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FEATURES OF CEREBRAL ENERGY METABOLISM IN CHRONIC ARTERIAL
HYPERTENSION AND UNDER CORRECTION WITH BETA-BLOCKERS
OF DIFFERENT GENERATIONS

Zaporizhzhia State Medical and Pharmaceutical University, Zaporizhzhia, Ukraine
UDC 616.831-008.9:577.121.7:616.12-008.331.1-085.225]-092.9

A. O. Svitlytskyi, O. V. Hancheva, T. A. Hrekova, O. M. Kuchkovskyi, T. M. Matvieishyna

FEATURES OF CEREBRAL ENERGY METABOLISM IN CHRONIC ARTERIAL HYPERTENSION AND UNDER
CORRECTION WITH BETA-BLOCKERS OF DIFFERENT GENERATIONS

Zaporizhzhia State Medical and Pharmaceutical University, Zaporizhzhia, Ukraine

Given the high prevalence of arterial hypertension in the world and in our country in particular, as well as the tendency to increase in the
number of younger patients, it becomes important to examine in greater depth the characteristic alterations in organs and tissues that occur
under prolonged blood pressure elevation and pathogenetic treatment.

The aim of the study is to examine the characteristic changes in neuronal parameters related to energy metabolism in animals with
spontaneous arterial hypertension and in correction with beta-blockers of different generations.

Materials and methods. The study involved 40 male rats with spontaneous arterial hypertension (SHR) and 10 normotensive control
normotensive Wistar-Kyoto rats (WKR). The animals were divided into 5 experimental groups of 10 rats each. Different groups of experimental
animals with spontaneous arterial hypertension were administered propranolol, carvedilol, and hypertril in therapeutic doses (groups 3, 4 and
5). In the experimental study, massometric, biochemical and statistical methods were used. The levels of ATP, malate, COX, and mitochondrial
enzymes in animal brain homogenates were studied biochemically.

Results. In groups of rats that received beta-blockers with different properties (groups 3, 4 and 5), blood pressure was quickly stabilized
to target values. Propranolol has showed a negative effect on both the content of ATP and malate as compared to the SHR results. Carvedilol
has not changed the total pool of macroergic compounds ATP and malate concentrations, leaving the values at the levels of hypertensive rats.
Both beta-blockers have shown no significant differences in the reduced activity of COX, mt-AsT and mt-CK. The hypertril administration
has helped to completely restore the ATP and malate production, mt-AsT and mt-CK activity to normative values along with partially restored
COX, in particular, the activity of mt-AsT and mt-CK enzymes was increased as compared to the SHR values.

Keywords: arterial hypertension, energy metabolism, beta-blockers, hippocampus, SHR.

YIK 616.831-008.9:577.121.7:616.12-008.331.1-085.225]-092.9

A. O. Cpitiuubkuii, O. B. I'anuesa, T. A. I'pexoBa, O. M. KyukoBcbkuid, T. M. MaTBeiimuna

OCOBJUBOCTI HEPEBPAJIBHOTO EHEPTOOEMIHY ITPA TPUBAJITIA APTEPIAJIGHIN T'TITEPTEH3II TA
3A YMOB KOPEKIIII SS-BJIOKATOPAMM PI3HUX IMMOKOJITHB

3anopizvkuii depacagnuil meouko-gapmayesmuynuil ynisepcumem, 3anopisicoca, Yrpaina

[poBoxunack omiHKa cTaHy HepedparbHOrO eHeprooOMiHy B yMOBAX apTepiasibHOI TinepTeHsii Ta TpUBaIoro JikyBaHHs -01okaTtopamu
PI3HUX MOKOMiHB. Pi3HUM Tpynam ekcriepuMeHTaJbHUX TBApHH 31 CIOHTAHHOIO apTePiabHOIO TIEPTEH3IEI0 BBOAMIN aHATIPUIIiH, KapBeIU-
JI0JI Ta TilePTPHUJI y TepalleBTHYHUX 103aX. BioXiMIYHO JOCIIKYBaIN MOKa3HUKK SHEProoOMiHy B TOMOr€HaTax rOJIOBHOTO MO3KY TBapHH.
BcraHoBneHo, 0 apTepialibHa TilepTeHs3is CyNpOBOKYETHCS 3HAYHUM €HEpPreTUIHUM Ie(inuToM. TprBaia KOPEKIis MiBUIIEHOTO TUCKY
QHATIPHIIHOM a00 KapBEAHJIONOM He Ja€ TIO3MTHBHOTO BIUIMBY Ha €HEpro3abe3NedeHHs HEPBOBHX KIITHH, BBEICHHS TiMEPTPHIY CIpHseE
[IOBHOMY Bi/JHOBJICHHIO NTOKA3HUKIB EHEProOOMiHY /10 PiBHSI HOPMOTCH3UBHHX TBAaPHH.

Kitro4oBi ciioBa: aprepiaibHa rinepreHsis, eHepreTHIHui ooMiH, B-Omoxaropw, rimokami, urypu SHR.
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TEOPIA TA EKCIHEPHUMEHT

Introduction

Hypertensive disease (HD) is currently one of the most
common cardiovascular diseases. According to the WHO
study results, over 1.28 billion adults aged 30-79 years are
affected by HD worldwide, and the number is progressively
growing [1]. In 2019, the mean age-standardized prevalence
of HD among adults aged 30—79 years was 34% in men and
32% in women [2].

The disease progression results in target organ damage
with significant complications, such as retinopathy, chronic
heart failure, myocardial infarction, that is characteristic of
hypertension pathogenesis [3]. The brain is among the first
organs affected by elevated blood pressure (BP) [4]. The
chronic hypertension-mediated cascade of functional and
morphological changes in brain structures is manifested
by microaneurysms, atherosclerotic changes, vascular
remodeling, white matter damage (demyelination and
lacunar lesions), eventually leading to the development of
vascular dementia or stroke [5]. From a clinical standpoint,
an important attribute of brain damage in HD is a long
asymptomatic period or minor cognitive and memory
disorders in the initial period.

Viewed in pathogenetic way, damage to the brain in HD
primarily results from alterations in the small peripheral
vascular walls and ischemia, giving rise to destructive
processes that are caused by an imbalance between intensive
energy metabolism with a high brain tissue demand for
oxygen and glucose as well as blood supply impairments
[6]. Glucose is the main metabolic substrate to meet high
brain energy requirements due to its easy transport across
the blood-brain barrier (BBB) into neurons. Glucose is
converted to pyruvate during aerobic glycolysis, which
is further irreversibly transformed to acetyl-coenzyme A
regulated by the pyruvate dehydrogenase complex. Acetyl-
coenzyme A, in turn, reacts to begin the tricarboxylic acid
cycle, providing the production of reducing equivalents
required for oxidative phosphorylation and ATP generation.
Accordingly, inadequate oxygen and glucose supply to
brain tissue mediates energy deficit worsening due to the
processes mentioned above [7].

Energy deficiency due to impaired ATP-producing
mitochondrial function initiates mechanisms of chronic
excitotoxicity which is maintained for a long time owing
to excessive calcium influx into neurons and the induction
of cascade intracellular neurodegenerative reactions.
Decreased activity of ATP-dependent enzymes (Nat/
K+-ATPases), which maintain the cell membrane potential,
is a key point to cell depolarization and attenuation of the
NMDA receptor blockage by magnesium even at normal
concentrations and activity of excitatory amino acids [8].

A principal component of excitotoxicity in the ischemic
brain is considered to be insufficient astrocyte glutamate
uptake, which entails its high extracellular concentrations,
while a high density of NMDA and non-NMDA receptors
in neurons and oligodendrocytes makes them extremely
sensitive to glutamate. Excitotoxicity contributes to
neuronal cell death through energy depletion (due to
Na" extrusion after mediated influx into the channel)
in combination with calcium-mediated mitochondrial
damage and generation of reactive oxygen species (ROS).
This mechanism is responsible for neuronal death in

Alzheimer’s disease and other neurodegenerative processes
accompanied by cerebral ischemia [9].

The association between the occurrence of energy
deficiency in brain tissues and arterial hypertension (AH)
provokes the question as to how the treatment of this disease
affects the energy production processes in neurons. This
is especially true for beta-blockers, which are considered
valuable agents and first-line therapy for AH management
[10]. Of note, notwithstanding a decade-long use in various
treatment regimens, insights into the effect of beta-blockers on
the neuronal energy homeostasis remain imperfect [11; 12].

The aim of the study is to examine the characteristic
changesinneuronal parametersrelated to energy metabolism
in animals with spontaneous arterial hypertension and in
correction with beta-blockers of different generations.

Materials and methods

The studies used 8-month-old 40 male second
generation spontaneously hypertensive rats (SHRs) with
an original weight of 280-300 g and 10 normotensive
control age-matched male Wistar-Kyoto rats (WKRs)
with a mean weight of 200-220 g (8-month-old). BP (BP
systolic/BP diastolic) values in SHRs were within a range
of 178.1 + 2.61/96.5 £ 2.51 mm Hg, while the control
values were 118.1 £ 10.9/66.9 = 2.1 mm Hg. Experimental
studies were carried out on the basis of the Educational and
Scientific Medical Laboratory Center with a vivarium of
Zaporizhzhia State Medical and Pharmaceutical University
strictly according to Ukrainian National Standard “General
Ethical Principles for Animal Experiments” (Ukraine,
2001) aligned with the Council Directive 2010/63EU
provisions of Directive 2010/63/EU of the European
Parliament and the Council of 22 September 2010 on the
protection of animals used for scientific purposes. The
Bioethics Commission of Zaporizhzhia State Medical and
Pharmaceutical University of the Ministry of Health of
Ukraine has not found any violations of moral and ethical
norms in conducting scientific research (Protocol No. 2,
March 15, 2023).

The present study was carried out within the framework
of the dissertation entitled “Pathogenctic Features of
Morphofunctional Alterations of the Hippocampus in
Essential Arterial Hypertension and its Correction with
B-Blockers of Different Classes”, which was approved at
the meeting of the Department of Pathological Physiology
with the Course of Normal Physiology, Zaporizhzhia State
Medical and Pharmaceutical University (Protocol No. 9,
March 30, 2023).

The experimental study plan involved a set of parallel
instrumental, functional, and statistical methods and
included body weight measurements and BP monitoring
using a non-invasive BP analyzer BP-2000 Blood Pressure
Analysis System™, Series II (Visitech Systems, USA) when
forming groups, on the 7™ day and before the experimental
animal sacrifice (on the 31 day).

The animals were assigned to 5 experimental groups
of 10 rats each. Group 1 (control) — normotensive WKRs
(normotensive Wistar-Kyoto rats). Group 2 — spontaneously
hypertensive rats (SHRs). SHR groups 3, 4 and 5 were
given one of beta-blocker test drugs orally with 1% starch
mucilage daily for 30 days: group 3 — daily for 30 days:
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group 3 — propranolol (“Anaprilin-Zdorovya”, “Zdorovya
Pharmaceutical Company”, Ukraine), non-selective betal,
beta2-blocker, lipophilic with high neuroavailability)
at a dose of 50 mg/kg of animal body weight; group
4 — carvedilol (“Carvedilol-KV”, JSC “Kyiv Vitamin Plant
JSC”, Ukraine), mixed alphal, betal, beta2, hybrid alpha-
beta — adrenoblocker with antioxidant activity, at a dose
of 50 mg/kg body weight; group 5 — hypertril (bromide
1-(b-phenylethyl)-4-amino-1,2 4-triazolium, LLC “SPA
“Pharmatron”, Ukraine), superselective beta-adrenoblocker
with NO-modeling effect, at a dose of 20 mg/kg body weight.

At the end of the experiment, the animals were
sacrificed by single-stage decapitation under anesthesia
(thiopental sodium 40 mg/kg intraperitoneally). The brains
were washed with ice-cold 0.15M KCI (4°C) 1:10 and
homogenized using a Potter-Elvehjem homogenizer (DWK
Life Sciences, GmbH, Germany) at a temperature of +2°C
in ten volumes of a medium, which consisted of (mmol):
sucrose — 250, Tris-HCI buffer — 20, EDTA-1 (pH 7.4). Ata
temperature of +4°C, large cell fragments were isolated by
differential centrifugation on a Sigma 3-30k refrigerated
centrifuge (Germany) for 7 minutes at 1000 x g, and then
the supernatant was removed and centrifuged again for
20 minutes at 17.000 x g. The supernatant was removed
completely and stored at -80°C.

The mitochondrial pellet was resuspended in isolation
medium containing bovine serum albumin (0.5 mg/ml, the
suspension contained 40-60 mg protein/ml) and pelleted
again for 10 minutes at 17.000 x g. The mitochondrial
samples were kept frozen at -80°C until the time of
analysis. A suspension of 0.5-1.0 mg protein/ml was
used to determine the opening rate of the mitochondrial
permeability transition pore (mPTP). A protein-free extract
was obtained by adding a precise volume of mitochondrial
suspension, cytosol to perchloric acid (0.6M) followed
by neutralization with 5.0M potassium carbonate. The
specificity of energy metabolism changes was identified by
ATP concentrations based on thin-layer chromatography,
malate content — using the Hohorst method, mitochondrial
creatine kinase (mt-CK) activity — after purification
via DEAE Sephadex A50 by the Warburg optical test,
mitochondrial aspartate aminotransferase (mt-AsT) and
cytochrome C oxidase (COX) in the obtained mitochondrial
fraction — through spectrophotometry [13].

The normality of variables was assessed with the
Kolmogorov—Smirnov (D) test with Lilliefors correction
and Shapiro—Wilk (W) criteria. In case of non-normal
distribution or analysis of ordinal variables, Mann—Whitney
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U tests were applied for 2 unrelated samples; for a larger
number of samples — the Kruskal-Wallis H and Friedman
tests followed by post-hoc analysis by Games—Howell or
Tukey. The Wilcoxon test was used to compare groups
before and after the drug administrations. The chi-square
test was utilized to compare qualitative characteristics
between groups with a contingency table analysis. The
study results were processed using the statistical package
“SPSS 16, “Microsoft Excel 2003”, “STATISTICA® for
Windows 7.0” (StatSoft Inc.). A p-value of less than 0.05
was considered statistically significant for all calculations.

Results and discussion

Biochemical analyses have shown an association
between brain energy deficit and chronic AH, as evidenced
by depleted amounts of ATP and the Krebs cycle
intermediate malate (Table 1).

Based on the findings, a collapse in the macroergic
compounds represented by a significant decrease in ATP by
26.8% and malate by 28.9% has been revealed in animals
with spontaneous AH (Table 1).

In this regard, a clear parallelism between decreased
levels of energy metabolism substrates and suppressed
activity of mitochondrial enzymes regulating the
mitochondrial-cytosolic transport of electrons and protons
has been shown. Chronic AH in SHRs has been found to
cause a more than twofold reduced neuronal activity of
mt-CK, COX and mt-AsT (Table 2).

Pharmacological correction of AH by administration
of beta-blockers from different generations has resulted
in reliably stabilized BP to 110.0 + 2.882/72.3 + 1.8 mm
Hg after propranolol administration, 109.6 £ 1.82/71.7 +
2.1 mm Hg — after carvedilol, and to 110.4 £2.12/69.5 £
1.7 mm Hg after using hypertril. As expected, the results
have confirmed a high effectiveness of these medications
for normalizing AH.

Propranolol and carvedilol have been found to exert
more mixed effects on the neuronal bioenergetics. It is also
noteworthy the absence of a positive effect after long-term
administration of both drugs compared to normotensive
control. Indicatively, the amounts of ATP and malate were
37.9% and 42% lower, respectively, after correction with
propranolol and 25.2% and 31.6% less, respectively, after
long-term administration of carvedilol, as compared to the
control values (Group 1). Drug correction has shown no
positive effects on the activity of mitochondrial enzymes
regulating energy metabolism, leaving it low without
significant intergroup differences (Table 2).

Table 1
Concentrations of substrates for energy metabolism in the brain of animals with arterial hypertension (M+m)

Animal groups (n=10) ATP, nM/g Malate, pM/g
Normotensive rats (WKRs) 3.1740.05 0.38+0.02
SHRs 2.32+0.01 0.27+0.01*

SHR+ propranolol, 50 mg/kg 1.97+0.01%23 0.22+0.01*2°
SHR+ carvedilol, 50 mg/kg 2.3740.02 13 0.26+0.03%°
SHR+ hypertril, 20 mg/kg 3.10+0.012 0.44+0.01%2

Note: (%) — significance of differences (p<0,05) as compared to Group 1 (WKR);

(%) — significance of differences (p<0,05) as compared to Group 2 (SHR);

(®) — significance of differences (p<0,05) as compared to Group 5 (SHR+ hypertril).
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Table 2
Enzymatic activity values of the mitochondrial energy metabolism in the brain of animals
with arterial hypertension (M+m)
Animal groups (n=10) COX, mt-AsT, me-CK,
pM/mg/min pM/mg/min pM/mg/min
Normotensive rats (WKRs) 13.7+1.5 2.77£0.15 2.00+0.11
SHRs 6.17£1.0! 1.21+0.11" 0.81+0.07'
SHR+ propranolol, 50 mg/kg 6.00+0.7! 1.11+0.08'3 0.71+0.05'3
SHR+ carvedilol, 50 mg/kg 6.25+0.8! 1.234+0.15'3 0.90+0.08'
SHR+ hypertril, 20 mg/kg 8.2+1.2! 3.12+0.102 1.87+0.102

Note: (') — significance of differences (p<0,05) as compared to Group 1 (WKR);

(%) — significance of differences (p<0,05) as compared to Group 2 (SHR);

(%) — significance of differences (p<0,05) as compared to Group 5 (SHR+ hypertril).

Comparison of these values with the data of
spontaneously hypertensive SHRs has revealed negative
effects of propranolol on the amount of both ATP (15.1%
decrease) and malate (18.5% decrease), while the total
content of macroergic compounds and the Krebs cycle
intermediate malate concentration remained at a level of
SHR values after the carvedilol use (Table 2). Such a pattern
of propranolol and carvedilol effects has been seen in the
studied complex of enzymes regulating energy metabolism,
manifested by the absence of significant differences in the
reduced activity of COX, mt-AsT and mt-CK as compared
to the SHR values (Table 2).

A major achievement of the experimental study
has been the identification of hypertril (superselective
B-adrenoblocker with NO-modeling properties) positive
effects on neuronal energy production in rats with essential
hypertension. The hypertril use has restored ATP and malate
generation to normative values with partially reactivated
mitochondrial enzymes. This was evident in mt-AsT and
mt-CK completely restored activity, although COX was
40% lower (Table 2).

A reducing effect of hypertril on energy substrates
and the malate-aspartate shunt enzymes as well as the
creatine kinase/phosphocreatine system involved in ATP
resynthesis has been revealed, which was manifested in
increased contents of ATP and malate by 33.6% and 63%,
respectively, and a higher activity of mt-AsT 2.57 times and
mt-CK — 2.3 times when comparing the obtained results
with the SHR values (Group 2) (Table 2).

The findings on energy metabolism impairments in
the brain of spontaneously hypertensive rats have been
obtained for the first time, not being a contradiction to the
concept of target organ damage in hypertension. These data
indicate the development of secondary brain mitochondrial
dysfunction.  Apparently, intermediate = metabolites
generating the oxidative stress system — carbonylated
and nitrosylated peptides, which are second messengers,
initiate a cascade of metabolic disorders, in particular,
modulate the mPTP opening. Mitochondrial disorders are
a primary cause of cellular degeneration, being actively
involved in a complex network of metabolic process
intracellular regulation, from the exchange of specific and
exclusive mitochondrial matrix metabolites to the release
of apoptogenic factors initiating cell death. Preservation
of the mitochondrial functional activity largely depends
on the state of the active and passive ion channels. Energy
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dissipation during the mPTP opening, is apparently due to
the uncoupling of mitochondrial oxidative phosphorylation
processes [14]. AH-induced mitochondrial dysfunction
in rats caused abnormalities of energy production in
the brain, which was characterized by a high level of
energy metabolism and a critical dependence on energy
supply. So, downregulation of aerobic ATP production,
energy deficit, activation of glycolysis and inhibition of
compensatory cytosolic-mitochondrial energy shunts have
been observed in the cytosolic and mitochondrial fractions
of the control group animal brain. This confirms our data
on the anaerobic glycolysis activation and inhibition of not
only aerobic oxidation, but also the compensatory malate-
aspartate shuttle system in the SHR brain. There are data
demonstrating the prospects of activating a new malate-
oxaloacetate shunt that utilizes NADH and produces ATP
in SHRs. Energy deficit at the cellular level has been
considered the main cause of the primary BP elevation since
the last decades. The driving factor of energy deficiency
in AH is increasingly purported to be the secondary
mitochondrial dysfunction triggering, and one of its
mechanisms is calcium overload due an excessive cytosolic
calcium influx into mitochondria. Other mechanisms are
ROS hyperproduction, deficiency of NO and release of its
cytotoxic compounds [15].

