ['T1.
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Kpim Toro, iHIIUM BU3HAYEHUM Y 11iii e poOoTi mepcriex-
TUBHMM OiOMapKepoM Uil OLIHKU CTYIEHS 3alajibHOro
npouecy i e(peKTHBHOCTI JIKyBaHHS Ha3Balld IMPOTH3a-
naynpHui Olok aHekcuH-1 (AnxAl); 30kpema, Oyio 3adixk-
COBaHO 3HW)XKEHHS Horo piBHA B 7,1 pa3a B mMapoaoHTONIO-
TIYHUX XBOPUX HMOPIBHSHO 31 310poBUMH. KiliHiYHI 03HAKH
crabimizamii I'TI cnocrepiramu Toxi, koau piBeHr MMII
ctaBaB HIDKIUM 3a 5023 mr/mi, a xornentpamis GST Ta
AnxA1l — Bumroro 3a 2155 nr/mna ta 4,14 Hr/ma BiamoBigHO
[20]. 3araiom KinbKicTh HAYKOBHX POOIT, CIIPSIMOBAaHUX Ha
BHUBYEHHS 3B 13Ky KoHueHTpauii GST ta AnxAl Ha mepe-
6ir I'TI, Ha CHOTOMHI € HEBEIHUKOIO, 10 MOTPedy€ MOmaIb-
LIUX AOCIIIKEHb.

VY nauienris i3 ['T] BU3HaueHO MOPYIIEHHS KiCTKOBOTO
PEMOJICITIOBaHHS Yepe3 IiBUIICHHS aKTUBHOCTI KiCTKO-
Boi pe3opOiii Ta CroBUIBHEHHsS OocTeoreHesy. Pe3opOris
KICTKM BUHUKA€ BHACHIJIOK MOPYIIEHHS OalaHCy MiX Mpo-
IecaMn ocTeoreHesy i ocreope3opOuii B Oik OCTaHHBOI,
IO PEryiroeThbCs MUITXOM KOMIUIEKCHOTO 3arlaJIbHOTO
OCTEOKJIacTOreHe3y, Akuil Bkiouae penenropu RANK Ta
tioro mirarmy RANKL, IL-1B, IL-6 i TNF-a [5, 44, 45].
3a3HavyeHi MpOIecH MO)KHA IMpOoaHali3yBaTH 3a IOMOMO-
rol0 MapKepiB MeTaboIi3My KiCTKOBOI TKaHMHH, 30KpeMa
aKTUBHOCTI JIy’KHOT Ta KUCII01 pocdhoTras, iHIeKCY IXHBOTO
cniBBinHomeHHs. JlyxxHa ¢ocdorasa cuHTe3yeThCs OcTe-
obrmacramMu ¥ BIiJIOBiIa€ 32 HOBOYTBOPEHHS KiCTKOBOT
TKaHUHH, BOAHOYAC Kucia (ocdoraza — JTHU30COMATHHUN
(epMeHT, 1110 BUHUKA€E BHACIIIOK PyHHYBaHHS KiCTKOBOi
TKaHUHU [2].

HoBuii ©Oiomapkep pe3opOmii KiCTKM B TIAIli€HTIB
3 I'TI - B-CTx — BUSIBIIIM B KJIIHIYHOMY JOCII/PKEHHI, Y IKOMY
cepenmHe 3HAYCHHS KOHIICHTpAIli OioMapkepa Oymo mpo-
THO30BaHO IijBuIIeHe B mamieHTiB i3 [Tl Ta mopiBHIOBaIO
3,85 + 0,2 ur/mi, mo goctoipao (p < 0,05) mepeBuIyBaIo
BiZIITOBITHUI IOKa3HUK Y 340POBHX HarlieHTiB. CepenHe 3Ha-
YEeHHS OCTEOKAIIBIMHY, HaBIaKkH, Oymo moctoBipHO (p < 0,05)
HIDKYUM y narfiedTis i3 ['T1— 11,5 £ 0,2 Hr/Mi1 010 TaKOTO 3K
CepeHbOro MOKa3HHUKA B MAIIEHTIB KOHTPOJIBHOI IPyNU —
18,9 £ 0,5 ur/mi [26].

OTxe, cydacHi HOIVISIAM Ha €TIOJIOTII0 Ta MaToreHes3
I'Tl 3anumaroTbest A0BOJI CyNEepedIMBUME. AKTyalbHi
MOJICKYJISIDHI METOAM MiKPOOIONOTIYHUX JOCIIiIKEHb
PO3MINPHIIN TIEPeIiK BipOTiTHUX MapOJOHTOMATOTCHIB,
BOJIHOYAC HOBUMH MOXJiIMBMUMH 30ynHukamu [Tl Hasm-
BalOTh TPAMIIO3UTHBHI mTamu, SK-0T Filifactor alocis
i Peptoanaerobacter stomatis, Ta TpaMHEeTaTUBHI Oak-
tepii pomiB Dialister, Megasphaera, Selenomonas,
Desulfobulbus i Synergistes [23, 46]. 3a BUHATKOM HE/10-
CJII/DKEHHUX LITaMiB, IO YTBOPIOIOTH O10IUIIBKH, TIEBHHIMA
iHTepecC Ui MOJAJBIIOr0 BUBUCHHS CTAHOBIISITh HUISXH
B3aeMOJIT IUX MIKpOOPTaHi3MiB 13 KOMIIOHEHTaMH iMyH-
HOT CHCTEMH NAIli€HTIB.

3 iHmoro 00Ky, 3amanbHi peakuii B sicHax Iij yac TiH-
TiBiTY Oe3mocepenHb0 MPOBOKYIOTH Muc0io3 Mikpodopu
Ha3yOHWX OIOIUTIBOK, IO MOXKE CTHUMYIIOBATH PO3BHTOK
a6o 3aroctperns ['TI. [{na mepepuBaHHSA i€l TaHKH TaTO-
TeHe3y 3aXBOPIOBAaHHS MOXKHA MOIYIIOBAaTH CKiag Oio-
IUTIBKM PI3HAMHU areHTaMH, HalpHKIaA MPOOiOTHKaMH,
cunbioTnkamu tomro [47, 48]. BuBdenHs BmuBy mpooio-
TUKIiB Ha mepeOir I'TI ctae 0coONMMBO aKTyabHUM 1 B KOH-
TeKCTi MPOQIIAKTUKY 3aXBOPIOBAHHS B 3J0pOBUX Malli-
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€HTIB Ta B 0Ci0, SKMM YK€ MPOBEJIM PeabiTiTaIliio MO0
3aXBOPIOBaHb IAPOJIOHTA, 3 METOI 30€peKeHHs IXHBOTO
CTOMATOJIOTIYHOTO 310poB’st [49, 50].

BaxnuBuM HampsMoM ISl IIOJAJIBILIOrO  aHaNi3y
naroreHe3y I'Tl 3anumraerbesi BIUIMB NEBHUX XEMOKIHIB,
3okpema CCL5 (RANTES), Ha 3ananbHy ¥ iIMyHHY Bin-
MOBIb OpraHi3My, a/pke el XeMOKIH 3aiydae IMyHHI
KJIITHHU JI0 YpaKCHUX TKaHHH napogoHTa. HasBHi pe3yib-
TaTH METAaHaIi3y JEMOHCTPYIOTh CYyIIePEWINBI Pe3yIbTaTH
mjozo 3Mmiau piBHA CCLS y KpeBiKynspHil piauHi i cupo-
BaTIi KPOBi MAILli€HTIB 3 YpaKCHHAMHU MapOJOHTA Ta 3I10-
poBux ocib [8].

HeoOxigHuMm nuisxom gocmimpkeHns nepebdiry I'TI Boa-
Ya€eThCsl BUBUCHHS PETYJSITOPHOTO BILIMBY MakpodariB Ha
Hioro mepe0ir, anani3 criBBigHOmeHHs M1 1 M2 ¢pakuiit
y NALi€HTIB 3 ypaKeHHSIMH TKaHHH I1apoJJOHTA Pi3HUX CTY-
TICHIB Ta PO3pPOOJIEHHSI METO/IB JIIKYBaHHS, CIIPIMOBAHHUX

orijiing JIITEPATYPHU

Ha MiJBHUIIEHHS KinbkocTi M2 Makpodaris i3 METOI0 Npu-
THIYCHHS IHTCHCUBHOCTI 3aMaJIbHUX PEaKIIii.

BucHoBku. [eHepanizoBaHMil MApOIOHTUT y TIpakK-
TUYHO 3JOPOBUX MAI[IEHTIB BBAXKAIOTh IMOJICTIONOTIYHUM
3aXBOPIOBAHHSAM 13 DPI3HUMH JIaHKaMH I1aTOTeHETHYHMX
peakniii. OCHOBHIMH €TIOJNIOTIYHIMH YHHHUKAMH PO3BH-
TKY IIbOTO CTaHy Ha3WBAKOTh AUC0103 Ha3yOHUX OiOTLIIBOK,
o 3amyckae KOMIUICKCHI IMyHHI ¥ 3amaibHi BiImoBimi
opraHisMy. He MeHmry pomb y maroreHe3i MapOTOHTHUTY
BiJITparoTh OKCHIATHBHUHN CTPEC 1 MOPYIIEHHS pagnuKaib-
HOTO OKHCJICHHS JITiiB, IO TPHU3BOJUTH JO CTPIMKOT
pe30pOIii KICTKOBOI TKaHWHU. YIPOBAPKECHHS HOBITHIX
METOJIIB JIarHOCTHKU YPa)X€Hb MapoJOHTy 1 ypaxyBaHHs
X pe3ynbrartiB I yac peadiiTamil maieHTiB 1acTh MOX-
JIMBICTh TIEPEPBATH MMATOTCHETHYHI JIJAHKA PO3BUTKY Mapo-
JIOHTHUTY Ta MiIBUIIUTH €(heKTUBHICTh JAIarHOCTUKH H JIIKY-
BaHHJ L€l CTOMATOJIOrYHOI [1aTOJIOrI].
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JIKYBAHHA I'OCTPUX TA XPOHIYHUX PAH CTOIT Y TAIIEHTIB
3 HYKPOBUM JTABETOM. OISl OITYBJIKOBAHUX JOCJIIAKEHD
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JIKYBAHHSI TOCTPUX TA XPOHIYHHUX PAH CTOII ¥ HNAHIEHTIB 3 HYKPOBUM JOIABETOM. OIUISIJ
ONYBJIKOBAHUX NJOCJIIKEHb

Hayionanvruti meouunuii ynisepcumem imeni O. O. Bocomonvys, Kuis, Yxpaina

MeTor0 Hamoro JOCiKeHHS Oylno OMiHUTH eeKTHBHICTD rinepOapiyHoi okcureHoTepanii (['bO) sk momoMi>XHOTO METOIY JIIKyBaHHS
niabeTUYHHUX BUPA30K CTOIH HA OCHOBI OIVISY CY4YacHHX JIiTepaTypHuX miepel. [IpoBeneHo cucteMaTnuHUid ONIsLT PAaHIOMi30BaHUX KOHTP-
OJIbOBAHMX JIOCTI/KEHB, BiliOpanux i3 0a3 manux PubMed, Cochrane ta Scopus 3a kimro4oBHME clioBaMH, 0B’ s3aHuME 3 ['BO 1 niaGetiy-
HUMH BHpa3kamu. OCHOBHUMH KPUTEPisIMHU BKIFOUCHHS OYJIM HAsSBHICTh KOHTPOIBHOI IPYIH, SKICTh TOCTIIKEHHS Ta BiATIOBIIHICTH TEMi.
Pesysnprary aHamizy mokasaim, Mo YacTHHA JOCIiIKEeHb T ATBEpUKY€e no3uTHBHMUIA BB ['BO Ha 3aroeHHs paH, 30KpeMa CKOPOUSHHSI IO
BUPA30K 1 3HIKEHHS YaCTOTH aMITyTallii, TOi SIK iHIIi poOOTH HE BUSIBUIIM CYyTTEBUX MEPEBAr.

BucnoBok: I'6O mae moreHmian s MOKpaIeHHsT Pe3ybTaTiB JTiKyBaHHS, ale MOTPiOHI TOMaTKOBI TOCTIMKEHHS Uil OUTBII TOYHOTO
iATBEpKEHHS Ti €(heKTHBHOCTI.

Kitrouogi ciioBa: niabeTnyHa Bupaska cTONH, TinepOapuiHa OKCUT€HOTEPalisl, 3aTOEHHS paH, iIeMis, TITOKCIs.
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D. O. Yakymiv, M. O. Prystupiuk

TREATMENT OF ACUTE AND CHRONIC FOOT WOUNDS IN PATIENTS WITH DIABETES. REVIEW OF
PUBLISHED STUDIES

Bohomolets National Medical University, Kyiv, Ukraine

Diabetic foot ulcers (DFU) are a significant global health burden, often leading to severe complications, including infection, gangrene,
and amputation. Despite the available treatment protocols, these complications persist, emphasizing the need for more effective interventions.

The aim of the study is to analyze the current treatment approaches for diabetic foot ulcers, with a particular focus on the use of
hyperbaric oxygen therapy (HBOT) and its effectiveness.

Materials and methods. A systematic review was conducted by selecting literature based on specific keywords from scientific databases
such as PubMed, Scopus, and Web of Science. Criteria for inclusion were studies focused on the treatment of DFUs, especially those exploring
hyperbaric oxygen therapy and topical oxygen treatment. The exclusion criteria were articles not peer-reviewed or lacking specific results on
the healing of DFUs. Eighteen studies were included in the analysis, with particular attention paid to three double-blind randomized controlled
trials (RCTSs).

The results demonstrated mixed outcomes. While one RCT found no significant difference in healing outcomes when using HBOT,
the other two studies showed promising improvements in wound healing and a reduction in ulcer size. Emerging therapies, such as topical
oxygen application, were also discussed, with recent research suggesting positive effects, though more data are needed. Overall, despite
some inconsistencies in results, the review indicates that HBOT and newer oxygen-based treatments may contribute to better wound healing,
especially in ischemic or hypoxic wounds.

In conclusion, although evidence supports the benefits of HBOT in certain cases of diabetic foot ulcers, further research is needed to
solidify its position within standard treatment protocols. Future studies should focus on larger populations and include consistent methodologies
to provide more conclusive evidence.

Keywords: diabetic foot ulcer, hyperbaric oxygen therapy, wound healing, ischemia, hypoxia.

Beryn. 3a naHrME eKCIIepTiB, HA ITyKPOBHI [1iabeT XBOpie
537 MiNbiHOHIB JIFOIEH Y BChOMY CBITI, 110 cTaHoBUTH 10,5 %
JIOpOCIIOro HacenaeHHs. [lommpeHicTh 1iadeTy MBHIKO 3pOC-
Tae, 0COOJMBO B KpaiHax i3 HU3bKUM i CEpEeIHIM PIBHEM JI0XO-
niB. Brv3bko TpeTHHM JIFOneH 13 Jia0eTOM YIIPOIOBK JKHUTTS
MOXYTb 3ITKHYTHCSI 3 BUpa3kaMH Ha ctomax [1].

Cunpnpom giabernunoi cronu (CC) € ogHuM i3 Haii-
BOXYMX 1 HaHOLIBII TMOIIMPEHUX YCKJIQJHEHb MaiadeTy,

© . O. Axumis, M. O. IIpucrymiok, 2025
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IO CYNPOBOIKYETHCS BUPa3KaMH, 1HQEKI[IIMI Ta HaBIiTh
3arpo30r0 aMmmyTailii KiHiiBok [2]. 3a ominkamu, 15-25%
XBOPHUX Ha I[yKPOBUii ia0eT MPOTArOM JKUTTS 3iTKaIOThCS
3 PO3BUTKOM BHPA30K CTOIH, a B 0araTthbOX BUIAAKax IIi
paHM MAaIOTh XPOHIUHUI XapaKTep Ta € PE3UCTCHTHUMU JI0
CTaHAApTHUX MeToxiB JikyBaHHA [3]. CkiamHicTh JiKy-
BaHH Ia0CTUYHUX BUPA30K MOJIATAE B MTOETHAHHI IIIEMil,
iH(eKii Ta HepomaTii, Mo 3HAYHO YCKJIATHIOE 3aTOEHHS
Ta MOXKE TPHU3BOAUTH O PO3BUTKY HEKPOTHYHHX IPOIIE-
CiB, TOTpeOyrOUH XipyprivHOTro BTpyJaHHs [4].
AKTyaJbHICTE IOCHIDKEHHS TpoOIeMu miabeTHIHOl
CTOIM 3yMOBJICHA i1 3HAYHUMH COLIATbHO-KOHOMIYHUMU
Hacimigkamu [1]. JliabeTwuHi ycKiIagHEeHHS, MOB’sA3aHi
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3 HIDKHIMH KiHI[IBKAMH, € OCHOBHOIO IPUYUHOK HETPaB-
MaTHYHHUX aMITyTaliil y CBiTi, a JIKyBaHHs MAalli€HTIB i3
CIC € nmoporuMm i morpeOye NOBrOTPUBAIOT MEITUYHOT
migrpuMku [2]. 3a manumu pociuimpkeHHs Global Burden
of Disease Study, y 2016 poui yckimamHeHHS aiabeTwd-
HUX BHPa30K HIDKHIX KiHIIBOK IPHU3BENIH A0 3HAYHOTO
3pocTaHHs iHBamigHOCTI Ta cMeprtHOCTi [3]. Kpim Toro,
HASBHICTH J1a0CTUYHUX BUPA30K 3HAYHO IMOTIPIIYE SKICTh
JKUTTS TIAIIIEHTIB 1 30UTBIIY€E PU3UK CMEPTi BiJ CepIeBO-
CYIMHHHX 3aXBOpIOBaHb [2]. TakuM YMHOM, MOKpAIIEHHS
METO/iB JIIKyBaHHS Ta MPOQITaKTUKN € HAA3BUIaHO BaX-
JIMBUM [UIS 3HIMDKEHHS HETAaTHBHUX HACIIIKIB AlabeTHYHOT
ctonu [4].

Bupaska ctonu € cepio3HMM YCKJIaJHEHHSM I[yKpO-
BOTO Jia0ery, sike OB’ si3aHe 3 BUCOKHM PIBHEM 3aXBOPIO-
BaHOCTI Ta CMEPTHOCTI, @ TAaKOXK 3HaUHUMH (PiHAaHCOBUMHU
BUTparamu. Yactora BHHUKHEHHS Nia0CTHYHUX BUPA30K
CTOIIN TIPOTSATOM KUTTS CTaHOBUTH 19-34 %, Toni sk piuHa
yactoTta — 2 %. Ilicis ycmimHoro 3aroeHHs! piBeHb penu-
By cTaHOBUTH 40 % mpoTaroM poky Ta 65 % — npoTsirom
TPBOX POKIiB [5].

OpHUM i3 TEepCHeKTHBHUX WiAXOMIB [0 JIKyBaHHS
XpOHIYHUX BHPA30K, IO PO3BUBAIOTHCA Y TMAII€HTIB i3
niabetoMm, € rimepbapuuna okcureHoreparis ([BO) [6].
I'BO nonsirae y BUKOPUCTAHHI YHCTOTO KUCHIO IIijI BUCO-
KAM THCKOM, IO /A€ 3MOTy MiIBUIIUTH OKCHI'€HAIIiI0
TKaHWH, CIIPUAIOYM ITOKPAIIEHHIO IPOIECiB pereHeparnii
Ta 3aroeHHs paH [7]. IlonepenHi AOCTIKEHHS TOKA3aJIH,
mo rinepbapuyHa OKCUTEHOTEparist Moxe OyTH e(eKTHB-
HOIO y TIPHCKOPEHHI 3aro€HHS Aia0ETHYHHX BHPA30K Ta
3HIDKEHHI YacTOTH aMITyTaliil, Xoda JaHi 3aJIUIIAOTHCS
cynepewmBuMH [8]. YacTiHa KITIHIYHHX BUTIPOOYBaHb HE
BHABJISIE 3HAUYHOTO ITOKPAICHHA MOPIBHAHO 31 CTaHIApT-
HOIO TEepari€ro, TOMi K HIII TOKa3yIOTh CyTTEBI MO3UTHUBHI
pe3ynberaru [9].

JlikyBaHHS BHpPa30K CTOIH, IIOB’S3aHHMX 13 JiabeToM,
3aJIMLIAETHCSl CKIIAJHUM 1 JOPOTHM, CTBOPIOIOYHM BHCOKE
(iHaHCOBE HaBaHTAXXCHHS HA CHCTEMU OXOPOHH 3[I0POB’s
Ta BIUIMBAIOYM Ha 3aXBOPIOBAHICTb, CMEPTHICTH 1 SIKICTH
xutTa [10]. [IpuHIMOM JIKyBaHHS paH, BKJIIOYHO 3 OYH-
LIEHHSIM paHH, MiJITOTOBKOIO PaHOBOIO JIOXA, TA HOBITHI
TEXHOJIOT1], SIKI 3MIHIOIOTH (i3ioNOTil0 paHu Ui CIIpHU-
SIHHS 3aTO€HHIO, MAIOTh HA/[3BUYAHHO BAXKJIMBE 3HAUYCHHS
y crpo0i BUITIKYBaTH XpOHIYHY BHPA3Ky CTOIH, TIOB’sI3aHY
3 miaberom [11]. OmHak 3pocTaHHS KITBKOCTI BHITAIKiB
1 BUTpAT Ha JIIKyBaHHS BHPA30K CTOIH, OB’ A3aHUX i3 Jia-
6eroMm, moTpedye, mo0 BTpydaHHS, SKi CIPHUAIOTH 3aro-
€HHIO XPOHIYHHMX BHPA30K CTOIH, OB’ SI3aHMX i3 AiabeToM,
MaJll HaJIe)KHE MiITBEPIDKEHHs iXHbOI €()EeKTHBHOCTI Ta
PEHTA0CIBHOCTI i3 3aCTOCYBAaHHSIM BHCOKOSKICHHX JIOKa-
3iB, KOJIU IX BUKOPHUCTOBYIOTH Pa30M 3 YCTaJI€HUMH aclieK-
TaMU BUCOKOSIKICHOTO MIKIUCIHUILTIHAPHOTO Torysiay [12].

MeTa HBOTO JOCTiZKeHHS — [TPOaHATI3yBaTH HAyKOBI
myOmikarii moxo e(eKTUBHOCTI BUKOPUCTAHHS rimepOa-
puuHoi okcureHotepartii (I'BO) y mikyBanHI niaGeTnaHNX
BHpPA30K CTOMHU ¥ omiHUTH BB ['BO Ha MpHCKOpPEHHS
MIPOIIECY 3arO€HHS PaH, MOKPAIICHHS MOCTa4aHHS KHCHIO
JI0 TKaHHMH Ta 3MEHIICHHS IIEMIYHUX yIIKO)KCHb.

Marepiaian Ta metoau. Ilomyk mitepatypu mpoBo-
JIMBCSI B TAKHX HAyKOMETPUYHHX 0a3ax maHuX, ik PubMed,
Scopus, Web of Science Ta Cochrane Library. Bin0ip mxe-
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pen 3miCHIOBaBCS 3a JOIOMOTIOI0 MOUIYKOBHX 3allUTIB
Ha OCHOBI KirouoBHx ciiB diabetic foot ulcer, hyperbaric
oxygen therapy, wound healing, diabetic wound treatment,
diabetic lower extremity ulcers Ta ix komOinawmiii. J{is
3a0e3MeUeHHs] KOMIUIEKCHOTO X0y TaKOX BHKOPHC-
TOBYBAJIUCS Taki TepMiHH, 5K ischemia, infection control,
randomized controlled trial Ta tissue oxygenation.

VY mpomeci aHamizy OyiM 3aCTOCOBaHi CyBOpi KpUTepil
BKJIIOYCHHS Ta BUKIIIOYCHHS JITepaTypHUX Jukepen. o
OISy BBIWIUTM CTATTi, SIKi BiANOBiJaNIHM TaKUM KpHUTE-
pisM:

— Ily6mikarii, mo MIiCTATh iH(GOPMALIIO PO 3aCTOCY-
BaHHs ['BO 1151 mikyBaHHs 1ia0ETHYHUX BHPA30K.

— PannoMi3oBaHi KOHTPOJIBOBaHI JOCIIIKSHHS, MeTa-
aHaJI3M Ta CUCTEMATHYHI OTISIH.

— CrarTi, 10 ONUCYIOTh PE3YyJIbTAaTH KIIHIYHUX JOCIHi-
JUKEHb 13 BU3HAYEHUMH KiHIIEBUMH TOYKAMHU, SK-OT IIBHU]I-
KICTh 3aTO€HHS BUPa30K, 3MEHILIECHHS IUIOIII BUPA30K, 3HHU-
JKCHHSI YaCTOTH aMITyTaIlili Ta piBeHb JIETAEHOCTI.

o kpuTepiiB BUKIFOUCHHS HaJCKAIH:

— Omsamm - miteparypu 0e3 KOHKPETHHX —KITIHITHHX
maHux abo 06e3 JocTaTHROI AeTasi3amii METOMOJIOT].

— HMocmimkeHHs, sSKi GOKyCYIOTbCS CYTO Ha EKCIIepH-
MEHTAJIbHUX MOJENIX Oe3 MiATBEepIKEeHHS KIIHIYHOIO
BUKOPUCTaHHSL.

— IlyGmikarii, 110 HE MICTATh JaHUX HPO TiaO0CTHUHI
BUPA3KH, a PO3MISIAIOTH JIMIIE 3araibHi aClleKTH PAaHOBOTO
MpoIIeCy 3aroeHHs 6e3 POoKycy Ha Jiader.

Ha nepmomy erami Oyno Bigiopano nmonax 200 noTeH-
niftanx oxepen. Jlami mxepenma Oynm BiZcOpTOBaHI Ha
OCHOBI a0CTpakKTiB Ta BIAMOBIAHOCTI KPUTEPISIM BKIIO-
YeHHA. YCBOTO JUIs aHamizy Oyno BimiOpano 46 HaitOimbmn
peeBaHTHUX HAYKOBHX CTaTeH, Cepel IKIX PaHI0Mi30BaHi
KOHTPOJIBOBAHI JOCTIKCHHS, METaaHalli31, a TAKOK CHC-
TeMaTi4Hi omuiau. [Ipu 1boMy OCHOBHA yBara NpUAiNIs-
JIacst TOCITIHKEHHSM 13 HAaHIKYUM PH3MKOM METOI0JIOTIY-
HOT MOXHOKH, a came noaBiiHuM citinuM PKJI ta Benmnkum
MeTaaHaJi3aM.

Hdns cucremaru3zanii Ta y3arajJbHEHHS JaHUX BHKO-
pHUCTOBYBaJIacsi METOOJIOTIS SIKICHOTO OISy JIiTeparypu
3 TOJAJIBIIOI0 KUJIbKICHOIO OIIIHKOIO, KOJIM 1Ie OyJlI0 MOX-
mBo. OCHOBHI pe3yJbTaTH KOXKHOTO JOCIHIPKEHHS OyIu
KIacu(iKOBaHi BiIIIOBITHO IO KIIFOYOBUX HapaMeTpiB:

— KiHnesi pe3ynbrati (IOBHE 3aTO€HHS PaHHU, YaCTKOBE
3arO€HHS, aMITyTaIlii).

— Mertomosoriynai MiAXOAW A0 OWIHKA e(eKTHBHOCTI
I'BO (xoHTpONBHA Tpyma, TUOM pPaH, TPHUBATICTH JIKY-
BaHHS, IApaMEeTPH TUCKY Ta KUCHIO).

— YekmagHeHHs: ab0 HEraTHMBHI HACHIAKH, SKIO Taki
OyJu 3a]I0KyMEHTOBaHi.

— 3aranpHUI BUCHOBOK 111010 €()eKTUBHOCTI Tepartii Ha
OCHOBI IIPEJICTABIIEHUX PE3YJIbTATIB.

Takox po3MISIHYTO Cy4acHi peKOMeHAAll MiXHapo.-
HUX 1 HaIlOHAJBHUX NPOTOKOJIB IIOAO BHKOPHUCTAHHS
I'BO 5K mOMOMIXXHOTO METOY Tepallii 3 aKIIEHTOM Ha HOTo
OB Y KOMITIEKCHOMY ITiAXOIi /IO JIIKYBaHHS XPOHIYHUX Ta
TOCTPUX PaH y TAIIEHTIB i3 MyKPOBUM IiabeTOM, a TaKOXK
HAa MTOTEHIIiI{HI IepeBard y 3HWKEHHI PH3UKY aMITyTaIlii Ta
€KOHOMIYHHX BUTPAT.

Pe3yabTaTH Ta iX 00roBopeHHs. 3a OIliHKaM1 HAyKOB-
[iB, PU3UK aMITyTallil HIKHBOT KIiHIIBKH Y JIFOIMHU 3 Jlia-
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6etoM y 23 pa3u MEpeBHUIIYE PU3HK Y JIOOUHH Oe3 miadeTy.
IMonan 85 % BemuKKMX amIyTalliil y MalieHTIB i3 AiadeTom
nepeaye Bupaska cromu. [licias ammyranii 50 % narieHTis
abo moMuparoTh, a00 BTpavyalOTh KOHTpalaTepajbHy KiH-
LIBKY HPOTSroM 5 pokis [13].

Pu3zuk cmeprti yepes 5 pokiB 1S HamieHTa 3 JaiadeTnd-
HOIO BHPA3KOI0 CTOMH B 2,5 pa3a BHIMUHA, HIK PU3UK IS
marfieara 3 fiabeTom, sSKuii He Mae BHpa3Ku crtomd [14].
[Tonan nonmoBuHa nMiabeTHUYHUX BHPa3ok iH(pikyeTbes [15].
[Tpubmmzno 20 % momipHHX abo BaXKHWX iHQEKMIH mia-
0eTHYHOI CTOIH MPU3BOIAATH A0 IIEBHOTO PiBHS aMITyTarlii
[16]. 3axBoproBanHs mepuepUIHUX aAPTEPi CaMOCTIHHO
HiJBUILLY€ PU3MK HE3arOWHHUX BUPA30K, iH(eKii Ta amiry-
Tarii.