The SHR case implies the possibility of genetically
determined properties of mitochondrial membranes,
initiating membrane-related dysregulations of intracellular
calcium handling with the cytoplasmic accumulation of
free calcium ions in high concentrations. The observed
elevated BP in SHRs occurs both with mitochondrial
ATP synthesis inhibition and increased rate of the mPTP
opening. Deregulation of ATP synthesis processes in
mitochondria and the mPTP opening rate are heavily
interlinked and greatly relies on the mitochondrial ROS
generation as well as concentrations of calcium and
products of oxidative protein modification. Impaired
electron transport chain activity due to iron binding and
inhibition of cytochrome C oxidase in complex IV has
been shown as a consequence of mitochondrial NO level
depletion caused by superoxide-induced inactivation.
Hyperproduction of ROS with a multitude of redox protein
modifications, low- and very low-density lipoproteins
along with calcium overload in AH are responsible for a
damaging effect on mitochondrial membranes. The most
significant stage of reducing myocardial energy supply in
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AH is the ROS-induced deleterious effects on the inner
mitochondrial membrane permeability with the mPTP
opening and a consequent release of various matrix proteins,
many of which induce programmed cell death [16]. It is
believed that AH-associated mitochondrial dysfunction
and energy deficiency in the brain are considerably
aggravating factors and result in memory loss and cognitive
function impairments. Analyzing the obtained results of
biochemical studies on energy metabolism before and
after hypertril administrations, it can be concluded that the
initiating mechanism of the anti-ischemic hypertril action
is its effect on mitochondrial dysfunction. Apparently,
hypertril, prevents the mPTP opening and maintains the
mitochondrial functional activity followed by energy
metabolism improvements during ischemia by reducing
harmful effects of ROS and free radicals on the SH-groups
of the cysteine-dependent site of the mitochondrial inner
membrane protein. Such a mechanism of hypertril for
influencing energy metabolism parameters is probably
realized through additional effects identified earlier, namely
antioxidant and NO-mimetic [17]. The validity of such
assumptions is based on various studies demonstrating
NO deficiency in patients with mitochondrial diseases
and improvements in mitochondrial functions and energy
metabolism after administration of NO-mimetics [15].
There is information about effects of carvedilol on
mitochondrial bioenergetic functions and ROS generation.
Thus, carvedilol is capable of reducing H,0O, production,
increasing reduced glutathione levels and restoring
mitochondrial respiration due to its antioxidant effects.
Carvedilol exhibits ROS scavenging activity and also
lowers the ROS production in mitochondria through “soft
uncoupling” and a slight decrease in the mitochondrial
membrane potential. In addition, it can directly protect
the mitochondrial ultrastructure and reduce mitochondrial
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calcium overload. Explicit mitoprotective properties of
carvedilol has been shown to be associated with its effects
to diminish ROS generation through the medium of
mitochondrial xanthine oxidase activity and enhance the
activity of cytosolic Cu, copper-zinc superoxide dismutase
and mitochondrial manganese superoxide dismutase as
well as catalase [18].

Conclusions

1. Sustained arterial hypertension-induced brain
abnormalities are characterized by a significantly depleted
mitochondrial pool of macroergic compounds ATP and
malate by almost a third with a depressed activity of
mitochondrial enzymes mt-CK, COX and mt-AsT by more
than twofold.

2. Long-term correction of elevated blood pressure with
propranolol or carvedilol has not resulted in positive effects
on the energy supply for nerve cells despite blood pressure
stabilized. The values of ATP and malate as well as the
activity of mitochondrial regulatory enzymes of energy
metabolism have been below the control ones.

3. Propranolol has shown a negative effect on both the
content of ATP and malate (15.1% and 18.5% decrease,
respectively) as compared to the SHR results. Carvedilol
has not changed the total pool of macroergic compounds
ATP and malate concentrations, leaving the values at the
levels of hypertensive rats. Both beta-blockers have shown
no significant differences in the reduced activity of COX,
mt-AsT and mt-CK.

4. The hypertril administration has helped to completely
restore the ATP and malate production, mt-AsT and mt-CK
activity to normative values along with partially restored
COX, in particular, the activity of mt-AsT and mt-CK
enzymes was 2.57 and 2.3 times increased, respectively, as
compared to the SHR values.
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Background. Myocardial energy homeostasis disruption plays a critical role in the development and progression of cardiovascular
diseases. Epinephrine-induced myocardial dystrophy (EMD) serves as a relevant experimental model for studying the effects of sympathetic
overactivation on myocardial tissue, including mitochondrial dysfunction, oxidative stress, and impaired carbohydrate metabolism.

Objective. This study aimed to elucidate the adaptive effects of porcine heart cryoextract on myocardial energy metabolism in a rat model of EMD.

Methods. Eighty-four male rats weighing 250-300 g were included in the study. EMD was induced by a single subcutaneous injection of
0.18% epinephrine tartrate solution at a dose of 5 mg/kg. Animals received intraperitoneal injections of cryoextract of porcine heart fragments
(50 pg of peptides per 100 g of body weight) daily for 14 days. The control group received an equivalent volume of 0.9% sodium chloride
solution. The reference group received amiodarone (10 mg/kg). Levels of adenine nucleotuides (ATP, ADP, and AMP) in myocardial tissue
were determined using high-performance liquid chromatography, and the myocardial energy charge was calculated.

Results. Treatment with cardiac cryoextract led to a statistically significant increase in ATP content and myocardial energy charge
compared to untreated controls. These findings suggest enhanced restoration of cellular energy metabolism and stabilization of the myocardial
bioenergetic state under pathological conditions.

Conclusions. The study demonstrated that porcine cardiac cryoextract exhibits pronounced cardioprotective properties by improving
myocardial energy processes in experimental myocardial dystrophy. These results support further research to explore its mechanisms of action
and potential clinical applications in cardiology.

Keywords: epinephrine-induced myocardial dystrophy, cardiac cryoextract, energy metabolism, adenine nucleotides, energy charge.
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caMIisIM, OLiHIOBaIM e(eKTH BBEICHHS KPIOEGKCTPaKTy (pparMeHTIB ceplisi mopocst. [IpoBeneHO aHaii3 piBHIB aJEHUIOBUX HYKJICOTHAIB
(ATD, AID, AM®) Ta eHepreTHIHOTO 3apsiTy cepist K KpuTepiiB GyHKIIOHYBaHHS eHepreTHaHoro oOMiny. OTprMaHi pe3ynbTaTy CBig4aTh
PO 3ATHICTH KPIOSKCTPAKTy HOPMANi3yBaTH €HEPreTUYHMI OajaHC y cepueBiii TKaHWHI 3a yMOB marojorii. 3poctanHs piBHA AT Ta
SHEePreTHYHOTO 3apsTy IIC/sl BBEJCHHS SKCTPAKTY MOPIBHSHO 3 KOHTPOJEM BKa3y€ Ha aKTHBALiIO BiJHOBIIOBAIBHHX IMpoOIECiB. BussneHi
edeKTH MiAKPEeCIIo0Th NepPCIeKTHBHICT MOANBIION0 BUBYCHHS MEXaHI3MIB JIii KpPiOEKCTpakTy ceplil Ta MOMIMBOCTI HOTO KIIiHIYHOTO

3aCTOCYBaHHS Y KapIioNorii.

Kitrouogi ciioBa: anpeHaninoBa Miokapaioquctpodisi, KpioeKCTPAKT ceplis, HepreTHUHUI 00MiH, aIeHII0BI HYKJICOTHIU, CHEPIeTHIHHIT

3apsia.

Introduction

One of the key mechanisms in the pathogenesis of
many cardiovascular diseases is the disruption of energy
homeostasis in the myocardium, which is accompanied by
increased oxidative stress, mitochondrial dysfunction, and
alterations in cardiomyocyte metabolism. Such changes are
observed both in the context of generalized atherosclerosis
[1, 2] and under conditions of excessive stress load, which
becomes particularly relevant in wartime conditions [3].

Epinephrine-induced myocardial dystrophy (EMD) is
considered in this context as an experimental model that
reproduces myocardial injury under conditions of excessive
activation of the sympathoadrenal system [4, 5]. Although
this condition does not have the status of a separate clinical
entity in the International Classification of Diseases (ICD),
it reflects typical mechanisms underlying such clinical con-
ditions as heart failure, coronary artery disease, and stress-
induced cardiomyopathy [6, 7].

In this regard, there is growing scientific interest in
the search for cardioprotective agents capable of correct-
ing key pathobiochemical disturbances, in particular by
reducing oxidative stress and normalizing cellular energy
metabolism [8]. The contemporary concept of cardiopro-
tection is undergoing a shift from symptomatic treatment
to regenerative strategies, in which regulators of cellular
metabolism and tissue adaptation play a central role [9]. In
this context, natural extracts, among which cardiac cryoex-
tract is notable, are considered promising cardioprotective
agents with potential for metabolic and antioxidant modu-
lation [10].

Objective: To investigate the mechanisms of the adap-
tive action of cardiac cryoextract on myocardial energy
metabolism in a model of EMD.

Materials and methods

Experimental studies were conducted on 84 non-
linear male white rats weighing 250-300 g, maintained
under standard vivarium conditions. Epinephrine-
induced myocardial dystrophy was modeled by a single
subcutaneous injection of 0.18% epinephrine tartrate
solution at a dose of 5 mg/kg, using the method described
by Markova [4]. Animals were randomly assigned to four
groups (n = 21 each): intact (no intervention), control
(EMD without treatment), experimental (EMD + cardiac
cryoextract), and reference (EMD + amiodarone). In each
group, 7 animals were sacrificed on days 2, 7, and 14 of
observation.

The cryoextract from porcine heart fragments (CCE),
also referred to as cardiac cryoextract, was prepared
according to a previously described method [10]. The
extract was administered intraperitoneally at a dose
of 50 pg of peptides per 100 g of body weight daily for
14 days. The control group received isotonic NaCl solution,
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while the reference group was treated with amiodarone at a
dose of 10 mg/kg.

At the end of the experiment, heart tissue and blood
samples were collected. Preparation of cardiac tissue
homogenates, plasma and serum isolation, as well as
determination of adenosine triphosphate (ATP), adenosine
diphosphate (ADP), and adenosine monophosphate (AMP)
levels and calculation of the energy charge (EC), were
performed according to previously described methods [11,
12]. The EC was calculated according to Atkinson [11],
using the formula: EC = (ATP + 0.5 ADP) / (ATP + ADP +
AMP).

The study was conducted in accordance with the
fundamental bioethical principles outlined in the European
Union Directive 2010/63/EU on the protection of animals
used for scientific purposes, as well as other applicable
national and international regulations. The research
protocol was reviewed and approved by the Bioethics
Committee of the Institute for Problems of Cryobiology
and Cryomedicine of the National Academy of Sciences of
Ukraine (Protocol No. 2, January 3, 2022).

Statistical analysis. Statistical processing of the
results was performed using Microsoft Excel (Microsoft
Office package). The distribution of variables within
each group was assessed using the Shapiro—Wilk test. For
normally distributed independent variables, between-group
differences were evaluated pairwise using Student’s t-test.
For non-normally distributed data in at least one
group, pairwise comparisons were performed using the
nonparametric Mann—Whitney U-test. Differences were
considered statistically significant at p < 0.05.

Results and discussion

The study demonstrated that ATP levels in rat cardiac
tissue during the development of EMD undergo significant
changes depending on the therapeutic approach applied,
particularly following the administration of CCE (Table 1).

In rats with the EMD model, a significant decrease in
ATP content in cardiac tissue was observed as early as Day
2. Administration of CCE led to a significant increase in
ATP levels compared to untreated animals, suggesting early
activation of energy metabolism. A similar, albeit slightly
less pronounced, effect was observed with amiodarone.

By Day 7, all treatment groups showed an increase
in ATP levels, with the highest values observed in
animals receiving CCE. The difference between CCE and
amiodarone was not statistically significant, although both
agents exceeded the control group in the degree of energy
metabolism recovery.

By Day 14, ATP levels in the CCE group approached
those of intact animals. Recovery was also observed in the
amiodarone and untreated groups, but to a lesser extent.
At all-time points, the dynamics in the CCE group were
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Table 1

Effect of cryoextract of porcine heart fragments on adenosine triphosphate levels in rat cardiac tissue
in a model of epinephrine-induced myocardial dystrophy, pmol/g dry tissue (M+m, 95% CI, n=84)

" Group I Group 11 Group 111 Group IV P-value [A%]
£ = Controls EMD EMD+
F g Intact rats (EMD without +CCE amiodarone P, P,, P., Pys
treatment) (10 mg/kg)
. 3.740.06 1.2£0.09 1.5£0.04 1.70.06
2 (95% CTI: (95% CT: (95% CTI: (95% CI: <0.0001 1~ 0.03 0.002 0.02
a 3.5-3.8) 1.0-1.4) 1.4-1.5) 1.5-1.8) [66.8%] | [20.0%] | [36.5%] | [13.7%]
3.420.10 1.8£0.06 2.4%0.13 22006
- (95% CI: (95% CI: (95% CI: (95% CI:
2 3 2-3.6) 1.7-1.9) 2.1-2.6) 2.0-2.3) ;2‘7’9/5] [304070(;) | [201"0& ] [906;)]
A = 0.04 p,,= 0.009 p,,=0.009 p,,=0.009 : : :
[ty [45.9%] [63.7%] [30.29%]®
3.840.06 29007 3.320.07 3.040.15
(95% CI: (95% CI: (95% CI: (95% CI:
<t _ _ .
T OATRe ) 280 | s 2TaY | 0 | oo | <000 | o
8 [3.5206] [140.0%] [195.5%]® [80.7%] [23.0%] | [12.7%] | [2.5%] | [9.1%]
p,,=0.01 p,,=0.01 p,,=0.01 p,,=0.01
[11.8%]7 [64.5%]7 [37.7%] [38.4%]7

Notes (applicable to Tables 1-4):

1. P,
2. [A%]

— level of statistical significance;

— percentage differences;

3. Indices 1, 2, and 3 denote the groups being compared,

4. Indices

d2> d7

denote study days compared over time.

significantly better than in the control group, indicating a
potentially pronounced energotropic effect of CCE.

In animals with EMD, a significant increase in ADP
levels in cardiac tissue was observed, indicating disruption
of energy homeostasis (Table 2).

Administration of CCE as early as Day 2 led to a
significant reduction in this parameter compared to the
untreated control animals.

By Day 7, the treatment groups continued to show a

group, levels remained elevated. CCE produced a more
consistent reduction over time compared with amiodarone,
although the difference between these two groups was not
statistically significant.

By Day 14, ADP concentrations decreased in all
treatment groups, with levels in the CCE group approaching
those of intact animals. In the control group, despite partial
normalization, levels remained elevated, indicating that
CCE more effectively restored normal adenine nucleotide
balance.

trend toward decreased ADP levels, whereas in the control

Table 2

Effect of cryoextract of porcine heart fragments on adenosine diphosphate levels in rat cardiac tissue
in a model of epinephrine-induced myocardial dystrophy, pmol/g dry tissue (M*m, 95% CI, n=84)

E’ Group I Group 11 Group III Group IV P-value [A%]
g2 Controls EMD EMD+
g Intact rats (EMD without + CCE amiodarone P, P, P., P.s
= treatment) (10 mg/kg)
~ 1.1+0.06 2.1+0.05 1.6+0.04 1.6+0.10
2| (95%CrL: (95% CI: (95% CI: (95% CI: [fo(’l'oﬁ,}o] Egg% [20402002 ] [009;)]
- 0.9-1.2) 2.0-2.2) 1.5-1.7) 1.4-1.8) ) ) )
1.2+0.03 1.8+0.09 1.5+0.04 1.4+0.06
~ (95% CI: (95% CI: (95% CI: (95% CI: <0.001 0.003 0.001 0.2
z 1.1-1.3) 1.7-2.0) 1.4-1.5) 1.3-1.5) : ; ;
- a "~ o~ [52.4%] [19.5%] [25.0%] [6.8%]
21 p,=005 p,=0.02 p,=0.02 p,=0.06
[13.5%]%“ [14.1%]%2 [8.0%]% [15.0%]%2
1.1£0.08 1.4+0.08 1.3+0.05 1.4+0.04
(95% CI: (95% CI: (95% CI: (95% CI:
= 0.9-1.2) 1.3-1.6) 1.2-1.4) 1 4-1.5) 0.006 02 0.006 0.06
> p,=0.5 p,=0.01 p,=0.02 ,= 0.6 S : . o
gl e Phove | Llrovre | [ibevqe | [B65%] | [89%] [ [9.8%]
p,,= 0.06 p,,=0.01 p,,= 0.02 p,=0.3
[-11.9%] [-21.1%]" [-10.7%]" [5.2%]
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The study of CCE effects on AMP levels in rat cardiac
tissue in the EMD model also revealed significant changes
in this parameter depending on the type of treatment and
the study time point (Table 3).

In animals with EMD, a marked increase in AMP levels
was observed, indicating energy depletion. Administration
of CCE or amiodarone led to a significant reduction in AMP
concentration as early as Day 2, with further stabilization
by Day 7. The decrease was more pronounced in the CCE
group.

By Day 14, AMP levels in all treatment groups
approached physiological values. In animals receiving
CCE, the parameter decreased significantly at an early
stage and remained stable until the end of the study. The
control group showed only partial recovery. Thus, CCE
demonstrated effective activity in normalizing energy
balance, particularly by reducing excess AMP.

Assessment of EC in cardiac tissue of rats with EMD
revealed significant changes depending on the study
time points and applied treatment. On Day 2 after EMD
induction, EC decreased significantly, indicating impaired
myocardial energy status. Administration of CCE and
amiodarone promoted partial recovery, with better results
observed in the amiodarone group.

By Day 7, EC levels in both treatment groups were
substantially higher than in untreated animals. CCE showed
a slightly better trend compared with amiodarone, although
no statistically significant difference was observed.

By Day 14, EC continued to increase in all groups. In
animals receiving CCE, levels approached those of intact
rats, indicating effective restoration of energy homeostasis.
Amiodarone also promoted EC elevation, although the
effect was less pronounced compared with CCE (Table 4).

The results of this study demonstrate a pronounced
positive effect of CCE on the regulation of myocardial
energy metabolism in rats with EMD. At early stages,
specifically on Day 2 post-EMD induction, a significant
decrease in ATP levels was observed in the cardiac tissue of

the control group, confirming an acute energy deficit due to
destructive myocardial processes. Administration of CCE
resulted in significant increase in ATP levels compared
with untreated controls, suggesting activation of energy-
generating mechanisms and stabilization of metabolic
homeostasis.

Over the course of the study, on Days 7 and 14, a gradual
restoration of energy metabolism parameters was observed
in all groups. In rats receiving CCE, ATP levels increased
more markedly and approached the levels observed in
intact animals, indicating more effective regeneration of
energetic capacity. Although amiodarone also showed a
positive trend, its efficacy was somewhat lower than that
of CCE, as evidenced by both absolute ATP values and
statistical analyses.

Additionally, assessment of ADP and AMP levels
demonstrated a reduction in their concentrations under
CCE treatment, indicates restoration of the normal adenine
nucleotide balance and activation of ATP resynthesis. The
decline in AMP was particularly notable, as AMP levels
were significantly elevated in the control group under
hypoxic and metabolic stress. This effect in the CCE group
may be interpreted as an indicator of normalized oxidative
phosphorylation.

Evaluation of energy charge (EC) as an integrative
indicator of energy metabolism further confirmed the
advantages of CCE administration. At an early stage of
treatment, EC in the CCE group was significantly higher
compared to the control group, and by Day 14, it nearly
reached levels observed in intact rats. This suggests effective
stabilization of myocardial energy balance following CCE
administration, likely mediated by the biologically active
components of the preparation with metabolic, antioxidant,
and membrane-stabilizing effects. These findings are
consistent with previously established antioxidant
properties of CCE [12]. Future studies should investigate
the effects of the cryoextract under systemic pathological
conditions, including extracoronary vascular involvement,

Table 3

Effect of cryoextract from porcine heart fragments on adenosine monophosphate levels in rat cardiac tissue
in a model of epinephrine-induced myocardial dystrophy, pmol/g dry tissue (M+m, 95% CI, n=84)

2 Group I Group I1 Group IIT Group IV P-value [A%]
'i Controls EMD EMD+
g Intact rats | (EMD without + CCE amiodarone P, P., P, P.s
= treatment) (10 mg/kg)
~ | 0.5£0.001 1.2+0.05 1.0+0.08 0.9+0.11
<0.001 0.05 0.02 0.4
2 95% CI: 95% CI: 95% CI: 95% CI:
3 o(.sz—?).54) (1‘1—01.3) e 2) (0.7—01.1) [128.5%] | [17.7%] | [28.2%] | [12.9%]
0.5+0.01 1.0+0.06 0.6+0.09 0.7+0.12
~ (95% CI: (95% CI: (95% CI: (95% CI:
2| 049-0.53) 0.9-1.1) 0.4-0.8) 0.4-0.9) [;2'2% [féogjz) : [3%3%%) ] [903‘;)]
21 p,=005 p,,=0.03 p,,= 0.009 p,=0.1 : : ' '
[-4.3%]® [-17.6%]2 [-38.6%]%2 [-23.0%]2
0.5+0.01 0.60.06 0.5+0.07 0.5+0.03
(95% CI: (95% CI: (95% CI: (95% CI:
= | 047-0.52) 0.5-0.7) 0.4-0.7) 0.6-0.6)
= | p,=001 p,= 001 p,=001 p,=001 0.05 04 0.05 0.7
A [-7.3%]® [-49.4%]® [-45.7%] [-41.0%]2 [24.6%] [11.6%] [16.3%] [5-3%]
py,;=0.2 py;= 0.01 P, =02 p,;=0.2
[-3.9%]¢ [-38.6%]" [-11.6%]" [-23.4%]"
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Table 4

Effect of cryoextract from porcine heart fragments on energy charge in rat heart tissue in an adrenaline-induced
myocardial dystrophy model (M+m, 95% CI, n=84)

= Group I Group II Group IIT Group IV P-value [A%]
2 controls EMD EMD+
g Intact rats | (EMD without + CCE amiodarone P, P:, P., P.s
= treatment) (10 mg/kg)
« 0.80+0.02 0.50£0.01 0.56£0.01 0.60+0.01
2| (95%cClL (95% CI: (95% CTI: (95% CI: [23'29/1] [101'070;] [Tg'gf,)/l] [702;‘]
- 0.79-0.80) 0.48-0.52) 0.54-0.58) 0.57-0.63) e 7o 70 o
0.78+0.04 0.58+0.01 0.70+0.02 0.68+0.02
~ (95% CI: (95% CI: (95% CI: (95% CI: -
0.001 <0.001 <0.001 0.4
2| 0.78-0.79) 0.56-0.60) 0.67-0.73) 0.65-0.70) [25.9%] [20.6%] [17.3%] [3.5%]
R p,=0.009 p,,= 0.009 p,,= 0.009 p,=0.03 : : : .
[-2.0%]%2 [16.1%]® [25.3%]%2 [13.6%]®
0.81+0.01 0.73+0.01 0.77+0.01 0.75+0.01
(95% CI: (95% CI: (95% CI: (95% CI:
< | 0.80-0.82) 0.71-0.76) 0.74-0.79) 0.74-0.76) 0.001 0.049 0.001 0.1
> p.,,=0.06 p,,=0.01 p,,=0.01 p,,=0.01 "o 00 20 10
S| [135% [46.7%]® [37.7%]® [25.20]® [9-5%] [4.9%] [2.3%] [2.4%]
py,= 0.01 py,= 0.01 py,=0.01 p,,=0.01
[3.41%]" [26.3%]" [9.9%]¢ [10.2%]%

as previous work has highlighted the importance of
systemic vascular pathology in cardiovascular disease [13].