3 KUTBKOX MPHYHH JIIOIH 3 1iabeToM 0COOIMBO Yy TIHBI
JI0 paH HWKHIX KiHIIIBOK 1 CTOII, SIKi HE 3arotorThes [17].
VY moneit i3 MyKpoBUM J1iabeTOM MOXKE BHHUKHYTH TIOIIKO-
JDKEHHST HEpBIB, 1[0 MOXKE MIPU3BECTH 110 CIaOKOCTi i OHi-
MiHHS CTOITH Ha A0AaToK 110 60:1r0 [17]. Lle oHiMiHHS MOXe
CIIPUATH TPAaBMYBAaHHIO CTOIM MALi€HTOM Yepe3 YIIKO-
IDKeHHS ab0 TpHBalie XOAIHHS 3 BUPQKECHUM ITyXHPEM YH
Mo3oieM 6e3 BiqayTTs 6omto [16]. Kpim Toro, niabet moxe
CIPUYHMHUTH CYXIiCTh HIKipH Ta i CXWIBHICTH A0 TPIIIHH,
110 TiABMIIYE pu3nK iHQiKyBaHHs [16]. V mroneii i3 aiabe-
TOM TaKO)K MOYKE BUHHUKHYTH 3aXBOPIOBaHHS repugepuy-
HUX apTepii, sKe MOXKe CHPUYMHHUTH 3aTBEPIIHHS Ta 3aKy-
MOPKY KPOBOHOCHMX CYAWH TOMIJIKHM Ta cromu. Lleit cran
MPHU3BOAUTE JIO TOTAHOTO KPOBOOOITY, 10 MOXE YCKIIA-
HUTH OOPOTHOY 3 iH(]EKIiEr0 Ta 3pOOUTH MAIIEHTIB O1IbIIT
CIPUIHITIMBUMU 0 BUpa3oK [16].

3HaYHOI MIpOIO Yepe3 BUTPATH, IIOB’s3aHi 3 yCKIA-
HEHHSIMH, JiabeT € OIHUM i3 HallIOpOoXKYNX 3aXBOPIOBAHb
qurs mikyBaHHS. Y CLIA omiHKH 3arabHUX IPSMUX BUTPAT
Ha IyKpoBUH miaber mpuronoMmuinei — 176 wmimbsp-
niB monapiB CIIA cranom Ha 2012 pik [17]. Kpim Toro,
3a OLIIHKaMH, BUTPaTH Ha OXOPOHY 3IOPOB’S XBOPHX Ha
ykposuii giaber y CHIA cranosmste 85 200 momapis
CIHIA [18].

HepmaBHi gocimikeHHsT BKa3ald Ha YUCICHHI (hakTopu
PHU3HKY, IOB’s3aHI 3 PO3BUTKOM Jia0€THYHOI BUPA3KU
cromu [ 19, 20]. i pakTopu pu3uKy Taki: crarb (40JI0Bi4a),
TpHBaIiCcTh MiabeTy moHax 10 pokiB, JiTHIN BiK MAIli€HTIB,
BHCOKHI iHIEKC MacH TiJa ¥ iHIII CyIyTHI 3aXBOPIOBaHHS,
30KpeMa peTHHomaris, miabetnduHa mepudepuyHa Heipo-
TIaTist, 3aXBOPIOBaHHS MTepU()EPUIHIX CyAHH, PIBEHD TITiKO-
BaHoro remornno6iny (HbA1C), nedopmaris cromu, Buco-
KHUH MIOMIOBHUN THCK, 1H(QEKIIi Ta HeMPaBWIbHI 3BUYKH
JOTJIALY 3a CTOIIOKO.

Ha sxainb, yacTo MaIfieHTH 3alepeyuyroTh CBOIO XBOPOOY
Ta He OepyTh Ha ceOe BIAMOBINATIBHICTH 3a HEl, a TaKOK
HE BXHMBAIOTh BIANOBITHUX 3axOMiB JUIs 3alo0iraHHs
YCKJIAJHEHb 1 BUpIIICHHS 0ararhox MpoOJeM, OB’ sI3aHUX
i3 JikyBaHHAM niabetnuHoi Bupasku cronu. IIpoTe umc-
JICHH] JOCIIDKEHHSI TTOKa3ajH, 10 MPaBWIbHE JIKYBaHHS
MOXXE 3HAYHO 3MCHIINTH, BiICTPOYHUTH TaKi YCKIIaJHEHHS,
SIK iH(EeKIis, TaHTpeHa, aMIyTallisl Ta HaBiTh CMEpTh, a0
3amobirtu im [21, 22].

CranmapTHUI IO 32 paHAMHU aLi€HTIB i3 niabeTmy-
HMMH BUPa3KaMH CTOIH CKJIaJAa€ThCs 13 YOTHPHOX €TalliB:

1. OriHka paHu, BKJIFOYHO 3 AOCITIHKEHHSIM PO3MIpy Ta
BUSIBJICHHSIM O3HAaK 1H(EKLIT Ta imemii.

2. TlnanyBaHHS HaWKpalmloro Kypcy JIKyBaHHS Ha
OCHOBI IIiJIei, Y3rO/PKEHUX MEIAMYHUM MPaIliBHUKOM
1 TIAL[IEHTOM.

3. Peanizanis rutaHy, BKIFOYHO 3 MOM’SKIIEHHSIM (ax-
TOPIB PH3MKY (HAaNpUKIaa, KepyBaHHS PIBHEM TIIIIOKO3U
B KpOBi), 00poOKo1o paHH, 3abe3nedeHHsIM iH(pEKIiHHOTO
KOHTPOJIFO Ta NEePEepO3MOAITIOM TUCKY Ha BUPA3Ky CTOIH 32
JIOTIOMOTOO PO3BAaHTAKyBaJIbHUX MPUCTPOTB.

4. OmiHka Tporpecy 3aro€HHA PaHM Ha MOCTIHHIN
OCHOBi, BHECEHHSl KOPHUIYBaHb 1O IUIAHYy JIIKyBaHHS 3a
notpedu [23].

3 omay Ha Te, IO TependadyBaHUN TIIOOATBHUN
Tsirap AiabeTHYHUX PaH MOPIBHSHO YK BEJIMKHA, 8 TAKOK
MOCTIHHO 3pocTae [24, 25], 3maeThCest, 10 HasiBHA I0TIOMOTa
a00 He 3MeHINye Ied Tsarap cama mo cobi, abo He BIPO-
BaJDKy€eThCs MHpoko [26, 27]. Tomy moTpiOHEe HacTymHE
MOKOJNIHHS JIKYBaHHS, 100 JOMOMOITH 3MEHIIMTH LEH
TTap y HahHOmmkdoMy MaiiOytHeoMy. IcHyloTh pi3Hi
METONIH JiKyBaHHS HACTYITHOTO MOKOJIHHS, SIKi BHUIIPOOO-
BYIOThCS [28, 1], OTHAK OXONHUTH iX yCi BUXOMUTH 33 paMKH
i€l crarti. ToMmy B mbOMY pO3IiTI CTaTTi MH 30CEPEIKY-
€MO Hally TUCKYCil0 Ha iCHYyIOUOMY JIIKyBaHHI, 3aCHOBa-
HOMY Ha KHCHI, SIKAH IMOJAE€THCS i ITiIBUIIICHUM THCKOM.

KuceHp € KpUTHYHO B)KIUBHM €JIEMEHTOM Y KIIIOYO-
BUX MpOLIeCax 3aro€HHs PaH, BKIIIOYHO 3 aHriOreHe30M,
BiJIKJIa/ICHHSIM KOJIATCHY W eMiTei3alli€ero.

lnepbapuyHa KucHeBa Teparlisi € 0ararooOilsI0u00
B JIIKyBaHHI CEpHO3HUX BHUITAIKiB HE3arOiHOI 11a0eTUIHOT
paHH, SKi € CTIHKUMHE J0 1HIITUX TePAIeBTUYHUX METOIB.

3a rinepbaprn4HOi OKCHUTeHOTEpaIlii MaIieHT MOTPaIUIse
B rinepOapuyHy Kamepy W mimmaerbess BBy 100%-ro
KHCHIO 3 i IBUIIICHHSAM aTMOC(hepHOTO TUCKY [29], 10 mia-
BUIIY€E TApIiaJTbHANA TUCK KUCHIO B TIMOKCHYHUX a0o irre-
MiYHAX TKaHuHaX. L{e Oyio 3ampomoHOBaHO SIK KIFOYOBHI
MeXaHi3M /IS IOKpAIeHHsI 3aTO€HHS paH y MMOB’I3aHUX 13
JiabeToM BHpa3Kax CTOMH 3 imeMiero ado rimokciero. Icuye
0araro pi3HHUX CIIOCOOIB BBEJACHHS KHCHIO. Y JESKHX ICH-
Tpax Mali€HTH OTPUMYIOTh JIKYBaHHS I’ SITh pa3iB Ha THX-
JieHb 110 90 XBWIIMH Ha ceaHC. 3arajibHa KiIbKICTh CEaHCIB
3aJIeXKHUTh BiJ| peaKiii paHH Ha JIIKyBaHHs. 3arajoM marli-
€HTU MOXYTh oTpuMarh 40 i OiJibIe ceaHcis.

OOrpyHTYBaHHSM TrinepOapudHOi OKCUTEHOTEpaii € Te,
1110, HE3BAKAIOYX Ha IIMPOKHHN CIIEKTP NMPHUYNHHUX [AaTOJIO-
Till, CIIITPHAM 3HAMEHHHUKOM 0araTthbOX paH € TIIOKCis TKa-
HUH. 3aro€HHsS paH — CKIAJHUHN 1 He IO KiHISI BHBYCHHUU
nporec. Xo4a 34a€ThCA, 0 B pa3i TOCTPUX PaH 3arO€HHS
BinOyBa€eThCS 3aBISIKU IMOYATKOBIM TiMmoKcii, HU3bKOoMy pH
1 BUCOKMM KOHLICHTDALisAM JAKTaTy B IIOWHO ITOIIKOKeE-
HI TKaAHUHI, JEAKI €JE€MEHTH BiIHOBIIEHHS TKAHHH HalI-
3BHYAWHO 3aJIeKaTh BiJl KMCHIO, HANPUKIIA] BUPOOJICHHS
KoOJIareHy, BikiIaaeHHs (hiOpoOIacTiB Ta 3HUIICHHS OaKTe-
piii Makpodaramu. ¥V ckiagHOMy OanaHCi MiX TiIOKCIE0
paHM Ta HAaBKOJOPAHOBOIO OKCHICHAIIEI0 31a€THCS, IO
YCIIIIIHE 3arO€HHS 3aJISKUTD BiJl aeKBaTHOI OKCHUTEHAI]
TKaHUH B 00JIaCTi HABKOJIO CBXKOI paHu. be3yMoBHO, paHu,
SKi JIeXKATh Y TIMOKCHYHUX TKAaHUHHHX JIOXKAX, HalyacTile
JIEMOHCTPYIOTh TIOTaHE 3aTO€HHS a00 HOTo BiICYTHICTD.

MicrieBe BBeICHHS KHCHIO € BiTHOCHO HOBOIO TEpAITi€lo,
sKa IIependadae MiclieBe BBEICHHS KUCHIO B TKAHUHH IIULIXOM
MOCTiHHOT Audy3ii ad0 CUCTEM IIiJ THCKOM 3a JOIOMOIOI0
MexaHiuHux npuctpoi [30]. Xoua y 2019 poui Oyno Heno-
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CTaTHBO JIOKa3iB, 1100 PEKOMEH/yBaTH HOrO0 BUKOPUCTAHHS
JUISL 3arO€HHS BUPA30K CTOMH, OB s3aHuX 13 miaderom [31],
JIOKa3¥ [IOZ0 MICIIEBOTO 3aCTOCYBAHHS KHCHIO 3HAYHO PO3-
LIMPHUIINCS 32 OCTAHHI YOTHPHU POKH 3 KUIBKOMa HOBHMH PaH-
JIOMi30BaHAMH KOHTPOJIEOBAHUMH JIOCHIKEHHIMH [32—-35].

B ymoBax yckiagHeHoro nepe0iry niabeTHaHUX BUpa-
30K MOXHA BUKOPHCTOBYBATH METO/H, SIKi 32CTOCOBYIOTHCS
3a iIHMHUX maTonorii. Sk 3a3naveno B podoti Komocosnya ta
criBaBropiB (2023), abnoMiHaTBHUIA ITapamneHTe3 yCIiNTHO
BUKOPUCTOBY€ETHCS AJISI 3MEHILICHHS HAKOIMYCHHS PIAWHU
B TKAHUHAX 32 YCKJIQAHEHHUX CTaHIB, 1[I0 MOXKE MATH MEBHY
napajeis i3 Teparmiero HaOpsKIB y MAIli€HTIB i3 AiabeTny-
HOIO cTomoo [36].

I3 18 mocmipkeHb 3 OIIHKM BHUKOPHCTaHHs TirmepOa-
PUYHOTO KHCHIO SIK JIOTIOMDKHOI Tepartii JUisi MOKpaleHHs
3aro€HHsI BUPa3KH CTOIM, IMOB’s3aHOI 3 nHiabeToM, Juiie
TpH Oyny NMOABIHHUMH CIINUMH PaHIOMI30BaHUMH KOHTP-
OJTbOBAaHUMH JTOCIHIKeHHsIMHA [37—39]. OnHe 3 HUX HE BUs-
BHJIO Pi3HUII B KPUTHYHOMY pe3yibTari 3aroeHHs paH [37],
TOAl SK OOWIBa iHIII TPOAEMOHCTPYBAIN IOKpPAIICHHS
3aroeHHs paH [38, 39]. 3aranom moka3u CynepewInBi, aue
JOCHIKCHHS 3 HAWHIKYNM PH3MKOM ITOMHIKH CBiI4aTh
TIPO T€, 110 HOTO BUKOPUCTAHHS MOXKE MaTH NIEBHY KOPHUCTb
U1l TIOKpaIeHHs aOCOMIOTHOTO 3aTOEHHS PaH 1 SMEHILCHHS
IUTOIII BUPA3KH.

Kpim ananizy edexkTHBHOCTI MiCIIEeBOI OKCHUIeHOTEpa-
mii, CJIiJ] BpaxoByBaTH T€MOKOArYIISIIHHI MOPYIIEHHS, SKi
MOXKYTb BIUIMBATH Ha 3arOEHHS PaH, 0COOJINBO Y MaIi€HTIB
3 BUCOKMM PH3MKOM TPOMOOYTBOpPEHHs. 3TiJHO 3 AOCIIi-
JUKCHHSIM, (aKTOPH TeMOKOAryismii MaloTh 3HaYHUH
BIUIMB HA PO3BUTOK I'€MOPATridyHNUX yCKIIaJHEHb 32 TOCTPUX
3anaJbHAX MPOLECIB, IO MiATBEPKY€E BaXIHBICTh KOHTP-
OJII0 TaKWX MMOKA3HUKIB y JiKyBaHHI MAII€HTIB i3 niabeTnd-
HOIO cTomoro [40].

BuBdyeHHs iHIIMX METOMIB JIOKAJLHOI Teparrii TaKoX
MIOKa3y€e IIO3WTHBHI PE3YyNAbTaTH B JIKYBaHHI XPOHIYHHX
BUPA30K Y MAI€HTIB i3 IyKPOBUM aiadeToM. JloCIiKeHHS
NOKa3aJy, 1110 JIOKaJbHE 3aCTOCYBaHHSI ayTOJIOTIYHOTO I1a3-
MOT€Ha CIIPHsIE TPUCKOPEHOMY 3arO€HHIO XPOHIYHUX BHpa-
30K CTOIH Yy MAIEHTIB 13 1ia0eTOM 2-r0 TUILY, IO CBIIYUTH
PO HEOOXITHICTh KOMITICKCHOTO MiIXoay /10 Tepamii [41].

Amnari3 46 BKIIIOYEHHUX CTaTel BUSIBUB Pi3HOMAHITHICTD
MIIXOMIB 1O 3aCTOCYBaHHS TilmepOapHYHOl OKCHUTEHOTE-
pamii (I'BO) y mikyBanHi nmiabetmunux Bupaszok. Cepen
MpoaHai30BaHUX POoOIT Oyno 5 MOABIHHHUX CIIMMAX paH-
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JIOMI30BaHUX KOHTPOJBOBAHUX IOCIIIKeHb, 10 MeTaaHa-
J3iB 1 CHCTEMAaTUYHUX OIVISIB, @ TaKOX YHCJICHHI TPO-
CHEKTUBHI Ta PETPOCIEKTHBHI JIOCIHIKEHHS. 3araibHa
KIJIbKICTB MAIi€HTIB, BKIIOYEHHX Y IIi JOCHIPKeHHSI, Iiepe-
Buirye 2000 oci0, mo 1ae 3Mory 3poOWTH y3arajbHEHi
BUCHOBKH (Tab. 1).

EdexTuBHicTh rinepéapu4Hoi okcureHorepamnii

Bimznaueno, mo I'BO mae moTeHmian y MOKpamieHHi
MIPOIIECy 3aro€HHS Aia0eTHYHUX BUpa3oK. Bubipka mari-
€HTIiB, 0 TpoxoxwnH JikyBanHA ['BO, mokasana 3Ha4HE
3MEHIIIEHHS Lo BHpa3ok (y cepexapomy Ha 50-70 %
micis 20—40 ceanciB). JIoCmimKeHHS TakoX 3adikcyBain
3HM)KEHHS YacTOTH aMIyTalild y Malli€HTIB, SIKI OTpUMY-
Basu ['BO, MOpiBHAHO 3 KOHTPOJIBHUMH TPYIIaMH.

OnHe 3 I’ATH paHAOMi30BaHUX gociimkens (Londahl et
al., 2010) nposeMOHCTPYBAJIO CTATUCTUYHO 3HAYYIIE OKpPa-
IICHHS 3arO€HHS Y rpynax, ski npoxoquin ['bO, nmopiBHsIHO
3 KOHTpoNbHUMH Tpynamu. OxHe nocipkenns (Fedorko et
al., 2016) He BUSBIIIO iCTOTHHX BiJIMIHHOCTEH, IO MiAKpeC-
JIFO€ HEOOXITHICTh MOMAIBIINX TOCIIKEHD TS BU3HAYEHHS
ONITUMAJBHUX YMOB 1 TapaMeTpiB JIiKyBaHHS.

Mexanizmu aii 'BO

INnepbapuyHa OKCHUTEHOTEpAITisl CIIPUSE TTOKPAIEHHIO
OKCHI'€HALlil TKaHWH, [0 € KPUTHYHO BKIUBHM Y JIKY-
BaHHI TIMOKCHMYHHX Ta iNIEMIYHMX BHPa3oK. OCHOBHUMH
MexaHizMamu, yepes siki 'bO cnpusie 3aroeHHto, €:

— AHrioreHes: MiJJBULICHUH PIBEHb KUCHIO CTUMYJIIOE
YTBOPEHHS HOBHUX KPOBOHOCHHX CYAWH, IO IOKpAIIye
KPOBOIIOCTaYaHHs B 30HI paHH.

— Cunre3 konareny: ['BO migBuinye nmpomykmito Koja-
TeHy, HeOOX1THOTO ISl CTPYKTYPH IIKIPH Ta 3aTO€HHS.

— Iadexuiiauil KOHTPOIB: KUCEHB, IO MOJAETHCS IIiJT
THCKOM, Ma€ OaKTEPHUIHAHI BIaCTHBOCTI.

Bnuius rinep6apuunoi okcurenanii (I'bO) Ha nepe-
Oir ykpoBoro aiadeTy Ta 3aro€HHsI BUPA30K CTONM:

1. HoninmeHHs 3aT0€HHS BUPA30K CTONMH

3meHwenns poamipie supasox:

VY naiieHTiB i3 niabetuuHMMHU Bupaskamu cronu ['BO
3HAYHO MIPUCKOPIOE 3aro0€HHS. Y OCITIKEHHI 3a()ikCOBaHO
CKOpOUeHHS miomli Bupa3ok Ha 50—70 % micist 20 ceaHciB
I'BO [42].

3menwenns ingexyitino2o HABAHMANCEHHA.

I'BO cTBOpIOE TiNEPOKCHYHE CEpeOBHILE, 110 3TYOHO
BIUIMBAa€E Ha aHaepoOHI OakTepii Ta CIpHsie 3MEHIICHHIO
iH(exkmiftHoTO Mpotecy [43].

Tabmnms 1

IopiBHAABLHMIT aHATI3 K0CTiTKEeHb e()eKTUBHOCTI rinepdapu4HoOi OKCUreHoTepanii y JiKyBaHHi
nia0eTHYHUX BUPA30K

Hocaimkenns KiabkicTs . .
. s, MeTtonoaoris OcHOBHI pe3yJbTaTH BucHosku
aBTOpPiB nanieHTiB
. . L . I'inepbapuyna
JHocmimxenns 1 40 PannomizoBane ITo3utuBHI 3MiHM B IO OKCHICHOTEDAITIS TOKDALIVE
Londahl M. et al. (2010) KOHTpPOJIbOBaHE BUpa3KH yepe3 12 THxKHIB P pay
3arO€HHS
. . " HeoOxiHi nopanbi
Jocnimxenns 3 PannomizoBane He Gyino BusiBIEHO 3HAYHOT o A
50 . . . TIOCITIKEHHS JIS
Fedorko L. et al. (2016) KOHTPOJIbOBaHE PI3HMUIII B 3arO€HHI .
I ATBEPKCHHS
JHocnimxenns 4 60 MynbTHLIEHTPOBE, [To3uTHBHI pe3ynbTaTH I'BO moxe GyTH KOPHCHOIO
Serena T. et al. (2021) BIAKPUTHH KOHTpONb | 3aroeHHS y 70 % mamieHTiB | B KOMIDIEKCHOMY JIIKYBaHHI
Hocmimxenus 5 PannomizoBane Buina mBuakicts 3aroenss | ['BO copuse epexTuBHOMY
45 . .
Frykberg R.G. et al. (2020) KOHTPOJILOBAaHE y rpyni 'O JIKYBaHHIO BHPa30K
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2. CucteMHH#i BIJIMB HA OpPraHi3mM

Toxpawenns mikpoyupxynsayii ma pecenepayii mKauum:

I'BO minBumIye HACHYEHICTH KUCHEM KPOBi Ta TKaHHWH,
CTUMYITIOE aHTioreHe3 (YTBOPEHHSI HOBHX CY/IMH), 1[0 0CO-
0JIMBO B&XKJIMBO JUIS Aia0CTHYHUX MALEHTIB 13 iMIeMier0
KiHIIIBOK [44].

3HUDICEHHS CUCMEMHO20 3aNaleHH

3MEHIYEThCSl PiBEHb Mpo3anajibHuX LUTOKiHIB (IL-6,
TNF-a), 1o crpusie MoJyermeHHI0 XpOHIYHOTO 3araibHOTo
CTaHy, XapaKTEepHOTO IS IlyKpoBoro Jiadety [6].

3. [loxpameHHst MeTad0/1i3My Ta KOHTPOJIIO LJliKeMil

3Huoicenns pigHs 2nOKO3U 8 KPOBi:

I'BO mimBumIye YyTIWMBICTH TKAHWH A0 1HCYJiHY, IO
CHpusie KpamoMy KOHTPONIIO Iyikemii. Y mocCiKeHH]
micis kypey I'BO crioctepiranocs 3umwkerHs piHg HbAlc
Ha 0,5-1 % [45].

THozumuenuii 6n1ue Ha GyHKYI0 NIOULTYHKOBOT 311031L.;

I'BO Moxke cTUMYIIOBAaTH pereHepario B-KIiTHH mil-
LTYHKOBOT 3aJ103H, MOKPALIYIOYH EH/JIOTEHHY CEKpEIio
iHCyiny [9].

4. Ilporuais imemii Ta rimokcii

Bionoenenus xucnesoeo oominy:

V manienriB 13 miadetuynoro cromnorw ['BO BigHOBIIOE
KHCHEBUI OOMIH y TKaHMHax, MIO CHpHUSE 3MECHIICHHIO
irmeMii Ta TiMmoKcii HaBiTh Y HalBIAJANEHIIINX KaMIAPHIX
30Hax [46].

5. 3anoGiranus amMmmyTauisimM

3nuoicenns puzuxy amnymayii:

VY cucremMatMyHOMY ODVISIII 3a3HA4Y€HO, IO 3aCTOCY-
BanHs [ BO 3HmKkye norpedy B aMmmyTallii HUKHIX KiHI[IBOK
y MAIiEHTIB i3 AiabeTryHoI0 cTomoro Ha 3050 % [2].

VY tabnuui (Taba. 2) npencTaBiIeHo MOPIBHIHHS edek-
THUBHOCTI MICLIEBOI Ta 3arajbHOi rirnepoapuyHoi OKCUTEeHO-
Tepamii y MarieHTiB i3 IyKpoBHM JiabeToM i BHpa3KaMu
CTOIM 3 aKIIEHTOM Ha 3HW)KCHHS pU3HUKY iH]eKuill y paHo-
BOMY IIPOIIECI.

YexnaaHeHHs Ta nodiuHi egekTH

HesBaxxarounm Ha 4YHCIEHHI TI€peBard, 3acTOCYBaHHSA
I'BO Moke cympoBOIKYBaTHCS IEBHUMH yCKIIaTHEHHSIMHU.
HaiimommpeHimmMu 3 HUX € OapoTpaBMa, KHCIOPOIHA
TOKCHYHICTS 1 AricOapu3M. Y mociimpreHHsx 0yi1o 3adikco-
BaHO HE3HAuHI MOOIYHI e()eKTH, SKi B OUIBIIOCTI BUIAIKIB
He MOoTpeOyBajy MPUIMTUHECHHS JIIKYBaHHS.

1. TokcM4HUY BILJTUB KUCHIO HA TKAHUHHU

— OxkucroBaJbHUI CTpec: TPUBAIMM BIUIUB KHUCHIO
MOXE BUKIIMKATH HaJMipHE YTBOPEHHS BIIFHUX pajHKa-
JIB, 10 IPU3BOAUTH JI0 IMOIIKOKCHHS KIIITHH Ta YIOBiTb-
HEHHSI 3aTOEHHS PaH.

— IomxkomkeHHs 3M0POBUX TKAHMH HABKOJIO BHPA3KH:
BHCOKI KOHIICHTpaMii KUCHIO MOXXYTh BHKJIWKATH ITOIIKO-
JUKEHHS IOKIPH, SKIIO Tepamis 3aCTOCOBYETHCS Hempa-
BUJIBHO.

2. IlopyuieHHs! MiKpOLMPKYJISLIT

— Ba3okoHCTpHKILISA: BUCOKI KOHIEHTpAIl KHCHIO
MOXYTh CIIPHYMHHUTH 3BY)KCHHS CYIWH Y JIUJISHIN PaHU, [0
00Mexye KpOBOIIOCTaYaHHS TKaHKH.

— Imemist nepudeprIHNX TKAaHKH: y NiaOSTHYHUX Malli-
€HTIB TOPYIIEHHS MIKPOLMPKYISAIII 1 TaK € MOIIMPEHUM
SIBHIIIEM, 1 MiCIIEBa TIMIEPOKCist MOXKe HOTO TTOCHIIUTH.

3. IadexuiiiHi ycKIa HSHHS

— Pu3uk  OakTepianbHUX Ta TpHUOKOBUX iH(EKIIH:
BOJIOTA cepelia, sIka MOYKe YTBOPIOBATHUCS ITiJ] 9ac MicIeBOl
OKCHUTEHOTEpaITii, Cliprsie pO3MHOKEHHIO MiKpOOPTaHi3MiB.

— Pe3ncreHTHICTB 10 Teparil: esKi aHaepoOHi Oakrepil
MOXYTh PO3BHUBATH CTIMKICTb 10 TPHBAJIOTO BILIMBY KHCHIO.

4. Marnepariist 1wKipu

[Tepe3BonoXKEeHHs TKAHUH: 38 HENPABHILHOTO BUKOPHUC-
TaHHS MICIICBUX KHCHEBHX MPUCTPOTB MIKipa HABKOJIO PAHU
MOXKE CTaTH MarepoBaHOIO (PO3M’SIKIIECHOIO), IO MOTip-
IIy€ TPOIEC 3aTOEHH.

Pu3uk po3mmpeHHs BUPA3KOBOTO JeEKTy: Mareparlis
MOX€ TIPU3BOIUTH O 30LTBIIICHHS TUTOMIi BHPA3KH.

Tabnmi 2

HopiBusinasa edexTHBHOCTI MicueBoi Ta 3araabsHoi I'BO y namieHTiB i3 nykpoBuM aiadeTom Ta BUpa3KaMu
CTOMNH, 1110 3MEHIIIY€ pU3UK iH(eknii y pani
3araabHa 'BO
IManienT nepeGyBae B rinepbapuuHiil kKamepi mif
M IBUIIIEHUM THCKOM, LI0 3a0e3medye IiABUIIEeHY
Juy3il0 KMCHIO B YCi TKAHMHH OPTaHi3My

Micnesa I'GO
KuceHp nogaeThest JTIOKaIbHO JI0 YpakeHOT
IUIHKY (BUPA3KH) Yyepe3 TepMETHIHY KaMepy,
1110 OXOIUTIOE KiHLIBKY

Ilapamertp

puammn gii

CucreMHUH BIDIMB HA BECh OPTaHi3M: MOMIMIICHHS
MIKpPOLUPKYJIALi1, SMEHILICHHS 3arajbHOl T1MOKCii,
CTUMYJISILSL pereHeparii

JlokanpHMIA BIUTUB HA YpaXXeHY JIJISTHKY:
ITIIBUILEHHS OKCUT€HAIIl] TKAHUH, 3MCHIIICHHS
3arnajeHHsI, TPHUCKOPCHHS 3arOEHHS paH

Jlist Ha opranizM

Ioka3ye 3Ha4YHEe NOKPAIICHHS MPU BaKKUX Ta
IIMOOKHX BHPA3Kax, IO CYIPOBOMIKYIOTHCS
CHCTEeMHHMH TIOPYIISHHSIMH (ileMisi, Helpomarisi)

EdexTuBHa 17151 TOBEpXHEBHUX 1 TOMIpHO

3aroeHHs BUPa3oK .
IMOOKMX BUPa30K 0e3 3Ha4HOT imemil

[onimmenHs
MiKPOIMPKYJIAIIT

BrrBae Ha MiKpOIMPKYIIALIIO TT0 BCHOMY TilTy,
BKJIFOYHO 3 KIHI[IBKAMH

Toxpatrye MiKpOIUPKYIIALIIO JIUIIE B
00OMeKeHiH 30Hi, e 3aCTOCOBYETHCS KHCEHb
3MeHIIye JIoKaJIbHe OaKkTepiabHe
HABaHTAKCHHSI, CIIPHSE OUMILCHHIO PaHU

I[OHOMaFaC 3MCHIINTH CUCTCMHE 3allaJICHHA Ta

[Hdexuiiamii KOHTPOIIL . .
bexn P 0opoTHUCS 3 IHPEKITIEI0

ToTpeOye perynspHuX ceaHCiB y Oapokamepi
(10-30 mponenyp)
CHCTEeMHH BIUTMB HA TIMOKCIIO Ta 3arajcHHs.

ToTpeOye MeHIIOT KiTbKOCTI mpoLeayp i Moxe

TpuBanicts Teparmil
3aCTOCOBYBATUCS B aMOyJIaTOPHUX YMOBAxX

MeHm iHBa3MBHA, JIETIIA B 3aCTOCYBaHHI.

Tepesaru TligXomuTh A CKIaIHUX, MOMIMPEHUX paH Moske OyTH BUKOHaHa aMOy1aTOpHO
. . . OOMexeHHH BIUTUB TUIBKH Ha JIOKAIbHY
Bucoka BapTicTh Ta HEOOXiHICTh CIELIAIBHOTO SHK
Henoniku o0natHaHHS. A Y .
. Moske OyTH MeHII e()eKTHBHOIO 32 BUPAKEHOT
[porunoka3zanns (bapoTpaBma, kiaycTpohobis) (el
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5. AsepriuHi peakiii Ta MmoapasHeHHs

— Peaxuiist Ha MaTepiany oOnagHAHHI: aJlepris Ha eJe-
MEHTH amnapara (repMeTH3YIoui MPOKIAIKH) MOXKE BUKIIU-
KaTH IOJpa3HEeHHS LIKipH.

— KoHTakTHUMI nepMaTruT: MicreBe MOApa3HEHHS BiJ
TPHUBAJIOTO BUKOPHCTaHHS OO HaHHS JJIsl OKCHT€HOTepa-
i

6. TTopyIiieHHsI TEMIIepaTypHOTo OalaHCy TKAaHUH

— TpuBane 3acTOCyBaHHS KHCHIO il THCKOM MOXE
BUKJIMKATH MICIIEBE IEPEOXOJIO/DKEHHSI TKaHWH, IO
YCKIIQ/IHIOE 3aTO€HHS PaH.

— ITigBUIICHHS TeMIIepaTypu B pa3i Hee(HEeKTHBHOTO
KOHTPOJIIO TPHUCTPOI0 MOXKE IPHU3BECTH 10 MICUEBUX
OMIKIB.

7. HenocratHs eekTUBHICTH Tepartii

— HenpaBunbHe BukopucTaHHS OONagHAHHS: HENO-
CTaTHs T€PMETHYHICTh NPUCTPOIO JUIS JIOKaJIbHOI OKcUTe-
HOTeparlii 3HIWKy€e e(heKTUBHICTh MPOLEAYPH.

— Husbka uyTIuBICT TKAHMH A0 KHCHIO: Y JESKHX
MAITIEHTIB 13 IYKPOBHM [iabEeTOM TKaHWHH MOXYTh MaTd
3HW)KEHY 3[aTHICTh 10 OTIHHAHHS KHUCHIO.

8. boipoBi BigUyTTS

— ITamieHTH MOXXYTh CKap>KUTHCS Ha ITOKOJIOBAaHHS 200
MEYiHHS B JUISHII BUPA3KH i Yac CeaHcy.
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— Bupaxenuit iuckoMpopt Moxe MPU3BOJUTH 10 Bij-
MOBH MAaIli€EHTA Bijl NPOJAOBKEHHS Tepalrtii.

9. IlcuxoemoiiiHi Gpakropu

— IlamienT! MOXYTB Bi4yBaTu TPUBOTY 200 cTpec il
Yyac TpOUEIypH, L0 HEraTHBHO BIUIMBAE Ha 3arajbHUI
CTaH OpraHizmy.

— Husbka mpUXWIBHICTH IO JTIKYBaHHS 4depe3 TpUBa-
JICTH CeaHCIB Ta HEOOXiTHICTD PETYISAPHOTO BiABITyBaHHS
Tponenyp.

BucHoBku. JlocTiKeHHS CBigYaTh MpO MOTEHIiaT
rinep6apuyHOi OKCUTeHOTEepaIlii B JIIKyBaHHI JiaOeTHIHIX
BHpa3oK crond. HesBakaioud Ha HAsABHI CYNEPeYHOCTI
B pe3ysibTaTaXx OKPEMHUX IOCIIDKEHb, 3araibHi TEHACHINT
cBifuarh npo no3utuBHuA BB ['BO Ha 3aroeHHs BUpa-
30K, III0 MOTPeOY€E MOJANBIIIOr0 BUBYCHHS JIJIsl OIITUMI3AITi
JIKyBaJBHUX IMPOTOKONIB i BH3HAUEHHs HaWOLIblI edek-
THUBHHX CTparerii.

AHani3 MDKHapOJHHAX peKOMEeHallii nokasas, mo I 'O
pO3TIIAAAETCS K JOMOMDKHUN METOJ y JIIKyBaHHI Aia0e-
THYHHUX BHPa30K, 0COOIMBO y BHIAIKaX, KOJIU TPaIumiiHi
Teparii BUSBISIOTBCI HESPEKTHBHUMH. Y pEKOMEHIa-
issx MikaaponHoi po6odoi rpynu 3 AiabeTHYHOI CTOIH
(IWGDF) I'BO pexoMeHay€eThCs K BapiaHT JTiKyBaHHS IS
MAI€HTIB 3 BAKKAMHU (POpMaMH BUPa30K.
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[NepenyacHa HEJOCTATHICTD SIEYHUKIB € KIIHIYHIM CHHIPOMOM, SIKHH PU3BOAUTH O BTPATH aKTHBHOCTI SIEYHHUKIB Y Birli 10 40 pokiB.
VY Hamr yac BUKOPHCTaHHS OioMarepialiB y MO€AHAHH] 3 PEreHepaTHBHOI0 MEIHUIIMHOIO Ha OCHOBI CTOBOYPOBHX KIIITUH aKTHBHO BHBYAIOTh
1 OKJIIal0Th HAa HUX BENHKI MepCreKTUBU. MeToto po0oTy cra 30ip, aHai3 i y3arajJbHEeHHs JaHHX OCTAHHIX POKIB IPO HOBITHI cTpa-
TeTil BiTHOBICHHS (pEePTHILHOCTI y MAI[I€HTIB 13 IepeIaCHOI0 HEJOCTATHICTIO SIEYHUKIB, a CaMe IIPO MepeHoc abo 3aMiHy MITOXOH/PIH,
TPAHCIIAHTAIIIO CTOBOYPOBHX KIITHH 1 TPAHCIIIAHTAIIIIO €K30COM.

3arajgoM po3nISTHYTi METOAN PEereHepaTHBHOT MEANIIMHY € HOBITHIMH CTPATErisIMU BiTHOBICHHS (DepTUIIBHOCTI y MAI[€HTIB i3 Iepe-
YaCHOIO HEJJOCTATHICTIO SIEYHHKIB.

Kuiouosi ci10Ba: GpepTuibHICTh, O3IUTIIA, PETIPOLYKTUBHI TEXHOIOTI1, CTOBOYPOBI KIIITHHH, OOIIUTH.
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ADVANCES IN REGENERATIVE MEDICINE IN THE TREATMENT OF PREMATURE OVARIAN FAILURE.
LITERATURE REVIEW

0. O. Bogomoletz Institute of Physiology of the National Academy of Sciences of Ukraine, Kyiv, Ukraine

Premature ovarian failure is a clinical syndrome that leads to the loss of ovarian activity before the age of 40.

The aim of the work is to collect, analyze, and summarize recent data on the latest strategies to restore fertility in patients with
premature ovarian failure, namely transfer or replacement of mitochondria, stem cell transplantation and exosome transplantation.

Materials and methods. Analyzed scientific publications in the international electronic scientometric database PubMed by key
words: fertility, infertility, reproductive technologies, stem cells, oocytes. These keywords were combined with other search phrases
relevant to the topic.

Results. Our analysis and summary of recent data allows us to state the following 1) For the clinical application of the transfer or
replacement of mitochondria, further studies of the mitochondrial interaction as the main effect on the new organism after the replacement
of mitochondria are needed, as well as, in particular, the establishment of an acceptable relationship between the mitochondrial DNA
haplotypes of the donor and the patient. 2) Stem cell transplantation (into the ovary) is still an experimental treatment for premature
ovarian failure. Stem cell transplantation as a potential therapeutic technology for premature ovarian failure requires further study.
3) Transplantation of exosomes is considered a therapeutic strategy for premature ovarian failure in the future.

Conclusions: In general, the considered methods of regenerative medicine are the latest strategies to restore fertility in patients
with premature ovarian failure.

Keywords: fertility, infertility, reproductive technologies, stem cells, oocytes.

Beryn. Ilepemuacna menmoctatHicTh seanukiB (ITH)
€ KIIHIYHAM CHHIPOMOM, SIKUI MPU3BOAWUTH 1O BTPATH
aKTMBHOCTI si€uyHMKIB y Bili g0 40 pokis [1]. Jus TTHS
XapaKTepHa aMEHOpes, sika TPUBA€E MMOHAJ YOTHPH MiCSI
1 € HacliIKOM MiJBUILEHHS PIBHSA (OJIIKYIOCTUMYJIIOIO-
voro ropmony (PCT') i sHmkenns pisus ectpaniony (E,),
0 BU3HAYAETHCS SIK TiNEPrOHAOTPOIHUM TilOroHaU3M
(TT) 21

e B 1990-x mommpenicts [THS Bxe oninroBamu B 1 %
[3]. € nmani, o0 PO3MOBCIOMKCHICT PAHHBOI MEHOIIAY3H

© B. O. CpibHa, O. T. biaukis, T. FO. BozHecencrka, 2025

CrarTs MOIIUPIOETHCS HA YMOBAX JIIICH31T -.

cranHoBuTh 12,2 %. Lle o3nauae, mo y nonaa 10 % xiHOK
MEHoOITay3a HacTynuTh y Bimi Big 40 mo 45 pokis, Ha Bij-
MiHY Bi cepeaHboro Biky (51,4 poky) HIpUpPOIHOI MEHO-
naysu [4].

IMpodinaxkruka ITHS nependauae 3mopoBuii cnocid
JKUTTS, BIIMOBY BiJl KypiHHS, 3aMiCHY TOPMOHAJIBHY Tepa-
mito (3I'T) [5—7]. OngHak 11i METOIM € TaiaTUBHUMH [5, 6,
8], 1 Xoua BOHH MOXKYTb TTOKPAIIATH SAKICTh KUTTS JKIHKH,
BOHH HE MOXYTh BIIHOBHTH (YHKIII S€YHUKIB, SK-OT
cekpemisg, pict ¢omikymiB abo oBymamis. Baxmmo, mio
oe3mtians, cnpuunHene [THSI, He y BCiX BUMagkax MOXKHA
3/10J1aTH 3@ JIOMOMOIOI0 JIOTIOMIXKHUX PEIpPOAYKTHBHHX
TEXHOJIOTIH.

VY Ham yac BUKOPHUCTaHHS OloMmarepiaiiB y IO€HaHHI
3 pereHepaTUBHOI0 MEIUIIMHOI0 Ha OCHOBI CTOBOYpOBHX
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KJIITHH aKTHBHO BHBYAKOTH 1 MOKJIAJAI0Th HAa HUX BEJIHKI
MEPCICKTHBH SIK HA HOBITHIH METOA JJIS BiJHOBJICHHS
MOLIKO/PKEHUX 1 He(DYHKI[IOHAIBHUX TKaHUH a00 OpraHiB.
3okpema, Me3eHxiManbHi cToBOypoBi kinituan (MCK), tun
KITIITHH, IKAH 3a3BUYail BUKOPHUCTOBYETHCS B PEreHEPATHB-
Hill MenUIuHI, YK€ BBaXXalOTh €()EKTUBHHUM B JIIKyBaHHI
ITHA [9-13]. Le Oyno miaTBEepIKEHO B Pl JOCITIIKCHB
MOJICKYJISIPHOT 010JI0Ti{, sIKi BHBYANM CUTHAJBHI MUIIXH,
TeHEeTHYHI MOIYIALIi Ta CHUTHAJIBHI OUTKH MapakKpHHHOTO
obOminy [14].

Meta podoTu — 30ip, aHami3 i y3araJpHEHHA TaHUX
OCTaHHIX POKIB PO HOBITHI cTpaTerii BiAHOBICHHS (ep-
THJIBHOCTI Y TAIi€HTIB 13 IEepeJuyacHO0 HEIOCTATHICTIO
S€YHKKIB, a caMe Mpo MEepeHoC abo 3aMiHy MITOXOHJpIH,
TPaHCIUIAHTALII0 CTOBOYPOBHX KIIITHH 1 TPaHCIUIAHTAIIO
€K30COM.

MeTtonu Ta marepiasan. I1indip nmiTepaTypHUX JKepesn
3M1MCHIOBABCS B MDKHAPOIHIN €JIeKTPOHHIN HayKOMETpHY-
Hilt 0a3i qanux PubMed 3a KIIFOYOBHMH CIIOBaMH.

Pe3yabTarn Ta ix 06rosopenns. Ilepenoc abo 3amina
Mimoxonopii. Porb MiTOXOHIIPiH Y PO3BUTKY NPEiMILIaH-
TalifHOTO eMOpioHa Ta B HOTO IMIUIAaHTAIlifHOMY MOTEH-
miaxi aKTHBHO BHBYAETHCS OCTAaHHIX JBa JECATHIITTA
[15]. BBaxaroTh, 1110 CTapiHHSA OpPTaHi3My Marepi € OCHO-
BHOIO IPUYHMHOK MITOXOHAPiaibHOT AUCHYHKIIT OOLUTIB
[16]. Husbkuit Bmict mitoxouapianeroi JJHK (MtIHK)
B SIMIIEKIIITHHI OYiKYBaHO ACOIIIOETHCS 3 HU3BKOIO SKICTIO
0OIIMTa Ta HemocTaTHICTIO seyHuKiB [17]. IIpore mpo-
THOCTHYHE 3HAUCHHS KUTBKOCTI KOMil yce Ie CTaHOBHUTH
IIPEIMET CYNEPEdoK y JITepaTypi, OCKUIBKH B Pl AOCIi-
JUKeHb TiJABHINEHA KiUTbKicTh Komiii MTIHK acorriroeTscs
31 3MEHIICHHSIM IMIUTIAaHTANIHHOTO MTOTEHIliary B eMOpio-
HaX JIOQMHM 33 €KCTPAKOPIIOPATHHOTO 3aILTiTHEHHS, TOII
SIK B IHIIMX BCTAHOBJICHO, IO KiIbKicTh Komid MT/HK
00epHEHO KOPEJIoE 3 TOTEeHIIaIoM IMITIaHTaIlil eyIuIoin-
HUX eMOpiOHIB (eMOPIOHIB 13 HOPMAJILHUM XPOMOCOMHHM
HAOOpPOM) He TUTBKHU 151 OJIACTOIIKCT, aie i 11 eMOpPiOHIB
cranii apoonenns [18]. € mawi, 1m0 XUTTE3AaTHI OMacTO-
LUCTH HE MICTHIIM icTOTHO pi3HuX piBHIB MT/JHK mopis-
HSIHO 3 HEeXKUTTE3AaTHUMU Ojactoructamu [19].

OTxe, TOTPiOHI MONANBII JOCTIKSHHS, 00 BU3HA-
YWUTH, YU crpasni KinbkicTs koni MTIHK (abo kinbkicTh
MITOXOHJIpil) € OiOMapKepoM ISl OIIHKH JKUTTE3JaTHOCTI
eMOpIOHIB 1 UM MOXKE HOro BUKOPHCTaHHS IPU3BECTH JO
OUTBII BHCOKHMX TOKa3HHKIB BariTHOCTI 32 €KCTPaKOPIO-
PaNBHOTO 3aILTiTHEHHS.

Oonnazmamuynuil nepeHoc Mimoxonopii (nepe-
HeCeHHs1 0onnazMu 3 OOHOPCHKUX — SAUUEKATMUH).
VYrepuie oorma3MaTM4HUA MEPEHOC MITOXOHAPIH Mpo-
Benu B 1998 pomi Cohen J. Ta cniBaBTOpH, SIKi 3A1HCHUIN
TPaHCIUIAHTALIIO 0OIIa3MH, CIIPSIMOBAaHY Ha BiJHOBJIEHHS
HOPMAJIEHOTO POCTY OOLIUTIB Ta eMOPiOHIB 3 OPYLIEHHSIM
po3BuTKy. IlepeHOC 0OIIIa3MH 3 YCHIXOM CHpHSB MOKpa-
MICHHIO SKOCTi €MOpPIOHIB, IO MPHU3BENO 10 HAPOIKECHHS
KUTBKOX HEMOBJIAT Y BChOMY CBITi. [IpoTe TpaHCcImanTaris
[UTOIUIA3MH, SIK TeHETHYHA MOIU(IKaIlisd 3apOIKOBOI JiHiT
JIFOJIMHU, BUKITUKAJIA 3aHETTOKOEHHS, OCKUTBKH 3MiIIly BaHHS
0OILJIa3MU 3 JBOX PI3HUX MATEPUHCHKHUX JDKEpEs MOXKe
BHUKJIUKAaTH MITOXOHJAPiaNbHY AMCHYHKIIIO y HaIIaIKiB
[20]. T yepe3 ernuni Ta Meauuni mpobiemu y 2001 pori
aMepHUKaHChbKE YIPABIIHHS 3 KOHTPOJIO 3a MPOLYKTaMH
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Ta JiikaMu 3a00pPOHMJIO MEPEHOC OOILIAa3MH 3 JOHOPCHKHX
STALICKITITHH.

Yce 5k HOBI MiAXOMU LIOO MEPEHECEHHsT MITOXOHAPIH
JUTS JIOCSATHEHHS TOKpAIeHHS (QYHKIIT S€YHUKIB Oyin
BIIPOBQ/DKCHI MiCHS JACCATIITTS 3a00opoHu. Tak, 1mo0
VHUKHYTH TIpOOJIeM, ITIOB’SI3aHHUX i3 BKJIFOYCHHSM TCHE-
TUYHOTO Marepiaiy TeTepOoJIOTiYHOr0 JOHOPA, MOoYalld
3IIMICHIOBATH ayTOJIOTIYHHN TIEPEHOC MITOXOHPIH (TIpoTo-
ko1 AUGMENT), skuit mependadae BuaineHHs abo 3a0ip
MITOXOH/IpiHi TAI[iEHTa Ta BBEJCHHS 1X Y BIIACHI OOIIUTH ITi]T
4ac TPOLEAYPH IHTPALUTOIIA3MATHYHOTO 3arlliJHEHHS
[21]. Iepmue 3actocyBanuss AUGMENT Oymo HarijieHe
Ha JKIHOK 13 HU3BKOIO SIKICTIO OOLUTIB Ta/abo eMOpioHiB,
y SIKMX JIIarHOCTOBaHO 3MEHILIEHUH pe3epB SE€YHUKIB, JHC-
(yHKIIST OBYJNALIT, CHHIPOM TIONIKICTO3HHX SI€YHHKIB,
TpyOHMI (aKkTOp Ta eHIOMETpPio3, a 1e 93 )KIiHKK Y ABOX
IEHTPaX EKCTPAKOPIIOPaIbHOTO 3arlIiHeHHs. Pe3ynprarn
JociipkeHHsT  minTBepmuik  pouinbHicTh  AUGMENT,
OCKUTBKH JIOCSTHYTa KIIHIYHA YacTOTa BAariTHOCTI CTa-
HOBHIA 35 Ta 22 % s KOXKHOTO LEHTPY BIATIOBiAHO, Ha
BinMmiHy Bix 11 ta 4 %, m0 BiOMOBIAAIOTH KIIHIYHIN Yac-
TOTI BariTHOCTI THUX CaMMX HaIi€HTIB. 3 25 Mali€HTIB I
JIBOX 3JilicHeHO eMmOpioTpaHcdep eMOpiOHIB 3 KOHTPOJIb-
HOI TpyIH, IUIA JEB’STH MAIli€eHTIiB eMOpioTpaHchep He
MPOBOAMBCA, 14 marieHTaM MpPOBOIWINA eMOpioTpaHchep
eMOpioHiB, 110 3 rpymn AUGMENT, 3apeectpoBaHo BiciMm
BariTHocTel [21].

Jpyre nomiOHe AOCTIKEHHS BKITIOUAIO 15 kKIHOK, sKi
MIPOWIIIIIM aBTOJIOTIYHUH MiTOXOH/IPiaIbHUH MTEPEHOC MIiTO-
xoHpiH. 3 15 BigiOpaHux xiHOK y 10 3milicHUIN TIepeHOC
eMOpioHa i 3apeecTpOBaHO YOTHUPH BariTHOCTI [22].

[Ipote, 3rigHO 3 pe3yabTaTaMy iHIIOTO IOCHIHKECHHS,
AUGMENT He 30imbpllye Hi YacTOTH 3aIUTiTHEHHS, Hi
4acTOTH yTBOpeHHs Omacrouuctd. HaBmaku, B ekcrepu-
MEHTAIBHIM Tpymi IBHIAKICTH YTBOPEHHS ONacTOIMCTH
3HIKCeHA. SIKICTh eMOpIOHIB, BIiAMOBIZHO OO0 KPHUTEPIiB
IcmanchKoi acoriaiii 3 BUBYCHHST PEMIPOTYKTHBHOI 010J10-
rii, ripina, a piBeHb HApOKYBaHOCTI HIK4MH [23].

Hocmimkenas AUGMENT mnokazanu 6aratoo0insroui
pe3yNbTaTH, ONHAK 3 JCSIKHMMU OOMEKCHHSMH, SIK 3a3Ha-
yeHo B podori Labarta E 3 criiBast. (2019), o crocyrorses
HEBEJIMKOi BUOIPKH Ta MOXIUBUX yIEpeKeHb. MU TpH-
MMyCKaeMO, IIO AayTOJOTIYHUH MITOXOHIPIalbHUHA Iepe-
HOC MiJXOAWTH JJIS TIEBHOI Tpynu map (KIiHOK), SKy IIe
MOTPiOHO BH3HAYXTH Yepe3 YTOUHEHHS JiarHO3Y, I MIpH-
KJIaJ1y, «3HIKEHA» Y «IIOTaHay PEaKi(isi S€UHHKIB.

Mimosaoepni é3aemo0ii. 3aCTOCYBaHHS HOBHX METOIIB
JOTIOMDDKHHUX PEMPOAYKTHBHUX TEXHOJIOTIH 13 MEPEeHOCOM
MITOXOHJpiil MOTpedye AOCIHIIKSHHS MITOSIEPHUX B3a-
emoniit. Ha croronmni € cynepewnusi nani [24, 25]. Taxk,
BHCJIOBJICHO TBEP/UKEHHS, IO B3a€EMOJIS MK MITOXOH-
JpiaJbHAMU Ta SACPHUMH T€HOMAaMH MOXE CTaHOBHUTHU
npobnemy Juts 3amicHOi MiToxoHpianbHoi Teparii (MT).
3a merogukoro MT, TeHOM MITOXOHIPIH PO3MIIIY€ETHCS
B HOBOMY SIICPHOMY CEPEIOBHIII, Ha BIIMIHY Bif TOTO,
sk OM BiH MaB YCIajJKOBYBATUCS 3 TOJIOBUHOI MaTepHH-
CBKOTO TEHOMY IIiJT Yac HOPMaJIGHOTO 3arutiqHeHHs. HaBo-
IATHCSI eKCTIEPUMEHTANBHI JaHi 13 3aJydeHHsIM SIK JIIOIEH,
TaK 1 eKCIIEPUMEHTaIbHUX TBapHH, IO CBiIYaTh MO TE,
mo MT He e mkigmueuM. CTBEPIKYIOTh, IO TaKi pe3yiib-
TaTH Yy3TO/DKYIOTBCS 3 MOMYJIALIHHO-TEHSTUYHOK TEO-
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pi€ro, sika epeadavae, 1o MIKiUIMBI MITOSICPHI B3a€MOIT
HaBps 4u OynyTh HabaraTo OLTBLI MOUIMPEHUMHU B OCIO,
HapomkeHux miciss MT, HiX HOpMaibHE PO3MHOKEHHS,
0COOJIMBO B JIIOZIEH 13 HU3BKOIO JTU(EepeHIialiero TOomyJis-
uii. A BinOip HaBpsi 4K OyAe JOCTaTHbO CHIIBHUM, MO0
BCTaHOBHUTH 3HAYHY IIE€peBary SKHXOCh MEBHUX 3B’S3KiB
MK MIiTOXOHIpiaJbHUMHU Ta SACPHUMH TeHoMamu. Jlis
MiATBEPKCHHsI TPOBEICHO MeTaanani3 231 BUMAAKy Bif
pi3HUX TBapwH, y skomy MitoxoHapiamsHa JJTHK (MTIHK)
OfHi€T JTiHIT IHTpOTpYyBajacsa B sIEpHE CEPEIOBHIIE iHIIOT
niHil Toro camoro Buay. [Ipore KareropmuHO HE BiIKHIA-
€TbCsT HMOBIpHICTB, 1o iHTporpecis MTIHK Taku moxe
Oytu wKijauBow [24]. Pesynbratu iHIIOrO MeTaaHalizy
NOKa3yIoTh, 110 3aMiHa MITOXOHJpPIH MOXKE 3HAUYHO BILTH-
BaTU Ha XapaKTePHCTHKH IIOTOMCTBA y 0araTbox BUIB TBa-
PHH 1 II0 Taki HAaCJIiJK{, HMOBIPHO, TOIIUPIOBATUMYTHCS
i Ha mozedt. Tak, TOCTiKEHHS Ha MOJIENAX Oe3XxpeOeTHIX
I ATBEPANIN MITOSIIEpHY B3a€EMOJIIIO SIK OCHOBHY IIPHUHHY
BIUIMBY Ha OPTaHi3M Iicysl 3aMiHU MITOXOHPIH [25].

TakuM grHOM, TIepeHOC (3aMiHa) MITOXOHIPIN 3arpo-
ITIOHOBAHO SIK TEPAIlifo JJ 3amo0iraHHs Tepemadi MiTo-
XOHIIpiaJIbHUX 3aXBOPIOBaHb, aje MaJIO BiIOMO PO HeETa-
TUBHHUN a00 HEHAaBMHUCHHM BIUIMB Ha 37I0POB’S HAIIAJIKIB,
HApOKEHUX 3a JOMOMOTOI0 Iiei MeTomuku. s KiTiHIY-
HOTO 3aCTOCYBaHHS IepeHocy abo 3aMiHM MiTOXOHJAPIH
nOTPiOHI MOJABIIN JOCHTIHKCHHS MITOSICPHOT B3aeMOJIil
SIK OCHOBHOTO BIUIMBY Ha HOBHH OpraHi3M Iicis 3aMiHH
MITOXOH/IPiH, @ TAKOXK, 30KpeMa, BCTAHOBJICHHS ITPUHHSAT-
HOTO CHIBBIJHOIICHHS MiX TalUIOTUIIAMH MITOXOHJIpiajib-
noi JIHK nonopa i marienTa.

Tpancnnanmauin cmoedyposux kKiaimun. TepMmin
«CTOBOYPOBI KIITUHM» BUKOPUCTOBYETHCS JUIS OIHKCY
OIMPOKOTO CHEeKTpa HeAu(epeHIiHOBaHUX KIITHH, IO
MAalOTh 3[aTHICTh IO CAMOBIJTHOBICHHS, Mpoiideparii Ta
I epeHIIFOBaHHS JI0 ACKIIBKOX TUIIIB KIIITHH, crienudid-
HUX I OpraHiB i TkaHuH. Teparis CTOBOYpOBMMH Kili-
THUHAMHM 33 OCTAHHI [Ba JECATWIITTS BiJ3HAYWIa 3HAYHUI
YCIiX y Tajy3i pereHepaTHMBHOI MEIMIUHU. A BHUBYCHHS
MOTEHLIITHOTO BUKOPHCTaHHS Tepamii CTOBOYpOBHX KIIi-
THH Y KOHTEKCTI JIIKyBaHHS J>KIHOYOi pernpoxyKTUBHOI
CHCTEMH CTajJO OKPEMHM HANpsIMOM CYYacHHX JIOCHi-
JUKEHB, 30KpeMa, 0araro JOCIIKEHb OyJIo 30CepekeHO
Ha Oe3miani, moB’s3anomy 3 [THS. Ha teit wac monan
11 400 omyOnikoBaHMX JOCHIHKEHb BUBYAIN MOTCHIIIHHE
BHKOPHUCTAHHS CTOBOYPOBUX KIITHH 5K €(EKTHBHOI Tepa-
i IS KUTBKOX CTaHiB, IO OyJIM HMPUYHHOIO YOJIOBIUOTO
Ta kiHoworo Oe3mmimast [26]. 3okpeMa, TOBiIOMIISEThCS,
[0 TPAHCIUIAHTAI[ISI ME3E€HXIMAJIbHUX CTOBOYPOBHX Kili-
THH, OTPUMAHUX 3 KICTKOBOro Mo3ky (mesenchymal stem
cells, MSCs, abo bone marrow stem cells, BMMSC),
mynoBuHHOI KpoBi (umbilical cord stem cells, UCMSC),
xupoBoi TkanuHM (adipose stem cells, ADMSC), enno-
MeTpis Matku (uterine endometrium stem cells, EnSC) ta
aMHIOTHYHOI 000NOHKH (amniotic membrane stem cells,
AMSC), nokpamye ¢yHkuii seuHukiB Ha Moneisix ITHSA
(y mummeit) [27-33].