Building on the observed dynamics of ATP, ADP, AMP,
and energy charge, the results indicate that CCE exerts a
multifactorial effect on myocardial energy homeostasis
in the EMD model. The observed increase in ATP levels,
concomitant with reductions in ADP and AMP concentrations
under CCE treatment, may reflect not merely compensation
for energy deficit but a deeper activation of high-energy
phosphate resynthesis systems. This effect is likely mediated
through enhanced efficiency of oxidative phosphorylation and
preservation of mitochondrial membrane integrity, which is
particularly critical under conditions of oxidative stress.

Notably, the changes observed with CCE exhibited a
preventive factor: restoration of energy parameters began
earlier and progressed more rapidly than with amiodarone.
This suggests that the biologically active components of
CCE may influence cellular regulatory systems, including
activation of AMP-activated protein kinase (AMPK), a key
energy sensor, and stimulation of mitochondrial biogenesis
via PGC-1o-related signaling pathways.

Another important aspect is that CCE not only
prevented early decreases in energy charge (EC) following
myocardial injury but also promoted its gradual restoration
toward physiological levels. From a pathophysiological
perspective, this is highly significant: even transient loss of
energetic balance in cardiomyocytes can trigger cascades
of apoptosis and necrosis. Thus, the ability to stabilize
myocardial energy status is effectively equivalent to the
potential to prevent progression of heart failure.

Particular attention should be paid to the dynamic
ATP/ADP/AMP ratio: following CCE administration, a
restoration of the normal adenine nucleotide profile was
observed, indicating optimization of the cellular energy
cycle, recovery of adenylate kinase activity, and stabilization
of the intracellular nucleotide pool. Importantly, this effect
persisted even at later time points (Day 14), suggesting a
prolonged action of the preparation.

Thus, interpretation of the obtained data allows
us to hypothesize that CCE exerts a comprehensive
cardioprotective effect, simultaneously delivering energy-
modulating, antioxidant, and membrane-stabilizing
actions. This multifactorial profile distinguishes CCE
from conventional pharmacological agents, whose effects
are typically targeted at individual components of the
pathophysiological cascade.

In a broader biomedical context, these findings
underscore the concept of using tissue-specific extracts
of natural origin as agents for metabolic therapy in
cardiology. Current understanding emphasizes that a key
strategy in cardioprotection involves modulating the
energetic and antioxidant potential of cardiomyocytes in
response to diverse stressors, ranging from ischemic to
catecholaminergic stress. Considering that myocardial
injury resulting from ischemic, inflammatory, or toxic
insults is characterized by energy imbalance and limited
reparative capacity due to the low proliferative potential of
cardiomyocytes, there is a strong rationale for therapeutic
strategies that combine anti-inflammatory, metabolic, and
regenerative properties [14]. Taken together, biologically
derived formulations may be considered as agents with the
capacity to restore organ function through stimulation of
reparative processes. The similar research by Halchenko
and Sandomirsky [15] demonstrated that extracts from
cryopreserved organ fragments of pigs and piglets,
including cardiac tissue, contain bioactive peptides that
regulate cellular proliferation, thereby underscoring the
broader potential of tissue-specific peptide formulations in
cardioprotection. Moreover, cryobiological technologies
enable the production of extracts with consistently high
biological activity [12, 15].

Building on these findings, our results suggest that the
use of CCE represents not merely a symptomatic approach
to correcting energy disturbances, but a component of
pathogenetic therapy with the potential to modify the course
of cardiac diseases associated with metabolic dysfunction.
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Conclusions

Cryoextract of porcine heart fragments effectively
enhanced the restoration of ATP levels in the myocardial
tissue of rats with epinephrine-induced myocardial
dystrophy. By Day 14 of the experiment, ATP levels in the
CCE group reached 3.3 = 0.07 umol/g of dry tissue, which
was 13.8% lower than in intact animals (3.8 + 0.06 umol/g;
p < 0.001) and 13.8% higher than in the control group
(2.9£0.07 umol/g; p < 0.001).

CCE produced a significant improvement in
cardiomyocyte energy charge (EC). By Day 14 of the

experiment, EC in the CCE group reached 0.77 + 0.01,
which was 5.5% lower than that in intact rats (0.81 =+
0.01; p =0.001) but 5.5% higher than in the control group
(0.73 £0.01; p = 0.049).

Administration of CCE contributed to normalization of
the adenylate nucleotide pool by reducing elevated ADP
and AMP levels. Specifically, on Day 7, AMP levels in the
CCE group were 0.6 +0.09 pmol/g, which was 38.6% lower
than in the untreated control group (1.0 = 0.06 pmol/g;
p=0.004), while ADP levels were 1.5 + 0.04umol/g, 19.5%
lower than in the control (p = 0.003).
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Generalized pustular psoriasis (GPP, von Zumbusch disease) is a rare auto inflammatory disease that belongs to the neutrophilic derma-
toses; the most severe form of psoriatic disease, which threatens the lives of patients and requires intensive therapy from the first hours of the
disease. The mortality rate in case of inadequate therapy reaches 2—4%. If plaque forms of psoriasis do not pose diagnostic difficulties, pustular
forms of psoriasis are often mistaken for eczema, bullous toxidermia, herpes, Andrews’ pustular bacterioides, subcorneal pustulosis, etc.

The research aims to study the clinical features course of various forms of pustular psoriasis in patients depending on the provoking factors.

Materials and methods. Under our observation for 5 years, there were 57 patients with pustular psoriasis (with limited forms of pustular
psoriasis — 34, with widespread — 23), who were treated at the Department of Dermatology and Venereology of Odesa Regional Clinical Hos-
pital and at the multidisciplinary medical center “Renaissance Medical”. The diagnosis of pustular forms of psoriasis was established on the
basis of anamnesis data, clinical manifestations of the disease, laboratory tests, using the ICD-10 classification.

Results. Analysis of 57 cases of pustular forms of psoriasis: limited, widespread, generalized (von Zumbusch disease), juvenile pustular
psoriasis, Acrodermatitis continua of Hallopeau, Barber’s palmoplantar pustulosis allowed us to identify a set of clinical and diagnostic criteria
and distinguish GPP, from dermatoses that mimic it, make a timely diagnosis, and prescribe adequate therapy. This is especially important
considering that morphological changes in GPP, dermatoscopic signs do not have sufficient specifics and cannot be used in differential
diagnostic screening.

Keywords: generalized pustular psoriasis, clinical and diagnostic criteria.
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KJITHIKO-AIATHOCTHUYHI OCOBJIMBOCTI TEHEPAJII3OBAHUX ®OPM ITYCTVYJIbO3HOI'O IICOPIA3Y

'Onechkuii HanioHanbHKH MeUUHuI yHiBepeuTet, Oneca, Ykpaina

?HarioHaIbHU YHIBEPCHTET OXOPOHH 310poB’st Ykpainu imeni I1. JI. Illynuka, Kuis, Ykpaina

TenepanizoBanuit mycrynbo3uuit ncopias (I'TIIT) — piakicHe ayTo3anasibHe 3aXBOPIOBAHHSL, SIKE HAJIEKHUTD A0 HEHTPODIIBHIX AepMaTO3iB;
HaifBaxkua opma rncopiaTHaHOi XBOPOOH, 110 3aTPOKY€ KHUTTIO MALIEHTIB 1 TOTpebye IHTEHCUBHOT Tepartii Bxe 3 MepIIUX FOMH 3aXBOPIOBAH-
Hi1. [Iyctynpo3Hi Gopmu mcopia3y Hepilko MpUHMAaIOThCs 32 ek3eMy, OyIbO3HYTOKCHKOAEPMIito, TepIiec, OakTepia mycTynpo3Hui Exaproca,
MyCTYNIb03 CyOKopHeanbHuii Tomo. CTarTst NpUCBIYeHA 0COOIMBOCTAM KIIHIYHOTO mepebiry pi3HuX (HOopM MyCTyIIbO3HOTO Hcopiasy. AHaumi3
57 BUNAJKIB MyCTYJIHO3HOTO IICOpia3y y XBOPHX, IO NMPOXOAMIN JIKyBaHHS B IIKipHO-BeHepoiorigHomy Bimninenni KHIT OPKIIL] OOP
M. Ozecu Ta B OGararonpodinsHOMY MenndHOMY IIeHTpi PeHecanc Memikan 3 2018 mo 2023 pp., 03BONMB BH3HAYUTH HU3KY KIiHIKO-/ia-
THOCTHYHHUX KPHTEPIiiB reHepasi3oBaHOro MyCTyIb03HOTO TIcopiasy, 1o 03BomsiioTh Bigokpemutu ['TIIT Bix gepmarosis, mo HOro iMiTyroTb,
CBO€YACHO MOCTABHUTH AiarHO3 i MPU3HAYUTH PAIiOHANBHY TEparlio.

Kuro4osi ci10Ba: reHepanizoBaHui MyCTYIBO3HUI TICOpia3, KIiHIKO-I1aTHOCTHYHI KPUTEpii.
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Introduction

Generalized pustular psoriasis (GPP, von Zumbusch
disease), in the English-language literature — generalized
pustular psoriasis is a rare autoinflammatory disease that
belongs to the neutrophilic dermatoses, characterized by
the formation of widespread sterile pustules, erythema,
and deterioration of the patient’s general condition. GPP
is associated with an increased risk of mortality and dis-
ability. Unlike plaque forms of the disease, characterized
by deregulation of adaptive immunity, pustular psoriasis is
associated with dysfunction of innate immunity and con-
tributes to the persistent activation of autoinflammatory
processes in the human body [6; 8].

Pustular psoriasis can occur as a result of the transfor-
mation of already existing plaque forms of the disease or
primarily, in completely healthy individuals. In the practice
of a dermatologist, generalized pustular psoriasis occurs
much less frequently than plaque forms and accounts for
approximately 2% of cases of the total number of patients
with psoriasis. GPP is considered one of the most severe
forms of psoriatic disease, which threatens the life of
patients. In contrast to localized forms of pustular psoriasis
(Barber’s palmoplantar pustulosis, limited pustular psoria-
sis), generalized forms are considered an emergency in der-
matology, requiring intensive therapy from the first hours
of the disease. The mortality rate in case of inadequate
therapy of von Zumbusch disease reaches 2—4% [3; 4].

Scientists have drawn attention to the importance of
studying the pathogenesis of individual clinical forms of pus-
tular psoriasis with the subsequent selection of optimal nar-
rowly targeted therapeutic and preventive strategies. A sign
of inappropriate activation of the adaptive immune system is
increased activity of T- lymphocytes and increased produc-
tion of a number of pro-inflammatory cytokines, in particular
interleukin-17 (IL-17). GPP is considered an autoinflamma-
tory process associated with neutrophilic, non-infectious tis-
sue damage against the background of inhibition of signaling
pathways of cytokine expression [3; 9].

Although blocking IL-17 provides a moderate therapeu-
tic effect in GPP, the main reason for the violation of neutro-
phil chemotaxis processes is linked with a high concentra-
tion of IL-36 in peripheral tissues, which is responsible for
innate immunity and accumulates mainly in human skin.
The IL-36 cytokine family consists of three agonists with
proinflammatory activity (IL-36a, IL-36B, and IL-36y) and
one antagonist with anti-inflammatory effect (IL-36Ra). It
has also been shown that the activation of proinflammatory
cytokines in pustular psoriasis is regulated by a number of
enzymes that originate mainly from keratinocytes, includ-
ing: cathepsin-G, protease-3, serine protease, elastase. It
is believed that keratinocytes provide the main regulatory
function in GPP [1; 3].

Further insights into the pathogenesis of generalized
pustular psoriasis have been gained through genetic stud-
ies. Single-locus mutations have been identified that lead
to disruption of a number of immunoregulatory processes
in areas of inflammation, the main of which are mutations
of the ILIRN complex — the receptor for the antagonist of
interleukin-1. Other mutations identified in GPP include
missense mutations affecting the activity of the IL-36
receptor antagonist (homozygous missense mutation IL-
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36RN), caspase recruitment domain-containing protein-14
(CARDI14), adaptor protein complex 1 subunit sigma-3
(AP1S3), serine protease inhibitor serpin family 3 (SER-
PINA3), serine protease inhibitor serpin family 1 (SER-
PINAL1), neutrophil enzyme myeloperoxidase (MPO), and
TNFAIP3-interacting protein-1 (TNIP1) [2; 3].

Recent genetic studies suggest that GPP may be con-
sidered as one of the variants of a new autoinflammatory
condition — DITRA (deficiency of IL-1 receptor antago-
nist). Interleukin-36 is a member of the IL-1 family, and
mutations that result in deficiency of the receptor antago-
nist of the same name contribute to increased 1L-36 lev-
els, increased tissue inflammation, and increased relapse
rates. These findings are supported by the successful use
of tocalizumab in autoinflammatory processes, including
GPP [4; 5].

The identified genetic mutations explain some differ-
ences in the pathogenesis of GPP occurring against the
background of plaque psoriasis and without it. The autoin-
flammatory state of the DITRA type is more characteristic
of patients with plaque psoriasis in the anamnesis, and in
cases of newly occurring forms of GPP, the autoinflam-
matory process with an immunoallergic component domi-
nates.

Plaque forms of psoriasis do not pose diagnostic diffi-
culties, especially when it comes to a burdened family his-
tory. However, pustular forms of psoriasis (limited, wide-
spread, generalized, Acrodermatitis continua of Hallopeau,
Barber’s palmoplantar pustulosis), according to the litera-
ture, are often confused with eczema, bullous toxicoderma,
herpes, Andrews’ pustular bacterid, subcorneal pustulosis,
etc. [1; 8].

The research aims to investigate the features of the
clinical course of various forms of pustular psoriasis in
patients depending on the provoking factors.

Materials and methods

Under our observation for 5 years, there were 57 patients
with pustular psoriasis (with limited forms of pustular pso-
riasis — 34, with widespread — 23), who were treated in the
dermatovenereological department of the Municipal insti-
tution “Dermatology department of the Odessa Regional
Oncology Center” and in the multidisciplinary medical
center Renaissance Medical. All stages of the study were
carried out in compliance with the principles of the Code
of Ethics of the World Medical Association (Declaration of
Helsinki); patients who participated in the study provided
informed consent to the processing of their personal data
(study protocol No. 10 dated 01/29/2024).

The diagnosis of pustular forms of psoriasis was estab-
lished on the basis of anamnesis data, clinical manifesta-
tions of the disease, and laboratory tests, using the ICD-10
classification, according to which the following forms of
the disease were distinguished:

L40.1 pustular psoriasis

(presence or absence of metabolic disorders)

limited form

— common form

— generalized (von Zumbusch disease) form

— herpetiform impetigo (pustular psoriasis of pregnant
women)
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L40.1.1 juvenile pustular psoriasis

limited form

— annular form

— generalized form

L40.2 persistent acrodermatitis
continua of Hallopeau]

L40.3.1 palmar and plantar pustulosis

Barber disease.

Study results. Given the rarity of GPP, the study
included a limited number of patients with this pathology —
11 people (5 men and 6 women), of whom 4 (7.1%) were
children under 12 years of age (Table 1).

As can be seen from Table 1, limited forms of pustular
psoriasis were detected in 9 (15.8%) patients, the average
duration of the disease in this group of patients was
(4.5 + 0.5) months. In the observation group, palmoplantar
forms of pustular psoriasis dominated, which accounted for
19 (33.3%) cases with an average duration of the disease
of 1.2 years. Among the patients was one female child
(1.8%) aged 9 years. In all cases, the palmar-plantar form
showed a chronic and persistent course. Patients expressed

[Acrodermatitis

KJITHIYHA IIPAKTHUKA

concerns regarding the effectiveness of previous treatments
(Figure 1).

Another localized form of pustular psoriasis with a pre-
dominant acral (hands, feet) localization is Acrodermati-
tis continua of Hallopeau. In the observation group, it was
detected in 3 patients. In one case, the process preceded the
generalized form of pustular psoriasis and had difficulties
in diagnosis and selection of treatment methods. Also, the
causes of activation of Acrodermatitis continua of Hallo-
peau were aggressive irritating topical therapy in the areas
of the hands and feet.

Limited forms of pustular psoriasis were observed
quite often — 9 (15.8%) cases, in which the area of skin
lesions did not exceed 3%, and the duration of the dis-
ease was 4.5 months. One of the reasons for the formation
of pustules was inadequate topical therapy using harsh
topical agents such as iodine, alcohol-based tinctures,
and keratolytics. Pustules often appeared alongside pre-
existing psoriatic plaques and were not accompanied by
pain or other subjective sensations, as is the case with
GPP (Figure 2).

Table 1

Analysis of the prevalence of pustular forms of psoriasis for the period 2018-2023

A form of pustular Total patients

Men

Women The average duration of the

psoriasis disease
1 1 0,
. leltef)l . , 3(5.3 4)) 5 (8.8%)
(lesions up to 2% of skin 9 (1.6%) (of which (4.5 £0.5) months
area) 1 child)
Common
(damage to 75% of the skin 12 (21.1%) 5 (8.8%) 7 (12.3%) (8.2 £0.7) months
area)
Generalized pustular o o
psoriasis (lesions more than 11 (19.3%) 3(8.8%) © f\ff}gilc%sl/glil d) (6.3 £ 0.4) months
75% of the skin area)
0,
Annular 3(5.3%) 1 (1.8%) 2 (3.5%) (3.7 £ 0.8) months

(of which 1 child)

Pustular psoriasis of
pregnant women

Palmar-plantar

12 (21.1%)

form 19 (33.3%) 7 (12.3%) (of which 1 child) (1.2 +£0.5) years

Acrodermatitis continua of 3(5.3%) 3 (5.3%) _ (8.7 % 1.1) years
Hallopeau

Total number of patients 57 (100%) 25 (43.8%) 32(66.2%) (1.9 + 0.6) years

Fig. 1. Barber’s palmoplantar pustulosis

Fig. 2. Pustular psoriasis, limited form
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Von Zumbusch-type generalized pustular psoriasis
was diagnosed in 11 patients (6 women and 5 men). Of
the total number of patients, two were children aged
9 and 11 years, in both cases psoriasis appeared for the first
time after a respiratory viral infection. GPP in all patients
had a severe course: it was accompanied by general toxic
symptoms, hypoalbuminemia, hypocalcemia, increased
C-reactive protein, persistent leukocytosis. A characteristic
feature, in addition to multiple pustules, was persistent
erythema of a congestive nature, which persisted for
a long time in most patients and after treatment. Timely
initiation of biologic therapy prevented the development of
post-inflammatory erythema, and was also insignificant in
children (Figures 3-6).

Another clinical form affecting extensive skin areas
was annular pustular psoriasis (APP), which was generally
less severe and more easily managed compared to GPP and
usually had a subacute course. Among our patients, APP

was detected in 3 people (2 — adults, 1 — child). The clinical
feature of this form of psoriasis is the peripheral growth
of the lesion, thus the pustules are formed in the form of a
circle (Figure 7).

Juvenile pustular psoriasis (JPP) affects children under
12 years of age, and was detected in 2 patients in the
observation group. Like von Zumbusch disease, JPP has
a severe course with deterioration of the general condition
of patients, fever, intense pain in the affected areas, and
arthralgia (Figure 8).

No cases of pustular psoriasis in pregnant women were
recorded during the study period.

Discussion
The anamnesis data and clinical manifestations of
pustular forms of psoriasis remain quite informative
diagnostic criteria. Morphological signs of generalized
pustular psoriasis do not have sufficient specificity and are

Fig. 3—4. Generalized pustular psoriasis

Fig. 5-6. GPP in a 9-year-old child

(use of biological therapy — IL17 inhibitors)
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Fig. 7. Annular pustular psoriasis
(a 10-year-old child)
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Fig. 8. Juvenile pustular psoriasis

similar in many neutrophilic dermatoses. Parakeratosis,
epidermal hyperplasia, loss of the granular layer, and
pronounced neutrophilic infiltration are typical. The
similarity of morphological changes in most neutrophilic
and pustular dermatoses does not allow histological
research methods to be considered reference in the diagnosis
of pustular psoriasis. Additional immunohistochemical
studies are important, which takes time.

Dermatoscopic  signs  characteristic of plaque
psoriasis in the form of teardrop-shaped vessels during
the transformation of the disease into a pustular form
disappear or are less distinct. Already in the early stages of
GPP, crater-like elevations, areas of epidermal detachment,
and isolated capillary vessels are formed. Dermatoscopy
provides limited diagnostic value in GPP.

KJITHIYHA IIPAKTHUKA

Generalized forms of pustular psoriasis have a number
of clinical features that distinguish it from other pustular
dermatoses and help in conducting differential diagnostic
screening (Table 2).

A characteristic feature of GPP is the symmetrical dis-
tribution of the rash, the appearance of vesicle-pustules in
most cases is preceded by soreness, burning of the skin.
From the first days of the disease, general toxic symptoms
appear. In patients who previously had plaque psoriasis,
before the development of GPP, the color of psoriatic pap-
ules changes to red or stagnant-cyanotic, most elements
acquire an exudative character, the formation of crusts
decreases. Increased skin infiltration in such cases helps to
suspect plaque psoriasis in the anamnesis.

Unlike acute generalized exanthematous pustulosis and
toxic epidermal necrolysis, GPP is much less often associ-
ated with the use of medications and is more often associ-
ated with acute bacterial-viral infections. However, as can
be seen from Table 2, medications can sometimes provoke
GPP. Among the main drugs that provoke pustular forms of
psoriasis, systemic corticosteroids, beta-blockers, antibiot-
ics, and cold medications are distinguished.

In our observation group, in 5 (8.8%) patients, the use
of drugs led to the development of pustular psoriasis.

When diagnosing GPP, special attention should be paid
to the localization of pustules, the size and depth of their
occurrence, the distance between the elements, the duration
of the existence of vesiculopustules, the color of the skin in
the affected areas, the presence of fresh pustular elements
in the same areas, the nature of the exfoliation of the epi-
dermis on the palms and feet. A characteristic morphologi-
cal feature of pustular psoriasis is the neutrophilic content
of the pustules.

An important clinical feature of GPP is the nature of
the course of the disease itself: the process has a tendency
to multiple recurrences in the same places, while, unlike

Table 2

Analysis of diagnostic criteria for generalized pustular psoriasis and other pustular dermatoses

Sions GPP Subcorneal Bullous Acute generalized Toxic epidermal
g pustulosis toxidermia exanthematous pustulosis necrolysis
Acute onset of the disease +++ + ++ +++ +++
History of psoriasis +++ + — — —
Pain in the joints +++ + ++ ++ ++
An increase in body
. +++ + ++ + ++
temperature to 38°C or higher
Soreness in the affected areas +++ + — + ++
Peeling of the epidermis of B _ n n et
the palms, soles
Respiratory viral infections +++ ++ - + +
Damage to the nail plates ++ — — + ++
Connection V.Vth the use of i n et —— —
medicines
Clustered pgstules with it - B B B
neutrophil content
Notes:
“~ is not typical
“+” is rare
“++” occurs with moderate frequency
“+++” occurs with high frequency
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subcorneal pustulosis, the skin color in the affected areas
changes and acquires a red-blue hue.

It should be noted that pustular forms of psoriasis in
children occurred much less frequently than in adults,
which is probably due to the high activity of the adap-
tive mechanisms of the immune system of children. In our
observation group, there were only 4 (7%) children with
pustular forms of psoriasis, in all cases, thanks to the use
of biological therapy (IL-17 inhibitors) and systemic reti-
noids, a relatively rapid positive effect was achieved.

In the presented study, pustular forms of psoriasis
were more common in women, with a total of 32 (56.1%)
cases, while in men — 25 (43.9%) cases. Age and gender
characteristics of GPP require further study of the influ-
ence of the immune and endocrine systems on the course
of dermatosis, and studies related to the role of inflam-
masomes, [L-16, IL-364 in maintaining immunoinflam-
matory processes in pustular forms of psoriasis deserve
special attention [3; 7].

Thus, a dermatovenerologist must timely and correctly
analyze the history of the disease, previous interventions,

heredity, and most importantly, separate GPP from derma-
toses that mimic it, such as subcorneal pustulosis, bullous
disseminated streptoderma, generalized impetigo (acute
generalized exanthematous pustulosis).

Conclusions

1. Among the main trigger factors of generalized
pustular psoriasis, the following should be distinguished:
stress, medications (systemic corticosteroids, beta-
blockers, antibiotics), and respiratory viral infections.

2. A characteristic feature of generalized pustular
psoriasis is a stable, wave-like course with a tendency to
re-form pustules in the same areas.

3. Generalized pustular psoriasis in our cohort was in
the second place in terms of frequency of detection. The
most common manifestation of pustular psoriasis was the
palmar-plantar form of dermatosis, detected in 19 (33.3%)
individuals.

4. Age and gender characteristics of von Zumbusch
disease and the influence of the immune and endocrine
systems on the course of dermatosis require further study.
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The research aims to analyze the activity of matrix metalloproteinase-9 indicators (MMP-9), circulating brain-derived neurotrophic
factor (BDNF), and malondialdehyde (MDA) levels depending on the duration of the disease in patients with paranoid schizophrenia.

Materials and methods. The research included 320 patients, namely 20 patients with “Primary Psychotic Episode” (Comparison Group)
and 300 patients with a diagnosis of “Paranoid Schizophrenia” (Study Group): 60 of them suffered from this disease from 3 to 5 years
(Subgroup I); 60 individuals — from 6 to 10 years (Subgroup II); 60 patients — from 11 to 15 (Subgroup III); 60 of them — from 16 to
20 (Subgroup IV); and 60 patients — from 21 years and more (Subgroup V). We assessed the severity of the underlying disease using the
Positive and Negative Syndrome Scale. We evaluated the intensity of oxidative stress (OS) by measuring the MDA index. Additionally, we
determined the content of MMP-9 and BDNF in the blood serum of all patients using ELISA.

Results. Analysis of the presented results showed that a statistically significant increase in malondialdehyde was observed in all Subgroups,
except the first one and indicated an increase in lipid peroxidation processes in patients with schizophrenia for over 5 years. The level of
MMP-9 was also significantly increased in patients of the Study Subgroups compared to the Comparison group. Simultaneously, we observed
a statistically significant decrease in BDNF values in Subgroups II-V. The degree of BDNF decrease increased with increasing duration of
the underlying disease and, therefore, the age of the patients. Thus, the study showed that the levels of MMP-9, BDNF, and MDA might be
considered potential biomarkers for assessing the severity and predicting the course of schizophrenia.

Keywords: schizophrenia, oxidative stress (OS), malondialdehyde (MDA), matrix metalloproteinase-9 (MMP-9), brain-derived
neurotrophic factor (BDNF).
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HNEPEKHUCHE OKHMCHEHHSA JIIIAIB, AKTHUBHICTbD MMP-9 TA PIBEHb BDNF Y XBOPHX
IMAPAHOITHY W30 ®PEHIIO 3AJEKHO BIJI TPUBAJIOCTI XBOPOBN

lsano-Ppanxiscoruii HayionarbHull MeouuHull yrisepcumem, learno-@pankiscvk, Yipaina

JIoCai/UKeHHsT BUSABMIIO TICHHI 3B’A30K MK OKHCHHM CTPECOM, 3allaICHHSIM Ta HEHpOJEreHepaTHBHUMM MpPOLECAMM Y NAIU€HTIB i3
mso¢pewieto. 3amwkenns piBHst BDNF ta mixsumenns pisHiB MMP-9 i MDA cBiggath nIpo MopynIieHHs1 HeHpOIUIaCTHYHOCTI Ta MTOCHIICHHS
3aMagbHUX MPOIECIB, MO MOXKYTh OyTH KIIFOYOBHMH (D)aKTOpPaMH y PO3BHTKY HETaTHBHOI CHMIITOMATHKH. Pe3ymbsTaTé JOCTiKEHHS TeMOH-
CTpPYIOTb, 1110 piBHi MMP-9, BDNF ta MDA MOXYTb CIIy>KUTH HOTSHL[IHHUMK GioMapKepamu [JIs OLIHKH TSDKKOCTI IIM30(peHil Ta mporHo-
3yBaHH Iepediry 3aXBoploBaHHs. BusBneHi kopemsanii Mk MK OGioMapkepaMyl Ta CHMITOMAaTHKOIO BiIKPHBAIOTh HOBI NEPCIIEKTHBH IS
Po3poOKH epcoHi(hiKOBAHHX MMiAXOMIB JO JIKYBaHHS.

Kumouogi ciioBa: musodpetis, okcuparusuuit crpec (OC), manonosuit guanbaerin (MDA), marpukcHa meranonporeinaza-9 (MMP-9),
Heifporpodiunuii pakrop mo3kxy (BDNF).

HA

Introduction

Experimental and clinical studies have found that stress
and oxidants predominate among the multiple factors that
trigger the pathophysiological cascade of the formation
of various diseases in humans [1; 2]. The increased level
of the oxidants contributes to the appearance of oxidative
stress (OS), in case of which the increased level of free
radicals (FR) can attack specific biomolecules causing
damage to cells, tissues, and organs. The reason is their
nature: FR are oxygen-containing molecules with an odd

© 1. R. Romash, 2025
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number of electrons allowing them to respond quickly to
other molecules such as DNA, proteins, and lipids. Lipids
are a significant component of cell membranes, including
neurons. Their oxidation leads to damage to the membranes
andimpaired cell function. Incase of excessive accumulation
of oxidation products in the intercellular matrix, a block
of normal cell vital processes occurs, and nerve impulses
are violated. As a result, all this causes the development
of various diseases, including the neurodegenerative ones,
such as schizophrenia [3]. Therefore, not only the activity
of antioxidant protection enzymes or dynamics of proteins
oxidative modification reflected in our previous works but
also malondialdehyde (MDA) level, the ratio of oxidants/
antioxidants, are the informative indicators for the predic-
tion of the further development of such diseases [4; 5].

27



KJITHIYHA IIPAKTHKA

Recent studies have confirmed that the reactive oxygen
species (ROS) formed during the OS have an impact on
the MMP-9 expression, the growth of which increases the
risk of cognitive disorders, schizophrenia in particular [6].
In the central nervous system, MMP-9 is localized and
released from neurons, astrocytes, and microglia, and its
level of expression is modified by reactive oxygen species
formed during OS, cytokine, and growth factors. MMP-9
is a metalloenzyme that breaks down the proteins that form
the brain matrix. It is involved in several key neurogenesis
processes, including the maturation of inhibitory neurons,
the formation of a specialized extracellular matrix
structure, synaptic plasticity, and myelinization. However,
excessive MMP-9 activity can damage neurons and lead to
degradation of healthy brain tissues.

Y. Lu and co-authors report that the expression of
matrix metalloproteinases is closely correlated with OS,
namely the degree of its manifestation, which determines
the relevance of the study of the mutual influence of the
prooxidant-antioxidant system state and the expression of
matrix metalloproteinases in patients with schizophrenia
[7]. According to F. Dickerson and co-authors, people with
higher MMP-9 have much higher chances of developing
schizophrenia or bipolar disorder [8]. Having examined
39 people with an early phase of psychosis and 44 healthy
individuals of the relevant age and gender, Johanna Seitz-
Holland and co-authors proved the presence of a relation
between MMP-9 activity, microstructural changes in the
hippocampus, and cognitive capabilities [9]. It is interesting
to note that valproates can reduce MMP-9 levels. Patients
receiving medication of this group had much lower MMP-9
levels. It is not yet clear, but it may be due to the ability
of valproates to suppress histone deacetylation and have
an effect on various immune mediators [10]. A number of
studies also indicate that MMP-9 levels increase under LP
influence negatively impacting the central nervous system
(CNS) [11].

Matrix metalloproteinases (MMP) are calcium-
dependent zinc-containing endopeptidases (proteolytic
enzymes) that act predominantly extracellularly and
regulate the integrity and composition of extracellular
matrix (ECM), and MDA “puts together” lipid molecules
in the cell and reduces the strength of the membrane,
making it fragile [12]. Excessive destruction of ECM
under the influence of increased MMP concentration is
associated with many physiological and pathological
conditions, including schizophrenia. ROS are known to
contribute to MMP activation, while antioxidants inhibit
the latter’s gelatinolic activity and thus protect ECM.
In their recent study, which was observational, cross-
over, and retrospective by methodology, according to the
principle of case-control, H. Yang and co-authors exam-
ined 80 male patients with chronic schizophrenia and 80
apparently healthy individuals. The results demonstrated
that the levels of superoxididiasmutase (SOD), glutathione
peroxidase (GSH-Px) and malone dialdehyde (MDA) were
significantly reduced, while catalase (CAT) and MMP-9
levels were increased in patients with schizophrenia com-
pared to healthy individuals in the control group. Correlation
analysis conducted in patients with schizophrenia showed
that the level of hydrogen peroxide (H,O,) substantially and
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positively correlated with positive PANSS points, CAT and
MDA levels significantly correlated with negative PANSS
points and the total PANSS points, and MDA levels much
more positively correlated with MMP-9 [13].

Brain-derived neurotrophic factor (BDNF) is a protein
involved in the nutrition of neurons that helps them grow
and create new bonds. It is an indispensable participant
in learning because it forms memory. Low BDNF levels
are associated with brain plasticity disorders and cognitive
problems. Based on the scientific data, MMP-9 can reduce
BDNF. Increased MMP-9 activity can probably destroy
BDNF receptors reducing its effectiveness. In our research,
we want to trace the dynamics of these indicators and the
features of their mutual influence, taking into account the
duration of the disease in patients with schizophrenia.

The objective of the research is to analyze the activity of
matrix metalloproteinase-9, circulation of the brain-derived
neurotrophic factor and the level of malone dialdehyde in
patients with paranoid schizophrenia, depending on the
disease duration.

Materials and methods

The research was performed at the Department of
Psychiatry, Narcology and Medical Psychology of Ivano-
Frankivsk National Medical University of the Ministry of
Health of Ukraine at the premises of the Communal Non-
Commercial Enterprise “Prykarpattia Regional Clinical
Center for Mental Health of the Ivano-Frankivsk Regional
Council” (CNE “PRCCMHIFRC”) and the “Pohonia
Psychoneurological Residential Care Facility”.

Considering the peculiarities of the chosen patients’
contingent and the direction of the scientific research,
an Experimental Group was formed consisting of five
subgroups and a control group. In order to ensure the
statistical accuracy of the results and taking into account
international practices, we identified the number of indi-
viduals for the study groups, namely 60 participants each.
For complete gender representation, the proportionality
of the participants was considered and achieved (an ideal
model included 50% of men and 50% of women). Thus,
320 patients were included in the examination, namely 20
patients with a “primary psychotic episode” (Comparison
Group) and 300 individuals with a diagnosis of “paranoid
schizophrenia” (Experimental Group): 60 of them suffered
from this disease from 3 to 5 years (Subgroup I); 60 indi-
viduals — from 6 to 10 years (Subgroup II); 60 patients —
from 11 to 15 (Subgroup III); 60 of them — from 16 to 20
(Subgroup 1V); and 60 patients — from 21 years and more
(Subgroup V).

The severity of the underlying disease was evaluated
according to the Positive and Negative Syndrome Scale
(PANSS) “Qualification scale of assessment of the severity
of positive, negative and general psychopathological
syndromes” (Kay S, Opler L, Fiszbein A, 1987).

Studies concerning the condition of the prooxidant-
antioxidant system were conducted by means of a
photoelectric colorimeter type KFK-2MP No 8903873
of the Center for Microelementology of the Ivano-
Frankivsk National Medical University at the Department
of Biological and Medical Chemistry named after
Academician Babenko GO.
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Quantitative determination (concentration) of malone
dialdehyde (MDA), which reacts with thiobarbituric acid
(TBK) forming a complex of active products (TBK-AP), is
widely used in order to estimate the LP intensity.

MMP-9 content in blood plasma in all examined patients
was determined by immuno-enzyme analysis by means
of Immuno Chem-2100, Microplate Reader, using the
laboratory set “The RayBiotech Human MMP-9 Enzyme
Immunoassay Kit” (USA) and was expressed in pg/ml.

BDNF indicators in the blood serum of all patients were
determined by immuno-enzyme analysis with the use of the
set “The Raybiotech Human BDNF Ensyme Immunoassay
Kit (USA) were and expressed in PG/ml.

All examinations were conducted only after signing of
the informed consent for the examination and treatment
under the provision which were approved by the Ivano-
Frankivsk National Medical University (Protocol No.
125/23 of 24.05.2023), as well as the Law of Ukraine “On
Psychiatric help”. During the research, the “Rules of ethical
principles of scientific research with human participation",
approved by the Helsinki Declaration (1964-2013) were
observed and in accordance with the ethical and moral and
legal norms. When selecting patients by age, we used the
standard age range of 18—65 years for modern research.

The statistical processing of the results was conducted
using Statistica 7.0. (Statsoft, Inc.) and the Microsoft
Excel, 2016 statistical features. The accuracy of the
results was confirmed on the basis of the calculation of the
Student’s coefficient. We conducted correlation analysis
according to Pearson’s coefficient. The “—” sign indicated
reverse connection, and “+” meant a direct connection.
We estimated the force of correlation relationship by the
following gradations: r = 0.3 —weak, r=0.3—0.5 —moderate,
r=0.5-0.7 —significant, r = 0.7-0,9 — strong, r = 0.9-0.99 —
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very strong. In order to describe quantitative features, we
used the median (Me), mode (Mo) and interquartile range:
the lower — the higher quartile (LQ-HQ). Arithmetic mean
(m), standard error (= m) were used to describe quantitative
features.

Results of the research

The difference between the MDA values in the
Experimental Subgroups is presented in Figure 1. The
average value of this indicator in subgroup I was (3.323 =
0.054) nmol/ml, which was 0.84% higher than the data in
the Comparison Group.

The median of this indicator (Me) in the patients in
this group was 3.325; the mode (Mo) constituted 3.19,
with an interquartile range (LQ-HQ) — 3.14-3.63 nmol/ml
(0.228; P>0.01) (Fig. 2.). In Subgroup II, the MDA value
averaged (3.746 = 0.102) nmol/ml, which was 13.7% more
than in the Comparison Group. In this case, Me amounted
3.72; Mo was 3.65; LQ-HQ — 3.165-4.44 nmol/ml. In
Subgroup III, MDA was (4.251 + 0.082) nmol/ml, which
was 29.01% higher than in the Comparison group: Me —
4.365; Mo — 3.79; LQ-HQ — 3.8-4.65. In Subgroup IV,
MDA was (4.404 = 0.064) nmol/ml, which was 33.65%
higher than in the Comparison Group: Me — 4.505; Mo —
4.65; LQ-HQ — 4.125-4.69. In Subgroup V, MDA consti-
tuted (4.658 + 0.053), which was 41.36% higher than in
the Comparison Group, Me — 4.61, Mo — 4.65; LQ-HQ —
4.345-4.96, respectively.

Figure 3 presents the dynamics of MMP-9 indicators in
the examined patients. According to the presented data, the
concentration of MMP-9 in the patients of the Comparison
group was (971.12 £ 38.26) pg/ml, which was 8.24% less
than in the Experimental Subgroup, where this figure
constituted (1058.32 + 53.24) pg/ml. MMP-9 amounted

Comparison Group

5

4.5

4

3.5

* 3
Subgroup V 2,5
2

15

1

0,5

0

Subgroup IV

Subgroup |

Subgroup Il

Subgroup I

Fig. 1. Dynamics of MDA in the examined groups of patients

Note: * — (P <0.05) The data are reliable compared to the comparison group.
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o—0

o

I

MDA, nmosuml
-

Fig. 2. MDA interquartile range in the groups of examined patients
Note: * — (P <0.05) The data are reliable compared to the comparison group.

(1153.27 £ 67.34) pg/ml in the patients of Subgroup II,
which was by 15.79 % higher than in the Comparison
group. It was (1831.64 + 49.37) pg/ml in Subgroup III,
being by 46.98% higher than in the Comparison Group.
MMP-9 constituted (1761.38 £ 38.29) pg/ml in Subgroup
IV, that is by 44.86% higher than in the Comparison Group.

This indicator was (2042.84 + 49.33) pg/ml in Subgroup
V, which was almost twice as high as in the Comparison
Group (p<0.05).

According to the results of the research, the average
BDNF was (27.226 £ 0.165) pg/ml in Subgroup I, which
was only 1.7% lower than in the Comparison Group.

1831.64249.37* -

1153.27#67.34% —
2500 |

2000 1058.32+53.24 —

2042,84+49.33% —

1761.38:38.29* —

Subgroup WV

1500

971.12:38.26 Subgroup IV
1000 Subgroup I

Subgroup Il

500 Subgroup |

0 Compar son Group

MMP-9 (pg/ml)
B Comparison Group  ®Subgroup | mSubgroup Il Subgroup Il mSubgroup IV @ Subgroup V

Fig. 3. Dynamics of MMP-9 in the groups of examined patients
Note: * — (p <0.05) The data are reliable compared to the comparison group.

30

ISSN 2226-2008 OJECHKWI MEJAYHNA XKYPHAIT Ne 4 (195) 2025




BDNF interquartile ranges in the patients of Subgroup I
were 26.17-28.057 pg/ml (Fig. 4). In Subgroup II, this
figure constituted (23.787 £+ 0.217) pg/ml on average,
which was 14.2% lower than in the Comparison Group.
BDNF interquartile ranges in the patients of Sub-
group II were 22.47-25.082 pg/ml. BDNF amounted
(23.754 £ 0.109) pg/ml in Subgroup III, which was 14.3%
lower than in the Comparison Group. BDNF interquar-
tile ranges in the patients of Subgroup III were 23.15-
24.425 pg/ml. In Subgroup IV, BDNF was (18.345 +
0.071) pg/ml, being 33.8% lower than in the Compari-
son Group. BDNF interquartile ranges in the patients
of Subgroup IV constituted 17.872—18.662 pg/ml. This
figure decreased by more than 2.6 times in Subgroup V,
respectively, and was (10.658 + 0.271) pg/ml. BDNF inter-
quartile ranges in the patients of Subgroup V amounted
9.475-12.477 pg/ml.

The results of correlation analysis (Fig. 5) showed that
there was an average inverse correlation between MDA and
BDNF. In Subgroup I, the correlation coefficient was -0.463
(p<0.05), and the determination ratio (R?) showed that
the variation of the first indicator was determined by the
variation of the second one by 21.4%. In Subgroup 11, the
correlation coefficient was -0.348 (p<0.05), and R? showed
that the variation of the first indicator was determined by
the variation of the second one by 12.1 %. In Subgroup
IMI, the correlation coefficient was -0.300 (p<0.0), and
R? showed that the variation of the first indicator was
determined by the variation of the second one by 9%. The
correlation coefficient was -0.323 (p<0.05) in Subgroup IV
and R? showed that the variation of the first indicator was
determined by the variation of the second one by 10.4%.
In Subgroup V, the correlation coefficient was -0.499
(p<0.05), and R? showed that the variation of the first
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indicator was determined by the variation of the second one
by 24.9%. A strong correlation coefficient between MDA
and BDNF was detected in the Comparison Group and con-
stituted -0.723 (p<0.05), and R? showed that the variation
of the first indicator was determined by the variation of the
second one by 52.0%.

The results of the correlation between the PANSS
and BDNF, MMP-9 and MDA indicators are presented in
Table 1.