BBaxaroTe, MmO YHIKQIBHHA TPODIbE MYIBTHIIO-
TEHTHHX CTOBOYPOBHX KJIITHH 3MEHIIYE BiITOPTHEHHS
1 pU3UK PO3BUTKY ITyXJIMHHU Ta 301JIbITYy€ PiBEHD X BHKHU-
BaHHsI, pOOJISIYM Teparriio 01kl e(peKTUBHOO Ta Oe3med-
HotO [34].
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OnHak 3aCTOCYBaHHS TPAHCIUIAHTAIlT CTOBOYPOBHX KJTi-
TUH BUKIIMKAE €TUYHI MUTaHHS, 30KpeMa 11010 PU3UKIB IS
37I0pOB’s MAIIEHTA Ta MOYKJIMBUX COITIATbHUX HACHIIKIB.

Me3zenximanvni cmoeoyposi knimunu (MCK). MCK
MOXYTb €(EKTUBHO CTHMYJIIOBATH pPEreHEpaIlifo TKAaHWH.
3 omHOro OOKy, Ii KIITHHM 3[aTHI MIrpyBaTH JO ITOIIKO-
JOUKCHUX TKaHWH 1 OpraHiB i quQepeHIFoBaTUCS IO TKa-
HHUH-CHeNU(IYHIX KITITHH, COPUAIOUH IPOLIECaM 3aTO€HHSL.
3 iHmoro 60Ky — MOXYTbH IiATH SK MapakKpHUHHI MOIYIS-
Topu. Lli KIITHHYU 30aTHI BUOUIATH IHPOKUH CHEeKTp (ak-
TOpiB pOCTy, XEeMOKiHIB Ta MITOT€HHHX OUIKiB, a depe3
HUX — CIpHATH Tpodidepariii Ta Backymspusaiii. Cepen
mux QakropiB — TpaHchopmyBaibHU (akTOp pocTy o
(TGF-0), TGF-B, eninepmanbuuii daxrop pocry (EGF)
Ta iHcynmiHomoniOnuii ¢aktop pocry 1 (IGF-1) [35-38].
[MTokazano, mo npoxykoBani MCK mnapakpunHi ¢axropu
pocTy 30LTBIIYIOTH BHXKMBAHHS CYCIJHIX KIIITHH, @ TAKOX
MIOCWITIOIOTH aHT10TeHe3 IIISIXOM 3allydeHHsS! CTOBOYPOBHX
KIIITHH 3 KICTKOBOTO MO3KY a00 iHIyKyBaHHS pOCTY CyIHH
3 ICHYIOUMX KaIiJIsIpiB, IO B IIIOMY OOMEXYIOTH 30HY
nereHepariii TkaauH [39,40]. € nani mpo BigHOBIEHHS dep-
THJIBHOCTI, 1[0 CBITYHTH MpO Te, o TparcuranTaiss MCK
MoXxe OyTH e(eKTHBHHNM METOIOM JIiKyBaHHS MAIli€HTIB
3 [THAI [30, 41].

Aymonociuna mpauncnianmayia cmoseoyposux Kii-
mun (ATCK). € naui npo te, mo ATCK 3nilicHroBaiu
10 xinkam 3 imionmaruuyauM I[THS. V nBox mamieHTOK Bif-
HOBJIGHHS MEHCTpyaliil BigOyBajiocs 4epe3 TpH Micsii
micis ATCK, 1 3aTOKyMEHTOBaHO HApOKEHHSI 37J0POBOTO
motoMcTBa [42]. B inmomy mocnimkerri ATCK 3naiicHro-
Baym 30 xinkam 3 igionarmannm [TH. Yepes oguH Micsms
TICIIS BBEACHHS CIIOCTEPIraliil BiTHOBICHHS (DYHKIIIi s€d-
HUKIB, 3HIDKCHHS PiBHS TOHAJOTPOIIIHY Ta IIiJBHIICHHS
piBHS €CTpOTeHy ¥ aHTHMIOIEPIBCHKOTO TOPMOHY, OCTaH-
Hi € BaXJIMBUM OiOMapKepoM, pPiBEHb SIKOTO KOPEITIOE
3 KUIBKICTIO SHLEKITITHH B A€YHUKAX Ta MOXKE JOIOMOITH
B JIIarHOCTHIN IEepPeI4acHOl HEJOCTATHOCTI SEYHUKIB.
TepaneBrryHa e(eKTHBHICTh MIATPUMYBANACs MPOTITOM
48 TixHIB ciocTepekeHHs. Tpu MarieHTKH TOCAIIN BariT-
HocrTi 3a oriomoroto EK3, a oHa nanieHTka — IpUpOAHUM
nuisixom [43].

Takox Oysl0 TpOBelEHO KIHIYHE JOCIHIIKSHHS, IO
BuBuano tepamito CK mis oMonomkeHHsT se9HuKiB. Ori-
HIoBan edektuBHICTh mporokony ATCK y marieHTiB
3 [IHA (mporoxon ASCOT). 17 mamieHtam, siki Opanun
y4acTh y JOCHIKeHHI, 3aificaroBanu iHpy3ito CK B geu-
HUKHU 32 JOMIOMOTOI0 BHYTPIIIHBOAPTEPIiaNbHOI KaTeTepH-
3amii mix kouTpoaem Y3/1. Yacosi pamku Mixk 3a60pom CK
Ta iX iH}Yy3i€r0 A1 BCIX MAI[iEHTIB CTAHOBUIIM MEHIIIC HiXK
24 romuuu. Yepes asa TwkHi micas ASCOT cnocrepiranu
3HaYHe 301IbIICHHS KUIBKOCTI aHTpaIbHUX (DOJIKYIIB, TMi/-
BUILIEHHS PiBHS aHTUMIOJIEPIBCHKOTO TOPMOHY, 3011bIIIEHHS
KUTBKOCTI OOLUTIB. JIOCATHYTO IT'SITh BariTHOCTEH: JBI
ICIIS UKy EKCTPaKOPIOPAIBEHOTO 3allIiHEeHHs (Tepe-
HECEHHsIM eMOPIiOHIB) 1 TpU — MPUPOIHUM IIIIXOM [44].
Edexrupricts Teparii CK 3adikcoBano B 45-pidHO1 )KIHKH
B mepeamenomnaysi. Yepes Bicim tmxHiB micns ATCK cro-
cTepiranocs 3Ha9HEe 3pOCTaHHS PiBHSI aHTUMIOIEPiBCHKOTO
ropmoHy. [lamieHTKa mocsria BariTHOCTI 3a JOIOMOTOIO
IIUKIIy eKCTPaKOPIIOPAIbHOTO 3aIUTiAHEHHS (3 BUKOPHCTaH-
HSM 3aMOPOXKEHHX OOIHUTIB) [45].
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Tak, He3Bakaroun Ha Te, mo MCK xapakTepusyroThCs
HU3bKMM iMyHONoriyauM mpodinem, ATCK craHOBUTBH
TIEBHUH PU3HK /IS 3710pOB’s ManieHTiB. Bigomo Takox, 1o
noBro KynsruBoBaHi MCK MOXyTb CIIpHYMHUTH MyXJIUHY
Ta metacTasu [41].

BaxnuBo Big3HAYUTH PO3MOYATI JOCTIKCHHS JUIS
MOTEHLIITHOTO BUKOPHUCTAHHS 1HIINX JKEped CTOBOYPOBHUX
kit g ATCK, 3a suasatkom MCK, a came cTtoBOypo-
BHUX KIITHH CHIOMETPisi Ta CTOBOYPOBMX KIITHH XHPO-
Boi TkaHwHHU. L[i KaTeropii cTOBOYpOBHX KIITHH aKTHBHO
BHBYAIOTh SK TOTCHIIHHUN TepameBTHYHUN 3aci® s
BHpIIIEHHs IPOOJIEMH HEIOCTATHOCTI SIEYHHUKIB HA EKCIIe-
PUMEHTaJIbHUX MOJeIsIX TBapHH [46]. CTaHOM Ha CbOTOHI
BIZIOMO IpO JIBa METO/AW BBeJeHHs, a came BBeneHHs1 CK
B KOpPY SIEYHUKA 32 JIOTIOMOTOIO JIATAPOCKOIIii Ta BHYTpIIl-
HbOApTepiajibHa KaTeTepu3allis SEYHHUKIB MiJ KOHTPOJIEM
V3/1. O0uzBa 11i METOIM OLIHIOIOTH SIK OHAKOBO e(ek-
THBHI. BpaxoByroun piBeHb iIHBa3MBHOCTI, BHYTpIIIHbOAP-
TepiajJbHa KaTeTEePHU3aLlis MOKH [0 PO3MIISIIAIOTH SK OLTBII
CHPUATINBY Ui marfieara [47]. Baromoro Takox € eKOHO-
MigHa e(eKTHBHICTH IOpiBHIHO 3 Teparieio CK 3i 3pruaii-
HUMH BapianTtamu JikyBaHHs. [l{omo BapTocti Tepamii CK,
TO BOHA 3HAYHO BHIIA 32 BapTicTh 3BHUaitHOTO 1IHKITy EKO.

Takum uyMHOM, ymeplie MOBIIOMIIEHO NPO TepameB-
truHe 3HayeHHs CK 3a HenocTaTHOCTI S€UHUKIB OJIM3BKO
25 pokiB Tomy (1996 p). I 3a 1eit yac npoBeacHO AOCIHTI-
JOKCHHS, SKi BUBYAIM TNOTeHIIHHe BukopucTtanHs CK
B YMOBaX €KCIIEpHMEHTAJIbHOI HEJJOCTAaTHOCTI SIEYHHUKIB Ha
Mozensx y tBapuH. Ocobnusi BnactuBocti CK, BKIIOYHO
3 MYJIBTUIIOTEHTHICTIO, Tpoitiepalielo Ta 31aTHICTIO JI0
OHOBJICHHS, YK€ MalOTh BEJHKI NEPCHEKTUBH 32 YMOB
HEIOCTAaTHOCTI sS€YHUKIB. Tak, BIAMOBIOHO 10 matodizio-
JIOTIYHOI OCHOBM HEIOCTATHOCTI S€YHHKIB, SIKA OXOILTIOE
JereHepaTuBHI 3MiHH, SKi IPU3BOIATE O PO3MaLy CTPYK-
TYpH sSI€UHHMKA Ta MOPYIICHHS MOJEKYIAPHOI MEpexi, II0
KOHTPOJIIOE  BACKYJIAPU3aIlil0 SEYHUKIB, BUKOPUCTAHHS
mynsrunoreHTHUX CK  Moxe craru  TepaneBTUUHHM
iHCTpyMeHTOM. | CTOBOYpOBi KJIITHHH, O4YiKyBaHO, 3MO-
XKYTb BITHOBHTH POOOTY SIEYHHKIB 32 JIOTIOMOTOI0 CEKpeLil
MOTPIOHNUX TOPMOHIB Ta (PaKTOPIB POCTY, IO 3AITYCKAIOThH
AHTIOTeHE3 1 pereHepallifo TKAHUHH A€YHUKA.

CraHoM Ha CHOTOZHI TpaHCIUIAHTaLis CTOBOYpOBHX
KIITHH (Y S€YHHK) JI0 I[bOTO Yacy € eKCIepHUMEHTaIbHUM
nikyBanHsaM [IHS 1 morpebye momambmioro BUBYCHHS.
30kpeMa, HEOOXiIHO YTOYHHTH ONTHMAJBHY I03y Ta Yac
BBEJICHHS ITiCIIsI 300py CTOBOYPOBHX KITITHH, CIIOCIO iX BBe-
JCHHSA, TPUBAJICTh MEPIOAY BiIHOBICHHS Ta MOXKJIHBICTH
MOBTOPEHHS IPOLEAYpPH A IOCSTHEHHS OallaHCy MiX
0e3mexor0 Ta epeKTHBHICTIO. He MEHI Ba)JIHUBO IOCKO-
HAJIHO 3PO3YMITH OCHOBHI MEXaHI3MH, Ha SIKI MATUMYTh
BIUIUB CTOBOYPOBI KIIITHHU.

Tpancnananmauin exzomom. EK30coMHU — MO3aKTITUHHI
Be3UKyIH 3 miametpoM Big 40 1o 150 HM, SKi, JOCTABISIOUN
[UTOIUIa3MATHYHI KOMITOHEHTH O1TKiB, Hekoxyrouy PHK ta
(akTopu pocty, OepyTh y4acTh y OiONOTIYHUX IpoIlecax,
SIK-OT TpodTidpepartist KIITHH, alloNTo3, BHPOOJICHHS IIUTOKI-
HiB, IMyHHa Ta MeTabomiuHa perymimis [33, 48].

[Tokazano, mo ex3ocomu, orpumani 3 MCK, maioTp
TaKy X e(eKTHBHICTh y pereHeparlii TKaHWH Ta BiIHOB-
JIEHHS TpaBM, K iX BUXinHi kiritTiaA [49]. JocmimKyBanu
TepaneBTUYHI €(PeKTH eK30COM, OTPHUMAHUX i3 CTPOMAJIb-
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HUX KIITHH MeHcTpyaibHoi KpoBi (MenSCs-Exos), Ha
mozeni [THSA y urypiB i MexaHi3M BiJHOBJICHHS OBYJISIIIi,
BcTaHoBmiM, Mo MenSCs-Exos MOMITHO cHpusiii po3BU-
TKy (OJNIKYJIB in Vvitro Ta in vivo Ta BiJHOBIIOBaiH (hep-
THWIBHICTB y 11ypiB 3 [THS, Bkasyroun Ha BitHOBHUH edekT
Ha QyHKOii seunukiB. TepaneBTuuHUH edeKkT Bix TpaH-
crutanTamii MenSCs-Exos OyB CTIHKHAM, IO Y3rOKYETHCS
3 ehexrom TpancmianTamii MenSCs [50].

[Toxazano, mo ex30coMu (HYHKIIOHYIOTh 38 HasBHOCTI
[THS, 3amyckaroun Kilbka CHTHAJIFHUX IIISAXiB, BKIIOYHO
3 PI3K/AKT, cipryimamu (SIRT4 Tta SIRT7) [51-54].
[Insx PI3K / AKT BaknuBUii A1 aKTHBAIlli IEPBUHHUX
¢bomikymiB, sKi HEOOXiAHI s (OINIKYIOTEHE3y, a TaKOX
npodideparii KITHH IPaHyIbO3H IUITXOM PeryJssinii anomn-
To3y [55].

BcranosieHo, 110 ex3ocoMu (i3 3apOJKOBHX CTOBOYpO-
Bux KiitiH (ESC-sEVs) BitHOBIIOIOTE ecTpazion, (oiiKy-
JIOCTUMYIIOIOUHI TOPMOH Ta aHTHMIOJIEPIBCHKHIA TOPMOH,
30UTBIIYIOTH KiTBKICTh HOPMAIBHUX (PONIKYIIB 1 3MCHIITY-
IOTh KUTBKICTD aTpeTHYHHX (POTIKYIIiB MICIS TPaHCIUIAHTA-
uii Ha mozgeni [THA y mummeii [53].

Takox € maHi mpo Te, MO €K30COMH MPU3BOAATH 10
3MEHIIEHHSI eKCIpecii OUTKIB MOB’S3aHUX 3 aroITO30M,
30kpeMa Bax Ta kacmasza-3, Ta 30inbIIeHHS eKcmpecii
Bcl-2 [56].

JlocnimkeHo, Mo eK30COMH Me3eHXIMaJIbHUX CTOBOY-
poBux kmituH nmynoBuHH JroauHu (HucMSC) ctumymnio-
I0Th IEPBUHHI (QOJIIKYIJIM, aKTHBYIOUH HUIsIX oouuTiB PI3K/
mTOR, mnepenocsun ¢ynkuionansHi MikpoPHK, sk-or
miR-146a-5p a6o miR-21-5p. In’exuis exzocom HucMSC
y CTapux CaMOK MHIIEH CIIpUs€ BiIHOBIECHHIO (hepTHIIb-
HOCTI 3i 30UThIIEHHSIM MPOAYKIii OOIMTIB Ta MONIIIICH-
HsM iX sKocTi [54]. HemaBHe mocimimpkeHHs TOKa3ao, 1o
miR-17-5p Bim HucMSC-sEVs mokpamnrye QyHKIiO s€4-
HuKiB y pasi [THS [52]. [Ticns BBeneHHS €K30COM 3pOCTae
KUIBKICTh QHTPAIBHUX 1 3arajibHUX (DOIIKYIIB y SIEYHUKAX
mumer 3 [THS. Ex3ocomanbhuit miR-320a, orpumanuii
HucMSC, perymioe ADP/ATP Ttpancnokazy 2 (ANT2),
AMP-3anexny kinasy (AMPK) ta nosry ¢opmy OPA1
(L-OPA1) uepes SIRT4, mio 3arnobirae BUpOOIEHHIO aKTHUB-
HUX (opM KHcHIO. BBeneHHs anTu-miR-320a B iHIyKOBaHy
CTX monens [THS-mutmi mpu3Besno 10 3HWKEHHS Peryis-
mii niseoBux reniB SIRT4 [51].

TaknM 4MHOM, CHOTOIHI BBEJCHHS €K30COM PO3IIIsiia-
€ThCA SIK TepalleBTUYHA cTpaTeris B nikyBanHsa [I1HS] B maii-
OyTHBOMY.

BucHoBku. Hamr ananmi3 i y3araipHeHHS TaHUX OCTaH-
HIiX POKIB J]a€ MiJICTaBU CTBEPHKYBATH, II0:

1) mepeHoc (3amiHa) MITOXOHAPIH 3armpoNOHOBaHA SK
Teparmis Uil 3arno0iraHHs Iepefadi MiTOXOHJPIaTbHUX
3aXBOPIOBaHb, aJie MaJlo BiJIOMO ITpO HEraTUBHUI a00 HEHa-
BMHCHHI BIUIMB Ha 30pOB’Sl HAIl[aJIKiB, HAPOKCHUX 3a
JIOTIOMOTO0 I1i€1 METOMKH. J[JIs KIIHIYHOTO 3aCTOCYBaHHS
nepeHocy abo 3aMiHM MITOXOHIpIH MOTPiOHI TMomaNbIIi
JIOCITIJDKEHHS MITOSIIEPHOT B3a€MOJIiT SIK OCHOBHOTO BIUTUBY
HA HOBHH OPTaHi3M ICHSI 3aMiHH MIiTOXOHIpIiH, a TaKOX,
30KpeMa, BCTAHOBJICHHS NPUHHATHOTO BiTHOIICHHS MIiX
rarmioTunaMu Mitoxouapiansaoi JJHK moHOpa i mamienTa;

2) TpaHCIJIaHTais CTOBOYPOBUX KINTHH (y SI€YHHUK)
yce e € eKCIepHMEHTAJIbHUM JIIKYBaHHAM IependacHol
HEJIOCTaTHOCTI sieyHuKiB. [ToTpedye moaanpioro BUBYEHHS
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TpaHCIUIaHTALlisl CTOBOYPOBHX KIIITHH SIK MOTEHIIHHOI Tepa-
neBTH4HOI TexHouorii sikyBanHs [THS. 3oxpema, HeoO-
XiJTHO YTOYHUTH ONTUMAJBHY O3y Ta 4ac BBEACHHS ITiCII
300py CTOBOYpPOBHUX KIIITHH, CITOCI0 X BBEICHHS, TPUBAIIICTh
Tepioy BiJHOBJICHHS Ta MOXJIMBICTH TIOBTOPEHHS IIpOIIe-
JypH JUISl TOCATHEHHsI OajaHCy MK Oe31eKoro Ta eeKTHB-
HicTr0. He MEeHII BAXKIIMBO JOCKOHAIIBHO 3pO3YyMITH OCHOBHI
MeXaHi3MH, Ha SKi MATUMYTh BIUTUB CTOBOYPOBI KITITHHH,

3) TpaHCIUIaHTAIlisl €K30COM PO3IVISIIAEThCA K Tepa-
neBTUYHA cTpareris B JikyBaHHi [IHS B MaiiOyTHROMY.

3arajiom po3IIsHYTI B [bOMY JIITEpaTypHOMY OTJISIAI
METOJU MepeHocy / 3aMiHM MITOXOHJAPIi#, TpaHCIUIaH-
Tanii cTOBOYpOBMX KIITHH, TPaHCILIAHTALil €K30COM
€ HOBITHIMH CTparTerisMH BiTHOBIEHHS (epTHIIb-
HOCTI y WAali€HTIB 3 TEpPeAYacHOI HETOCTaTHICTIO
SI€YHUKIB.
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CHEKTPO®OTOMETPUYHE BUSHAUEHHSI BEH3AJIKOHIIO XJIOPUY B PAPMAINEBTUYHUX ITPEITAPATAX
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2 IBH3 « Yarczopoocokuil nayionanshuil yrisepcumemy, Yaceopod, Vipaina
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CrarTIO IPHUCBAYCHO PO3POOII CIEKTPOPOTOMETPUIHOT METOMKH KUTBKICHOTO BU3HAYCHHS OCH3aJIKOHI0 XJIOPUY SIK OCHOBHOTO 1 JIOTIO-
MIXKHOTO IHIPEi€HTa Y CKIafi (hapMalieBTHYHNX MpernapariB y GpopMi Cymo3uTopii, CIpero Uist Hoca Ta Ielli0 eKCTEMITOPaIbHOTO BUTOTOB-
JIEHHsI. 3aIlpOIIOHOBAHO SIK CEpElOBHILE PO3UYMHEHHS BUKOPUCTOBYBaTH Bomy, minkuciaeHy 0,1 M po3uyrHOM XJIOPUCTOBOIHEBOI KHCIOTH 0
pH 4,0. ExciepuMeHTaIbHUM IUISXOM [UISL IPOBEACHHS KiTbKiCHOTO BU3HAYCHHS BUOPAHO aHANITHYHY JOBKHHY XBUII 32 263 HM. MeTtonu-
ka Oyna ampoboBaHa Ha 3pa3Kax CyMO3UTOPIH, TeNio Ta CIPEero A HOoca Ta XapaKTepH3yeThCs MPABUIBHICTIO, TIPEU3iitHICTIO, MiHiitHICTIO
3 Me)XaMH BU3HAYECHHS Ta KUIbKICHOTO BU3HAYCHHs OCH3aJIKOHII0 XIopuy Ha piBHi 0,5 MKr/mit ta 2,0 MKI/MIT BITIOBITHO, @ TAKOXK €KOJIOT14-
HICTIO, 110 JEMOHCTPYE 1l MPUAATHICTH ISl 3aBJaHb (hapMalleBTHYHOTO aHaIIi3y.

KitrouoBi ciioBa: OeH3ankoHiio xiopun, abcopOiiiiHa crekTpohoToMeTpis B ynsTpadioneToBoMy Jiana3oHi, BatigaliiHi XapakTepucTH-
KM, aHAJITHIHUH KanbKyssiTop 3eneHocti (AGREE).
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SPECTROPHOTOMETRIC DETERMINATION OF BENZALKONIUM CHLORIDE IN PHARMACEUTICAL
PREPARATIONS

'LLC “BERKANA+", Kharkiv, Ukraine

2 State University “Uzhhorod National University”, Uzhhorod, Ukraine

% National University of Pharmacy, Kharkiv, Ukraine

Benzalkonium chloride is a quaternary ammonium compound widely used in the manufacture of pharmaceuticals. Revised quality
requirements and an expanding range of benzalkonium chloride products lead to a review of existing analysis methods and the development
of optimal ones for each manufacturer.

The aim of the study is to optimize and validate a spectrophotometric method for the quantitative determination of benzalkonium
chloride in pharmaceutical preparations such as suppositories, nasal sprays and extemporaneously prepared gels.

Materials and methods. Benzalkonium chloride was determined in samples using UV spectrophotometry on a SHIMADZU-2600
spectrophotometer (Shimadzu, Japan) with UV-Probe 2.33 software. For method development, a 10% benzalkonium chloride solution was
used, with testing samples prepared in water acidified to pH 4.0 with 0.1 M hydrochloric acid. The validation of the method was performed
according to ICH Q2R guidelines and the State Pharmacopoeia of Ukraine. The method was tested on “PHARMATEX” vaginal suppositories,
“Zinc Oxide Gel 10%”, and “Aqua Di Mare Sea Water” nasal spray.

Results The absorption spectra of benzalkonium chloride water acidified with 0.1M hydrochloric acid solution to pH 4.0 displayed
characteristic peaks at 257 nm, 263 nm, and 268 nm. The most linear and reproducible results were observed at 263 nm. The validated method
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demonstrated high correlation coefficients (r > 0.9995) across a concentration range of 1.6-2.4 pg/ml of benzalkonium chloride. Analytical
performance met all acceptance criteria for accuracy and precision. The method proved effective for determining benzalkonium chloride
concentrations in pharmaceutical formulations with minimal sample preparation.

The developed spectrophotometric method is simple, cost-effective, and reliable for routine benzalkonium chloride determination in
pharmaceutical products. It ensures compliance with regulatory standards and safeguards patient safety.

Keywords: benzalkonium chloride, UV-spectrophotometry, validation parameters, analytical greenness calculator (AGREE).

Beryn. Benzankoniro xmopun (anxinOeH3MIANMETHIIA-
MOHif0 xjopua, OeH3mn C8-18-amKinguMeTHa XIIOPHIN)
€ YeTBEPTHHHOIO aMOHI€BOIO CIONYKOIO (pHc. 1), mo Haje-
KUTb [0 KJIacy KaTiOHHUX HOBEPXHEBO-aKTUBHUX PEYOBHH
1 Ma€ IUPOKUIA CEKTp aHTUOAKTepiaIbHOI Aii 00 Tpam-
NO3UTUBHUX 1 I'PaMHETaTHBHUX MIKPOOPTaHi3MiB, TaKOX
HPOSIBIISIE TPOTUTPUOKOBI Ta IPOTUBIPYCHI BIacTUBOCTI [1].

ﬁ/CHHEFH"I
A,
HyC CHg Cl

n=28, 10,12, 14, 16, 18

&

Puc. 1. CTpykrypHa ¢popmyna GeH3aIKOHIIO0 XJI0PUTY

BeH3asKkoHII0 XJIOpU BHKOPHUCTOBYETHCS B MEIMYHIH
npakTui 3 1935 poky 1 MICTUTBCS y CKJIali pelenTypHHX
i OesperenTypHUX (QapMalleBTHYHHAX MpernapaTiB. 3HaYHA
KIJIBKICTh BUPOOHUKIB BHOMPAIOTh OEH3AJIKOHIIO XJIOPHI
3aBISKH HOTrO CTaOiLMBHOCTI, BHCOKIA aHTHOAKTepiaibHIiH
AKTUBHOCTI i BUKOPHCTOBYIOTb SIK KOHCEPBAHT Y JIKAPCHKUX
3aco0ax, MEAMYHUX BHPOOAX Ta 3acobaxX MpOoQiIaKTHIHO-
TirieHiYHnX y GopMi OYHUX Kparelnb, CIpeiB Ha3albHUX,
TeJiB, Ma3el, KpeMiB, CynosuTopiii Tormo [2, 3].

Onnak, sk i 0arato IHIIMX pPEYOBUH, OCH3AJIKOHIIO
XJIOpHI HE T1030aBjieHui MmoOiYHuX mii. JloBeaeHo, M0
KOMITOHEHT Oe3ne4Hui sIK aHTUMIKpOoOHHMIT 3acid y KoH-
nenrpanisx 10 0,1 %. IIpore 3aBuIeHI KOHIICHTpAIT i€l
PEYOBMHHM MOXYTh BHUKIIMKATH MOJIPa3HEHHS CIW30BUX
00OJIOHOK, aJiepriuHi peakuii Ta TOKCHYHI e(eKTH, IO
0co0NMMBO HEOE3NEeYHO B pa3l TPUBAJIOTO 3acTOCYBAaHHS
TIperapariB i3 UM aKTUBHUM (apMalleBTHIHUM iHTpelieH-
ToM. 3rimHo 3 Permamenrom €Bpormeiicekoro Ilapiamenty
ta Pamu (€C) Ne 1272/2008, 4eTBepTHHHI aMOHI€BI CIIO-
nmykd, 6erzmn C8-18-ankinauMeTrH XJIOpUIN HaJleXKaThb 0
4-ro Kyacy rocTpoi TOKCHYHOCTI, 1%-# po3unH cyOcTaHii
371aT€H BHUKJIMKAaTH TOCTPY TOKCHYHICTH 3a IEPOPAIBHOTO
3aCTOCYBaHH Ta epo3ilo / MOIpa3HEeHHs IIKIPH 3a iepMalib-
Horo Bukopuctanus [4]. Ha cboroini 6eH3a1KOHIIO XJIOpU/
BUKOPHCTOBYETHCS SIK JOTOMDKHA pedoBuHa y ckiani 70 %
0(TaNbEMOOTIYHUX 3aC00IB 1 MOKE CTIIPHYMHATH ITUTOTOK-
CHYHE TOLIKO/KEHHS eITeNialIbHUX KIIITUH KOH IOHKTUBH
Ta POTiBKH, IIO MPU3BOIHUTH JI0 MOSIBU O3HAK 1 CHMIITOMIB
3aXBOPIOBAHHS MTOBEPXHi OKa [5]. ¥ HazambHMX Tpemnaparax
11 PEYOBMHA MOXE MPU3BOIUTH JIO CYXOCTi CIIM30BOI 000-
JIOHKH, TIOPYIICHHS (PyHKIIIT BiifYacTOroO EIMiTeNifo Ta MeIu-
KaMEeHTO3HOTO pHUHITY [6]. BaxmimBo TakoX BpaxoByBaTH,
o i pa3i 4acToro 3aCTOCYBaHHS MOXKIIMBE BCMOKTYBaHHS
OCH3AJIKOHIIO XJIOPHUAY B CHCTEMHHIA KPOBOOOIT, IO MiJBH-
LIy€ PU3UK CUCTEMHOI TOKCHYHOCTI [7]. V 3B’S3Ky i3 1uM
KOHTPOJTb KOHIICHTPAIlii OCH3AIKOHIIO XJIOPUILY € KPUTHYHO
BOXJIMBUM [UIs 3a0e3MedyeHHS e(DEeKTHMBHOCTI Ta Oe3meKu
JKapchKHUX 3aco0iB. HemocrarHs yBara 10 1[bOrO acnekTy
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MOK€ CIIPUYMHHATH Cepi03HI HACTIIKHU JJIS MALli€HTIB, 0CO-
ONHBO cepern ypa3nuBUX TPYII, SK-OT JIiTH X JIFOOH i3 Xpo-
HIYHUMH 3aXBOPIOBaHHSIMH Ta TIOBAYKHOTO BIKY.