According to the obtained data, we noted a weak
negative correlation between the PANSS and BDNF levels,
and a weak direct, positive correlation between PANSS and
MMP-9 as well as between PANSS and MDA in the Com-
parison Group. Meanwhile, mainly moderate correlation
was observed in Experimental Subgroups. The most signifi-
cant correlation of BDNF, MMP-9, and MDA was noted in
cases of negative psychopathology. In particular, significant
correlation was registered between the following indicators:
PANSS-N/BDNF — -0.583 (p<0.05) in the patients of Sub-
group V; PANSS-N/MMP — -9 0.567 and 0.558; (p<0.05)
in Subgroup IV and Subgroup V, respectively. The data on
the relation of positive symptoms to these quantities were
also important. A weak negative correlation BDNF and
PANSS-P was observed in the patients of the Comparison
Group. The correlation was moderate, negative in all Experi-
mental Subgroups. A direct moderate correlation between
MMP-9 and PANSS-P was noted in the Subgroups, where
schizophrenia had been diagnosed as an underlying disease
for more than 10 years. At the same time, MDA/ PANSS-P
positively correlated in all Experimental Subgroups, how-
ever, the correlation was statistically reliable only in Sub-
group V. A statistically significant negative correlation
between the PANSS and BDNF, namely -0.396 and -0.455
(p<0.05), respectively, was registered only in Subgroups

B Subgroup | Subgroup Il [ Subgroup lll [ Subgroup IV M Subgroup V [ Comparison Group

Fig. 4. BDNF interquartile ranges in the examined patients

Note: * — (P <0.05) The data are reliable compared to the comparison group.
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Fig. 5. Correlation between BDNF and MDA in the examined patients

Note: Correlation field and regression line with the equation describing it; R? is the coefficient of determination

Table 1

The results of correlation analysis between PANSS and BDNF, MMP-9, MDA in the examined patients

PANSS indicators
Indicators PANSS-N PANSS-P PANSS-G
(general symptoms)
1 2 3 4 5

The Comparison Group -0.202* -0.201* -0.204*

Subgroup I -0.294* -0.337%* -0.216*

Subgroup I1 -0.238* -0.354%* -0.278*

BDNF (pg/ml) Subgroup 111 0,382+ ~0.379%* -0.294*
Subgroup IV -0.403** -0.397* -0.396%*
Subgroup V -0.583*** -0.383%* -0.455%*

The Comparison group 0.284* 0.207* 0.225*

Subgroup I 0.397** 0.159* 0.295*

MMP-9 Subgroup II 0.364%* 0.287* 0.253*
(pg/ml) Subgroup II1 0.389%** 0.347** 0.391%**
Subgroup IV 0.567*** 0.393** 0.376**

Subgroup V 0.558%** 0.447%* 0.389%%*
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Continuation of the table 1

1 2 3 4 5

The comparison group 0.194* 0.234* 0.213*

Subgroup I 0.297** 0.299* 0.287*

MDA Subgroup II 0.308%** 0.307%* 0.297*
Subgroup 111 0.353%* 0.393%* 0.491%**

Subgroup IV 0.598%** 0.463** 0.406**
Subgroup V 0.603%** 0.557*%* 0.589***

Notes:

* —weak correlation (P>0.05);
** — moderate correlation (P<0.05);

*** _ significant correlation (P<0.05).

IV and V. The MDA correlation was somewhat similar:
MDA/PANSS-N statistically significant positive correlation
was registered in Subgroups IV and V, namely 0.598 and
0.603 (p<0.05), respectively; MDA/ PANSS-G — Subgroup
V —0.589 (p<0.05).

Discussion

Why are these three components the research subject?
A detailed analysis of the scientific literature showed a
biological basis, indicating the relationship between these
biomarkers. Thus, MMP-9 is involved in the processes of
remodeling and pathological processes of neurosis, BDNF
takes part in neuromodulation and synaptic plasticity,
and MDA is involved in OS [13]. All these processes are
closely connected. For example, lipid peroxidation (LP)
activates the circulation of MMP-9, thereby contributing
to damage to the brain tissues. According to scientific
data, MMP-9 is a very important regulator of a crosslink
between peripheral and central inflammation, remodeling
of extracellular matrix, synaptic contraction and
neuroplasticity [14, 15, 16]. Increased MMP-9 activity
reduces BDNF and negatively influences neural plasticity.
Moreover, under such conditions this neurotrophic factor
cannot produce the stimulus necessary for the formation
of antioxidants protecting the cell from damage, and thus,
a “vicious circle” is formed. Therefore, understanding the
relationship between these processes is a lack of a puzzle
in the complex mechanism of schizophrenia pathogenesis,
the impetus for the development of new regimens for the
treatment of neurodegenerative diseases.

According to the analysis of the presented results, a
statistically significant increase in MDA levels was observed
in all subgroups, except the first one, compared to the
comparison group. This indicated an increase in LP in the
examined patients with the history of the disease for over 5
years. The most significant increase in MDA was observed
in the subgroups with the longest duration of the underlying
disease. This indicated the fact that a prolonged paranoid
schizophrenia might lead to increased oxidative stress. The
obtained data are comparable with the results of the work
of H. Yang and co-authors [13]. Since LP intensification is
associated with the development of many diseases, such
as diabetes, atherosclerosis, and various neurodegenerative
diseases, the increased MDA levels might be an additional
risk factor for the development of these comorbid conditions.

The results indicated that the MMP-9 level was
significantly increased in the patients of the study groups
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compared to the comparison group. This can indicate the
activation of inflammation, tissue damage, and, therefore,
the progression of the disease. The results indicated the
important role of MMP-9 in the pathogenesis of the disease,
as well as that it may be a marker of the disease activity and
predict its course.

Thus, the research showed a decrease in BDNF in all
subgroups. A statistically significant decrease in BDNF
was observed in Subgroups II-V compared to the Com-
parison group. This indicated a general tendency to the
deficiency of this neurotrophic factor in the studied sample.
The most significant decrease was observed in Subgroup
V, where BDNF level was almost 2.6 times lower than
in the Comparison Group. The degree of BDNF decrease
increases with the increase in the duration of the underlying
disease and, therefore, the age of patients.The interquartile
range showed that not only did the average value of BDNF
decrease, but the variation of values in all Subgroups
decreased as well indicating a more homogeneous decrease
in the level of this protein. Decreased BDNF may be
associated with neuronal death processes characteristic of
many neurodegenerative diseases, including schizophrenia.
Chronic inflammation can also have a negative impact on
BDNF levels.

The correlation analysis results indicated a reverse
connection between MDA levels as an oxidative stress
marker and BDNF. That is, BDNF level usually decreased
with an increase in MDA level. Such data support the
hypothesis that OS has a negative effect on neuroplasticity
by reducing BDNF levels. According to scientific data, the
probable ways of this connection are violation of BDNF
gene expression under the OS influence, changes in the
activity of its receptors, or direct damage to its molecules
with free radicals.

The results of correlation analysis indicated complex
relationships between psychopathological symptoms
assessed by the PANSS and BDNF, MMP-9 and MDA
biomarkers. There was a clear negative correlation between
negative symptoms and BDNF levels. It was predominantly
expressed in the patients with a longer course of the disease.
It may have resulted from a violation of neuroplasticity in
some brain regions. A positive correlation between the level
of negative symptoms and MMP-9 and MDA indicators
was observed indicating the presence of chronic inflamma-
tion and OS. These data partially contradicted the results
of H. Yang and co-authors, who had found that MDA lev-
els significantly negatively correlated with PANSS-P and
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PANSS-G, and no correlation was found between MMP-9
and the total score of the PANSS or its subscales. It should
be noted that only men participated in that study, and our
research involved the participation of both genders in equal
proportions [13]. The obtained data indicated a complex
interaction of various biological processes, such as neuro-
plasticity, inflammation, and OS [16].

Therefore, the conducted research showed that MMP-9,
BDNF, and MDA levels might be considered as potential
biomarkers for assessing the severity of schizophrenia and
predicting its course. Therefore, the biological approach of
this study provides new prospects for developing an indi-
vidual approach to the treatment of this pathology aimed
at modulating stress, inflammation, and synaptic plasticity.
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Introduction. Formation of a lifelong ileostomy is an important measure of surgical rehabilitation of patients after colectomy and rectal
extirpation. The known methods of forming lifelong ileostomies provide only controllability of the bowel movement function. However, they
do not reduce the severity of post-collectomy syndrome.

The aim of the study is to improve the results of surgical rehabilitation of patients with lifelong ileostomy by developing and implementing
into clinical practice a new type of retaining reservoir and nonreservoir ileostomy to prevent severe forms of post-colectomy syndrome.

Materials and methods. The study group consisted of 23 patients in whom surgical intervention was completed with the formation of the
author’s lifelong retaining ileostomies of a new type. The comparison group consisted of 24 patients who underwent the formation of a classic
Brook ileostomy after colectomy and rectal extirpation.

The peculiarity of the formation of the author’s methods of retaining ileostomies was to preserve the anatomical integrity of the small
intestine wall, to create anatomical structures for physiological delay of the contents.

Results and discussion. The use of lifelong retention ileostomies of a new type after colectomy and rectal extirpation contributed to a
decrease in the rate of transit through the small intestine, an increase in the duration of contact of the contents with the surface of the mucous
membrane, and a significant improvement in the course of intestinal digestion and absorption. This resulted in an increase in the number
of patients to 20 (90.9%) with grade I (mild) post-colectomy syndrome, a significant decrease to 2 (9.1%) with grade II (moderate) and no
patients with grade III (severe).

The prospect of further research, according to the authors, is to further improve lifelong ileostomies aimed at ensuring the controllability
of the bowel movement function.

Keywords: collectomy and rectal extirpation, lifelong ileostomy, post-collectomy syndrome.
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METOAU ®OPMYBAHHS JOBIYHUX IJIEOCTOM HOBOT'O THITY

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

Po3pobieno Meroau (GopMyBaHHS IOBIYHHX YTPHUMYKOUHMX 1IEOCTOM HOBOTO THIy ISl MOMEPEDKCHHS TSHKKUX BapiaHTIB mepediry
MIOCTKOJIEKTOMITHOTO CHH/IPOMY HiCJIsS KOJIEKTOMIT Ta eKCTUPMALii MPsSMOT KHIIIKH.

3a3HaueH] yTpuUMyIodi i1eocToMu BUKOpHCTaHi y 23 mamieHTiB, 12 (52,2%) gonosikis ta 11 (47,8%) xinok 19-47 pokis, omepoBaHmX
3 IPUBOJY BUPA3KOBOIO KOJIITY, XBOpoOH KpoHa TOBCTOI KHIIKH, POAMHHOTO a/IEHOMATO3HOTO0 1oiino3y. Lle cipusiio dizionorivuiit 3aTpumit,
3MEHILIEHHIO NIBUAKOCTI TPAH3UTY BMICTY 1O TOHKIiH KHIII, 30LIBIICHHIO TPUBAJIOCTI KOHTAKTY 3 HOBEPXHEIO CIM30BOI OOOJIOHKH, TTOKpa-
IIEHHIO Nepebiry IpoIeciB KUIIKOBOTO TPABJICHHS Ta BCMOKTYBAHHS, 301IbIICHHIO KinbKoCTi manieHTiB 10 20 (90,9%) 3 I (;lerkum) crymenem

MOCTKOJICKTOMIYHOTO CHHIPOMY, 3MEHIIeHHIO iX KibkocTi 10 2 (9,1%) 3 II (cepennim) i BincyTHOCTi 3 11 (TsDKKHM) CTyHEHAMHE.
Ki110490Bi ¢J10Ba: KOJIEKTOMIsl Ta EKCTHPIIALLS TIPAMOT KHIIKH, JIOBIYHA 1JIE0CTOMA, OCTKOJIEKTOMIYHHI CHHIPOM.

Introduction

A lifelong ileostomy is formed after colectomy and
rectal extirpation, as well as after extirpation of the surgical
anal canal stump and removal of the pelvic small bowel
reservoir due to complications of its healing [2; 6; 7]. In
these cases, the restorative or reconstructive-restorative
stages of surgical intervention become impossible and
inappropriate due to the removal of the rectal sphincters.
According to some authors, colectomy with rectal
extirpation accounts for 4.1-5.4% of coloproctological
operations [1; 6; 8]. Indications for colectomy with rectal
extirpation include severe variants of inflammatory bowel
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disease, in particular, ulcerative colitis, Crohn's disease with
total colon damage and destruction of the rectal sphincters
[5; 7], familial adenomatous polyposis with a low-grade
rectal tumour [1; 7; 10].

Removal of the entire colon and the formation of a
lifelong monoileostomy lead to disability of the patient
and the need for daily medical and hygienic care of
the stoma [1; 3; 9]. Disability is also caused, to a large
extent, by the occurrence of post-collectomy syndrome
due to malnutrition and malabsorption and, accordingly,
significant losses of intestinal contents, and with it fluids,
electrolytes, trace elements, proteins and other ingredients.
In turn, this leads to severe dysfunctions of internal organs
and systems, creating the need for conservative therapy
aimed at correcting these metabolic disorders [1; 8; 9].

In such cases, it is important to use surgical rehabilitation
methods aimed at ensuring the controllability of ileostomy
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functioning, improving the course of intestinal digestion
and absorption by forming prestomal reservoir structures.

The first reservoir ileostomy after colectomy and
rectal extirpation was proposed by N.J. Kock (1969).
Subsequently, a number of other modifications were
created based on the principle of N.J. Kock, in particular: a
retaining small intestinal reservoir (W.O. Barnett, 1983), a
continental ileostomy (J.H. Pemberton et al, 1983), reservoir
ileostomy (Y.V. Baltaitis, 1984), T-reservoir retaining
intra-abdominal ileostomy (A.M. Kaiser, 2002), three-
knee S-reservoir retaining ileostomy (J.S. Wu, V.W. Fazio,
2002) and others [4; 8; 9; 10]. These designs of reservoir
ileostomies differed only in certain technical aspects of
formation. Their common features were the formation of
a reservoir by the type of anatomical container by crossing
and suturing the walls of the small intestine — ‘anatomical
reservoir’, the creation of an invagination valve in the
reservoir cavity to prevent uncontrolled leakage of liquid
content, and emptying the reservoir through the ileostomy
only with the help of a probe [3; 4; 8; 9]. The formation
of these prestomal constructions was accompanied by
frequent postoperative complications in 12.3-14.6% of
patients, in particular, insufficiency of intestinal sutures of
the formed reservoirs, significant losses of liquid chemistry
through the ileostomy, within 1-1.5 litres per day, which
often led to severe post-colectomy syndrome [5; 8; 9]. It
should be noted that the design of reservoir ileostomies
was proposed in the absence of sealed stool containers.
Therefore, they had a single goal — to prevent uncontrolled
bowel movements. At the same time, the loss of chyme was
similar to that of a reservoirless ileostomy, which did not
contribute to a decrease in the severity of post-collectomy
syndrome. However, the undoubted advantage of these
reservoir ileostomies was the absence of the need for a
colostomy bag.

Given the significant disadvantages of traditional
reservoir ileostomies, to ensure an adequate level of
surgical rehabilitation of patients after colectomy and rectal
extirpation, it became necessary to develop more advanced
lifelong retention ileostomies of a new type.

Objective — to improve the results of surgical
rehabilitation of patients with lifelong ileostomy by
developing and implementing into clinical practice a new
type of retaining reservoir and nonreservoir ileostomy to
prevent severe forms of post-collectomy syndrome.

Materials and methods

Since the beginning of the 21% century, the practice of
care for intestinal stomas has included hermetic ileostomy
bags, which are tightly fixed to the skin of the peristomal
area with an adhesive base, which greatly facilitates the care
of the ileostomy. It was at that time that the idea of creating
a new type of retaining ileostomy arose, which would
create conditions for improving the course of intestinal
digestion and absorption and thus reduce the severity of
post-collectomy syndrome.

The author’s methodical approach to the formation of
a lifelong ileostomy was to create anatomical structures
capable of physiological temporary delay in the movement
of the contents through the small intestine, to increase the
duration of contact of the chyme with the surface of the
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mucous membrane, to improve the course of intestinal
digestion and absorption, and to contribute to a significant
reduction in the severity of post-collectomy syndrome.

In accordance with the above provisions of the
methodological approach, the retaining reservoir ileostomy
was formed prestomally in the terminal ileum in the shape
of the letter ‘W’ (Fig. 1).

The components of this retention reservoir ileostomy
were physiological factors that delayed the movement of
the contents through the intestinal canal, namely, fixed
anatomical bends and retention valves. Each of these
valves was placed proximal and distal to these bends. The
longitudinal size of the small intestine between the formed
bends was 12—14 c¢m, which in most cases corresponded
to the longitudinal size of the small intestine loop of the
operated patient.

The retaining valve, as an additional factor in delaying
the movement of the contents through the small intestine,
had two components: a protector and a flap, which were
located proximally in the intestinal lumen (Fig. 2).

The proximal location of the retention valve
components ensured an effective physiological delay in

Fig. 1. Retaining reservoir ileostomy: 1 — fixed bends in
the terminal part of the small intestine;
2 — the retaining valve is located distally; 3 — the
retaining valve is located proximally

Fig. 2. Retaining valve: 1 — valve leaf;
2 — valve protector
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the advancement of the contents. Anatomical bends and
retention valves were formed using serosuperior sutures,
which ensured the preservation of the anatomical integrity
of the small intestine wall.

Taking into account the risk of Crohn’s disease
recurrence in the area of the formed reservoir ileostomy,
even with the application of serous-muscular sutures, a
method of forming a reservoirless retaining ileostomy was
developed. In this case, the retaining structures were placed
directly in the area of the ileostomy itself (Fig. 3).

Fig. 3. Retaining reservoirless ileostomy:
1 — evagination of a segment of the small intestine;
2 — a demucosalised area of the evaginate; 3 — the edges
of the stomatal window; 4 — the first level of sutures;
5 — the second level of sutures.

The stages of its formation included the creation of an
evaginate section of the small intestine and mucosectomy
of the terminal section of the evaginate with a length
corresponding to the thickness of the anterior abdominal
wall. The evaginate was placed in the stomal window so
that the edges of this window were in contact with the
demucosal surface. The sutures were placed between the
walls of the stoma window and the demucosalised area of
the evaginate at two levels. The first level was along the
edge of the cut of the demucosalised area of the evaginate
to the parietal peritoneum and aponeurosis, and the second
level was along the edge of the cut of the evaginate mucosa.
The evaginate itself and the walls of the stomatal window
reduced the lumen of the ileostomy. Under such conditions,
the movement of the contents was delayed, and emptying
was possible only with an increase in pressure in the
lumen of the prestomal area of the small intestine. Delayed
movement of the contents led to an increase in the time of
its transit through the small intestine, improving the course
of intestinal digestion and absorption. The reservoirless
retention ileostomy was used exclusively in patients
undergoing surgery for colon Crohn’s disease, as the risk
of disease recurrence in the reservoir area was quite likely.
Care for retaining reservoir and nonreservoir ileostomies
involved the use of a faecal colostomy bag.

The study included 47 patients after colectomy and
rectal extirpation operated on at the Coloproctology Centre
of Ukraine, the main clinical base of the Department
of Surgery No. 1 of the Bogomolets National Medical
University, in the period from 2010 to 2024. The study
group included 23 patients. Of these, 12 (52.2%) were
men and 11 (47.8%) were women. The patients' age ranged
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from 19 to 47 years. The indications for surgical treatment
in 5 (21.7%) patients were ulcerative colitis, in 8 (34.7%)
patients — Crohn’s disease of the colon, in 6 (26.1%)
patients — familial adenomatous polyposis, in 2 (9.5%)
patients — multicentric colon cancer with a tumour in the
lower ampullary rectum, 2 (8.7%) had cancer of the lower
ampulla of the rectum on the background of diverticular
disease with total involvement of all anatomical parts of
the colon and cecum. According to the generally accepted
classification according to TNM criteria, colon tumours
were as follows: pT1-4 NO-2 MO-1, G1-2.

The peculiarity of ulcerative colitis and Crohn’s disease
was the severe clinical course of the diseases, total colon
involvement, and destruction of the rectal sphincters by the
inflammatory process.

Concomitant diseases, including hypertension, obesity,
diabetes mellitus, and varicose veins of the superficial
veins of the lower extremities, were diagnosed in 9 (39.1%)
patients.

In patients of the study group, the radical stage
of surgical treatment included colectomy with rectal
extirpation. In patients with existing malignant tumours
of the colon, surgical interventions were performed using
generally accepted oncological standards. This radical
surgery was completed with the formation of a lifelong
retaining reservoir ileostomy in 17 (73.9%) patients and
a lifelong retaining nonreservoir ileostomy in 6 (26.1%)
patients.

The comparison group consisted of 24 patients. The
radical stage of surgical intervention in them was similar
to the radical stage in the study group. However, the
surgical intervention was completed with the formation of a
standard lifelong ileostomy according to Brook. There was
no significant difference between the patients in the study
group and the comparison group in terms of the diagnosis
of the underlying disease, the features of its clinical course,
in particular the nature of the colon lesion, the presence of
complications, age, gender, and concomitant diseases. This
gave grounds to consider them representative.

For the diagnosis of the underlying disease, its
complications, and postoperative complications, generally
accepted standard clinical research methods, clinical
and biochemical laboratory methods, and instrumental
methods were used. Among the instrumental methods used
were radiological: irrigography, computed tomography,
computed colonography, as well as magnetic resonance
imaging, colonoscopy with biopsy and pathological
examination of biopsies.

Functional results were determined on the basis of the
study of intestinal digestion and absorption functions. The
weight of the ileostomy stool was determined, coprological
examination of the stool chemistry, radiological control of
the duration of transit of the barium sulfate mixture through
the small intestine, and the duration of contrast retention in
the formed prestomal reservoir were performed. Body weight
as an integral indicator of intestinal digestion and absorption
was determined by weighing patients on a medical scale.
Statistical processing of digital data was performed using the
software package StatSoft Statistica 6.0.