Jlna Bu3HaueHHS OCH3AJKOHIIO XJIOpUAY B PO3YMHI
npoBiaHi (apmakorei cBiTy (€Bpornelicbka (apmakones
[8] ra bpuTanceka dapmaxornest [9]) peKOMEHAYIOTH METON
JBO(a3HOr0 HOJAOMETPUYHOTO TUTPYBAHHS B CEPEIOBHILI
MeTWIeHXJIopuy abo xmopodopmy. Lleir meron xapakre-
pH3y€eThCst OararocTaliiHICTIO, 1 B pa3i epeHeceHHs Horo
B aHai3 (apMaleBTHYHHMX IIperapariB iHII CKJIaJO0Bi
MOXXYTh BHOCHTH BKJaJ B OTpHMaHi pesynsratd. Bimmo-
BiTHO 10 MoHorpadii Ha po3unH OCH3AIKOHIIO XIIOPUIY
y ®apmaxorei CIIIA [10], xinbKicHe BH3HAYCHHS aKTHB-
HOTO KOMITOHEHTa TPOBOAATH METOJAOM DIJHHHOI XpoMa-
torpadii. KpiMm mmx MertomiB, HAayKOBISIMH pO3poOIeHi
METOJMKH Tra30Boi xpomatorpadii [11], xpomaro-mac-
cnexkrpomeTpii [12], BOAHOrO Ta HEBOAHOTO KaMUISIPHOTO
enexktpodopesy [13], HamBucoxoeeKTHBHOI piIUHHOT
XpomarorpadiqHoi KBaApymnojbHOI / eJIeKTPOCTaTHYHOL
MOJIOBOT OPOITPaHOI Mac-CIEKTPOMETPIii BUCOKOT PO3-
IUTBHOT 37aTHOCTI [14] Ta pi3Hi Bapiallii crekTpopoTome-
TPUYHHUX BU3HAYEHb [15].

Taknum 4rHOM, iCHY€ rocTpa orpeda y CTBOpEHHI BaIi-
JIOBAaHWX METOIMK, SIKi 1aJyTh MOXKJIMBICTh TOYHO BH3HA-
YaTh BMICT OCH3AJKOHIIO XJIOpUAY y CKiIani (apMarieB-
TUYHAX TIPETapaTiB BiAMOBIAHO NO HOPMATHBHHUX BHMOT
i uig MiHiMi3amil NOTeHmiHHUX MmoOiyanx edexris. Lle
HOBUH BUKJIHMK JJIs J1a00OpaTopiii KOHTPOIIO SKOCTi, 0CO-
OJIHMBO MiINPHUEMCTB, SIKi 3aliMalOThCsI BUTOTOBJICHHSIM ITPO-
nykuii maprismu 1000-3000 ynakoBOK, OCKIJIBKH BEJIHKa
KIJIKICTB 3pa3KiB JIJIsl aHaIIi3y CTBOPIOE JOIATKOBI 3aTpaTy.
Tomy BuHMKae morpeba y BUKOPUCTaHHI, 3 OIHOTO OOKY,
MPOCTUX 1 JEMIeBHX, a 3 IHIIOT0 — TOYHHMX 1 KOPEKTHHX
METOJIIB aHaIi3y.

Merta mocaimkeHHs1 — TimiOpaTH, ONTHMI3yBaTH Ta
BaJIiTyBaTH CIEKTPO(POTOMETPHIHY METOAMUKY KiTbKiCHOTO
BH3HAUCHHs OCH3AJIKOHIIO XJIOPUAY B 3pa3Kax (apMmareB-
TUYHUX TIPETapaTiB y GopMi CyIIO3UTOPIi, TEI0 Ta CIpero
JUIL HOCa 3 TODVISITYy OCTYIHOCTI, cenu(iyHoCTI i eKo-
JIOT1YHOCTI.

Marepiaiu Ta Metoau AociimkeHHsi. IIpoBeneHHs
BU3HAYEHHs OCH3AIKOHIIO XJIOPUAY B 3pa3Kax MPOBOJHIH
METOJIOM CIIEKTPO(GOTOMETPIT B YIIBTpadhioIeTOBOMY JTiara-
30Hi Ha criekTpodoromerpi SHIMADZU-2600 (Shimadzu,
Snownis) 3 nporpamHuM 3abe3nedeHHsM UV-Probe 2.33.
Yci BumiproBanHst abcopOuii mpoBoxmiu 3a +20 °C.

HaBaxxxu 3paskiB 3BaKyBaJIM Ha CJICKTPOHHHMX Barax
Radwag AS 120.R2 (Radwag, Ilomema). pH po3uuHiB
JIOBOZMJIM /0 MOTPIOHOTO 3HA4YEHHA 3 BHKOPHCTaHHSIM
pH-merpa ADWA AD1030 3 pH-enekrpomom AD1131B
(ADWA, Yropumna).

Po3umnm roTyBanmu i3 3acTOCYBaHHSAM JIaOOPAaTOPHOTO
MOCYy KJIacy TOYHOCTI A.

s po3pobku MeTomuku BukopuctoByBamu C3 OeH-
3ankoHito xjopuna (10%-it pozumn (PHR1371, Sigma-
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Aldrich). [lns npurotyBaHHs BUIIPOOOBYBaHUX 3Pa3KiB SIK
cepeNoBHIle PO3YMHEHHSI BUKOPUCTOBYBAJIN BOJLY, MiJIKHC-
neHy 0,1 M po34rHOM KHCIIOTH XJIOPHUCTOBOAHEBOI 10 pH
4,0. Xapakrtep clieKTpa BUBYAIX B Aiana3oni 220 um — 280
HM Ha T Boaw, mimkucienoi 0,1 M po34rMHOM KHUCIIOTH
xsnopuctoBogHeBoi 10 pH 4,0.

Banigarmito criekTpohoTOMETPUIHOT METOUKH KUTBKIC-
HOTO BH3HAYCHHS OCH3aJIKOHIIO XJIOPHUITY B 00’ €KTaX AOCIHIi-
JUKEHHS TIPOBOAWIIN BiAmoBimHO g0 ctarti 5.3.N.2. «Bai-
JaIlisi aHAMITHYHAX METOAWK i BHIPOoOyBaHbY» [lepxaBHOI
®dapmaxkoriei Ykpainu [16] 3a TakuMu mapaMeTpamu: Ipa-
BHWJIBHICTB, MPEIM3IHHICTh, CIEU(IYHICTh, MeXa BHSIB-
JIEHHS, MEKa KiJIbKICHOTO BH3HAYEHHS, JIHIAHICT Ta mia-
a30H 3aCTOCYBaHHSI.

Mertomuka Oyna anpoOoBaHa Ha 3pa3kax (papManeBTHY-
Horo npenapary « DAPMATEKCy, cyno3urtopii BariHaibHi
(c. U431B, «Oniren Jlikin Manydexuypinr», ®panuis),
eKCTeMITopasibHOTO 3aco0y «l'emp muHKy oxcumy 10 %o»
(mara BuroroBnenns 16.10.2024, TOB «Anreka ITaBnoBay,
VYkpaina) Ta 3aco0y Tiri€eHIYHO-IPO(DITAKTHIHOTO «AKBa
i Mape Mopceka Bomay, cropeit mist Hoca (c. 130324,
TOB «BEPKAHA+», Ykpaina).

PesyabTaTH gociigkeHHs Ta ix oO0ropopennsi. Ha
MEpIIOMY €Tali BHBYEHHS CIEKTPAIBHHX XapaKTepHC-
THK OCH3aJIKOHIIO XJIOPHUAY B CEPEOOBHIII BOAM, Iij-
kucaenoi 0,1 M po3YMHOM KHCIOTH XJIOPHCTOBOIHEBOI,
OyJIM TIPUTOTOBJICHI PO3YMHM B Jialla30Hi KOHIICHTpAIli
0,5-5,0 mMkr/mi (puc. 2).

Bcranosneno, 1mo abcopOLiiHI CHEKTpH HONIMHAHHS
PO3YMHIB OEH3AIKOHIIO XJIOPUAY B KHCIOMY CEpEIOBHIII
XapaKTepU3YIOThCS HASBHICTIO TPHOX MaKCHMyMIB 3a
IOBKHHH XBWIb 257, 263 Ta 268 nMm. HasgsHicTh came
TaKUX CIEMU(PIYHNX MaKCUMyMiB €Bpomelcpka (apma-
xorresi [8] Ta bpuranceka dapmakores [9] pekoMeHIYIOTh
BHKOPHUCTOBYBATH UIS ideHTH(IKAI] OEH3aIKOHII0 XJIO-
puny (MakCHMMyMH TOBHHHI crioctepirarucs 3a (257 + 2)
HM, (263 £ 2) HM, (269 + 2) HM).

Jdns BuOOpy aHaNiTUYHOI JOBXKHMHHM XBHII OyIo
BUBUEHO MiJNOPSIKOBAHICTh PO3YHHIB OSH3aJIKOHIIO XJIO-

A
2,000

1,800
1,600
1,400
1,200
1,000
0,800
0,600
0,400
0,200
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pHUIY B 3a3HAUYCHHX MAKCHMyMax OCHOBHOMY 3aKOHY CBIT-
nonoruHaHHA (puc. 3).

SIk aHANITHYHY JOBXHHY XBHJII BHOpPAaHO MakCHMyM 32
JIOB)XUHH XBHJIb 263 HM, 32 SIKOTO CIIOCTEpIraeThbCsl HaW-
Kpalla MiJIopsIKOBaHICTh OCHOBHOMY 3aKOHY CBITJIOIO-
mHaHHA (R? = 0,9997).

Bubpani 00’€KTH TOCTIIKCHHS MICTATh OCH3AIKOHIO
XJIOpUAY B KOHIeHTpanisx Bix 0,2 mo 18,9 Mr/mi 3anexHO
BiJ Hioro mpu3HadeHHA — ab0 y ckiani 3acoly K Iirodoi
pedoBHHH, a00 SK IOMOMDKHUA aHTUMIKpOOHHI KOHCEp-
BaHT. J[1s1 3MeHIIeHHS MPOOOIATOTOBKM Ta HEBH3HAUe-
HOCTI pe3yJbTaTy 3alporOHOBaHO POBOJUTH OJIHE PO3Be-
JIEHHS HOCTIDKyBaHuX 3ac00iB 0,1 M po34rHOM KHCIIOTH
xnopuctoBonHeBoi 10 pH 4,0, no orpumanus 2,0 MKr/mi
PO3UMHY OCH3aJKOHII0 XJIOPHIY, 3a SKOrO ONTHYHA TyC-
THHA cTaHOBUTUME Ha piBHI 0,460.

ToMmy JuIst TepeHeCeHHS METOIMKH JIJIsI aHaIi3y 00’ €KTiB
JOCITIPKEHb OyJI0 BUBYEHO JIiHIHHICTh MOICIBHUX BUIIPO-
0OOBYBaHUX PO3YHMHIB y CEPENOBHIN BOAM, IiAKHCICHOT
0,1 M po3unHOM KuCIOTH xjuopuctoBogHeBoi A0 pH 4,0
B MeXax Miala30Hy KOHIICHTpamii OSH3aIKOHIIO XJIIOPUIY
Bix 1,6 mo 2,4 mxr/ma (puc. 4, Tadm. 1).

Bucoke 3HaueHHs KoedirieHTa Kopesiii (r) OeH3amko-
HIIO XJIOPUAY 330BOJIBHIE BUMOTAM KPUTEPIl0 MPUHHSAT-
HocTi (r = 0,9981) 1 miaTBepAXKYE JIHIHHICTh 3aJIEKHOCTI
MIX B3STOIO 1 3HANJICHOIO KUTBKICTIO PSYOBUHHU B Jliana3oHi
koHIeHTparli# Bix 80 1o 120 % BigHOCHO ii HOMIHAJIEHOTO
BMICTY y BUIIPOOOBYBaHUX PO3YMHAX IPENaparis.

OIiHKY MpaBWIBHOCTI Ta MPEIU3IAHOCTI JOCTIIKY-
BaJM HAa PO3YMHAX 3 KOHIICHTPAIIIMU OCH3aJIKOHIIO XJIO-
puny, siki Bignoigarotb 80 %, 85 %, 90 %, 95 %, 100 %,
105 %, 110 %, 115 % i 120 % Bizg iX HOMiHAJILHOI KOHIICH-
Tpamii y BUIIpoOOBYBaHOMY pO34rHi (Tabm. 2).

Sx BUAHO 3 MaHUX, NPEACTABICHUX y TaOmumi 3,
BHMOTH JI0 BHYTPIIIHbOJIA00paTOpHOi MPEenn3iiHOCTI s
METOIUKH KITbKICHOTO BU3HAYCHHS OCH3aIKOHIIO XJIOPHIY
B MOJICJIBHUX PO3YMHAX YCiX 00’ €KTIB TOCIIHPKEHHS BUKO-
HYIOTbCsI. MeToarKka KUIBKICHOTO BH3HAUEHHs OEH3alIKo-
HIIO XJIOPUAY XapaKTEPH3YEThCSA JOCTATHBOIO IPABHIIb-

0,000

220 230 240

C,MKI/Mi1 ——5,0 ——4.,5 40 ——35

250

A, HM
260 270 280

3,0 2,5 2,0 1,0 0,5

Puc. 2. EnekroponHi ciekTpu po3uuHiB 0,5-5,0 MKr/MJ1 0eH3aJIKOHiI0 XJT0puay
B cepenosuii 0,1 M po3uuny kucjoTu xjopucrosoasesoi (pH 4,0)
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Puc. 3. [linnopsiakoBaHicThb 10CTIIKYBAHNX
PO34HUHIB 0€H3AJIKOHII0 XJI0PHIY OCHOBHOMY
3aKOHY CBIiTJIONOIIMHAHHHSA B MAKCUMyMax
cBiTJIONONIMHAHHS: A — 32 257 M, b — 32 263 M,
B —3a 268 um

HICTIO Ta 301XKHICTIO (Ipenn3iiHICTIO) B yChbOMY Aiana3oHi
koHnenTpaii (Bix 80 1o 120 %) i € KOPEKTHOO.

[inTBepmKeHHS pOoOAaCHOCTI 3iicHIOBaN 3MiHOIO pH
cepenosuma (+0,3), vacy MiX MPUTOTYBAaHHAM PO3UHHY
Ta MPOBEICHHSIM BH3HaueHHS (10 60 XB), Temreparypu
(£5 °C). byno BH3HAYECHO, IO PO3YMHHU € CTAOITBHUMHU
BpoaoBk 60 XB Ta BUBYCHI 3MiHHI HE BIIMBAIOTh Ha
XapaxkTep CHEeKTpa Ta JOCTOBIPHICTh OTPUMAHUX PE3YJib-
TaTiB.

3a pe3ynbpTaTaMd MPOBEICHHUX JOCHTIHKEHb BH3HA-
YEHO MEXY BHM3HAYCHHS OCH3AJIKOHIIO XJIOPHIY Ha piBHI
0,5 MKT/MIJI Ta MEXY KUTbKICHOTO BU3HaUeHHS — 2,0 MKI/MII
y cepenosuiii 0,1 M po34nHy KHUCIIOTH XJIOPUCTOBOIHEBOT
3 pH 4,0.
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.
0,400 s
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.'...
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..
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o’
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0,450 ‘--"
..
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¢’
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1.4 1,6 1,8 2,0 2,2 2,4 2,6
B

Puc. 4. I'padix ainiiinoi 3ane:xxnocri adcopomii
Bil KOHUIeHTpaWii po34nHiB 0eH3AJIKOHII0 XJT0PHIY

B MOJeJIbHMX po34nHax B cepenosuidi 0,1 M po3unny

KHCJIOTH XJIOPUCTOBOIHEBOI: A — (hpapManieBTHYHOIO
npenapary «®PAPMATEKC», cyno3uTtopii BarinajbHi,

B — excremMnopanbHoro 3acody «l'elb HMHKY OKCHIY

10 %», B — 3aco0y ririecHiYHO-IPOQIIAKTHYHOTO
«AxksBa [li Mape Mopcbska Bonxay,
crpeii I Hoca

Takok MeTOOMKa XapaKTepU3YETHCS HAJI3BUYAIHOIO
ekoJoriuHicTio (puc. 5) mopiBHSHO 3 (apmaxoneitHuMU
METOJMKAMH.

SIK 1eMOHCTPYIOTh pe3yJbTaTh JOCIiPKEHHS, 3aIpo-
MMOHOBAaHAa METO/AMKA CIEKTPO(POTOMETPHYHOTO BH3HA-
YeHHs OCH3aNKOHII0 XIOPHAY IMiIXoXa s 3aBIaHb
(apMareBTUYHOTO aHaNli3y [Jsi BHU3HAYCHHS KOMIIO-
HEHTa y CKJIaJi CyHO3WUTOPIiH, TeN0 Ta CIper0 Ha3allb-
HOTO, TaKOX MOXe OyTH BUKOPHCTaHA JUIsl 1HIIUX JIiKap-
CcbKkuX (HOPM Iic/s BUBYCHHS BIAIOBITHUX BaJIiIalliHHIX
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Tabmuus 1

MeTpoJIoriyHi XapakTepuCTHKH JIiHiliHOI 3aJIesKHOCTI 3HAli/IeHOT KOHIeHTpaLii 6eH3aJKOHII0 XJI0pUIy
Bi/l HiOro BBeIeHOI KOHIeHTPAaLil B HOPMAaJIi30BaHMX KOOPAHHATAX

Ilapamerpu | 3HaveHHS | Kpurepiii npuitnsaTHocTi | BucHoBkn
®apmanesrnunnii npenapat «PAPMATEKC», cyno3uropii Barinaabni
b 0,9892
S, 0,0067
a 0,8124 <2,60 Binnosigae kputepiro
S, 0,6729
S, 0,2585 <0,845 Binnosinae kputepiro
T 0,9998 >0,9981 Binnosigae kputepiro
Excremnopanbuuii papmanesruyamii npenapat «Leqb nuHKy okeuay 10 %o»
b 0,9685
S, 0,0104
a 2,2975 <2,60 Biamosigae Kputepiro
S, 1,0471
S, 0,4022 <0,845 Binnosigae kputepiro
r 0,9995 >0,9981 Binmosinae kputepiro
3aci6 ririeniuno-npodinaxruunnii «Axsa /i Mape Mopcbka Bogay», cnipeii 1J1s Hoca
b 0,9720
S, 0,0064
a 2,4851 < 2,60 Binnosigae kputepiro
S, 0,6451
S, 0,2478 <0,8450 Biamnosigae kputepiro
r 0,9998 >(,9981 Binnosinae kputepiro

Tabnmig 2

Pe3yabTaTH KiTbKiCHOr0 BUSHAUEHHS 0€H3AJIKOHII0 XJI0PHAY B MOAEJIBHUX PO3YMHAX JTOCTIIKYBaAHUX 3pa3KiB

Ne KonueH.Tpaum 6ensam<oml? XJopuiy B AbcopOuist 32 263 Hm Beeneno Bmict, % 3naiineHo Bmict, %
JOCTITKYBAHOMY PO3UHHI, MKI/MJI
®apmaneprnynuii npenapat «PAPMATEKCy, cyno3uTopii BarinajibHi
1 1,6 0,372 80,00 80,00
2 1,7 0,395 85,00 84,95
3 1,8 0,417 90,00 89,68
4 1,9 0,440 95,00 94,62
5 2,0 0,465 100,00 100,00
6 2,1 0,486 105,00 104,52
7 2,2 0,510 110,00 109,68
8 2,3 0,535 115,00 115,05
9 2,4 0,554 120,00 119,14
Excremnopanbuuii papmanesruunmii npenapat «Leqab muHKy okenay 10 %o»
1 1,6 0,378 80,00 81,29
2 1,7 0,399 85,00 85,81
3 1,8 0,418 90,00 89,89
4 1,9 0,440 95,00 94,62
5 2,0 0,466 100,00 100,22
6 2,1 0,490 105,00 105,38
7 2,2 0,510 110,00 109,68
8 2,3 0,534 115,00 114,84
9 2,4 0,556 120,00 119,57
3aci6 ririeniuno-npodinaxkruunnii «Axsa /i Mape Mopcbka Bogay, cnpeii 1J1a Hoca

1 1,6 0,374 80,00 80,43
2 1,7 0,397 85,00 85,38
3 1,8 0,416 90,00 89,46
4 1,9 0,440 95,00 94,62
5 2,0 0,464 100,00 99,78
6 2,1 0,487 105,00 104,73
7 2,2 0,508 110,00 109,25
8 2,3 0,532 115,00 114,41
9 2,4 0,554 120,00 119,14
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Tabmuus 3
Pe3yabTaTu nepeBipku NpaBUJILHOCTI TAa MpeUU3iliHOCTI
Bumoru o .
.. Bumoru 10 npakTH4HOI .
IHapamerp 3HaueHHS CTAaTUCTHYHOI . Bukonanus Kpurepiio
. He3HAYyHIoCTi
He3HAYYHIOCTi
®apmaneprnunuii npenapar « PAPMATEKCy, cyno3uTopii BarinajbHi
‘Z - 100‘ 0,04 <0,35 <0,51 BUKOHYETBCSI 32 IBOMa KPUTEPiIMU
Aintra 0,49 <1,6 - Buxonyetbcs
Excremnopansuuii papmanesrnunmii npenapat «Leqb muHKY okenay 10 %o»
‘Z— 100‘ 0,27 <0,35 <0,51 BHUKOHYETHCSI 32 IBOMa KPUTEPisAMH
Aintra 1,29 <1,6 - Buxonyetbcs
3aci6 ririeniuno-npodinaxkrnunuii «Axsa /Ii Mape Mopcbka Bona»,
cnpeii 1J1sl Hoca

‘Z - 100‘ 0,12 <0,35 <0,51 BUKOHY€ETBCS 32 IBOMA KPUTEPIIMU
Aintra 0,88 <16 - Bukonyetbscs

A

b

>

B

Puc. 5. Anagituuna mkana AGREE nociigxeHnsi 6eH3aJKOHi0 XJI0puay: A — 3alipONOHOBAHOI0
CHEeKTPO(OTOMETPUYHOI0 METOAMKOK, b — THTPHMETPUYHIM METOA0M 3TiIHO 3 MOHOrpadicio
€Bponeiicbkoi papmakonei [§] Ta Bpurancbkoi papmakonei [9], B — meTonom pigunHoi
xpomartorpadii 3a MeTonukorw MoHorpagii ®apmakonei CIIA [10]

XapakTepucTUK. MeToIMKa € JOCTYIHOI0, €KOJIOT14HOIO,
He moTpelye cHerialbHUX PEeakTHBIB 1 JIOpOroBapTic-
HOTO 00JIaIHAHHS.

BucHOBKH. 3anpOIIOHOBAHO YMOBH IMPOBEICHHS BH3HA-
YeHHs OCH3aJKOHIIO XJIOPHIY SK aKTUBHOTO Ta JOMOMiXK-
HOTO KOMITOHEHTa (apMaleBTHYHUX IpenapaTiB y Gopmi
CYIIO3HUTOPIH, TeII0 Ta CIPEI0 Ha3aJIbHOTO0, 10 CIIPSMOBaHI
Ha 3a0e3mneueHHs e(eKTUBHOCTI Ta Oe3MeKH JOCIiKyBa-
HUX 00’€KTIB IUISXOM 3aMPOBAKCHHS B PYTHHHUN aHAaJIi3
00’€KTIB JOCIIPKEHHSI.

Sk cepenoBuIe PO3UMHEHHS 3aIPOIIOHOBAHO BHKO-
pucToByBary Boay, migkucieny 0,1 M po3uMHOM KHCIOTH
xyopuctoBoziHeBoi 10 pH 4,0, 3a sSIKOTO CHEKTp Xapakre-
PHU3YETBCSl HASBHICTIO TPHOX XapaKTEPHUX MAaKCHMYMiB
abcopOmii 3a (257 £ 2) HM, (263 = 2) HM, (269 + 2) HM), IO

MOKHA BHKOPHCTOBYBATH JUIsl ineHTH(IKaIii KOMIOHEHTa
y ckiaji (hapManeBTHYHUX Tpenaparis.

JIns  KiTBKICHOTO BW3HAYCHHS OOTPYHTOBAaHO BHUOIp
MPOBEICHHS TOCIiKeHHS 3a 263 HM, 34ilCHEHO arnpoba-
Iif0 METOAWKH Ha 3pa3kax (papMaleBTHYHOTO Mpenapary
«DAPMATEKC», cyno3urtopii BariHaibHi, EKCTEMIIO-
panbHOTO 3ac00y «l'enb muHKY okcuny 10 %» Ta 3acoly
ririeniuno-nipodinakruunHoro «Akea Jli Mape Mopchka
Bogna», ciipeit 1u1st Hoca. Metonuka xapakTepu3y€eTbes mpa-
BUWJIBHICTIO, TPEIM3IHHICTIO, JIHIHHICTIO 3 MEKaMH BHSIB-
JICHHS Ta KiJIbKICHOTO BU3HA4YEHHs OCH3AJIKOHIIO XJIOPUIY
Ha piBHi 0,5 MKr/mut ta 2,0 MKI/MJI BIIIOBIIHO, a TaKOXK
€KOJIOTIYHICTIO, IO JIEMOHCTpYE 1l MPUAATHICTD IS TPO-
BE/ICHHS KUITBKICHOTO BH3HA4YCHHS OCH3AJIKOHIIO XJIOpHUIY
y ckiazi hapManeBTHYHUX MpeTapaTis.
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Introduction. The study of medicinal plants remains a crucial area of scientific research due to their long-standing use as safe and
effective therapeutic agents. Plants of the genus Stellaria are particularly significant, given their historical application in traditional medicine
for addressing inflammatory conditions, skin infections, gastrointestinal disorders, bronchitis, asthma, and obesity.

The purpose. To analyze scientific data from sources such as PubMed and Google Scholar, summarizing the botanical characteristics,
chemical composition, and medicinal properties of Stellaria species.

Materials and methods. A literature search (2014-2024) using relevant keywords identified over 3,000 publications. After removing
duplicates and applying predefined criteria, 60 sources were selected for analysis. Non-pharmacological studies, mechanistic research,
editorials, commentaries, and conference abstracts were excluded.

Results. Plants of the Stellaria genus are characterized by a rich chemical composition, which includes flavonoids, saponins, alkaloids,
phenolic compounds, tannins, and triterpenoids. These bioactive components account for a wide range of pharmacological activities, including
anti-inflammatory, antioxidant, antimicrobial, antidiabetic, anxiolytic, antifungal, and antiparasitic properties.

Despite their extensive traditional use and diverse chemical profile, the therapeutic potential of Stellaria species remains underexplored.
This article summarizes the available scientific data on the botanical characteristics, pharmacochemical composition, and pharmacological
activity of plants from this genus and highlights the need for further research to expand their application in modern medicine.

Keywords: Stellaria media, Stellaria nemorum, Stellaria holostea, Stellaria graminea, Caryophyllaceae family.
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PAPMAKOJOITYHUIA TA PAPMAKOTHOCTUYHUI AHAJII3 POCJIMH POJIY STELLARIA

O0ecvkuii HayioHanbHuil Meouynuil yHigepcumem, Odeca, Yxkpaina
pony Stellaria. IIpeacTaBHEKHY IIbOTO POLY MAIOTh JJOBTY iCTOPiI0 BUKOPHCTAHHS B HAPOIHIN MEIHUIMHI AIS JTIKyBaHHS Pi3HOMaHITHUX 3aXBO-
PIOBaHb, BKIIIOYHO i3 3aMaJbHUMH MPOLECAMH, IIKIPHUMHU iHGEKIIsIMH, IIUTYHKOBO-KHIIIKOBIMHU PO3JIaaMi, OPOHXITaMHU, aCTMOIO Ta OXKHU-
PiHHSM.

Pocimnm pony Stellaria xapakTepH3yIOThCs 6araTuM XiMi9HAM CKIIAJIOM, JIO SIKOTO BXOJSITH (DIABOHOIIH, CAIlOHIHH, aIIKAJIOI /Y, (PeHONIBHI
CTIOTYKH, TyOHIbHI peUOBHHH Ta TpuTepreHoinu. L{i 6ioakTHBHI KOMHOHEHTH 3a0e3Me4yI0Th IUPOKUH CIIEKTP (apMaKoIoridyHoi aKTUBHOCTI,
30KpeMa MPOTH3aMNajibHi, aHTHOKCUIAHTHI, aHTUMIKPOOHI, aHTH/iabeTHYHi, aHKCIONITUYHI, aHTHTPHOKOBI Ta aHTUIIAPA3UTAPHI BIACTHBOCTI.

Kurouosi cioBa: Stellaria media, Stellaria nemorum, Stellaria holostea, Stellaria graminea, 3ipouHuk.

Introduction. The study of medicinal plants is an
extremely important area of scientific research, since they
have long been used as a safe and effective means of treat-
ment [1-3]. According to the recommendations of the
World Health Organization, phytotherapy is considered
an alternative method for the treatment of a wide range of
diseases, including inflammatory processes, cardiovascular
diseases, diabetes, and others [4]. Due to their low level of
side effects, medicinal plants have gained widespread pop-
ularity in various countries around the world [5-7].
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One of the promising plant genera is Stellaria, which
is commonly found in regions with temperate and cold cli-
mates [8].

Given their extensive use in folk and traditional med-
icine, these plants are applied for the treatment of gas-
trointestinal disorders, respiratory diseases, as well as for
reducing swelling and accelerating bone healing. The bio-
active compounds of Stellaria species, such as saponins,
alkaloids, fatty acids, and other components [9-11], exhibit
significant pharmacological activities, including anti-in-
flammatory [12], antioxidant [13], antimicrobial, anti-he-
matoma, anxiolytic properties [14, 15], as well as the abil-
ity to combat diabetes mellitus [16].