An important measure of the diagnostic and therapeutic
process was compliance with ethical, legal and regulatory
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measures in accordance with the international standards
of the Declaration of Helsinki. Compliance with ethical
and legal norms during the conduct of scientific research
is certified by the conclusion of the Commission on
Bioethical Expertise and Ethics of Scientific Research of
the O.0. Bogomolets National Medical University dated
March 16.03.2021. Protocol No. 7.

Results and discussion

In 1 (4.3%) patient of the study group, peritonitis
occurred in the early postoperative period due to perforation
of the small intestine in the area of serosuppurative sutures
and against the background of Crohn’s disease relapse. In
connection with this complication, the patient underwent a
resection of the prestomal area of the small intestine along
with the small intestinal reservoir, and a lifelong Brook
ileostomy was formed. Other complications: postoperative
wound suppuration, pneumonia, pyelonephritis, acute
thrombosis of the superficial veins of the lower extremities
occurred in 5 (21.7%) patients in the study group and 5
(20.1%) in the comparison group (p>0.05).The difference
in the indicators was statistically insignificant.

Functional outcomes were determined in 22 patients
of the study group, since the patient after removal of the
prestomal reservoir and formation of a lifelong Brook
ileostomy was excluded from further functional studies.

Functional outcomes were assessed 1 year after
completion of surgical treatment. During this period,
the digestive system adapted to the new anatomical
relationships that arose after the radical and reconstructive
stages of surgical treatment, as well as the relative
stabilisation of the operated patients. Functional results are
presented in Table 1.

The data in the table indicate a much more favourable
course of intestinal digestion and absorption in the patients
of the study group. This is evidenced by a decrease in the
mass of chyme in the ileostomy stool in a significantly
larger number of patients. At the same time, the weight
of the chemo in the stool approaches the known values
of the weight of daily stool of a healthy person. A more
favourable course of intestinal absorption function was
also indicated by the mushy, rather than liquid, consistency

of the stool in a significantly larger number of patients in
the study group.

Intestinal absorption dysfunction in patients of the
comparison group was indicated by a twofold, and in some
cases threefold, higher weight of stool with a predominantly
liquid consistency.

The results of the coprological examination of ileostomy
stool also indicate a more favourable course of intestinal
digestion in the study group. They had only a small amount
of undigested nutrients, in particular, fibre, extracellular
starch, muscle fibre, and neutral fat. In patients in the
comparison group, the content of these substances increased
to a moderate and, in some cases, significant level.

Radiological control of barium sulfate transit through
the small intestine in patients with a retention ileostomy
showed a sufficient time delay in contrast advancement
both in the reservoir and in proximal areas of the small
intestine (Fig. 4).

The radiograph illustrates the deposition of contrast
in the prestomal reservoir — 1, adjacent areas of the small
intestine — 2, 7 hours after per os administration.

In patients of the study group, the bulk of the contrast
was in the reservoir and proximal loops of the small
intestine 7 hours + 40 minutes after per os administration.
In most of them, the evacuation of contrast through the
ileostomy began at this time and lasted for 2 hours + 20
minutes. The given delay time indicated an increase in the
duration of contact of the small intestine contents with the
mucosal surface and more favourable conditions for the
course of intestinal digestion and absorption. In patients
in the comparison group, the average duration of barium
sulfate transit through the small intestine was significantly
shorter, amounting to only 4 hours £ 30 minutes. The
difference was significant (p<0.05).

The transit time of barium sulphate was longer, 5 hours
+ 20 minutes, but statistically insignificant (p>0.05),
in patients of the study group after the formation of a
reservoirless retention ileostomy compared with patients in
the comparison group. This also indicated more favourable
conditions for intestinal digestion and absorption.

The body weight of the operated patients was also
indicative. The average body weight before surgery in the

Table 1

Functional results

Patient groups
Values of values Study group (n=22) Comparison group (n=24)
abs. | % abs. abs. % abs.
Weight of chyme during ileostomy emptying
0.35-0.45 kg 19 86.4 1 4.2%
0.46-0.8 kg 3 13.6 3 12.5
0.81-1.2 kg — — 20 83.3*
Results of the coprogramme
Porridge-like consistency of the chemistry 20 90.9 4 16.7*
Liquid consistency of the chemistry 2 9.1 20 83.3*
The presence of fibre insignificant considerable
Extracellular starch insignificant moderate
Altered muscle fibres insignificant moderate
Neutral fat insignificant considerable

Note: *Difference in figures is significant (p<0.001)
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Fig. 4. Radiological monitoring of barium sulphate
transit through the small intestine in a patient with a
reservoir-retaining ileostomy 1 year after surgery

study and comparison groups did not differ significantly.
It was 48.7+3.2 kg and 46.9+4.3 kg, respectively. The
difference in indicators is not significant (p>0.05). In 1 year
after completion of surgical treatment, the average body
weight in patients of the study group increased significantly
to 79.5£3.6 kg. In patients of the comparison group, the
average body weight during this observation period was
only 57.244.3 kg. The difference was statistically significant
(p<0.05). Thus, the assessment of the criterion of average
body weight indicates a significantly more favourable
course of intestinal digestion and absorption in patients of
the study group compared to patients of the comparison
group who underwent a classic Brook ileostomy.

Improvement of intestinal digestion and absorption in
patients of the study group had a significant impact on the
severity of post-collectomy syndrome (Table 2).

The data in Table 2 indicate a significantly higher
number of patients in the study group with grade I (mild)
post-collectomy syndrome, in the presence of which
conservative treatment aimed at correcting metabolic
disorders is not indicated. The number of patients in the
comparison group with II (moderate) and III (severe)
degrees was also significantly higher. These patients
periodically underwent conservative treatment aimed at
compensating for metabolic disorders.

The main objective of the development and formation
of retaining reservoir and nonreservoir ileostomies in
patients after colectomy and rectal extirpation was to
improve the course of intestinal digestion and absorption

KJITHIYHA IIPAKTHUKA

in order to prevent severe forms of post-collectomy
syndrome. To achieve this goal, it was important to create
conditions to reduce the speed of the contents’ movement
through the small intestine and thus increase the duration of
the chyme’s contact with the surface of the small intestinal
mucosa. In this regard, when forming a retaining reservoir
ileostomy, two factors were used to delay the movement of
the contents through the small intestine: fixed anatomical
bends and retaining valves. Fixed anatomical bends were
created in the prestomal region of the small intestine in
the shape of the letter ‘W’ using seromuscular sutures.
The length of the small intestine between the edges of
the created bends was 12—14 cm, which corresponded
to the longitudinal size of the small intestine loop of the
operated patient. The retention valve was also created using
seromuscular sutures as an additional factor in delaying the
advancement of the contents and was located proximally
and distally from the indicated bends at a distance of no
more than 2-3 cm.

Thus, the features of the retaining reservoir ileostomy
were as follows:

1. Creation of a functional, not anatomical reservoir, in
which there is a physiological delay in the advancement
of the contents of the small intestine, rather than its
accumulation.

2. Use of physiological factors that delay the movement
of the contents, in particular intestinal bends and valves.

3. Atraumatic formation of the structure — without
transmural damage by applying serous-muscular sutures,
and not by cutting the small intestine wall with subsequent
suturing.

4. Preservation of the anatomical integrity of the small
intestine wall.

5. Improvement of intestinal digestion and absorption
processes.

6. Reducing the loss of chemistry during the day to
0.35-0.45 kg.

7. Improvement of physical properties of the stool in the
ileostomy stool to mushy, sometimes to the appearance of
‘thick porridge’.

8. Regularity of the frequency of ileostomy discharge,
up to 3—4 times during the day.

9. The presence of post-collectomy syndrome, mainly
of the first (mild) degree, which does not require special
correction.

10. The ability to ‘control’ the frequency of ileostomy
emptying by limiting food intake or eating at a certain time.

Retaining reservoirless ileostomy was formed
exclusively in patients operated for Crohn’s disease of the
colon, with its total destruction in order to reduce the risk

Table 2
Severity of post-collectomy syndrome
The d ¢ Patient groups

pos t-colleec toergll)‘re:ygl drome Study group (n=22) Comparison group (n=24)

abs. abs. abs. abs.

I (mild) 20 90,6 7 29,2*

II (moderate) 2 8,1 11 45,8*

111 (severe) - - 6 25,0*

Note: *Difference in figures is significant (p<0.001)
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of recurrence of the disease. Since the risk of recurrence in
Crohn’s disease remains quite probable even in the area of
serous-muscle suturing. That is why the peculiarity of the
formation of a reservoirless ileostomy was to create a factor
of delay in the advancement of the small intestine content
not in the prestomal region of the small intestine, but in
the area of the ileostomy itself by forming a demucosalised
small intestine evaginate and its location at the level of the
stoma window of the anterior abdominal wall. At the same
time, the formed evaginate of the terminal part of the small
intestine served as a factor of delayed movement of the
contents.

Therefore, the formation of lifelong retaining reservoir
and nonreservoir ileostomies led to an improvement in the
course of intestinal digestion and absorption in the study
group by reducing the rate of transit of the contents in
the small intestine, increasing the duration of its contact
with the surface of the mucous membrane. Improvement
of intestinal digestion and absorption processes led to
the occurrence of the most favourable, I (mild) degree of
post-collectomy syndrome in a significantly larger number
of patients. It further contributed to the improvement of

the quality of life, social and labour rehabilitation and
reintegration of the operated patients into society.

Conclusions

1. The principle of physiological delay in the movement
of the contents, reduction of the rate of its transit through
the small intestine, increase in the duration of contact of the
chyme with the mucosal surface, and improvement of the
course of intestinal digestion and absorption are the basis
for the formation of lifelong retention of reservoir and
nonreservoir ileostomies.

2. The use of methods for the formation of lifelong
ileostomies of a new type led to an increase in the
number of patients to 20 (90.9%) with I (mild) degree
of post-collectomy syndrome, a significant decrease
to 2 (9.1%) with II (medium) and the absence of
III (severe) degrees.

The prospect of further research, according to the
authors, is to further improve lifelong ileostomies aimed at
ensuring not only the improvement of intestinal digestion
and absorption, but also the controllability of the bowel
movement function.
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Background. Laparoscopic surgery for large and giant hiatal hernias is associated with significant technical difficulties. This study
compared outcomes of two surgical approaches: the use of mesh implants and relaxing incisions of the diaphragmatic crura.

Materials and Methods. Between 2015 and 2024, 78 patients (66.7% women; mean age 64.5 + 1.1 years; BMI 29.4 + 3.2 kg/m?)
underwent laparoscopic surgery for giant hiatal hernia. Patients were randomized into two groups: Group I (n = 46) received mesh implants
(Ultra Pro, PTFE-coated), while Group II (n = 32) underwent relaxing incisions of the diaphragmatic crura with defect coverage using a self-
fixing ProGrip mesh. Follow-up lasted 12 months and included assessment of complications, recurrences, and quality of life (QoL) using the
SF-36, GIQLI, and Visick scales.

Results. All procedures were performed laparoscopically. In Group I, there was one fatal case and 15 complications, compared with no
deaths and three complications in Group II. Recurrence rates were 21.7% vs. 9.4%, respectively. Dysphagia (34.8% vs. 12.5%) and heartburn
(37.0% vs. 15.6%) were significantly more common in Group I. Reoperations were required in 26.1% vs. 6.3% of cases (p = 0.02). Long-term
QoL was higher in Group II, with significantly lower somatic discomfort and improved SF-36 scores (p < 0.05).

Conclusions. Laparoscopic surgery of giant hiatal hernias using relaxing incisions of the diaphragmatic crura is a safe and effective
alternative to mesh implantation. This technique reduces recurrence rates (21.7% to 9.4%) and re-operations (26.1% to 6.3%; x> = 5.04,
p = 0.02), while improving patient quality of life.

Keywords: hiatal hernia, mesh implant, fundoplication, minimally invasive surgery, quality of life.
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PO3BUTOK XIPYPITUHHMX TEXHOJIOIIA B JIKYBAHHI TITAHTCBKHUX T'PHK CTPABOXIJHOI'O
OTBOPY JIA®PATMH

O0ecvkuti HayioHanbHull Meouynuil yHigepcumem, Odeca, Ykpaina

IIpoBeaeHO MOPIBHSHHS PE3Y/IbTATIB JIANApOCKOMIYHUX ONepaliii y Mal[ieHTiB i3 TiraHTCHKMMH XiaTaJbHUMH TPIKAMH, SKHM
BCTaHOBIIIOBAJIM CITYACTI IMIUTAaHTATH, 3 pe3y/bTaTaMy JaapoCKOIYHHUX OIepalil, e A0faTkoBO Oyan BUKOHAHI MOCTAOIION0YI po3pi3n
HIKOK 1 Kymona miadyparMu.

BcraHoBneHo, 1110 3acToCyBaHHs MOAN(IKOBAHOTO COCO0Y IUIACTHKY CTPABOXIHOTO OTBOPY AiadparMu J03BOIISIE 3MEHIIHUTH KiTbKICTh
YCKJIa{HeHb, BITHOBUTH HOPMaJbHY (YHKIIIO CTPABOXOAY Ta 3HAYHO ITOKPAIIUTH SKICTh KUTTS NALI€HTIB.

30KpeMa, 3aCTOCyBaHHS MOCIA0IIOI0YNX PO3Pi3iB i Yac XipypriyHoro JiKyBaHHS TraHTCHKUX TPUK CTPABOXITHOTO OTBOPY JiadparMu
BUSBIJIOCS BHIIPABIAHOIO TAKTHKOIO — LIEH MiXia O3BOJAE CKOPOTHTH KiUIbKICTh peruauBiB 3 21,7% 1o 9,4%, a MOBTOPHUX omepawii —
3 26,1% 10 6,3% (%% = 5,04 p = 0,02). 3actocyBanHs MOCIa0IIOKUUX PO3PI3iB T03BOJSAE JOCTOBIPHO MOKPAIIMTH SKiCTh KUTTS MALIEHTIB
BIPOIOBXK 12 MiCAIIiB TOBIOTPUBAJIOTO CIIOCTEPEKEHHS.

Kitrouogi ci10Ba: rpika CTpaBoXiqHOTo 0TBOpPY Aiadparmu, ciTdacTuii iMIUTaHTAT, PyHIOIUTIKALLs, MiHIiHBa3UBHA XipYpris, IKICTh KUTTS.

Introduction
Laparoscopic surgery for large and giant hiatal hernias
is associated with significant technical difficulties [1-3].
Successful closure of a large diaphragmatic defect often
requires the use of mesh implants. However, direct contact
between the mesh and the esophagus can lead to adverse
effects, such as ingrowth of the mesh into the esophageal

© V. V. Grubnik, D. V Korchevyi, V. V. Grubnik et al., 2025
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tissue, which can potentially lead to perforation, stenosis,
dysphagia, or even complete obstruction of the esophagus
[4; 5]. These complications may require additional complex
surgical interventions.

Our clinic is engaged in the improvement of laparoscopic
methods for the treatment of hiatal hernias. To date, we
have performed operations on approximately 4.000 patients
with this disease. Our extensive experience, combined
with a thorough review of the relevant scientific literature,

' Grubnik Volodymyr Volodymyrovych
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indicates that the most serious problems in surgical
intervention arise in patients with large and giant hernias of
the esophageal opening of the diaphragm, especially those
where the distance between the crura of the diaphragm
exceeds 5 cm [6-8]. Initially, like many surgeons, we used
mesh implants fixed to the diaphragmatic crura in these
cases [6]. However, reports in the medical literature and
our clinical experience raised serious concerns about this
approach [7; 8].

In order to reduce the risk of complications associated
with mesh implants, we used a technique of creating
relief incisions on the crura and dome of the diaphragm
[9]. This modification allowed to suture the crura of the
diaphragm without mesh. Although this technique was
proposed by American surgeons quite some time ago [10],
it has not gained widespread acceptance among practicing
physicians due to concerns about its effectiveness and the
risk of hernia recurrence and dysphagia [11; 12].

The aim of this scientific study was to compare the
results of laparoscopic surgery in patients with giant
hiatal hernias who had mesh implants with the results
of laparoscopic surgery where we performed relaxing
incisions of the crura and dome of the diaphragm.

Materials and methods

From 2019 to 2024, 78 patients with giant hiatal hernias
were operated on at the clinic. The study was conducted
in accordance with the principles of the World Medical
Association’s Declaration of Helsinki (1964, as amended).
All study participants provided written informed consent to
participate in the study.

To determine the size of the hernia, we used the proposed
classification, according to which giant hernias are those in
which the area of the hernial defect exceeds 20 cm? [6]. In
these patients, the greatest distance between the crura of
the diaphragm exceeded 5 cm and averaged (8.2 £ 0.3) cm.

The surgical intervention was performed through 4 ports:
one 10 mm port for the laparoscope and three 5 mm ports for
instruments. In very complex cases, an additional 5 mm port
for instruments was used in 12 (15.4%) patients. Particular
attention was paid to sufficient dissection of the esophagus,
which allowed it to be lengthened by 7—8 cm. In two (2.6%)
cases with a shortened esophagus, a Collis operation was
performed. For this purpose, laparoscopic stapling devices
were used to resect the fundus part of the stomach in order to
create an elongated tubular part of the esophagus.

After dissecting the diaphragmatic and esophageal
crura, excising the hernial sac, and removing the lipoma
from the mediastinum, we proceeded to repair the hernial
defect. In virtually all patients, it was impossible to close
the defect with conventional sutures, as they did not allow
the edges of the hernial opening to be pulled together.

Therefore, in Group I (46 patients), we closed the defect
with a mesh implant. To do this, the edges of the hernial
defect were fixed to the mesh implant using a lightweight
Ultra Pro mesh, as well as coated PTFE meshes. An
opening for the esophagus was formed in the center of the
mesh implant.

In 12 patients, we used Parietex collagen-coated
volumetric polyester meshes. To avoid direct contact
between the mesh and the esophagus, we fixed the remnants
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of the hernial sac and a part of the omentum between the
implant and the esophagus. The average size of the hernial
defect in Group I was (29.6 = 0.7) cm?.

In Group II (32 patients), we used a technique involving
incision of the right crus of the diaphragm and the dome of
the diaphragm on the left. The defect was covered with a
self-fixing ProGrip mesh.

The average size of the hernial defect in Group II was
(28.5 £ 0.9) cm?, i.e., the clinical groups did not differ in
this parameter (p > 0.05).

All interventions were performed in compliance with
modern bioethical requirements, and patients signed
informed consent to participate in the study [13]. After
obtaining the patient’s consent to use data from medical
records, all necessary measures were taken to comply
with the rules of anonymity and confidentiality. The study
implemented measures to ensure patient safety and rights,
human dignity, and ethical standards in accordance with
the principles of the Helsinki Declaration, the European
Convention on Human Rights, and the current laws of
Ukraine. The study was approved at a meeting of the
Bioethics Commission of the Odesa National Medical
University of the Ministry of Health of Ukraine (protocol
No. 15 0f 02.03.2020).

The observation period lasted from 6 to 60 months after
surgery. Cases of complications, relapses, and quality of
life (QoL) indicators were considered as control points. The
SF36 and GIQLI questionnaires were used to assess QoL
[14; 15]. Additionally, symptom regression was assessed
according to Visick [16].

Statistical processing was performed using methods of
variational statistics with the use of Excel software (MS
Inc., USA) [17].

Results

In the cohort of operated patients, women constituted
the majority — 52 cases (66.7%), compared with 26 men
(33.3%). The average age of patients was (64.5 = 1.1) years
(ranging from 48 to 76 years). The average body mass
index (BMI) was (29.4 + 3.2) kg/m?. Nine (11.5%) patients
had severe thoracic kyphosis.

All patients had concomitant diseases. The most
common were ischemic heart disease and atherosclerosis.
Chronic hepatitis was diagnosed in 7 (9.0%) patients,
gastric ulcer in 8 (10.3%), and a history of duodenal ulcer
in 6 (7.7%). Erosive esophagitis was detected in 15 (19.2%)
patients. Kidney and urinary tract diseases were noted in
19 (24.4%) patients.

A history of abdominal surgery was present in
29 (37.2%) patients.

The main clinical symptoms were: heartburn — in
48 (61.5%) patients, dysphagia — in 39 (50.0%) patients,
pain behind the sternum and in the subcostal area — in
68 (87.2%) patients, partial obstruction of the esophagus —in
7 (9.0%) patients. Almost all patients experienced belching.

All 78 operations were performed laparoscopically.
Complications included splenic bleeding in 3 patients
(3.8%). It was stopped using bipolar coagulation, tamponade,
and special hemostatic sponges. In 9 patients, left-sided
pneumothorax developed after incision of the diaphragmatic
dome, requiring drainage of the left pleural cavity.
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One patient who had a coated PTFE mesh implant
developed a perforation of the posterior wall of the stomach
below the esophagogastric junction on the fifth day after
surgery. The patient underwent several re-operations;
however, unfortunately, four months after the reconstructive
procedure, she died.

There were no fatal cases in the group of patients who
underwent relaxing incisions.

In 3 (6.5%) patients who had mesh implants,
suppuration developed in the mesh area with the formation
of mediastinitis between 6 and 48 months after surgery.
Two patients underwent laparoscopic surgery. During
the operation, the mesh implants were removed and the
mediastinum was drained. After 1.5-2 months, the patients
recovered, but they had symptoms of hernia recurrence.

One patient underwent open surgery. He underwent
left-sided thoracotomy, mesh removal, and diaphragmatic
repair. The patient recovered, but 6 months after the
operation, he began to complain of severe heartburn and
partial dysphagia.

One patient from the Group I experienced mesh
ingrowth into the esophageal lumen with the development
of esophageal obstruction. Fourteen months later, she
underwent repeated laparoscopic surgery. Removal of the
mesh implant was accompanied by significant technical
difficulties. This patient also underwent esophageal
reconstruction. She recovered, but moderate dysphagia
remained and continues to bother her.

Three (6.5%) patients developed severe dysphagia
due to mesh ingrowth into the esophageal tissue without
perforation of its wall. They complained of pain in the
epigastrium and behind the sternum, as well as difficulty
in swallowing. The patients underwent repeat laparoscopic
surgery. It was possible to partially excise the mesh implants
and perform additional plastic surgery on the esophageal
opening of the diaphragm.