Despite their numerous beneficial properties, the phy-
tochemical composition and mechanisms of action of these
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plants remain insufficiently studied that creates a need for
further scientific research. Stellaria has significant poten-
tial for the development of new phytopreparations that can
contribute to improving health and treating various dis-
eases. Further research on this plant will open new pros-
pects in medicine and the pharmaceutical industry.

The aim of the study is to conduct an analysis of sci-
entific sources and data from authoritative databases such
as PubMed and Google Scholar to summarize information
on the botanical characteristics, chemical composition, and
medicinal properties of Stellaria species.

Materials and methods of the study. The literature
search was implemented using relevant keywords and their
combinations related to the research topic, including: Stel-
laria, Stellaria media, anti-inflammatory, antioxidant, anti-
microbial, pharmacological activity, secondary metabolites,
flavonoids, saponins, ethnopharmacology, and medicinal
plants. The analysis covered the period from 2014 to 2024.
Over 3,000 publications were identified during the search.
After removing duplicates, additional selection was carried
out according to predefined criteria. A total of 60 sources
were selected for further systematic analysis. Publications
that were not related to pharmacological topics, as well as
mechanistic studies, editorial articles, short commentaries,
and conference abstracts, were excluded from considera-
tion.

Research results and discussion

Botanical characteristics of the genus Stellaria

Stellaria is a genus of annual herbaceous plants
belonging to the Caryophyllaceae family. It comprises
approximately 120 to 190 species, depending on the
classification system. These plants are characterized by
creeping stems that can grow up to 30 cm in length, oval
pointed leaves, and small white star-shaped flowers.

During the summer period, they can germinate several
times, even after drying, and bloom continuously. A single
plant can produce up to 25,000 seeds, facilitating its active
spread [17].

Stellaria media is widely distributed in fields, gardens,
and orchards across Ukraine, including steppe zones,
mountainous regions, urban areas, and agricultural fields. It
infests various crops, including cereals, perennial grasses,
vegetable beds, and fallow lands. The plant thrives best in
shaded areas, such as potato fields, cucumber beds, and
greenhouses with tomatoes and peppers [18].

Stellaria media has a broad geographical distribution,
occurring in various parts of the world, including Asia,
North America, Africa, and Europe. This species can be
found in coastal areas, rocky and gravelly shores, and as a
weed in cultivated fields and wastelands. It propagates both
by seeds (self-seeding) and vegetatively, through rooting at
leaf nodes along the stem. Its shallow fibrous root system
allows for easy manual removal [19-21].

Botanical analysis of Stellaria media raw materials
is crucial for accurate identification of its morphological
characteristics and differentiation from other species. As
a representative of the Caryophyllaceae tamily, Stellaria
exhibits distinctive traits — thin, creeping stems, small
oval leaves, the presence of fine hairs growing along one
side of the stem and white flowers forming umbel-like
inflorescences.

SAPMAKOJIOI'IA I <$APMAIIIA

Special attention is given to characteristics such as leaf
shape and size, flower structure, and the morphology of
fruits and seeds, which are key to differentiating Stellaria
media from closely related species. These aspects are
critical for the proper collection of medicinal raw materials,
ensuring high pharmaceutical quality and enhanced
therapeutic efficacy [22].

In the studied plants Stellaria motuoensis, the stem is
weak, succulent, pale green, slightly swollen, covered with
hairs that change sides at the places of leaf attachment. On
the transverse section of the stem, thick-walled epidermal
cells, collenchyma, 23 layers of pigmented cells, endoderm
and annularly arranged vascular bundles are revealed. In
young stems, the core consists of parenchymatous cells of
a round or oval shape, and in mature stems it turns into a
hollow slit [23].

The leaves of Stellaria are opposite, pale green,
succulent, entire, and generally almost glabrous, sometimes
ciliate at the base. Lower leaves are ovate or broadly ovate,
measuring 3-20 mm in length, petiolate, with a pointed
apex and a truncated or rounded base. Upper leaves can
reach up to 25 mm in length, are broadly elliptical or ovate,
and sessile. A cross-section of the leaf reveals the upper
and lower epidermis with a distinct cuticle and anomocytic
stomata. The mesophyll consists of a single-layered
palisade parenchyma and 3—4 layers of spongy parenchyma
with intercellular spaces. The vascular bundle has an arc
shape, surrounded by a compact layer of parenchymal
cells, with xylem directed toward the upper epidermis and
phloem toward the lower epidermis [24].

The flowers of Stellaria are white, small, star-shaped,
hermaphroditic, and arranged in terminal dichasia. The
flower diameter ranges from 3.0 to 6.5 mm. The sepals are
ovate-lanceolate, 3—5 mm long, with a narrow membranous
margin and glandular hairs. The petals are deeply cleft,
usually shorter than the sepals, while the stamens have
reddish-purple anthers. The plant forms an ovoid-elongated
capsule fruit, 5-7 mm long, which splits into six segments.
The seeds are small, reddish-brown, 0.8-1.3 mm in
diameter, covered with rounded or conical tubercles, with
an air-dry mass of 0.67 mg [25].

The root system is shallow and fibrous, consisting of a
thin taproot with a fragile texture, allowing for easy manual
removal. In the powdered plant material, rosette and
prismatic calcium oxalate crystals, epidermal fragments,
and leaf blade elements have been identified. Thick-walled
fibers, trichomes, diacytic stomata, and vessels of annular
and spiral types are present in the powdered material [26].

Stellaria media demonstrates high adaptability due
to its specific anatomical structure, ensuring efficient
nutrient transport and mechanical stability. It thrives in
various ecological conditions, particularly in moist, shaded
areas where it reproduces both by seeds and vegetatively.
Whereas the other species mentioned — such as Stellaria
nemorum, Stellaria  holostea, Stellaria  graminea,
Stellaria uchiyamana, Stellaria dichotoma, and Stellaria
alsine — either belong to distinct evolutionary lineages or
fall outside the core Stellaria genus entirely. For example,
Stellaria nemorum and Stellaria holostea are not closely
related to the American Stellaria species and are excluded
from the core genus based on molecular data. Stellaria
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graminea and its close relatives form a separate clade with
narrower leaves and more prominent petals, while Stellaria
uchiyamana and Stellaria dichotoma represent parallel
evolutionary developments rather than true genetic affinity.

A particularly notable case is Stellaria alsine, which was
revealed to be polyphyletic — some specimens cluster with
European taxa, while others align with species from Asia
and North America. This suggests that similar morphology
has evolved independently in different lineages, underlining
the role of parallel evolution within the genus. In contrast
to Stellaria media, these species reflect the complex
phylogenetic structure of Stellaria and challenge traditional
classifications based solely on morphology [27].

The study by Wan and Liu (2017) offers a detailed
comparative analysis of pollen morphology across
60species and four varieties of Stellaria, using scanning
electron microscopy. This large-scale sampling enabled, for
the first time, a comprehensive characterization of pollen
types within the genus, revealing both shared traits and
significant morphological diversity. The results showed that
pollen grains are predominantly spheroidal or spheroidal-
polyhedral, ranging in size from 21.36 to 38.38 um, and are
pantoporate with 10-22 pores. Ornamentation of the exine
surface was classified into three main types: microechinate-
perforate, microechinate-punctate, and microechinate-
punctate-perforate.

Among the analyzed species, Stellaria uchiyamana
stood out by lacking granules on the operculum of the
pores — a unique trait not observed in the other taxa studied.
This feature, alongside specific trichome morphology
and scandent growth, further distinguishes it from related
species. In addition, the study highlights the morphological
similarity between Stellaria and the monotypic genus
Myosoton (commonly known as Myosoton aquaticum).
The nearly identical pollen structure between these genera
supports previous molecular data and taxonomic treatments
that advocate for merging Myosoton into Stellaria. Thus, the
findings not only clarify internal variation within Stellaria
but also strengthen phylogenetic links between closely
related taxa, contributing to a more natural classification
of the group [28].

Phytochemical Characterization of the Genus Stellaria

Phytochemical analysis of extracts and fractions
from various parts of Stellaria media allowed the
identification of approximately 50 biologically active
metabolites. During the study of chemical components,
various crude and purified fractions obtained through
bioanalysis were used. The majority of registered
metabolites belong to phenolic compounds and saponins.
Previous phytochemical studies of ethanol, ethyl acetate,
methanol, chloroform, and aqueous extracts confirmed
the presence of alkaloids, saponins, cardiac glycosides,
fatty acids, tannins, terpenoids, and phenolic compounds.

Meanwhile, phlobatannins and anthraquinones were
not detected [29, 30]. The gas chromatography-
mass spectrometry (GC-MS) method enabled the

identification five compounds as apigenin 6-C-beta-
D-galactopyranosyl-8-C-alpha-L-arabinopyranoside,
apigenin 6-C-alpha-L-arabinopyranosyl-8-C-beta-D-
galactopyranoside, apigenin 6-C-beta-D-galactopyranosyl-
8-C-beta-L-arabinopyranoside, apigenin 6-C-beta-

D-glucopyranosyl-8-C-beta-D-galactopyranoside,
apigenin 6, 8-di-C-alpha-L-arabinopyranoside [31].
The study of the chemical composition of the aerial
part of Stellaria media led to the identification of three
new compounds: 1 — (2,4,5,7-tetramethyloctane),
2 — (6-methylheptyl-3'-hydroxy-2'-methylpropanoate), and
3 — (2,2,4-trimethyloctan-3-one). Their structures were
elucidated using spectroscopic methods such as 'H NMR,
13C NMR, mass spectrometry, UV, and IR analysis [32].

The flavonoid composition of Stellaria nemorum and
Stellaria holostea was studied in detail, revealing both
novel and known compounds. In Stellaria nemorum,
researchers identified one new C-glycosylflavone -
6-C-[(o-arabinopyranosyl)-(1—2)-O-B-xylopyranosyl]api-
genin, and four previously known C-glycosides (schafto-
side, vicenin-3, and related apigenin derivatives). These
flavonoids were isolated for the first time from this species,
enriching phytochemical knowledge of Stellaria nemorum,
which had not been previously studied in this context.

In Stellaria holostea, five known flavonoids were iden-
tified, including schaftoside, isoorientin, orientin, diosme-
tin-6-C-B-glucopyranoside, and 3,5,7-trihydroxy-3',5"-di-
methoxyflavone — the last three being reported for the first
time in this plant. The presence of both apigenin and luteo-
lin derivatives supports the trend observed in other Stellaria
species, indicating that flavone C-glycosides are common
and potentially characteristic secondary metabolites in the
genus. Although the crude extracts of both species showed
antibacterial activity against Staphylococcus aureus, none
of the isolated flavonoids exhibited significant bioactivity,
suggesting that the observed effects may result from syner-
gistic interactions or other components in the extracts [33].

Leaf extracts of Stellaria media, analyzed by GC-MS,
revealed valuable dietary supplements primarily classified
as lipids, including fatty acid esters (e.g., methyl stearate,
hexacosanyl palmitate), phytosterols (B-sitosterol), waxy
hydrocarbons (e.g., 6,7-dimethylheptacosane, triaiconta-
noic acid, hentriacontane), and long-chain alcohols such as
tricontanol and pentacosanol [34]. These compounds are
typically associated with plant stress responses and may
vary depending on environmental conditions.

The leaves of Stellaria plants also contain trace
amounts of essential microelements such as zinc and nickel
[35], likely reflecting adaptive accumulation under stress.
However, no data were provided regarding the presence
of other minerals or heavy metals, which highlights the
need for further phytochemical and environmental assess-
ments. They are also rich in essential amino acids such
as glycine, alanine, lysine, thymine, uracil, aspartic and
glutamic acids, serine, proline, thymidine, tyrosine, histi-
dine, y-aminobutyric acid, and threonine [36]. The analy-
sis of Stellaria dichotoma medicinal raw materials at the
age of three years revealed mature morphological traits,
the highest methanol extract content (32.44%), and the
peak accumulation of total sterols (2.33 g-kg™) and total
flavonoids (2.22 g-kg™) [36]. A total of 1,586 metabolites
were identified, classified into 13 major classes and over
50 sub-classes, including lipids (331), organic acids and
derivatives (327), organoheterocyclic compounds (201),
phenylpropanoids and polyketides (170), and benzenoids
(168). These classes exhibited significant variability in con-
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tent depending on the plant’s age. In particular, lipids pre-
dominated in younger plants (1-2 years), while alkaloids,
benzenoids, and phenolic compounds were more abundant
at 3-5 years of growth.

Furthermore, cluster analysis demonstrated that 3-year-
old Stellaria dichotoma showed the highest diversity and
abundance of secondary metabolites, including rutin, cucur-
bitacin E, and isorhamnetin-3-O-glucoside. This highlights
the third year as the optimal harvest time, combining high
yield and peak biochemical content. These findings justify
the preference for harvesting at three years and support
the selection of metabolic biomarkers for quality evalua-
tion. [37]. Phytochemical analysis of Stellaria dichotoma
extracts confirmed the presence of a significant diversity
of secondary metabolites. A total of 10 compounds were
isolated from root extracts, including flavonoids, phenolic
compounds, and terpenoids. Among them, luteolin (6.3 mg/
kg), apigenin (7.9 mg/kg), and chrysin (11.3 mg/kg) were
the most abundant flavonoids. In total, seven flavonoids
were identified, six of which were reported from this spe-
cies for the first time, suggesting a notable accumulation
of these bioactive compounds in Stellaria dichotoma var.
lanceolata [38, 39]. Important mineral elements identified
in Stellaria media include nickel, zinc, copper, sodium,
cobalt, magnesium, iron, manganese, as well as traces of
cadmium and mercury [40].

The practice of using Stellaria genus plants in folk and
official medicine

A decoction of Stellaria media leaves is widely used in
traditional medicine across various countries. In regions of
Asia and tropical Africa, this decoction is employed to treat
acute gastrointestinal and respiratory diseases. Dried leaves
are often processed into tablets, powders, or infusions used
for treating skin infections, limb edema, heart diseases,
hyperthyroidism, and hemorrhoids [41]. In India, the
decoction is used to treat deep wounds, stop bleeding, and
reduce tumors. Crushed plant parts (leaves, stems, roots)
are applied as compresses for the treatment of sprains and
swelling. The entire plant finds application in the treatment
of asthma, bronchitis and lung diseases [42].

The decoction of Stellaria media also has moisturizing
and soothing properties, making it suitable for relieving
skin itching, alleviating menstrual pain, and treating sca-
bies [43]. A mixture of different plant parts (leaves, stems,
flowers, and roots) is often used to regulate psychological
disorders [44].

The pharmacological efficacy of Stellaria species is
attributed to the presence of several biologically active
compounds, including flavonoids (apigenin, luteolin, chry-
sin, orientin), phytosterols (e.g., B-sitosterol), saponins, and
polyphenolic acids. These compounds are responsible for
the plant’s anti-inflammatory, antioxidant, antimicrobial,
antidiabetic, anxiolytic, and antileishmanial effects, as
confirmed in pharmacological and ethnobotanical studies
[34-36, 38, 39].

Among the tested Mongolian medicinal plants, Stel-
laria dichotoma exhibited moderate antifungal activity,
particularly against Candida spp. (MICso = 97 pg/mL),
but was less effective against Malassezia furfur and der-
matophytes (MICso > 256 pg/mL). The highest activity
was recorded in the methanol extract of Scutellaria scor-
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difolia (MICso = 2264 pg/mL). Chemical analysis by
HPTLC identified rutin in Stellaria dichotoma and Hyos-
cyamus niger, and flavones such as apigenin and luteolin
in Stellaria scordifolia, which are likely responsible for the
antifungal effect. Thus, while Stellaria dichotoma shows
potential, its antifungal efficacy is lower compared to other
species tested, and further studies are needed to confirm its
therapeutic relevance against fungal infections [45].

The antimicrobial activity of Stellaria media leaf
extracts (aqueous, methanolic, and ethanolic) was evalu-
ated against a range of bacterial strains, including Escher-
ichia coli, Staphylococcus epidermidis, Staphylococcus
aureus, and Klebsiella pneumoniae. The extracts effectively
inhibited the growth of both gram-positive and gram-neg-
ative bacteria, with the strongest effects observed against
the aforementioned species. Additionally, peptides such as
genpro-SmAMP2 and the B-actin gene product from Stel-
laria media demonstrated significant inhibitory activity
against bacterial isolates, while Sm-AMP-X showed anti-
fungal effects against phytopathogenic fungi [46].

Studies of the antimicrobial activity of crude extracts
of Stellaria nemorum and Stellaria holostea, revealed their
effectiveness against Staphylococcus aureus, whereas none
of the individual isolated compounds showed antimicrobial
activity [33].

An ethanolic extract of Stellaria media, studied in Bang-
ladesh in 2019, demonstrated hypoglycemic and hypolipi-
demic effects on mice, particularly reducing fasting blood
sugar and cholesterol levels. Other studies have explored
the anti-inflammatory properties of methanolic leaf extracts
in animal models, showing significant inflammation reduc-
tion after administering various doses of the extract [47].

The hypolipidemic and antidiabetic potential of Stel-
laria media extracts was also demonstrated in mice with
alloxan-induced diabetes. Alcoholic extracts significantly
reduced blood sugar levels, serum transaminases, and
HbAlc (-48.4%), inhibited pancreatic B-glucosidase and
a-amylase activity, decreased liver and adipose tissue
weight, and improved triglyceride and cholesterol lev-
els [48].

Experiments with methanolic leaf extracts of Stellaria
alsine revealed pronounced anti-inflammatory properties.
In tests on rats with different body weights (100 mg/kg,
300 mg/kg, and 500 mg/kg), a significant reduction in
inflammation was observed. The efficacy was assessed
using paw inflammation models induced by formalin and
protein after oral administration of the extract, indometha-
cin (5 mg/kg), and distilled water (10 mg/kg). Additionally,
the extract significantly suppressed paw edema caused by
egg protein (p < 0.05) [49, 50].

Bioactive screening of the methanol extract Stellaria
media allowed the isolation of compounds 6-methylhep-
tyl-3'-hydroxy-2'-methylpropanoate and 2,2,4-trimethyloc-
tan-3-one, which demonstrated significant anti-obesity and
anti-inflammatory effects [32].

The extract of Stellaria dichotoma lanceolata demon-
strates a significant anti-inflammatory effect in response
to Mycobacterium abscessus infection, while showing no
modulatory effect on inflammation caused by Toxoplasma
gondii. Infection with M. abscessus activates the NF-xB
and MAPK signaling pathways in macrophages, leading
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to the production of pro-inflammatory cytokines (TNF-a
and IL-6) and reactive oxygen species (ROS). Pretreat-
ment with Stellaria dichotoma var. lanceolata effectively
suppresses these inflammatory mediators and intracellular
ROS levels. In contrast, herbal extracts from Bupleurum
chinense and Bupleurum falcatum not only failed to inhibit
this response but in some cases enhanced inflammation by
further activating these signaling pathways.

Moreover, oral administration of Stellaria dichotoma
var. lanceolata in mice infected with M. abscessus signif-
icantly reduced lethality and attenuated TNF-a expression
in the lungs and spleen, despite not directly reducing bac-
terial load. These results indicate the potential of Stellaria
dichotoma var. lanceolata as a promising therapeutic agent
targeting excessive inflammation associated with myco-
bacterial infections, rather than acting as an antimicrobial
per se [51].

Recent studies have identified that oligosaccharides
extracted from Stellaria dichotoma var. lanceolata can
bind to galectin-3 and significantly alleviate the symptoms
of colitis. Specifically, Zhao et al. demonstrated that these
oligosaccharides exhibit selective affinity for galectin-3, a
-galactoside-binding lectin involved in inflammation and
fibrosis. Oral administration of the isolated compounds
significantly reduced colonic inflammation and improved
histopathological parameters in a murine model of colitis.
These results suggest that oligosaccharides from Stellaria
dichotoma var. lanceolata may hold therapeutic prom-
ise as anti-inflammatory agents targeting galectin-3 path-
ways [52].

Additionally, in a separate study by Ma et al., a group
of flavonoids and other secondary metabolites from Stel-
laria dichotoma var. lanceolata were identified as potential
ligands for anti-anxiety activity sites. These findings under-
score the pharmacological relevance of oligosaccharides
and polyphenolic compounds in modulating inflammation
and neurological responses [53].

The inhibition of enzymatic activities (hyaluronidase,
lipoxygenase, collagenase) by aqueous and ethanolic
extracts of Stellaria media was analyzed in vitro. The eth-
anolic extract exhibited significant antioxidant activity,

scavenging radicals at 50% concentrations of 132.8 ug/
mL (H202), 16.5 pg/mL (NO-), and 11.9 ug/mL (ONOO").
At the same time, the aqueous extract was more effective
against superoxide anions. The primary bioactive metabo-
lite of the extracts was identified as apigenin [54].

Research demonstrated that flavonoids in aqueous leaf
extracts of Stelaria media enhance antioxidant activity. This
activity was evaluated on human skin cells after ultraviolet
irradiation, showing a significant reduction in intracellular
ROS. In a rat model (Sprague-Dawley, 25 mg/kg/day), an
alcohol-based leaf extract noticeably mitigated spermato-
genesis disorders caused by dichlorvos and improved the
condition of vital organs [55].

The antiparasitic potential of alcoholic extracts of Stel-
laria media was evaluated against Leishmania tropica.
Methanolic and ethyl acetate extracts significantly inhib-
ited parasite growth, with activity levels of 185.9 pg/mL
and 36.4 pg/mL, respectively [56].

Conclusions. Recentliterature confirms that the Stellaria
genus is a rich source of diverse bioactive compounds,
particularly flavonoids (apigenin, luteolin, chrysin),
saponins, sterols (B-sitosterol), and polyphenolic acids.
Among the species, Stellaria media, Stellaria dichotoma,
and Stellaria alsine have received the most attention
over the past decade. These species have demonstrated a
broad spectrum of pharmacological activities, including
antioxidant, anti-inflammatory, antimicrobial, antidiabetic,
anxiolytic, antiparasitic, and anti-obesity effects.

Notable phytochemical advances include the
identification of over 50 metabolites in Stellaria media,
1586 classified metabolites in Stellaria dichotoma, and
several new flavonoids isolated from Stellaria nemorum
and Stellaria holostea. Pharmacological studies have
shown that Stellaria dichotoma var. lanceolata reduces
inflammatory markers in mycobacterial infection models,
while Stellaria media extracts exhibit antileishmanial
effects, anxiolytic activity comparable to diazepam, and
hypoglycemic properties in diabetic mice. These findings
support the integration of Stellaria species into evidence-
based phytotherapy and highlight the genus as a promising
target for future drug development.
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COMPOUND
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The purpose of the present study is the synthesis of 6-(1,5-dimethyl-3-o0xo0-2-phenyl-2,3-dihydro- 1 H-pyrazol-4-yl)-8-(4-methoxyphe-
nyl)-3-methyl-2-thioxo-3,4a,7a,8-tetrahydropyrrolo[3',4':5,6]thiopyrano[2,3-d]thiazole-5,7(2H,6 H)-dione and its biological evaluation as a
potential bioactive compound.

Materials and methods: organic synthesis, 'H, and *C NMR spectroscopy, liquid chromatography-mass spectrometry, in vitro antimi-
crobial and anticancer screening, drug-like prediction.

Results. The title compound was obtained via a one-pot/two-step protocol of 4-aminoantipyrine and maleic anhydride with 5-(4-meth-
oxybenzylidene)-3-methylthiazolidine-2,4-dithione. The structure of the synthesized compound (yield 69%) was confirmed by 'H, *C NMR,
and LC-MS spectra. According to US NCI protocols, the compound displayed a moderate level of antimitotic activity against melanoma
MDA-MB-435 and breast cancer cell lines HS 578T. The synthesized derivative 4 was evaluated for antimicrobial activity against 17 strains
of Gram-positive and Gram-negative bacteria, as well as yeasts, demonstrating moderate efficacy against drug-resistant Klebsiella strains. The
drug-like properties of the synthesized compound were assessed using SwissADME, showing favorable drug-like parameters.

Conclusions. The one-pot/two-step protocol for synthesizing thiopyrano[2,3-d]thiazole derivative is proposed. The title compound was
fully characterized by spectral analysis methods. The tested compound displayed moderate activity against melanoma and breast cancer cell
lines and moderate antimicrobial activity against drug-resistant Klebsiella strains. The synthesized thiopyrano[2,3-d]thiazole exhibits favora-
ble predicted physicochemical and drug-like properties based on in silico analysis and demonstrates promising antimicrobial activity in vitro.
The obtained results indicate the potential of this compound for further investigation against antibiotic-resistant microbial strains and tumors
that are unresponsive to conventional anticancer agents.

Keywords: thiopyrano[2,3-d]thiazole, hetero-Diels—Alder reaction, antimicrobial activity, anticancer activity, drug-like prediction.
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CHHTE3 MIPA30JIO-IIPOJIO-TIOMIPAHO[2,3-D] TIA30JIY SIK HOTEHIIAHO BIOJIOITYHO AKTHUBHOI
CIIOJYKH

JIvsicvkuil HayioHanbHull Meduynuil yHigepcumem imeni Januna [anuyvkoeo, Jlvsis, Yxpaina

Mertoto wiei pobotu OyB cuHTe3 TiomipaHo[2,3-d]Tia30/y IUISXOM TPHOXKOMIIOHEHTHOI OAHOCTagiiHOI peakiii 4-aMiHOAHTHITIpHHY,
MaJIeIHOBOTO aHTiAPHAY Ta 5-(4-MeTOKCHOCH3MITI IeH )-3-METUITIa30Ti quH-2,4-TUTIOHY, & TAKOX JOCIIHKSHHS HOTo 610J0TiYHOT aKTHBHOCTI.
CTpyKTypy CHHTE30BaHOI CIIOIYKH HMiATBEP/PKEHO 3a ornomoroto ciekrpis 'H, 3C SIMP-criekTpocKkomi€ero Ta XpoMaTo-Mac-CIeKTPOMETPI€o.
Ha ocHoBi pesynbrariB ckpuniary Hamionamsoro iHctutyTty paky CLIA cuHTe30BaHa CIONyka MPOJEMOHCTpYyBaja IOMIPHHH piBEHb
AHTHMITOTHYHOI aKTHBHOCTI TIPoTH MenanomMu MDA-MB-435 Ta kniTHHHUX JTiHil paky MonouHoi 3am03u HS 578T. CunTe30BaHa MoJeKy.1a
JOCHDKyBaacs Ha MPOTHMIKPOOHY aKTHBHICTh IOA0 17 ImTaMiB IpaMIO3UTHBHUX i TPaMHETaTUBHHUX OakTepidl, a TakoX APDKIDKIB,
JIEMOHCTPYIOYH OMipHY e()eKTHBHICTh BITHOCHO CTIHKOTO /10 TiKapchKHX 3ac00iB mramy Klebsiella. JlikomomiOHICTh CHHTE30BaHOT CIIOTYKH
OLiHIOBAJIACs 3a JI0IOMOrol0 OHIaiH-cepBicy SwissADME, 1110 1ano MOXJIMBICTh OXapaKkTepu3yBarH ii MOTeHUiiHI T1iKonoAiOHI mapaMeTpH.
OtpuMaHi pe3ynbTaTd CBi[YaTh MPO NEPCIEKTHBY JIOCIIKEHHS L€l CIIOIYKH IPOTH aHTHOI0THKOPE3UCTEHTHUX IITaMiB MIKpOOPTraHi3MiB Ta
MyXJIMH, SIKI HeIyTIUBI O NiKyBaHHS KIACHYHUMH IIPOTUITYXIMHHIMHI areHTaMu.

Kumrouogi cioBa: Tiomipano[2,3-d]riazonu; peaxuii eemepo-Jlinbca—Asbaepa, IpOTUMIKPOOHA aKTUBHICTb, HPOTHPAKOBA AKTHUBHICTB;
IIPOTHO3YBAHHS JIKOMOAIOHOCTI.

© A. V. Lozynskyi, Yu. T. Konechnyi, N. M. Lebyak et al., 2025

CrarTs MOIMPIOETHCS HA YMOBAX JIIICH3IT -'

ISSN 2226-2008 OJIECBEKMI MEVMUHUIM )KYPHAJI Ne 2 (193) 2025 103



SAPMAKOJIOI'TIA I SAPMAIIIA

Introduction. Thiazolidinone derivatives are a well-
known class of compounds that lay the groundwork for
numerous drugs and biologically active molecules [1-3].
An important aspect of analysing these molecules is the
study of the biological activity of condensed thiazolidinone
derivatives, particularly thiopyrano[2,3-d]thiazoles [4-7],
which have several advantages over their non-condensed
analogues. Highly active anticancer, antimicrobial,
antitrypanosomal, antiviral, and antioxidant agents have
been identified among thiopyranothiazole derivatives [8§]
(Fig. 1.). The anticancer potential of this class of condensed
compounds deserves special attention [9]. Among some
of them, a mechanism of biological activity was identified
through the activation of peroxisome proliferator-activated
receptor gamma (PPARY), inhibition of TGFp, and DNA-
binding ability [8, 10]. Accordingly, this study aims at the
synthesis of new functionally substituted thiopyrano[2,3-d]
thiazole derivatives and their biological evaluation as
potential drug-like molecules in modern medicinal chemistry.

Materials and Methods

General Information and Compound 4 Synthesis

Melting points were measured in open capillary tubes
on an IA 9200 Electrothermal melting point apparatus
(Bibby Scientific Limited, Stone, UK) and are uncorrected.
The elemental analyses (C, H, N) were performed using
the FlashSmart CHNS/O analyzer (Thermo Scientific,
Waltham, MA, USA) and were within £0.4% of the the-
oretical values. The 400 MHz-'H and 126 MHz-3C spec-
tra were recorded on Varian Unity Plus 400 (400 MHz)
spectrometer (Varian Inc., Paulo Alto, CA, USA). Chem-
ical shifts (8) are quoted in ppm and coupling constants
(J) are reported in Hz. LC-MS spectra were obtained on
Agilent 1260 Infinity II with single-quadrupole mass-se-
lective detector Agilent 6125 (Agilent Technologies, Santa
Clara, CA, USA). The reaction mixture was monitored
by thin layer chromatography (TLC) using commercial
glass-backed TLC plates (Merck Kieselgel 60 F ). Sol-
vents and reagents (4-aminoantipyrine, CAS number:
83-07-8; maleic anhydride, CAS number: 108-31-6) that
are commercially available were used without further puri-
fication. The 5-(4-methoxybenzylidene)-3-methylthiazoli-
dine-2,4-dithione 3 was prepared according to the method
described in [10].