After multiple re-operations, patients continued to
report dysphagia and heartburn.

During examination 6—60 months after surgery, 10 of
46 patients (21.7%) in the group of patients who had mesh
implants developed hernia recurrence; 16 (34.8%) patients
had dysphagia, and 17 (37.0%) patients complained of
severe heartburn.

In Group II, hernia recurrence was observed in 3 (9.4%)
of 32 patients. Heartburn was observed in 5 (15.6%)
patients, partial dysphagia in 4 (12.5%).

KJITHIYHA IIPAKTHUKA

Repeat surgeries were performed in 12 (26.1%) of
46 patients in Group I and in 2 (6.3%) patients in Group II
(> = 5.04, p = 0.02). After re-operations, good results
were achieved in 6 out of 14 patients, i.e., in one-third of
cases in Group I and in all re-operated patients in Group II
*=3.11, p=0.08).

The results according to the Visick assessment system
[16] are shown in Table 1. As can be seen from the above,
in Group II, the effectiveness and safety of surgical
treatment were better than in Group I ()* = 21.1, df = 4,
p =0.0003).

This is confirmed by the results of QoL assessment at
distant stages of observation. Thus, in Group I, the GICLI
scores were (106 = 7) points, and in Group II, (92 + 8)
points (p < 0.05). Regarding quality of life assessed by
the SF-36, patients in Group II demonstrated better scores
across all subscales. (Fig. 1). In particular, a reduction in
manifestations of somatic discomfort was observed, as
evidenced by the normalization of scores on the subscales
of bodily pain (up to 83.3 + 1.8 points), role-emotional
functioning (up to 82.6 + 1.6 points), and role-physical
functioning (up to 81.8 £2.3 points). The differences
between the clinical groups were statistically significant
(p <0.05).

These findings indicate that the use of a modified
surgical technique for giant hiatal hernias reduces the
number of complications, restores normal esophageal
function, and significantly improves patients’ QoL.
Contrary to the reports of other researchers [10; 11],
our experience shows that relaxing incisions did not
affect the risk of intraoperative complications but, on the
contrary, minimized the number of repeat surgeries. We
do not consider the tactic of artificially creating a left-
sided pneumothorax to be an adequate alternative to
relaxing incisions; in addition, we also avoid pleurotomy
to minimize the risk of complications. Precision in
manipulating the right crus of the diaphragm is particularly
important.

In our opinion, important elements of surgical
intervention that should be taken into account in the
surgical treatment of hiatal hernias are ensuring sufficient
distance between the right crus of the diaphragm and the
inferior vena cava, avoiding injury to the pericardium
when performing relaxing incisions, and ensuring sufficient
distance between the left relaxing incision and the rib so
that the mesh can be attached. In addition, it is advisable

Table 1
Regression of clinical manifestations after treatment (Visick score)
Group 11
Visick score Group I (n = 45%) (n= §2)
Abs. % Abs. %
I (complete regression of symptoms) 17 37.8 20 62.5
1I (ipcomplete rf.:g'ressi.on of symptoms, 19 422 10 313
significant clinical improvement)
III (incomplete ?egresgion of symptoms, 7 15.6 2 6.3
moderate clinical improvement)
v (ipcqmplete r;gressjon of symptoms, 1 2
significant clinical improvement)
V (no improvement) 1 2
Note: * — taking into account the fatal case.
ISSN 2226-2008 OAECHKUIT MEJIMYHUIM KYPHAJI Ne 4 (195) 2025 43



KJITHIYHA IIPAKTHKA

100
80 : i ' b
70 . T Tor alT . 1
o I T H s ) b 1 +
60 v i l i i — L1tz
(%] i _.|_ -I' v
k= S0 L il
S 40 {
30
20
10
0 : ' . : :
) (%) (%) (%) +~ (%] (%] (%]
c < ey < c < ey =
o € 1< c < € 1< €
_g o o o g o o o
© € 1S S @ € S S
g ™ © ~ g ™ © ~
+ [ [ — + [ - —
v K7 g 5 2 2 g s
L2 © © £ 2 © © f=
[J] © (V] ©
0 0
Group | Group Il

BVT ®MPF mBP mGH ®WPRF MERF MSRF mMH

Fig. 1. Dynamics of quality of life indicators according to SF-36 subscales
in patients undergoing surgery for giant hiatal hernias

to use intraoperative dynamometry to determine the degree This approach reduces the recurrence rate from 21.7%
of tension on the suture material and avoid cutting through to 9.4% and the rate of re-operations from 26.1% to 6.3%
the sutures [9]. (2 =5.04,p=0.02).
Conclusions The application of relaxing incisions contributes to
The use of relaxing incisions in the surgical treatment of an improvement in patients’ quality of life, with positive
giant hiatal hernias is a justified and effective tactic. effects maintained over a 12-month follow-up period.
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PECULIARITIES OF THE FORMATION OF INTER-INTESTINAL ANASTOMOSES IN THE USE OF DAMAGE CONTROL
SURGERY TACTICS
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Introduction. The incidence of small intestine injuries from gunshot wounds in the wars of the last century, as well as during the full-scale
war in Ukraine, ranges from 21.1 to 42.1%, and the incidence of large intestine injuries — from 15.3 to 41.6%.

Objective of the study is to improve the results of treatment of wounded with small and large intestine injuries by improving surgical
techniques for the formation of intestinal anastomoses.

A study of surgical treatment at the stages of medical evacuation of 148 wounded with combat abdominal trauma and damage to the small
and large intestine was conducted. The wounded were divided into two groups: the main group (80) consisted of wounded who underwent
restoration of intestinal integrity by forming a manual anastomosis. The second group, the control group (68), included wounded who
underwent anastomosis formation by hardware, using the GIA TriStapler with DST Series Technology 60 mm.

At the third stage of DCS IV level of medical care, after stabilization of the wounded within 2472 hours, an operation was performed to
restore the integrity of the intestine by forming an anastomosis (in case of small intestine injuries). In case of colon injuries, preference was
given to forming a terminal or preventive colostomy.

In the postoperative period, anastomotic failure in the control group occurred in 4.4%, compared to the main group — 2.5 %, which
amounted to 3.4 % of the total.

Conclusions. In the formation of interintestinal anastomoses during the implementation of phase I1I of the DCS tactics, preference should
be given to manual methods.

Keywords: combat abdominal trauma, intestinal anastomoses, “damage control surgery”.
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OCOBJUBOCTI ®OPMYBAHHSA MIXKHUIIKOBUX AHACTOMO3IB IMPU 3ACTOCYBAHHI TAKTUKH
DAMAGE CONTROL SURGERY

!O0ecvkuil nayionanvrutl meduunuil ynigepcumem, Odeca, Ykpaina

2Biticbko60-Mmeduunuil kiiniunul yenmp ITisdennozo peziony, Odeca, Vrpaina

JocnimpkeHo Xipypriuse JIiKyBaHHS Ha eTarax MeJuuHoi eBakyauii 148 mopaneHnx 3 60HOBOIO TPaBMOIO XUBOTA, YIIKOPKEHHSIM TOHKOT
Ta ToBcToi Kumkd. [lopaneni Oynu mopineHi Ha ABi Tpynu: ocHoBHA (80) — mopaHeHi, SKMM BUKOHYBAJIOCS BiJHOBICHHS LUTICHOCTI KUIIKA
1uIsIXoM GopMyBaHHs pydHOro aHactoMosy. [lo Apyroi rpymnu — KOHTpOIBHOI (68) — yBilfITN opaHeHi, sIKUM 31iiicHIoBanocs: GopMyBaHHs
AHACTOMO3Y arapaTHUM IUIIXOM, JUIs [Iboro BukoprcToByBases anapar GIA TriStapler with DST Series Technology 60 mm.

Ha III erami DCS 1V piBHi MenudaHOTO 3a0€3MeUeHHs Mics cTadini3amnii cTaHy MOpaHEeHOTO MPOTAroM 24—72 TOIMH BUKOHYBAacs OIle-
pais 3 BiAHOBJIEHHS LITICHOCTI TOHKOI KMIIKH HUIAXOM (hOPMYyBAaHHS aHACTOMO3Y. Y pa3i MOpaHEeHb TOBCTOI KMIIKH MepeBara BiajaBajacs
(bopMyBaHHIO KiHIIEBOT 200 PEBECHTUBHOI KOJIOCTOMH.

B micnstonepaniifHomy mepiozi HECIPOMOMKHICTE aHACTOMO3Y y KOHTPOJIbHIN IpyIi BUHHKNIA Y 4,4% BUNAIKiB, B OCHOBHIN —y 2,5%.

KutrouoBi c1oBa: 6oiioBa TpaBMa jKMBOTa, MIXKKHIIKOBI aHACTOMO3H, «damage control surgery».

Introduction

In the structure of modern combat trauma, the propor-
tion of abdominal injuries is increasing, accompanied by
the development of purulent-septic complications, multiple
organ failure, and high mortality [1; 2].

During the period of modern hostilities, the percentage
of abdominal injuries in the overall structure of injuries is
6.6-9%, according to the ATO — 7% [3]. The close rela-
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tionship between the results of treatment of this category
of wounded and the quality of surgical care creates organ-
izational difficulties, especially in case of mass admissions
[4]. Specific features of gunshot wounds of the abdomen
determine the severity of functional disorders, more fre-
quent development of complications (54-81%) and, as a
result, a higher mortality rate (12-31%), which does not
tend to decrease [5].

According to the literature, the frequency of small
intestine injuries from gunshot wounds in the wars of
the last century, as well as during the full-scale war in
Ukraine, ranges from 21.1 to 42.1%, and 15.3 to 41.6%
for the colon [6].
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At the advanced levels of medical support (LMS), the
provision of surgical care to wounded with combat abdomi-
nal trauma (CAT) in severe and extremely severe condition
is based on the use of Damage Control Surgery (DCS) tac-
tics, which involves the division of surgical care into three
phases, can take place both in one medical facility and after
medical evacuation to higher LMS [7].

During the implementation of phase III of DCS tactics,
the continuity of the small (or large) intestine is restored
by forming interintestinal anastomoses (entero- and colos-
tomy). The incidence of failure of small-small intestinal
anastomoses in CAT is 9.3-14.7%, and of colon-colon
anastomoses — 12.9-27.4% [8]. The development of such
complications depends on the nature and type of injury, the
general condition of the patient, the severity of microcir-
culatory disorders in the edges of the damaged intestine,
as well as the technical features of anastomosis formation.
Improvement of surgical tactics in combat wounds with
small (or large) intestine injuries is an urgent issue of mil-
itary surgery and contributes to the improvement of the
results of multistage treatment of such injuries.

The aim of the study — to improve the results of treat-
ment of wounded with small and large intestine injuries by
improving surgical techniques for the formation of intesti-
nal anastomoses.

Materials and methods

We analyzed the surgical treatment of 148 wounded
with CAT and small and large intestine injuries, aged 18
to 51 years. After being wounded, the combatants were
admitted to the second LMS near the contact line, where
they were treated in the scope of Phase I of DCS tactics,
namely: stopping intra-abdominal bleeding, preventing
contamination of the abdominal cavity with intestinal
contents by clipping the edges of the damaged intestine,
temporary abdominal closure, anti-shock measures and
evacuation to the third- and fourth LMS.

All the wounded were divided into 2 groups.

The first group (n=80) consisted of wounded who
underwent restoration of intestinal integrity by forming a
manual anastomosis (main group).

The second group (n=68) included wounded who
underwent anastomosis formation by stapler, for which our
clinic used the GIA TriStapler with DST Series Technology
60 mm (control group). The duration of reconstructive sur-
gery was 24—72 hours.

The study was approved by Odesa National Medi-
cal University (ONMedU) Biomedical Ethics Commit-
tee (Protocol No. 2 of 03.02.2025) and was conducted in
accordance with the written consent of the participants and
in accordance with the principles of bioethics set forth in
the Helsinki Declaration of Ethical Principles for Medical
Research Involving Human Subjects and the Universal
Declaration of Bioethics and Human Rights (UNESCO).

A written agreement was signed with patients who
agreed to participate in the study. The work was performed
within the framework of the initiative research project
“Treatment of acute surgical diseases, abdominal and soft
tissue injuries” (No. 0121U109029) for 2021-2025.

The statistical processing of the study results was per-
formed using the methods of statistical analysis generally
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accepted in biomedical research using Microsoft Excel 5.0
and Statistica 10. Statistica-Release Notes and Guides [9].

Results and discussion

DCS tactics and its impact on anastomosis formation
involves three key stages:

1. Emergency intervention. Stop bleeding, control
contamination of the abdominal cavity and minimize sur-
gical intervention (Fig. 1).

2. Resuscitation. Stabilization of hemodynamics, cor-
rection of coagulopathy, hypothermia and acidosis.

3. Delayed reconstruction. Final formation of anasto-
moses and restoration of organ integrity after stabilization
of the patient’s condition.

Fig. 1. Stages of Damage control surgery tactics
(intestinal clips on the resected areas
of the small intestine)

Indications and approaches to the formation of intestinal
anastomoses in DCS depends on the following factors:

— Hemodynamic status. In patients with unstable hemo-
dynamics, the risk of anastomotic failure increases signif-
icantly. In such cases, it is better to avoid the formation of
anastomoses.

— Tissue condition. If the intestinal tissues show signs of
ischemia or edema, the anastomosis is postponed until the
patient’s condition stabilizes.

—The level of contamination of the abdominal cavity. In
conditions of spilled peritonitis, the primary anastomosis is
associated with a high risk of complications.

— The possibility of repeated intervention. When devel-
oping temporary solutions, it is important to provide easy
access for further reconstruction.

We conducted a comparative analysis of manual and
stapler anastomoses (Table 1).

All wounded in the first phase of DCS underwent
obstructive resection of the damaged area of the intestine with
the application of intestinal clips at the ends of the intestine
[8]. In the absence of the risk of active bleeding or unrepaired
retroperitoneal hematomas, most operations were completed
with the application of an abdominal VAC system with a
constant negative pressure level of -50 mm Hg (Fig. 2).

At the III stage of DCS IV LMS, after stabilization of
the wounded within 24—72 hours, surgery was performed to
restore the integrity of the intestine by forming an anasto-
mosis (in case of small intestine injuries). In case of colon
injuries, preference was given to the formation of a termi-
nal or preventive colostomy (Fig. 3).
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Table 1

Comparative characteristics of intestinal anastomoses

Risk of complications

Parameter Manual anastomoses Stapler anastomoses
Duration 15.7-3.2 min 7.9-2.7 min
The level of training High level Medium level
of the surgeon
Depends on

the experience and skills of the surgeon

May be due to mechanical mistakes

Cost

Cheap, does not require special equipment

Much more expensive due to special equipment

Availability

Availability in all clinics

Special equipment is required

Fig. 2 Final view of abdominal NPWT system

To determine the viability of the resected intestine, we
used a pulse oximeter with a Clarke sensor, which was placed
at the end of the damaged intestine and assessed the degree of
microcirculatory disorders and the extent of resection (Fig. 4).

The following complications were observed in the
postoperative period in the wounded of both groups:
anastomotic failure, stenosis, anastomositis, acute ulcers
with bleeding, postoperative adhesive obstruction (Table 2).

In the postoperative period, anastomotic failure
occurred in 4.4% of cases in the control group, 2.5% in the
main group, which amounted to 3.4% of the total.

An acute ulcer with perforation occurred in 1 patient in
the control group (1.5%), with bleeding — 2 (2.9%), in the
main group no such complications were noted.

The incidence of early adhesive obstruction was 2.5%
in the main group and 4.4% in the control group. Late
adhesive obstruction occurred in 1 patient (1.3%) in the
main group and in 2 patients (2.9%) in the control group.

Comparative characteristics of complications in both
groups are shown in the table 2.

When restoring the integrity of the intestine in phase
IIT of DCS, in conditions of a relatively “clean abdomen”,
the manual anastomosis is formed with a two-row suture
(1 row with a wraparound suture, 2 rows with separate
knot sutures). If there was a risk of failure and other
complications, we formed two-row small-intestinal
anastomoses with separate knotted sutures.

In the treatment of the control group, the restoration
of intestinal integrity was performed mainly by forming
stapler anastomosis, while in the main group, a manual
anastomosis was used. After a comparative analysis of the
frequency and nature of complications, it was decided to
form intestinal anastomoses manually, and to use staplers

48

Fig. 3. Methods of forming intestinal anastomoses:
A — manual, B — stapler

to seal the edges of the resected intestine with subsequent
peritonization of the suture line.

Conclusions

1. In the formation of stapler intestinal anastomoses,
the frequency of their failure is 4.4%, manual — 2.5%.

2. Ifthere is a risk of complications, namely, a decrease
in Sp0O2<85% in the edges of the damaged intestine, small
intestinal (as well as all colon) double-row anastomoses
should be formed with separate nodal sutures.

3. Staplers techniques can be used to seal the edges
of the resected intestine with mandatory subsequent
peritonization, or during reconstructive interventions to
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Fig. 4. Determination of the boundary of intestinal resection using a pulse oximeter:
A — small intestine, B — sigmoid

Table 2
Comparative characteristics of complications
L. Comparison groups Total
Types of complications Main group (n=80) Control group (n=68) n=148
Failure of
Anastomosis 2 (2.5%) 3 (4.4%) 5(3.4%)
Acute ulcer 0 0
with perforation - 1(1.5%) 1(0.7%)
Acute ulcer o )
with bleeding B 2(29%) 2 (14%)
Early adhesive postoperative obstruction 2 (2.5%) 3 (4.4%) 5 (3.4%)
Late adhesive postoperative obstruction 1(1.3%) 2 (2.9%) 3 (2.0%)
Total 5 (6.3%) 11 (16.1%) 16 (10.8%)

restore continuity after 6 months or more (especially during
endo-video surgery).

4. When performing surgical interventions using DCS
tactics, an individually differentiated approach to the choice
of surgical tactics should be applied, taking into account the
severity of the wounded.

5. The use of manual methods of forming intestinal
anastomoses in combat abdominal trauma can reduce the
total number of complications from 16.1% to 6.3%.

Funding. The work was performed within the
framework of the initiative research project “Treatment
of acute surgical diseases, injuries of the abdominal
cavity and soft tissues” (No. 0121U109029) for
2021-2025. The study has no external sources of
funding.
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The aim of the study was to assess the state of oral health in young people with type 1 diabetes and without systemic diseases, based on a
comparative analysis, to determine the features of the course of periodontal diseases and risk factors for their development.

Material and methods. 63 patients aged 19-34 years with type 1 diabetes and without other systemic diseases were involved in the
clinical study. A comprehensive clinical study was conducted on the main indicators of oral health.

Research results. Significant differences in periodontal status, including a higher prevalence of severe periodontitis, were found between
young patients with type 1 diabetes and a healthy control group. Risk factors for the progression of periodontitis in patients with type 1
diabetes were identified.

Conclusion. A high prevalence of periodontitis has been found in patients with type 1 diabetes, which may be due to social, behavioral,
hygienic, and metabolic risk factors.

Keywords: oral health, periodontitis, type 1 diabetes mellitus, young people, risk factors.
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I1. B. Masyp, H. O. CaBuuyk, I. I1. Ma3yp

300POB’SI POTOBOI MOPOXKHWHH, YAHHUKHA PU3UKY XBOPOE ITAPOJOHTA V¥V MOJOINX OCIB
3 YKPOBHUM AIABETOM 1 TUITY

Hayionanvnuii ynieepcumem oxoporu 300pos’s Ykpainu imeni I1. JI. Llynuxa, Kuis, Ykpaina

[poBeneHo MOPIBHAIBHNMI aHANI3 CTaHy 30POB’ Sl POTOBOT MOPOKHUHH Y 0Ci0 MOJIOIOTO BiKY 3 IyKpOBHM JjiabeToM | Tuy i 6e3 3araib-
HOCOMaTHYHOI MaToJIoTii 3 METOI0 BU3HAYEHHS 0coONUBOCTEH Mepediry XBopod MapoIoHTa Ta YUHHUKIB PU3HKY iX PO3BUTKY. BcTaHoBneHO
BIPOTiJHI BIAMIHHOCTI B TIOKa3HHUKAaX iHIUKATOPIB KJIIHIYHOTO 310pOB’S SICEH, IPOrPECyBaHHS 3alalbHO-IECTPYKTHBHUX MPOLECIB Y TKAHH-
Hax TapoJIOHTA y TAIiEHTIB 3 IYKPOBHM miabeToM | THITY, IO 3yMOBJICHO COLiabHUMH, TIOBEIIHKOBUMH, MICIIEBUMHU Ta METa0OTIYHIMHA

YUHHUKAMH PU3HKY.

Kitro4oBi ci1oBa: 310poB’st pOTOBOT TOPOKHUHH, TIEPIOAOHTHT, LyKPOBUH fiabeT 1 THITy, MOJIOAI 0c00H, (haKTOPH PH3HKY.

Introduction

Type 1 diabetes mellitus (T1DM) is a chronic immune-
mediated endocrine disorder with both medical and social
consequences. A growing trend in TIDM incidence has
been recorded across Europe, posing a serious challenge to
healthcare systems [1].

Periodontal diseases (PD) are highly prevalent globally
and are characterized by the progression of inflammatory-
destructive processes that, with age, lead to deterioration of
the dentoalveolar structures and premature tooth loss [2].

Numerous clinical and experimental studies have
investigated the bidirectional relationship between PD and
T1DM and examined the shared aspects of their pathogenesis
[3]. While both conditions share common pathobiological
mechanisms of inflammation, the inflammatory response in
T1DM is triggered by autoimmune dysfunction, whereas

© P. V. Mazur, N. O. Savychuk, 1. P. Mazur, 2025
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in periodontal tissues, it is primarily microbial in origin
[4]. Alterations in immune-inflammatory responses and the
distinct systemic and local pro-inflammatory reactivity to
microbial pathogens may act as disease-modifying factors
influencing the progression of gingivitis and periodontitis
in individuals with TIDM.