6-(1,5-Dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-
pyrazol-4-yl)-8-(4-methoxyphenyl)-3-methyl-2-thioxo-
3,4a,7a,8-tetrahydropyrrolof3',4':5,6]thiopyrano[2,3-d]
thiazole-5,7(2H,6H)-dione (4)

A mixture of 4-aminoantipyrine (5 mmol), maleic
anhydride (5 mmol) was heated at reflux for 1 h in AcOH

Anticancer activity
Atamanyuk, D. et al., 2013

Antimicrobial activity
Lozynskyi, A. et al., 2017

(10 mL), and afterward addition of 5-(4-methoxyben-
zylidene)-3-methylthiazolidine-2,4-dithione (5 mmol) and
a catalytic amount of hydroquinone and reflux else for 2 h
(monitored by TLC). The obtained solid product was col-
lected after cooling by filtration and recrystallized from the
mixture DMF: ethanol (1:2).

Yellow crystals, yield: 69%, Rf = 0.81 (ethyl acetate/
benzene: 1/2), mp 229-231 °C (DMF : EtOH). '"H NMR
(400 MHz, DMSO-d6): 6 (ppm) 2.17 (s, 3H, CH,), 3.17,
3.19 (2*s, 3H, CH,), 3.52, 3.54 (2*s, 3H, CH,), 3.74, 3.75
(2*s, 3H, OCH,), 4.38 (dd, 1H, J= 4.3, 8.2 Hz, 7a-H, exo),
4.62 (dd, 1H, J = 4.6, 8.9 Hz, 7a-H, endo), 4.64 (m, 1H,
4a-H, endo), 4.88 (d, J = 8.9 Hz, 4a-H, exo), 4.89 (m, 1H,
4a-H, endo), 4.90 (t, 1H, J = 3.3 Hz, 8-H, endo) 5.02 (d,
J=28.9 Hz, 8-H, exo), 6.91, 6.93 (2*m, 2H, arom.), 7.31,
7.34 (2*m, 5H, arom.), 7.38, 7.53 (2*m, 2H, arom.). 1*C
NMR (126 MHz, DMSO-d,, 6): 9.30, 34.97, 43.75, 44.21,
48.87,49.26, 55.10,99.22, 113.85, 114.01, 124.37, 124.81,
127.25, 128.73, 129.17, 130.12, 152.15, 158.39, 158.50,
159.62, 173.36, 174.37. LCMS (ESI): m/z 565.0 (100.00%,
[M+H]"). Anal. Calc. for C,H,NOS.: C 57.43%; H
4.28%; N 9.92%. Found: C 57.60%; H 4.37%; N 9.81%.

In vitro anticancer assay

The primary anticancer screening was carried out on
roughly sixty human tumor cell lines representing nine
types of neoplastic diseases, following the methodology
outlined by the Drug Evaluation Branch of the National
Cancer Institute in Bethesda [11-14]. The compounds
under investigation were applied to the cultures at a sin-
gle concentration (10—5 M) and incubated for 48 hours.
Growth was assessed using the Sulphorhodamine B (SRB)
protein-binding dye, with results expressed as the percent-
age of growth in treated cells relative to untreated controls.
Measurements were taken spectrophotometrically, compar-
ing treated cells to those not exposed to the test substances.

Molecular and pharmacokinetic properties

The physical properties and adsorption, distribution,
metabolism, elimination, and toxicity (ADMET) param-
eters of (£)-2-((5-(3-(2-fluorophenyl)acryloyl)-4-meth-
ylthiazol-2-yl)amino)isoindoline-1,3-dione was calculated
using the SwissAdme online server of the Swiss Institute of
Bioinformatics [http://www.swissadme.ch/index.php].

Antimicrobial Activity

The synthesized compound 4 was evaluated in vitro
for its antibacterial and antifungal activities using agar dif-
fusion and resazurin-based microdilution assays [15-17].
Dimethyl sulfoxide (DMSO) and vancomycin were used as
controls. Both reference and clinical microbial strains were
tested, with identification confirmed by the MALDI-TOF
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Antitrypanosomal activity
Zelisko, N. et al., 2012

Antivirall activity
Lozynskyi, A. etal., 2016

Fig. 1. Structures of biologically active thiopyranothiazole derivatives
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system (Bruker, Bremen, Germany) and 16S rRNA gene
sequencing. All clinical strains exhibited multidrug-resist-
ant (MDR) or extensively drug-resistant (XDR) profiles
with diverse antibiotic resistance patterns. Raoultella orni-
thinolytica (VIM) harbored the VIM metallo-beta-lacta-
mase gene, conferring resistance to carbapenems. Clinical
Staphylococcus strains b2 and b5 were identified as carriers
of the icaA biofilm formation gene. These clinical strains
were isolated from patients with healthcare-associated
infections in regional hospitals. All experiments were con-
ducted in triplicate to ensure reproducibility.

Results and Discussion

Synthesis of the Title Compound 4

The synthesis of compound 4 was accomplished via
one-pot/two-steps protocol which included the interaction
of the 4-aminoantipyrine 1 with maleic anhydride 2 (reflux
during 1 h, AcOH) at the first stage and with the next
addition of 5-(4-methoxybenzylidene)-3-methylthiazoli-
dine-2,4-dithione 3 and refluxing during 2 h at the second
stage (Fig. 2).

The reaction of 1 and 2 with 5-(4-methoxyben-
zylidene)-3-methylthiazolidine-2,4-dithione proceeded via
hetero-Diels-Alder reaction with moderate diastereoselec-
tivity providing mixtures of endo/exo adducts 4. The ratio
between endo/exo diastereoisomeric pairs of compound 4
(Scheme 1) was calculated from the integration of signals in
the '"H NMR spectra of the crude mixtures. The stereochem-
istry was determined from the coupling constants of the
C-8 protons (rel-4aR,7aR,8R-diastercoisomer J = 3.3 Hz
and rel-4aR,7aR,8S-diastereoisomer J = 8.9 Hz). The stere-
ochemical outcome can be attributed to the transition state
geometry, which determines the trans or cis configuration
of the protons at the C-8 position. Given this limitation and
assuming a concerted mechanism, the reaction can proceed
via either an endo or exo transition state. Each path results
in a specific stereochemical relationship between the pro-
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tons at the C-8 positions of the adducts. Consequently, the
endo pathway yields an all anti-configuration, whereas the
exo pathway produces a syn configuration of the C-8 proton
relative to the other two.

Furthermore, in the *C NMR spectrum of compound
4, the signals of carbon atoms within the carbonyl (C = O)
and thiocarbonyl (C = S) groups were observed at 6
158.3-174.3 ppm.

The molecular ion peak detected at an m/z value of
565.0 [M+H]" in positive ionization mode within the mass
spectrum confirmed the synthesis of the title compound 4.

In vitro evaluation of the anticancer activity of com-
pound 4

Compound 4 was evaluated by the National Can-
cer Institute (NCI) under the Developmental Thera-
peutic Program (DTP) using a single-dose assay (107
M). This evaluation was conducted across a panel of
roughly sixty cancer cell lines, following the standard
NCI protocol previously outlined [11-14]. The synthe-
sized  6-(1,5-dimethyl-3-0x0-2-phenyl-2,3-dihydro-1H-
pyrazol-4-yl)-8-(4-methoxyphenyl)-3-methyl-2-thioxo-
3,4a,7a,8-tetrahydropyrrolo[3',4':5,6]thiopyrano[2,3-d]
thiazole-5,7(2H,6 H)-dione (4) demonstrated moderate
anticancer activity, with an average cell growth inhibi-
tion rate (GP__ ) of 103.32%. Compound 4 demonstrated
its most potent cytotoxic effects against the melanoma
MDA-MB-435 (GP =27.98%), and breast cancer cell lines
HS 578T (GP = 57.81%) (Table 1, Figure S7).

Molecular and pharmacokinetic properties

ADME prediction for the evaluated compound was
performed using the SwissAdme online server [18]. Com-
pound 4 has low gastrointestinal absorption and permeabil-
ity through the blood-brain barrier. According to the results
of the ADME analysis, the following parameters are critical
in evaluating the drug-likeness of compound 4: molecular
weight (564.70), number of heavy atoms (38), number of

S
2) - i
Me 0 S
Me\N 3 S
rll \ NH, + O | MeO
AcOH,

AcOH

%,

hydroquinone

OMe

Mixture of rel-4aR,7aR,8S and
rel-4aR,7aR,8S-stereoisomers (endol/exo)

Fig. 2. Synthesis of target compound 4

Table 1

Anticancer screening data in concentration 10> M

60 Cell Lines Assay in One Dose, 10 pM
Compound o o Most Sensitive Cell Line(s)
Mean Growth, % Range of Growth, % Growth Inhibition Percent!/Line/Panel®
27.98/ MDA-MB-435 /NSCLC
4 103.32 27.98 to 131.01 5781/ HS 578T/BC

! Percent growth (GP%) < 60%.

2 Abbreviations: NSCLC — Non-Small Cell Lung Cancer; BC — Breast Cancer.
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aromatic heavy atoms (22), number of rotatable bonds (4),
number of hydrogen bond acceptors (4), number of hydro-
gen bond donors (0), and consensus log Po/w (3.92). These
parameters are all essential in determining the compound’s
potential as a drug-like molecule. Based on these results,
compound 4 complies with Lipinski's Rule of Five, indicat-
ing that it meets the key criteria for drug-likeness, suggest-
ing that the compound has favourable properties for oral
bioavailability and could be a viable candidate for further
drug development (Table 2). The use of in silico method-
ologies, is crucial in drug development, especially among
heterocyclic compounds, as they help predict interactions,
optimize structure, and enhance the overall drug design
process [19, 20].

In vitro evaluation of the antimicrobial activity of com-
pound 4

The antimicrobial activity of compound 4 was tested on
17 strains, including both Gram-positive and Gram-nega-
tive bacteria as well as yeasts, to cover a broad spectrum
of clinically relevant microorganisms. The selected strains
include Pseudomonas aeruginosa ATCC 10145, Raoultella
ornithinolytica ATCC 31898, Klebsiella pneumoniae
(N216, N215), Pseudomonas aeruginosa (N197, N50),
Raoultella ornithinolytica (VIM), Staphylococcus epider-
midis ATCC 12228, Staphylococcus aureus subsp. aureus
ATCC 25923, Streptococcus agalactiae ATCC 13813,
Limosilactobacillus fermentum, Lactobacillus acidophilus,
Staphylococcus aureus b2 and b5, and yeasts such as Can-
dida albicans ATCC 885-653, Candida guilliermondii N94,
and Candida krusei N71 (Table 3). The selection of these
microorganisms was based on their clinical relevance, with
a focus on drug-resistant strains, as well as their involve-
ment in a variety of infections, ranging from hospital-ac-
quired infections to opportunistic infections caused by

Table 2
Physicochemical and pharmacokinetics properties
of studied compound 4

Physicochemical properties

1 Molecular weight 564.70
2 Num. heavy atoms 38

3 Num. arom. heavy atoms 22

4 Num. rotatable bonds 4

5 Num. H-bond acceptors 4

6 Num. H-bond donors 0

7 Molar Refractivity 154.33
8 TPSA A2 164.10
9 Consensus log Po/w 3.92
10 Lipinski'Rule Yes

Pharmacokinetics

11 GI absorption Low
12 BBB permeant No
13 P-gp substrate No
14 CYP1A2 inhibitor No
15 CYP2C19 inhibitor Yes
16 CYP2C9 inhibitor Yes
17 CYP2D6 inhibitor No
18 CYP3A4 inhibitor Yes
19 Log Kp (SP) (cm/s) (skin permeation) -6.80
20 Bioavailability Score 0.55

yeasts. This diverse group of microorganisms allows for a
comprehensive evaluation of the compound's antimicrobial
potential. The antimicrobial activity was evaluated in terms
of the diameter of the inhibition zone of microbial growth
and minimum inhibitory concentrations (MICs).
Compound 4 demonstrated moderate antimicrobial
activity against both reference and clinical strains, exhib-

Table 3

In vitro antimicrobial activity of compound 4 (zone of growth inhibition at conc. 1 mg/mL after 2448 h)

Zone of Growth Inhibition
Type of Species No. Species of Bacteria and Fungi (mm + SE)
4 DMSO Vancomycin
Reference 1 Pseudomonas aeruginosa ATCC 10145 - - —
strains 2 Raoultella ornithinolytica ATCC 31898 11.8+0.2 - -
. 3 Klebsiella pneumoniae N216 13.5+0.2 — —
Graén —negatlve . 4 Klebsiella pneumoniae N215 9.5+0.2 - -
acteria Clinical -
strains 5 Pseudomonas aeruginosa N 197 — — —
6 Pseudomonas aeruginosa N 50 — — —
7 Raoultella ornithinolytica (VIM) 11.5+0.2 - —
8 Staphylococcus epidermidis ATCC 12228 — - 32+£0.5
9 Staphylococcus aureus subsp. aureus ATCC 6.5+02 _ 32405
Reference 25923
Gram-positive strains 10 Streptococcus agalactiae ATCC 13813 — - ——
bacteria 11 Limosilactobacillus fermentum 10.4+0.2 — ——
12 Lactobacillus acidophilus 10.4+£0.2 — ——
Clinical 13 Staphylococcus aureus b2 7.8+02 | 6.3+04 16.2+£0.2
strains 14 Staphylococcus aureus b5 — - 11.4+0.3
Fungi Re;‘;;‘zgce 15 Candida. albicans ATCC 885-653 104+0.2| 92402 -
Clinical 16 Candida guilliermondii N94 11.5+0.3 — ——
strains 17 Candida krusei N71 - - ——
“~”—no inhibition was observed in the experiment; “——"—not tested; Vancomycin 30 pg (inhibition zone 17-21 mm for S. aureus).
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iting the highest efficacy against clinical strains of Kleb-
siella pneumoniae (N 216 and VIM, with inhibition zones
of 13.5 mm and 11.5 mm, respectively). For Gram-positive
bacteria and yeast, the activity was negligible. Notably, the
compound also showed antimicrobial effects against probi-
otic, non-pathogenic strains of Lactobacillus and Limosi-
lactobacillus (Table 3).

MIC to Klebsiella pneumoniae N216 ta Raoultella
ornithinolytica (VIM) was in the range of 250-500 pg/mL
(< 885.4 uM).

Conclusions. In the present paper, the one-pot/
two-step protocol for the synthesis of thiopyrano[2,3-d]
thiazole derivative is proposed. The title compound was
fully characterized by spectral analysis methods. The
tested compound displayed moderate activity against
melanoma and breast cancer cell lines and moderate
antimicrobial activity against drug-resistant Klebsiella
strains. The synthesized compound 4 exhibits favourable
predicted physicochemical and drug-like properties

SAPMAKOJIOI'IA I <$APMAIIIA

based on in silico analysis and demonstrates promising
antimicrobial activity in vitro. The obtained results
indicate the potential of this compound for further
investigation against antibiotic-resistant microbial
strains and tumors that are unresponsive to conventional
anticancer agents.
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JAJIsA ABTOPIB
«OJIECBKU MEIUYHHUH KYPHAD»

Binomocti npo Buganus

«Onecpkuii MEOUYHUI JKypHam» OylIo 3aCHOBaHO
B 1926 pormi. 3a kinbka pokiB BiH Ha0yB HEaOMIKOTO aBTO-
PHUTETY cepel HayKOBIIB. Y HbOMY JIpyKyBaJll CBOI Iparl
BYeHi, yni iMeHa OyJM BCECBITHBO BiJJOMI BXE TOTO 4acy
a0o sKi 3100ynu BU3HAHHs B MaiiOyTHROMY. Ta 3romom, Ha
nouatky 1930-x pokiB, BUAAHHS XXypHauly OyJ0 IpHIIHU-
HeHo. [Tonosienuii y 1997 poui, BiH 3a KOPOTKHH Yac BiJl-
HOBHB CBIil aBTOPUTET 1 MOCIB YUJIbHE MICIIE Cepell HayKo-
BHMX BHUJIaHb KpaiHU.

3aCHOBHHUKOM i1 BUaBLeM «OAeChbKOTO METUIHOTO KYP-
Hary» € OnecbKuil HalliOHATBHAN MEINYHUN YHIBEPCHUTET.

lonoBHIM pemakToOpoM i3 YaciB BiAHOBIICHHS BHIIYCKY
xKypHaiy € akagemik HAMH Vkpainu, naypear [lepxaBHoi
mpemii Ykpainu B. M. 3anopoxan. J{o cxiany pemakiiitHoi
KOJIETii Ta pelaKmiiHOl pagW BXOIATH BiIOMI BITYH3HSHI
i 3apyOiXHI BUCHI.

«Opecpkuil MeIUYHUN IKypHal» BKJIIOUEHHUH 110
[epenixy HaykoBuX (axoBHX BHIaHb YKpaiHM B Kare-
ropii «A» (ramy3b — MeAMYHI HayKH, CHEIiaJbHOCTI —
221 «Cromaroioristy, 222 «Menuiuaay, 226 «dapma-
uisi, npomucioBa ¢apmanis», 228 «Ileniarpis» (Hakaz
MinicTepcTBa ocBiTm 1 Hayku Ykpaimm Ne 1721 Big
10.12.2024, pomatox 6; JAOCTYm 3a MOCHJIAHHSAM
https://mon.gov.ua/static-objects/mon/uploads/
public/675/c49/0fe/675¢490fea3a6035511617.pdf)

[Mopoky B XypHami IOpyKyeTbcs ONMU3BKO NEB’SHOCTA
cTarei 1 moBiOMIIEHD. BiH HAAXOAUTE 10 HAWBIIOMIIINX
0i0mioTek KpaiHW, BEIMKUX HAYKOBUX LEHTPIB, NECATKIB
HABYANIBHUX 3aK/1a/1iB. FIoro mosBYy riiHo OL[iHEHO 3a MeX-
amu Haioi Kpainu — BiH 3aHeceHuit 1o Index Copernicus,
Ulrich’s Periodicals Directory, BASE-Search, Google
Axanemii, «HaykxoBoi mnepionuku VYkpainum», Scopus
Content Selection and Advisory Board (CSAB) po3ris-
HyJa 3as1BKY )KypHany «O1ecbKOoro MeIMYHOTO Ky PHAITY»
Ta cxBaymia ii st pedepyBaHHS B HAyKOMETpUUHIN 6a3i
Scopus 25.10.2023 p.

VYV cepmHi 2022 poxy HaykoBe BHmaHHA «OmechKuit
MEIUIHAN KYPHAID) OTPUMAIIO TPUMICSIYHY CTUTICHIIIO BiJT
npoekty «Iligrpumka ykpaiacekuM penkonerisim» (SUES —
Support to Ukrainian Editorial Staff). SUES e ininiaruoto
€BPOIICHCHKNX YCTaHOB Ta OpraHizamiid, MeTa SIKUX I10JIs-
rae B MATPUMIII HAyKOBOI CIIJIBHOTH YKpaiHu.

PosmnoBcromkyeThest 3a mepearuiaroro. [lepearmarutu
JKYpHaJI MOXHa B OyAb-SIKOMY II€PEAIUIATHOMY ITyHKTI.
[Mepennnaruuii ingexc — 48717.

XypHan BUXOAUTH LIiCTh pa3iB Ha PiK.

ISSN 2226-2008

DOI 10.54229/2226-2008, 10.32782/2226-2008 (ri0uu-
Hatoun 3 Ne 3 (181) 2022 p.)

MPABWJIA IIJITOTOBKU CTATEM 10 «OJIECBKOI'O MEJJUYHOTI' O KYPHAJIY»

1. B «OnecbkoMy MEIUYHOMY KypHaJI» ITyONIKyIOTHCS
TEOPETHYHI ¥ OIII/IOBI CTATTi, SIKi BiMOOpA’KarOTh BAXKITHBI
JOCSTHEHHSI HAayKH, IMICYMKH 3aBEpLICHHX OPUTiHAIBHHX
KINHIYHAX Ta EKCIePHUMEHTAIBGHUX JOCTIKEHb, OCHOBHI
Ppe3yiBTaTy JUCEepTAifHIX POOIT i3 MEIUIIMHMN, CTOMATOJIOT1
Ta (hapMmarlii, a TaKOX MaTepiay MEMOPIAJILHOTO XapaKTepy.

2. Jlo po3misimy MpUAMArOThCs MPOOJICMHI Ta OpHTi-
HaJIbHI CTATTI 3araIbHUM 00CSIroM 7—15 CTOPIHOK, OTVISIIH —
10 12-20 cTopiHOK.

3. He npuiimMaroTbest cTarTi, ki BxKe OyJIM HaJpyKOBaHi
B IHIIUX BUJIAHHSIX 200 3apOIIOHOBAHI 10 MyOJiKallii Kijb-
KOM BHJAaHHSIM BOJHOYAC, a TAKOX POOOTH, SIKi 332 CBOEIO
CYTHICTIO € TIepepOoOKOr0 OIMyONIiKOBAaHMX paHIIIe cTarei
1 He MICTATH HOBOTO HAyKOBOTO MaTepiasry abo HOBOTO
HAayKOBOTO OCMHMCIICHHSI BXKE BiZIOMOT0 MaTepiay.

4. Y xypHali APYKYIOThCS:

a) pe3yJabTaTH OPUTIHANBHUX AOCITIKEHb Y IPiOPUTET-
HHX HalpsMax PO3BUTKY MEIMYHHX, CTOMATOJOTIYHHX Ta
(hapMaIieBTHYHNX HAYK;

0) pobotu 3 QyHIaMEHTaIbHUX Ta NPUKIAJHUX IPO-
OmeM i3 TakuX chemiaabHOCTeH: 221 — cToMAaTooris,
222 — meauuuHa, 226 — dapmariis, npomMucioBa dapmaris,
228 — nexiarpis:

— IreHEeTHKa Ta NPUKIJIAIHI aCIIEKTH MEMYHOT TeHETHKHY;

—Oio¢isnuni  Ta  MopdoyHKIIOHANBHI  Xapak-
TEPUCTHUKH KIITHH OpPTaHi3My IPH Pi3HUX BHIAX MMATOJIOTi;

— po0oTH 3 HOBITHIX KIITHHHUX TEXHOJIOTIH;
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— HOBITHI pO3pOOKHM B Taiy3i 3arajJbHOI i KIHIYHOT
(hapmakosorii Ta apmarii;

— JOCSITHEHHS B raily3i BUBUCHHS €TIONIOTiT, TaTOreHe3y
Ta JIarHOCTHKU CY4aCHUX 3aXBOPIOBAHb;

— mpo(iTaKTHKa 3aXBOPIOBaHb, IICIUICHHS, 3armodi-
raHHs 0COONMBO HEOE3MEUHNM 3aXBOPIOBAHHSIM;

B) EKCIICPUMEHTAJIbHI JOCTIHKEHHS, OISO, KITiHIYHI
BUIAJIKH, HOBI METO/IY TA TEXHOJIOTI] 3 Cy4aCHUX aKTyaJbHHUX
npo0JIeM CTOMATOJIOT i, MEAMLIMHY, TieAiaTpii Ta Gpapmarii;

r) iHdopmaris, XpoHika, roBinei, marepiaau 3 icropii
HayKH Ta MeJULMHHM, apMalii, croMaToorii, pereHsii.

5. CrarTst HaJCUJIA€ThCS 10 pelakiii B €JIeKTPOHHOMY
BapiaHTi 31 CKaHOM IEpIIOi CTOPIHKM 3 MiANMCAaMH BCiX
aBropiB. CBOiIMHM IignucamMH aBTOPH TapaHTYIOTh, IO
CTATTIO HAIMCAHO 3 JOTPHUMAHHSIM MPaBWI IiATOTOBKH
crateil 10 «OmechbKOro MEAUYHOIO >KYpHAIy», eKCIepH-
MEHTabHI Ta KIiHIYHI TOCHiIKeHHS Oyl BUKOHAHI Bij-
MOBITHO A0 MI>KHAPOJHUX €THUYHUX HOPM HAyKOBHUX JOCIHi-
JDKEeHb, a TAKOK HAJAIOTh PEHAKIIil MpaBo Ha MyOIIiKaIliio
CTaTTi B JKypHAaJ, PO3MIIICHHS 11 Ta MarepiajiB m0a0 Hel
Ha CaifTi )KypHaJy 1 B IHIIKMX JpKepeax.

6. Crarta cynpoBomKyeTbesi ckaHoM (1) Hampas-
JIEHHS [0 penakuii, 3aBi30BaHUM IiINMCOM KepiBHHKA
Ta TICYATKOK YCTAHOBH, JI¢ BUKOHAHO po0oTy, (2) Bimomoc-
TSIMH TIPO aBTOPIB (3 JEKJIApyBaHHAM YJacTi KOXKHOTO aBTOpa
3 JeTaiialli€ro BKIamay y MiIroToBIi cTarTi), (3) mexmapa-
II€0 IONI0 OPHUTIHANBEHOCTI TEKCTY HAYKOBOI CTAaTTi, a Uit
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BITUM3HSHUX aBTOPIB TaKOX (4) eKCHIEPTHUM BHCHOBKOM, 11O
JIO3BOJISIE BIIKPUTY TyOITIKAIiFO.

7. SIKmo y cTarTi BUKOPUCTaHO Marepiaiy, sKi € IHTeIeK-
TYaJILHOIO BIIACHICTIO KIJIKOX OpraHi3alliii i paHiiie He myooi-
KyBaJIHICsI, aBTOP MAa€ OIEpKaTH JO3BUT Ha X MyONiKariro Bif
KOXKHOI 13 IMX OpraHizawiii i Hajicnary Horo pa3oM 3i CTarTero.

8. Tekct npyKyeThcs dYepe3 IMIBTOpa iHTEpBAIy Ha
CTaHAapPTHOMY MAIIMHOIMCHOMY apKylli (IIMpHHA MOJiB:
JBOTO, BEPXHBHOIO Ta HIXKHBOIO — IO 2 CM, IIPAaBOTO —
1 cm) mpudrom Arial (Arial Cyr) abo Times (Times Cyr)
po3mipoM 14 myskTiB. CTOpiHKa TEKCTY TIOBUHHA MiCTHUTH
He Oinbire 30 psaKiB.

9. MoBa crareif — aHIIilichbKa Ta yKpaiHChKa (IlepeBara
BiJIIA€THCSI aHINIOMOBHHM POOOTaM).

10. Marepian crarti Mae OyTH BUKIAJCHUN 33 TaKOIO
CXEMOIO:

a) inmekc YJIK — 371iBa, BiAMMOBITHO O KITFOYOBHX CIIIB;

0) iHimiamm Ta Tpi3BUIIe aBropa  (aBTOpIB),
ORCID ID xoxHoOTO aBTOpa;

B) Ha3Ba CTarTi;

T) IIOBHA Ha3Ba YCTAHOBH (YCTaHOB), JIc BUKOHAHO POOOTY,
MicTo, KpaiHa. SIKIIO aBTOpPIB KiJibKa i BOHU NPALIOIOTh
Y pi3HHX YCTaHOBAX, ToZi He0OXiqHO apabCchKUMU udpaMu
MO3HAYUTH LU(PPOBUI HAIPAIKOBHI 3HAK, IO BiJIOBIIAE
YCTaHOBI, [Ie TIPAIIO€ KOKHUH 3 aBTOPiB; a Ha3Ba yCTaHOBH
Mae OyTH BKa3aHa 3 BIIMOBITHHUM HU(POBUM IO3HAYCH-
HSM, €JIEKTPOHHa anpeca (aapecu), HOMep TenedoHy;

J) JBa pe3loMe: YKpPAlHCHKOI0 MOBOIO 00CSATOM JI0
800 mpyxoBanmx mitep (0,45 CTOpiHKH) Ta aHIIIHCHKOIO
o6csrom 1o 1800 npyxoBanux Jitep (1 cropinka). Pesrome
YKpalHCHKOI0 MOBOIO Ma€ CKJIAJIATHCS 32 TAKOK CXEMOIO:
ingexc YJIK, iHimianu Ta npi3Buiie aBTopa (aBTOpiB), Ha3Ba
CTAaTTi, TEKCT pe3ioMe, KITF0UOBi CII0Ba (He OLIbIe I’ sITh);

¢) MOCTaHOBKa MPOOJIEMH B 3arajbHOMY BUIIAII Ta ii
3B’SI30K i3 BaXJIMBUMU HAyKOBHMH Ta MPAKTUYHHMH 3aB-
JIAHHSIMU;

) GOPMYITIOBaHHS METH CTaTTi (IIOCTAaHOBKA 3aB/IaHHSA);

3) Marepiajii i METOJM JTOCIIJHKEHHS 3 ONHCaMH METO-
IiB DOCIIKEHHS, KUTBKOCTI Ta PO3IOALTY 00’ €KTIB AOCIHi-
JoKeHHs1. Mae OyTH 3a3Ha4eHO JOTPUMaHHS HPUHIUIIIB
ETmunoro kogexcy BeecBiTHROT MeanuHOi1 acomiartii (I'exs-
CIHCBKa JICKJIapallisl) o0 JAOCHTIDKEHb, 0 IKHX JOIy4a-
10Tk Tonelt, abo mpuHIUIiB JupexTrBu €BpONeHchKOTO
Coro3y 2010/10/63 EU miono ekcriepiMEHTIB Ha TBapUHAX;

1) BHUKJIAZ OCHOBHOTO Marepiaiy JOCHiKEHHS 3 TOB-
HUM OOTPYHTYBaHHSM OTPUMaHUX HAyKOBHX Pe3YJIbTaTiB;

K) BUCHOBKH 3 JOCIIKCHHS 1 MEPCHEKTHBH MOHAIb-
LIMX PO3POOOK Y IIbOMY HAIPsIMi;

J) JiTepaTypHi MOCWIAHHS B MOPSAKY iX HHATYBaHHSI
a0o 3a andasitom.

11. Pe3toMe aHIIICHKOI0O MOBOIO Ma€ KOPOTKO IMOBTO-
PIOBATH CTPYKTYPY CTaTTi, BKIIFOYHO 31 BCTYIIOM, METOIO Ta
3aBIAHHAMH, METOIAMH, PE3yJIbTaTaMH, BUCHOBKAaMH, i Mic-
TUTH KJTFOYOBI CJI0Ba. [HIIiau Ta Mpi3BuIle aBTopa (aBTO-
piB) TIOMAIOTECS Y TpaHCIiTepalii, Ha3Ba CTaTTi — y mepe-
KJIa]1i aHIMIHCHKOI0 MOBOO. KITi04OBi ci10Ba # iHIII TEpMiHU
CTaTTi MArOTh BiATIOBIATH 3araIbHONIPUHHITAM MEAUNIHAM
TepMiHaM, HaBeJIEHUM Y CIIOBHMKax. He cimin Bukopucro-
BYBATH CJICHT 1 CKOPOYCHHS, SKi HE € 3aTaJIbHOB)KUBAaHUMH.

12. Ximiuni Ta MaTeMaTW4Hi (OPMYJIH BIPYKOBYIOThH
a6o BmuCyioTh. CTpyKTypHI (hOopMyIH OQOPMIISIOTH SIK
pUcyHKH. Y hopMyliax po3MidarOTh: Mai Ta BEJIHKI JTITEPH
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(BeNMKi MO3HAYAIOTh JIBOMA PHCKaMHU 3HU3Y, Majl — JBOMa
pUCKaMU 3BepXy MPOCTUM OJIBIIEM); JATHHCHKI JIiTEpU
MiAKPECITIOI0Th CHHIM OJIiBIIEM; TPEIbKi — 00BOAATE YEpPBO-
HUM OJIiBIIEM; TiAPSANKOBI Ta HAAPSIAKOBI HU(PH Ta JIiTSpU
MIO3HAYAIOTh JIYTOI0 IPOCTUM OJIiBIIEM.

13. ¥V crartsax ciij BUKOPHCTOBYBaTH MiKHapOaHY
cuctemy onuHuis CI.

14. PuCyHKH 1 MIANHCH 0 HUX BHKOHYIOTH OKPEMO.
Ha 3BopoTHOMY 060I1i KO)KHOTO PHCYHKA IMTPOCTHUM OJiBIIEM
CIIiJT yKa3aTH HOTO0 HOMEp 1 Ha3By CTaTTi, a B pa3i HEOOXi-
HOCTI ITO3HAYUTH BEPX 1 HU3.

15. Tabmuui cnig OpyKyBaTH Ha OKPEMHX CTOPiH-
KaxX, BOHM NOBHMHHI MaTH HyMepalilo Ta Ha3By. Ha nosmsix
PYKOIIHCY HEOOXiJHO BKa3aTH MiCIle PO3MIIIEHHS PUCYH-
KiB 1 Tabmuie. [HopMmaris, HaBeneHa B TaOMHIAX i Ha
pHCYHKaX, HE IOBHHHA JTyOIJIIOBaTHCH.

16. Crnmcox JniTepaTypHUX JDKEpel IOBHHEH MICTHTH
HepetiK mpatp 3a ocTaHHi 10 poKiB i JIuIe B OKPEMHX BUIIA/I-
Kax — Oumpll panHi myOmikauii. B opuriHambHuX poborax
IUTYIOTH He Oibie 20 mxepen, B orsiaax — 1o 60. Ha koxHy
poboTy y COHCKY JiiTepaTrypy Mae OyTH TOCHIAHHA B TEK-
cTi pyxommcy. Jliteparypa y CIMCKY PO3MIIIY€EThCS 3TiITHO
3 TIOPSIIKOM TIOCHJIaHb Ha Hel B TEKCTi CTarTi, SKi ITOIAI0Th
Y KBaJIpaTHUX JyXKaX, a00 3a andasiToM. SIKII0 HABOAATHCSA
POOOTH JIMIIIE OIHOTO aBTOpA, BOHKU PO3MIIIYIOTHCS 33 XPO-
HOJIOTTYHHUM TIOPAAKOM. Jl0 CIIHCKY JIITepaTypHUX JKepell He
CITi/T BKITFOYATH pOOOTH, SIKi IIIe He HAIPyKOBaHi.

17. Crmcok miteparypd O(QOPMITIOETHCS JIATHHUIICIO 32
HIDKYCHABEJICHNMHU CXeMaMH aHIIIIHCHKOI0 MOBOIO 200 TpaH-
ciitepoBani. OopmittoBary ix He0OXiHO 3riHO 31 cTaHap-
ToM National Library of Medicine (NLM) a6o Vancouver style.

Hna 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. AmJ Gastroenterol.
2014;109:S473. doi: 10.1016/S0016-5085(14)60282-1.

[Tpi3BuIa aBTOpiB Ta Ha3Ba XYypHAILY IONAIOTHCS
JIATHHHUILICIO Y TPAHCIITEpallii, Ha3Ba CTaTTi — y MEPEeKIai
aHMIIHChKOI0 MOBOIO. TpaHcnmiTepalito MOXHa 3pOOUTH
aBToMaTHyHO Ha caiti http://ukrlit.org/transliteratsiia.
VY 6i6miorpadidvHOMY MOCHIIaHHI KOXHOTO DKEpela CIij
BKa3aTH BCiX aBTOPIB, BiJOKPEMIIIOIOUN OJIMH BiJl OHOTO
KOMOIO 1 poOinom. IHimiamy BKa3ylOTh Micis Mpi3BHIIA,
3HAaKaMH MyHKTyallii He BiJOKpeMItolThCs. [ToBHI iMeHa
aBTOpIB HE HABOASATHCS. Y BUMAAKy 7 i Oiablne aBTo-
piB CTaBUTHCS MOCHIAHHS “et al.” micis mepmux TPbHOX
npizBum. fAkmo aBropiB 6 i menmre, “et al.” He BUKO-
pucroByeThes. Ilicns meperiky aBTOpiB CTaBIISATh Kparky
i mpo6in. Ha3ea myOmikamii HaBOOUTHCS aHIIIUMICHKOIO
MOBOIO TOBHICTIO, 0€3 ckopoueHb. Ilicist Ha3BH CTATTI
CTaBJISATh Kparky 1 mpo0Oin. Ha3a nmepioqu4HOTrO BHIAAHHS
HABOJIUTHCS aHIIIIICHKOI0O MOBOIO 200 TPaHCITITEPY€ETHCS
CHMBOJIAMH JIATHHCHKOTO ai(aity. J[03BONSETHCS HaBO-
JIUTH 3apeeCTPOBaHI CKOPOUEHHS Ha3BH NEPiOJUIHOTO
BUJAHHS. 3a3BUYail L (oOpMa HAIHCAaHHS CaMOCTIHHO
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NPUHMAETHCA BUIAHHSIM, 1i MOXKHA JI3HATHCS Ha CaWTi
KypHaiy, BunaBHALTBA, Ha caiiti ISSN abo HeoOximHO
HaBOIWUTH HOTO TOBHY Ha3By 0e3 ckopoueHHs. Has3su
BITYM3HAHMX XYPHANIIB CKOpPOYyBaTH He MokHA. [licis
Ha3BH BHUIAHHS CTaBIATH Kpanky i mpoOin. [Hdopma-
Lis [ION0 BHJIAHHI: PIK BHUJIAHHA BiJOKPEMIIIOETHCS
Kpalkor 3 KOMOIO, IOTIM HAaBOAMTHCS HOMEP TOMY,
SKIO HEOOXIZHO, Y KPYIVIMX JYKKaxX BKa3yeTbCcs HOMEp
JKYpHaJy, IMICNs JBOKPANKW HABOIMTHCS [iara3oH CTO-
piHok. Jlms craTTi, IO HAApyKOBaHA HE AHDIIHCHKOIO
MOBOIO, HATIPHKIHIII C(HOPMOBAHOTO MOCHIIAHHS y KPYTIIHX
Iy’)KKaxX BKa3yeThCs MOBa opuTiHamy. JlomarkoBa iHpoOp-
Mariist crocoBHo ctarti — Homepa DOI («DOI: https://doi.
org/...»), PubMed ID, pexum noctymy 10 nepuiomkepena
TOLIO — HABOIUTHCS HANPHKIHII MOCHIaHHA Yy (opmari
aKTUBHOTO rinepnocuianns. Popma mius 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).

[pi3BuIna aBTOPIB MOJAIOTECS Y TPAHCIITEpaLii, Ha3Ba
Tpalli — y mepekiai aHrIiiicbkoro. [0ToBHE B Omicax KOH-
(epeHwiii — Ha3Ba KoH]epeHIii MOBOIO OpHTiHaNy (Tona-
€THCS y TpaHCIiTepaiii, Ko HeMae 11 aHTIHChKOT Ha3BH),
BUAISIETBCS KypCHBOM. Y JY)KKaX HaBOTUTHCS TEpEeKial
Ha3BH aHTIiHicbKOI0. BuxiaHi qaHi (Micie mpoBeieHHs KOH-
¢epeH1ii, Miclie BUJAHHS, PiK, CTOPIHKN) — aHIIIHCHKOIO.

Jna monozpaghiti ma inumiux KHu;coK:

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 MOJAIOTBCS Yy TpaHCHIiTepallii,
Ha3Ba KHIDKKH — y TpaHCIITepamii 3 mepexiagoM aHrIii-
CBKOIO MOBOIO Y KBaJ[paTHUX IyXKax. Miciie BUIAHHS, PiK
BHJAHHA, 3arajibHa KUTBKICTh CTOPIHOK — aHTITIHCHKOIO,
Ha3Ba BU/IaBHULITBA — y TPaHCIiTEpalii.

3ayearcyemo: y CIUCKYy JIATHHUICIO TOTPiOHO 3a3Ha-
YyaTH BCIX aBTOPIB JIITEPAaTypHOTO JKepena, Ha sike Bu
nocunaerecb. TakoX He CIiJi Y HbOMY 3aCTOCOBYBaTH
3HaKW po3nineHHs: // Ta — HasBy /ukepena ()kypHai, KOH-
(epeHtis, KHATA) 3aBKIN BUIUIAIOTH KyPCHBOM.

Hanpukiami smitepaTypHOTO JKeperna moTpiOHO BKazy-
Batu nuppoBuil ineHTudikarop crarti DOI, skmo Takuit
€. JlorpuMaHHS IMX TpaBHUII 3a0€3ME€UYNTh KOPEKTHE BisIO-
Opa’KeHHS IUTOBAaHUX JPKEPENl y OLIBIIOCTI pedepaTHBHAX
HayKOMETPUYHHX 0a3 JaHuX.

18. CkOpOYeHHS CIIiB 1 CJIOBOCIONYYEHb ITOJAOTHCS
Biamosigao g0 ACTY 3582-97 i I'OCT 7.12-93.

st THX, XTO HEe Mae nocTyiy Ao moBHoro Tekety ACTY,
Ha caiiti OechbKoro MeIyHIBEpCUTETY HABECHO IPHKIIAIN
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odopmiteHnst 0i0miorpadiuanx 3amuciB. JlocTynm 3a mocu-
maaHsM http:/libblog.odmu.edu.ua/p/blog-page 8912.html.

19. Jlo mpykoBaHWX MaTepiaiiB, BUKOHAHHUX i3 BUKO-
PUCTaHHSM KOMIT IOTEPHUX TEXHOJOTIH, 000B’S3KOBO
JIOAIOTHCSI MaTepiaii KOMIT FOTepHOTo Habopy Ta rpadiku
B €JIEKTPOHHOMY BUTJISIII.

Tekct Mmoxe OytH Takux ¢opmari: Word for Windows,
RTF (Reach Text Format).

I'padiunmii Marepian ciij noxaBaTH B OKpeMux (aii-
max ¢opmarie XLS, TIFF, WMF a6o CDR. Po3ninpHa
3[aTHICTh MITPUXOBHUX OpHWTiHANIB (Tpadiku, cxemn) Qop-
MmariB TIFF moBunna G6ytm 300-600 dpi B&W, nHarmiB-
ToHOBUX ((ororpadii Ta iH.) — 200-300 dpi Gray Scale
(256 rpanauiii ciporo). lllupruna rpadiuHux OpHUriHaIIB —
5,5,11,5117,5 cm.

20. CrarTi miaAarThCs HAYKOBOMY PElleH3YBaHHIO, 3a
pe3yabTaraMy SIKOTO YXBAIOETHCSI PILICHHS TPO IOLIb-
HicTh myOmikarii po6otn. BigxumeHi crarti He moBepTa-
IOTBCS 1 TOBTOPHO HE PO3TIIAAAIOTHCS.

21. Pemakmis 3amumae 3a cO0OI0 MPaBO pPEAAKIifHOL
TIPaBKH CTaTeH, SKa He CIIOTBOPIOE 1X 3MiCT, 200 TIOBEPHEHHS
CTaTTi aBTOPY IS BUIIPABIICHHSI BUSBICHNX JIe(EKTIB.

22. JlaToro HaJaXOIKEHHS CTaTTi O JKypHalIy BBaka-
€TBCS JICHb OTPUMAaHHs PEAAKIIEI0 OCTaTOYHOIO BapiaHTa
TEKCTY.

23. Ilicna oTpuMaHHS TiATBEPPKEHHS Bifl PeIKoJeTrii
PO TPUHHATTSA CTATTi OO IyOIiKarii HaJaloThCS PEKBi-
3WUTH IS CIUTATH Iy OITiKaIiitHoro BHecKy. BapTicTs my0Omi-
katii cranoBuTh 2000 TpuBeHb (3a 12 cTOpPiHOK). 32 KOXKHY
JTOJIATKOBY CTOPIHKY HEOOXiTHO JOAATH IO IMyOTiKaIiHHOTO
BHecky 40 rpuBeHb. [lyOmikamiiiHMHi BHECOK HOKPHBAE
BUTpaTH, NIOB’sI3aHi 3 KOPEKTYPOIO 1 pelaryBaHHsIM cTarei,
MaKeTyBaHHSM JKYPHaJly Ta PO3MIIIEHHSM HOTO eJIeKTpo-
HHOI Bepcii. 3a OaxaHHSM aBTOP CTAaTTi MOXKE 3aMOBHTHU
co0i IpyKoBaHMA TIPUMIPHHUK XypHaITy. BapTicTs npykoBa-
HorO puMipHUKa — 800 TpUBEHB, SKi HEOOXITHO CIUTATHTH
JIONIaTKOBO 10 ITyOriKamiifHoro BHecKy. IlinTBepmkeHHS
MPOBENEHOI OIUTaTH (BiJICKAHOBaHY KBHTAHIIIO abo T1i
(ororpadiro) aBTOp HAJICKIIAE B €IEKTPOHHOMY BUIIISI Ha
e-mail omj@onmedu.od.ua.

24. Penakuist «OnechKoro MeIM4YHOTO XKypHaIy»: Baii-
XOBCBKHH TPOB., 2, pekropar OaechKOro HaIioHaIEHOTO
MeINYHOTO yHiBepcuteTy, M. Oneca, 65082, Ykpaina,

e-mail: redkolehiaOMJ@onmedu.edu.ua

BinmosinaneHi cekperapi xypHaimy — JoneHT [ pekoBa
Anna, ten.: +38 (097) 938 30 52, nonent FOpuenko Ipuna,
ten.: +38 (050) 815 53 05

KonraktHa ocoba (BupaBHmumii gim  «lenbBe-
TKa») — Jlemuenko Xpuctuna, Ten.: +380 (93) 035 42 60;
e-mail: omj@onmedu.od.ua

HayxoBwuit pexakrop — ArToHeHko Ilerpo, Tem.: +380
(97) 587 56 36

Cropinku kypHamy: journal.odmu.edu.ua, journals.
onmedu.od.ua/index.php/med/home

25. Crarrti, W0 HE BIINOBINAIOTH UM IpaBUIIAM,
He posmisfarotbes. llepenpyk crareid MOXIMBHUHN JIUIIE
3 MUCHMOBOT 30X PEAAKIIIT Ta 3 MOCHIAHHIM Ha JKypHAJL.

Cepeoniti uac ouixyeanns nyonixayii (Bim AHA momadi
JI0 THS myOmikarii) — 2—8 micsmiB (3aIeXHO Bi (aKTHIHOT
KUTBKOCTI TIONAHWX aBTOpaMH MyONiKaIiif y KOHKpEeTHHH
BHUITYCK).
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Honatox no [IpaBui miAroTOBKU CTaTei
10 «OnechbKOro MEANYHOTO JKYPHAITY»

JEKJIAPALIA
II0J0 OPUTiHATBHOCTI TEKCTY HAYKOBOI CTATTI

S(vm), (IL.LB. agmopa a6o agmopie — 3a3Hauaromsca
6ci aemopu Haykoeoi cmammi), JIEKIapyro(€MO), IO
y CTarTi (Ha36a HAYK06oi cmammi) HASIBHUIA OPUTIHAIb-
HUH TEKCT, OTPUMAHUH y pe3yNbTari BIACHUX JOCIIIKCHb
(KJIIHIYHUX CIIOCTEPEXEHb), Gi0cymHi HEKOPEKTHI LIUTY-
BaHHS, 3alIO3MYCHHS 1HIIIOTO TEKCTY, BiIOMOCTI, ependa-
yedi cT. 32 Ta 69 3akony Ykpaiau «IIpo BHIILy OCBITY».

3asBisro(eMo), 0 Mos(Hala) HaykoBa poOOTa BHKO-
HaHa CAMOCTIHWHO i B Hill HE MICTATHCS €TIEMEHTH ITariary.

Yci 3ano3uyeHHs 3 IPYKOBAaHHUX Ta €NEKTPOHHUX JDKe-
pell, a TaKoX 13 3aXUIIEHUX paHillle HayKOBUX POOIT, KaH-
JMUIATCHKUX 1 JOKTOPCHKHUX JUCEPTAIliif MAIOTh BiAMOBIIHI
HOCHJIAHHSI.

S(mu) o3naiiomienuii(i) 3 ynHHUM [lonoXKeHHSM PO
BUSIBJICHHSI aKaJIeMIYHOTO IIIariary, 3riJHO 3 SIKUM HasB-
HICTh IUIariaTy € MiJICTABOX0 JUIS BiIMOBU NPUHHITTS
HayKOBOI CTaTTi /10 ONMyOJIIKyBaHHS B HayKOBOMY XypHaJi
OnechbKOro HaliOHAIBHOTO MEMYHOTO YHIBEPCHTETY.

Jara HMignuc(u)

Hpumitku: 1. YV [dexnapanii moBuHHI OyTH migmucu
BCIX aBTOpIB HAyKOBOi CTAaTTi, SIKi MalOTh OyTH 3acBig4eHi
YCTaHOBOIO, JI€ BOHU NPALIOIOTb.

2. SIKIo aBTOpM CTATTi € CHIBIPAl[iBHUKAMH Pi3HUX
yCTaHOB, TO Jlexiapaliis moOBUHHA OyTH 3 KOKHOI yCTaHOBH.

MHOPAJOK PELHIEH3YBAHHS
PYKONHUCIB HAYKOBUX CTaTei, AKi HAAXOAATH MJIs1 MyOmikanii
a0 penakuii «OnecbKoro MeAN4YHOro ;KypHaIy»

HayxkoBi crarTi, siki HagxomsaTh s myOmikamii 0
penakiii «Omechbkoro MeIMYHOTO JKYpHAy», MiJUIsTaroTh
PEICH3YBaHHIO. 3aBIaHHIM PELCH3YBaHHS € MAKCUMAIILHO
00’€KTHBHA OI[iHKA 3MICTy HAyKOBOi CTarTi, II BiAIOBiM-
HOCTI BUMOTaM >KypHaiy, aHaji3 ii mepeBar Ta HEJOJNIKIB,
BUHECCHHS KOHKPETHHX PEKOMEHIAIH momo i BIOCKOHA-
neHHs. BimnoBimanbHUil cexperap JKypHany HpPOBOIHUTH
TIOTIepEeIHIN aHami3 cTarei, IO HAMINILIM 0 pemaKIii,
iXHIO BiOBITHICTD TEMATHUIll Ta CIeEIiali3amii )KypHay.
Peren3enTiB mpu3HAYa€e TOJOBHUI pemakTop >KypHAIy.
B okpemux BHIMaAKax 3a pIllICHHSM TOJIOBHOTO pelakTopa
MpU3HaUCHHs perieH3eHTa(iB) Moxe OyTH TOpydeHEe WICHY
penakiiiiHoi KoJerii a0o BUpIlICHE HA 3acCiIaHHI peaaKiii-
HOI KoJjierii.

Penien3eHTaMu KypHaIy € DOCBiaueHi (axiBIi — JOK-
TOPH HAYK, WICHH PEIKOJICTI1 )KypHAITY Ta OTro peakIiiitHO1
pamu. Y pasi HoTpedu peakilis 3aIydae 10 pelicH3yBaHHS
CTOPOHHIX (axiBIliB. PerieH3eHTH MarOTh BiAMIOBIIaTH KBa-
ni¢ikaniitanM BuMoram 3rigHo 3 Hakazom MOH VYkpaian
Bim 15.01.2018 Ne 32. HaykoBi cTarTi, 110 HATIWIUTKA 1O
JKYpHaITy, CIPSIMOBYIOTHCSI Ha PELCH3II0 OTHOMY peEliCH-
3€HTY, 32 HEOOXIIHOCTI — ABOM pereH3eHTam. s Bcix
CTaTel, 10 HAXOAATH 10 JKYPHAIy, BU3HAYAEThCS PIBEHb
1XHBO1 YHIKQJIBHOCTI 32 IoTIoMOror0 CHCTEMH TPOTpaMHO-
obumcoBanbHOro Komiuiekey Strikeplagiarism.com.

Ilig dvac pereH3yBaHHS OI[IHIOIOTHCS BiAMOBIIHICT
CTaTTi TEMaTHUL )KypHaTy Ta ii Ha3Bi, aKTyaJIbHICTh 1 HAYKO-
BUI piBEHb, II€peBaru i HEOMIKH, BiJIIOBIIHICTE 0pOpM-
JICHHS CTaTTi BEMOTraM penakiiii. HampukiHii poOUThCs
BHCHOBOK TIPO JIOULIBHICTD ITyOmiKaii.

Penien3yBaHHs MPOBOAUTHCSA KOH(IACHIIIHO 3a PUH-
[UTIOM TIOJBIITHOTO «CIIMOT0Y» pereH3yBaHHS (aHiI aBTOp,
aHi perersedT He 3Ha1oTh [1.I.B. omHe omHOrO). Pernensis
HAJA€THCS aBTOPY CTATTi Ha HOTO 3amuT Oe3 MiAMUCY, BKa-
3IBKM Tpi3BHINA, IMOCAmM 1 Micusg poOOTH pereH3eHTa.
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B okpemux Bumnagkax Ha MpOXaHHsI PEliCH3EHTa Ta 3a Y3ro-
JOKEHHSIM 13 PelaKI[iifHOI0 KOJIETIEI0 JXypHATy B3a€MOIIs
pelieH3eHTa Ta aBTOpa MOXE BiOyBaTHCh Y BIIKPUTOMY
pexxumi. Taka NMpakTHKa 3aCTOCOBYETBHCS JIMIIE B TOMY
BUIIAQJIKY, SKIIO BiIKPUTA B3a€MOJis 3a0¢3MEYUTH MOJII-
IIEHHS BHKJIQIy Marepiasly poOOTH, IO PpEIeH3YETHCS.
3a3BHUy4ail pereH3eHT POOUTH BUCHOBOK IIO/I0 MOXIIBOCTI
myOmikarii crarti npotsrom 14 mi6.

SIKIIo pereH3eHT peKOMEH Y€ BUIIPaBUTH ab0 J00Tpa-
IIIOBATH CTATTIO, PEAKIIis BIATIPABIISE aBTOPY TEKCT PEICH-
311 11 BHeceHHS B poOoTy BigmoBigHux 3MmiH. CrarTi,
BiJicTaHi aBTOpaM Ha BHUIIPABJICHHS, CIIiJ] TTOBEPHYTH IO
penakuii He Mi3Hille HiX Yepe3 CiM JHIB Micis OJep>KaHHS.
KopekTtypu aBropaMm He BHUCHJIAIOTBCS, MPOTE SIKIIO Ie HE
nopy1uye rpadik BUXOLy *KypHally, MOXIJIUBE HaJIlaHHS Tpe-
MIPUHTY, Y SIKOMY JAOITyCTUME BUITPABICHHS JIMIIE TOMUIIOK
Habopy 1 dakTaxy.

ABTOpY, CTaTT SIKOTO He OyIna MpuiHATa 10 ImyOiKarii,
Ha HOT0 3aIuT BiANIPABIIETHCS. MOTHBOBaHA BiiMOBa. Pyko-
TIAC CTATTi HE MOBEPTAETHCAL.

SIkmo aBTOp HE 3TOACH i3 AYMKOIO pEIeH3eHTa, BiH
MOXE JaTH MOTHBOBAHY BiIIOBI/Ib.

V pa3i motpebu 3a MOTOMKESHHSAM 3 aBTOPOM MOKe OyTH
IPOBEJICHO JIOATKOBE PELEH3yBaHHSA PYKOIUCY IHIINM
(haxiBiem.

Ocrato4He pillleHHs PO MyOiKalito cTarTi Ta i Tep-
MIHM TIpUMa€e peakiliiiHa KoJeris.

B okpeMux BHIa/ikax 3a HasBHOCTI TIO3UTHUBHOI pelieH-
3ii MO)KiIMBa IyOJiKamisi cTarTi 3a pilICHHSIM TOJOBHOTO
penaxropa abo HOro 3aCTyIHHUKA.

[Micns yxBameHHsI pimieHHS TPO ITyOINKaIio CTaTTi
penaxiis iHpopMye Ipo Iie aBTOpa 3 YKa3aHHAM TEPMiHY
myOITiKarii.

Opurinany perensiit 30epiratoTbcs B pemakiiii mpots-
roM | poky.
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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
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novel methods and technologies on current issues of den-
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that the article meets all the requirements of the manual of
the article style for “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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(depending on the actual number of publications submitted
by authors to a definite issue).

115



Addition to the Manual of Article Style
for “Odes’kij Medi¢nij Zurnal”

DECLARATION
on Originality of the Text of the Scientific Article

I(we) (name, first name and patrymonic of the author
or authors (all authors of the scientific article are indi-
cated) declare that in (the name of the scientific article)
the available text, obtained as a result of own researches
(clinical investigations) is original, improper quotings,
borrowings of other text, or information given in the sec-
tion 32 and 69 of the Law of Ukraine “On Higher Educa-
tion” absent.

I(we) declare that my scientific study is executed inde-
pendently, and has no plagiarism elements.

All borrowings from the printing and electronic sources,
as well as from defended before scientific studies, candi-
date’s and doctoral dissertations have the proper references.

I’'m(we are) acquainted with the current regulation
about detecting academic plagiarism, according to which
the detecting of plagiarism is the reason for the refusal of
scientific article publication in the scientific journals of the
Odesa National Medical University.

Date Signature(s)

Notes: 1. The signatures of all authors of scientific arti-
cle, which are to be sertified by establishment where they
work, must be in Declaration.

2. If authors of the article are employees of different
establishments, Declaration must be provided from every
establishment.

MANUSCRIPTS REVIEWING ORDER

Scientific articles submitted to “Odes’kij medic¢nij Zur-
nal” (“Odesa Medical Journal”) need reviewing. The task
of reviewing is the most objective assessment of the con-
tent of the scientific article, its compliance with the require-
ments of the Journal, analysis of its advantages and dis-
advantages, making specific recommendations for its
improvement. The executive secretary of the Journal con-
ducts a preliminary analysis of the articles received by the
editors, their relevance to the subject and specialization of
the Journal. The reviewers are appointed by the editor-in-
chief of the Journal. In some cases, by the decision of the
editorin-chief, the appointment of the reviewer (s) may be
entrusted to a member of the editorial board or decided at
the meeting of the editorial board.

The reviewers of the Journal are experienced special-
ists — doctors of sciences, members of the editorial board
and editorial council of the Journal. If necessary the editors
invite external experts for cooperation. The reviewers must
meet the qualification requirements in accordance with the
Order of the Ministry of Education and Science of Ukraine
dated 15.01.2018 No 32. The scientific articles submitted
to the Journal are sent for review to one reviewer, if nece-
ssary — to two reviewers. For all articles submitted to the
Journal, the level of their uniqueness is determined using
the programming and computing suite Strikeplagiarism.
com. The reviews should estimate if the article corresponds
to the subject of the Journal and its title, actuality and sci-
entific level, advantages and disadvantages, correspondence
of the article style to the editorial requirements. The conclu-
sion about advisability of publication is drawn at the end.

Reviewing is conducted confidentially by the principle
of double “blind” reviewing (neither the author nor the
reviewer know each other’s names). The review is provided
to the author of the article at his request without a signa-
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ture, indication of the name, position and place of work of
the reviewer. In some cases, at the request of the reviewer
and in agreement with the editorial board of the Journal, the
interaction of the reviewer and the author may take place
in an open mode. This practice is used only if open inter-
action will improve the presentation of the peer-reviewed
work. Usually the reviewer concludes that the article can
be published within 14 days.

If the reviewer recommends to correct or complete the
article, the editorial staff sends the review text to the author
for inserting proper changes in. The articles submitted to
authors for correction should be returned to the editors
no later than seven days after receipt. Proofreaders are not
sent to the authors, but if this does not disturb the schedule
of the Journal, it is possible to provide a preprint in which
it is permissible to correct only typing and factual errors.

The author, whose article was not submitted to the
publication, is sent a reasonable refuse on his demand.
The manuscript is not returned.

If the author does not agree with a reviewer’s point of
view, he can give him a reasonable answer.

In case of necessity an additional reading of manuscript
by another specialist can be carried out on agreement with
the author.

A final decision about the publication of the article and
its terms is made by the editorial board.

Sometimes in case of a positive review the article can
be published after the editor-in-chief’s or vice-editor-in-
chief’s decision.

After approval of the article publication the editorial
staff informs the author about it with indicating the term
of publication.

Originals of reviews are kept in the editorial during
1 year.
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