Hyperglycemia, a systemic factor linked to insulin
deficiency in TIDM, adversely affects salivary gland
function, promotes dental plaque accumulation, and
enhances the activity of pro-inflammatory mediator
cascades in the gingival tissues, thereby contributing to PD
development [5].

The duration of TIDM also has a detrimental effect
on oral health. Advanced glycation end products (AGEs)
can activate pro-inflammatory signaling pathways, disrupt
microvascular circulation, and lead to chronic systemic
complications. Hyperglycemia, as a metabolic factor,
is recognized as a modifiable systemic risk factor for
gingivitis [5].

A large body of evidence supports the negative impact
of TIDM on periodontal health. The high prevalence,
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increased susceptibility, and accelerated progression of
periodontitis in people with TIDM have been confirmed
in clinical trials [6], systematic reviews [4], and meta-
analyses [7].

According to a consensus report on the periodontal
manifestations of systemic diseases, diabetes is considered
a key modifying factor in periodontitis and should be
included in the clinical diagnosis of PD as a descriptor [8].

Recent European guidelines emphasize that glycemic
control significantly influences the severity of periodontal
disease [8].

Studying the development of PD in young individuals
with T1DM and identifying its risk factors is essential for
designing targeted preventive and therapeutic strategies
aimed at maintaining gingival health and preventing
pathological changes.

The purpose of the study was to conduct a comparative
analysis of oral health status in young individuals with and
without type 1 diabetes mellitus (TIDM), to identify the
characteristics of periodontal disease progression, and to
determine the associated risk factors in the TIDM group.

Materials and methods

A clinical multicenter, prospective, open, and controlled
study was conducted to achieve the set goal.

The study included 63 patients aged 19-34 years, who
were divided into groups with TIDM and a control group
stratified by age [9]. The study groups consisted of 30
patients with T1DM, who were divided according to WHO
recommendations (June 2024) into two age groups: Group
ID included 14 patients with TIDM aged 19-24 years
(mean age: M+SD: 22.5+2.4 years); Group IID included
16 patients with TIDM aged 25-34 years (mean age:
M=+SD: 30.645.1 years).

For the comparative analysis of oral health status,
33 somatically healthy patients were included, age-standard-
ized and divided into two groups: Group IC — 15 patients
(mean age: M+SD: 22.8+1.9 years), and Group IIC —
18 patients (mean age: M£SD: 29.943.2 years).

Dental examination was conducted according to stan-
dard methodology: evaluation of complaints, medical his-
tory using a questionnaire, and clinical oral examination.
Diagnosis and assessment of patients with T1DM were car-
ried out at the State Institution “V.P. Komisarenko Institute
of Endocrinology and Metabolism of the National Acad-
emy of Medical Sciences of Ukraine” in accordance with
medical and technological guidelines [10].

Based on the questionnaire, the following aspects were
evaluated: professional oral care, frequency of dental visits
for therapeutic and preventive purposes, treatment of gum
inflammation by a periodontist, frequency of tooth brush-
ing, use of dental floss, dietary habits, and consumption of
sweets during snacks.

From medical records, the following metabolic charac-
teristics of TIDM were identified: disease duration, glyce-
mic control level (HbAlc, fasting glucose), and number of
chronic complications, including retinopathy, angiopathy,
neuropathy, and nephropathy [10].

The dental status of patients with TIDM was assessed
at the clinical base of the Department of Therapeutic and
Pediatric Dentistry of the Shupyk National Healthcare Uni-
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versity of Ukraine. The condition of hard dental tissues
was evaluated using the DMFT (Decayed, Missing, Filled
Teeth) index.

Oral hygiene was assessed using the simplified oral
hygiene index (OHI-S) by Green—Vermillion, Silness—Lde
Plaque Index, the Stellard Plaque Index, and the Calculus
Index [11].

The activity of inflammatory processes was evaluated
using the papillary-marginal-alveolar index (PMA). Gingi-
val inflammation and severity were assessed using the Gin-
gival Index (GI). Overall periodontal status and treatment
needs were determined using the Community Periodontal
Index (CPI).

Periodontal condition and diagnosis were assessed
according to clinical indicators of periodontal health,
including bleeding on probing (BoP), probing pocket
depth (PPD), clinical attachment level loss (CAL), gingi-
val recession, tooth mobility, and radiographic findings,
in accordance with the 2018 International Classification
of Periodontal and Peri-Implant Diseases and Conditions
[12; 13], as well as the Ukrainian National Classifier
NK 025:2021 “Classifier of Diseases and Related Health
Problems” [14].

Statistical analysis was performed using R version 3.6.3
for Windows (GNU General Public License). Both quan-
titative and qualitative (discrete) data were analyzed. The
Shapiro—Wilk test was used to assess the normality of quan-
titative data distribution. Non-normally distributed data are
presented as median and interquartile range (Me [IQR]).
Differences between independent groups were assessed
using the Mann—Whitney U test. Qualitative (discrete) data
were presented as n (number or score) and percentage (%),
and analyzed using Fisher’s exact test for two independent
groups. A p-value <0.05 was considered statistically sig-
nificant. Rank correlation between two nonparametric vari-
ables was assessed using Spearman’s method.

Ethical approval. The study was conducted in accor-
dance with the principles of the Code of Ethics of a Scien-
tist of Ukraine (2009), the Code of Ethics of a Physician
of Ukraine (2009), and the Declaration of Helsinki of the
World Medical Association (2024 revision). All partici-
pants provided written informed consent. The clinical study
protocol “Stratification of risks, pathogenetic aspects of
periodontal disease progression, and their prevention and
treatment in adolescents and young adults with type 1 dia-
betes mellitus”, state registration number 01220201639,
was approved by the Ethics Committee of the Shupyk
National Healthcare University.

Results of study

Professional and individual oral health care in the
study groups

The results of the survey showed no statistically signifi-
cant differences in the average number of annual dental vis-
its between the groups with T1DM and the control groups:
the TIDM group had an average of 3.5 (ID) and 4.1 (IID)
visits per year. In the control groups, the average number of
dental visits per year was 3.1 (IC) and 4.3 (IIC). The main
reason for visits among T1DM patients was acute toothache
or treatment of dental complications such as caries. Only 2
(14.3%) patients in group ID and 4 (25.0%) in group 11D
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sought specialized periodontal care. Increased attention to
the underlying diagnosis — T1DM — led to more frequent
visits to the endocrinologist.

The survey also revealed that preventive professional
oral hygiene was not a focus for patients with TIDM. They
sought preventive dental services significantly less often.
The rate of visits for professional oral hygiene in group ID
was 0.33 and in group IID — 0.42 per year. Adult patients
in control group IIC were more responsible regarding oral
health: the number of professional oral hygiene visits was
0.93 per year compared to 0.54 in the IID group.

According to the questionnaire, awareness of the
need for twice-daily brushing increases with age. In adult
groups, 100% of patients in IID and IIC reported brushing
their teeth twice a day. Among younger individuals, brush-
ing once or less per day was noted in 5 (35.7%) patients
from group ID and 2 (13.3%) from group IC.

Dental floss was more commonly used by patients in
group IIC — 10 (55.6%), compared to 4 (25.0%) in group
IID. Among younger individuals, only 3 (20.0%) from
group IC and 2 (14.3%) from group ID used dental floss.
These results reflect low awareness about the importance of
cleaning proximal surfaces with floss in daily oral hygiene
routines.

Features of eating habits in participants of the study
groups

In the study groups, patients with TIDM were well-
informed about the balanced intake of carbohydrates, pro-
teins, fats, vitamins, and minerals, and about the negative
impact of “fast” carbohydrates on blood glucose levels. As
a result, they avoided sweets, cookies, carbonated drinks,
and snacking between meals. In contrast, young and adult
individuals without TIDM more often reported irregular
eating patterns and frequent snacking on cookies, candies,
sweets, and sugary drinks.

Medical characteristics of the study groups

A comparative analysis of the two study groups — young
and adult — showed a significant increase in the duration of
T1DM with age. An increase in the median glycated hemo-
globin level (p=0.364) was also recorded with age, indicat-
ing the cumulative effect of TIDM (Table 1). The patients
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were treated at the SI “V.P. Komisarenko Institute of Endo-
crinology and Metabolism of the NAMS of Ukraine”,
where poorly controlled TIDM (>7.5%) was diagnosed.

According to the patients’ medical records, the number
of TIDM complications increased with age. More patients
suffered from one or more chronic complications: in group
ID, 5 (35.7%) had chronic complications (angiopathy, reti-
nopathy, nephropathy, neuropathy), while in group IID —
9 (56.3%). The duration of T1DM, poor glycemic control,
and complications had a negative impact on oral health.

Assessment of dentition status in the study groups

A comparative analysis of caries intensity was
conducted among young and adult individuals with type
1 diabetes mellitus (T1DM) and those without systemic
diseases (Table 2).

Significant differences in DMFT scores were found
both among young and adult participants. A tendency for an
increase in caries intensity with age and duration of TIDM
was observed. According to WHO recommendations, such
DMFT values indicate a high level of caries experience
(DMFT>7).

The negative cumulative effect of TIDM, its duration,
and chronic complications is evidenced by the number
of teeth extracted: in young people, this indicator was
4.9+42.23 teeth, while in adults it was significantly higher
at 6.5+3.43 teeth. The loss of a substantial number of teeth
adversely affects periodontal tissues, which may lead to
deformation of dental arches, occlusal instability, and
functional overload of the remaining teeth. All these factors
exacerbate the severity of periodontitis and accelerate
further tooth loss.

Clinical assessment of oral hygiene in the study groups

Clinical indices were used to assess the oral hygiene
status. Higher values of the Simplified Oral Hygiene
Index (OHI-S) by Green—Vermillion were recorded in
the groups with TIDM compared to the control groups
(Table 3).

This research revealed an increasing trend in the OHI-S
index with age, with significant differences observed in the
adult group. In contrast, the comparative analysis of the
control groups showed an opposite trend: adults demon-

Table 1
Medical characteristics of patients from the examination groups
IC,
1D, li/[iSD IC, li/liSD p-value 1D, EVH:SD M+SD p-value
n=14 n=15 n=16 _
n=18
Age 22.5+2.4 22.8+1.9 p>0.05 30.6+5.1 29.9++3.2 p>0.05
Duration 7.1£3.4 not observed 9.6+4.3 not observed
Glycosylated hemoglobin
HbAIc (%) 9.9+3.5 3.38+1.14 p<0.05 11.7£3.6 3.35£1.09 p<0.05
Chronic comp 11c.at10ns, 5 (35.7%) not observed 9 (56.3%) not observed
number of patients
Table 2
The intensity of caries according to the DMFT index was assessed in the study groups
ID, M+SD IC, M£SD 11D, M£SD IIC, M£SD
n=14 n=15 p-value n=16 n=18 p-value
DMFT index, teeth 12.11+2.32 10.32+1.73 p<0.05 12.94+2.66 10.43+1.91 p<0.05
Number of
extracted teeth 4.934+2.23 2.41£1.64 p<0.05 6.52+£3.43 2.18+1.32 p<0.05
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Table 3
Indicators of oral hygiene in the study groups
ID, Me£SD, IC, Me£SD, value 11D, Me£SD, | IIC, MeSD, value
n=14 n=15 P n=16 n=18 P

OHI-S, scores 1.99+0.51 1.78+0.64 p>0.05 2.08+0.32 1.67+0.41 p<0.05

SilnessL.oe Plaque 1.87+0.65 1.18+0.32 p<0.05 1.9120.57 1.14+0.29 p<0.05
Index, scores

Stallardifr%‘;e fndex, 15 1210.67 1.3320.28 p<0.05 2.34+0.65 1212021 p<0.05

Calculus Index, scores 1.96+1.12 1.28+0.09 p<0.05 2.12+1.23 1.28+0.11 p<0.05

strated more responsible personal oral hygiene and visited
the dentist more regularly for preventive care.

Significant differences in the Silness—Loe Plaque
Index were found between the TIDM groups and con-
trols (p<0.05), indicating a higher rate of dental plaque
accumulation in patients with T1IDM. Moreover, a ten-
dency toward worsening oral hygiene according to the Sil-
ness—Loe Plaque Index with age was observed in patients
with TIDM, whereas no significant age-related changes
occurred in the control groups.

Poor oral hygiene, increased plaque accumulation, and
significant differences in the Stellard Plaque Index between
the TIDM groups and systemically healthy controls con-
tribute to the gradual formation of dental calculus. The Cal-
culus Index was significantly higher (p<0.05) in patients
with TIDM compared to controls.

Clinical assessment of periodontal status in the study
groups

The activity of inflammatory processes in periodontal
tissues was assessed using the PMA Index. Significant dif-
ferences in PMA values were found between patients with
T1DM and somatically healthy individuals. Inflammatory
processes in periodontal tissues tended to worsen with age
in the TIDM groups; however, no significant age-related
differences were observed in the control groups (p>0.05).
Significant differences (p<0.05) were also registered in the
gingival index between patients with TIDM and the age-
matched control groups (Table 4).

Active inflammatory processes in periodontal tissues
lead to increased gingival bleeding: significantly higher BoP
index values (p<0.05) were found in patients with TIDM
(ID: 1.26+0.43 points; I[ID: 1.91+0.67 points) compared to

control groups of young patients (IC: 1.09+0.18 points) and
adults (IIC: 1.03+0.08 points).

According to WHO recommendations, the Com-
munity Periodontal Index (CPI) was used to assess peri-
odontal tissue status and treatment needs by evaluating
gingival bleeding, presence of calculus, and periodontal
pocket depth in six sextants of the oral cavity. Significantly
higher CPI values were registered in the study groups:
(ID: 2.45+0.84 points; IID: 3.01+0.89 points) compared
to controls (IC: 1.38+0.32 points; IIC: 1.22+0.28 points)
(p<0.01). Elevated CPI scores in young patients indicate a
need for periodontal treatment.

Progression of PD in patients with TIDM is evidenced
by increased periodontal pocket depth (PPD) and
clinical attachment loss (CAL). Significantly higher PPD
values (p<0.01) were recorded in TIDM patients (ID:
4.3+1.45 mm; IID: 5.1+1.98 mm) compared to controls.
CAL values were also higher in the study groups.

A trend toward worsening PPD and CAL with age was
observed and was closely linked to poor glycemic con-
trol. These findings indicate a disease-modifying effect of
T1DM on periodontal tissues.

Active inflammatory processes and symptomatic gin-
gival hypertrophy lead to increased gingival margin level,
thus average gingival recession was greater in control
groups than in the study groups.

Clinical signs of periodontitis were observed in
12 (85.7%) young patients in the ID group and 16 (100%)
adults in the IID group with TIDM. Among young patients
in ID group, 2 (14.3%) had moderate chronic gingivitis,
7 (50.0%) stage I periodontitis, 4 (28.6%) stage I periodon-
titis, and 1 (7.1%) patient stage III periodontitis. In adults

Table 4
Comparative analysis of the main indicators of periodontal tissue health in the study groups
. ID, Me+SD, IC, Me+SD, 11D, MexSD, IIC, Me=SD,

Indicators n=14 n=15 p-value =16 =18 p-value

PMA, % 36.54+4.31 26.17+£2.65 p<0.01 39.87+5.31 24.214+2.43 p<0.01

Bleedm{‘fo‘i):llgmblng, 1.26+0.43 1.09+0.18 p<0.05 1.91+0.67 1.03+0.08 p<0.01

Gingivitis index, points 1.87+0.87 1.23+0.22 p<0.05 1.98+0.76 1.17+0.31 p<0.01
Community

periodontal index 2.45+0.84 1.38+0.32 p<0.01 3.01+0.89 1.22+.0.28 p<0.01
(CPI), points

Probing p;;ket depth, 434145 2.6+0.89 p<0.01 5.1+1.98 2.140.45 p<0.01

Clinical attachment 2.34+1.45 1.58+0.32 p<0.01 3.22+1.88 1.61+0.53 p<0.01
level loss, MM

Gingival recession, MM 0.09+0.12 0.17+0.15 p>0.05 0.21+0.19 0.29+0.18 p>0.05
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from IID, periodontitis was detected in 100% of cases:
6 (37.5%) with stage I periodontitis, 8 (50.0%) with stage
II periodontitis, and 2 (12.5%) with stage III periodontitis.

In the control groups, periodontal diseases were found
in 9 (60.0%) young people and 10 (55.5%) adults. Gin-
givitis of varying severity was predominant: 8 (53.3%)
young and 6 (33.3%) adults, mainly due to inadequate oral
hygiene. Stage I periodontitis was registered in 1 (6.67%)
young patient and 4 (22.2%) adults.

Determination of risk factors for the development of
periodontal diseases

The Spearman rank correlation method was used to
evaluate the relationship between risk factors and the
development of caries and gingivitis.

Inflammatory processes in periodontal tissues (PMA
index) were correlated with poor oral hygiene according
to the Silness-Loe Plaque Index (r=0.71, p<0.01), and
showed a strong correlation with the presence of dental cal-
culus (r=0.76, p<0.01).

The bleeding on probing (BoP) index in young indi-
viduals with TIDM was closely associated with the Sil-
ness—Loe Plaque Index (r=0.63, p<0.01), the degree of
plaque accumulation on teeth according to the Stellard
Index (r=0.59, p<0.01), and the presence of dental calculus
(r=0.79, p<0.01).

The progression of periodontitis was strongly associ-
ated with the duration of T1DM, indicating a disease-modi-
fying effect of T1DM on periodontal health. A strong corre-
lation was found between periodontal pocket depth (PPD)
(r=0.72, p<0.01) and clinical attachment level loss (CAL)
(r=0.74, p<0.01) with the duration of TIDM.

Discussion

The disease-modifying effect of type 1 diabetes mel-
litus (T1DM) on the salivary glands and the elevated glu-
cose levels in saliva contribute to changes in dental plaque
accumulation, which may negatively affect both the rem-
ineralization of dental hard tissues and the inflammatory
response in the gingiva.

According to a meta-analysis, patients with TIDM
showed a significantly higher level of dental plaque accu-
mulation (MD: 0.47, 95% CI [0.06, 0.89]) compared to
somatically healthy individuals. However, the gingival
index did not show a statistically significant difference
between the groups [15].

Current periodontology increasingly focuses on the
infectious and inflammatory processes in periodontal tis-
sues. As there is no conclusive evidence regarding altera-
tions in the subgingival microbiota in patients with T1DM,
current research is concentrated on understanding the
pathobiological mechanisms of inflammation. Given that
chronic inflammation is closely linked to autoimmune dis-
orders involved in the development of T1DM, the explo-
ration of shared inflammatory pathways is a relevant and
promising area of research.

The present study demonstrated higher levels of inflam-
matory markers and a greater progression of periodontal
disease, specifically periodontitis, with increasing age in
patients with TIDM.

A systematic review involving 5,888 patients with
T1DM found that the prevalence of periodontitis in this
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population was 18.5% (95% CI=8.0-37.1), which is sig-
nificantly higher than in the general population. The meta-
analysis confirmed that the prevalence of periodontitis in
patients with TIDM is approximately twice that of indi-
viduals without diabetes.

Moreover, patients with TIDM had significantly
greater periodontal pocket depth (PPD), with a mean of
2.51 mm (95% CI=1.32-4.76; p=0.005), and greater clini-
cal attachment level loss (CAL), with a mean of 0.506 mm
(95% CI=0.181-0.832; p<0.005), compared to the control
group [16].

The high prevalence of periodontal diseases in
individuals with TIDM suggests a significantly increased
risk for the progression and severity of periodontitis.
Chronic hyperglycemia negatively affects the osteogenic
potential of bone tissue cells, causes structural changes in
osteoblasts [17], which leads to a decrease in the mineral
density of the lower jaw [18] and progression of alveolar
bone resorption.

Gingivitis is a major risk factor and a necessary precursor
to periodontitis. Therefore, managing gingivitis remains
the key strategy in the prevention of periodontitis [19].

Conclusions

1. A high prevalence of periodontal diseases was found
among patients with TIDM, including all 14 (100%) young
individuals in group ID and 16 (100%) adults in group IID
with TIDM, compared to patients without systemic dis-
eases (9 (60.0%) young individuals and 10 (55.5%) adults).

2. In the structure of periodontal diseases among indi-
viduals with T1DM, periodontitis predominated — 85.7% in
young individuals and 100% in adults (with various stages
of severity), compared with 1 (6.67%) young and 4 (22.2%)
adults in the control group. In the control group, gingivitis
was more common — observed in 8 (53.3%) young and 6
(33.3%) adults.

3. Rapid progression of periodontal diseases was identi-
fied in patients with TIDM: a significant increase in PPD
and clinical attachment level loss (p<0.05) compared to the
control groups. A strong correlation was registered between
the duration of TIDM and both probing pocket depth
(PPD) (r=0.72, p<0.01) and clinical attachment level loss
(r=0.74, p<0.01), indicating a disease-modifying effect of
T1DM on periodontal health.

4. Social factors included low patient awareness
regarding the need for preventive and therapeutic peri-
odontal care. Behavioral factors included inadequate
personal oral hygiene. Local factors — premature tooth
loss, poor oral hygiene, active inflammatory periodon-
tal processes. Disease-modifying factors — duration of
T1DM, uncontrolled hyperglycemia. All these negatively
impact periodontal health and must be taken into account
in the treatment and prevention of periodontal disease in
patients with TIDM.

Perspectives. The conducted study demonstrated sig-
nificant differences in the clinical indicators of oral health.
A study of skeletal bone tissue metabolism is planned in
order to assess its impact on the condition of periodontal tis-
sues and the progression of periodontitis. The future study
will use factor analysis to determine the disease-modifying
influence of diabetes mellitus on periodontal health.
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Background. Periodontitis affects nearly half of the adult population worldwide, underscoring the urgent need for effective preventive
strategies. Multifactorial preventive regimens that combine antibacterial, antioxidant, and prebiotic components may offer sustained
periodontal benefits.

Objective. To evaluate the two-year clinical dynamics of periodontal status and oral hygiene in adults with early-stage (stage I) periodontitis
undergoing treatment with a therapeutic—preventive complex.

Materials and Methods. Thirty-one patients aged 35-60 years were enrolled: 20 received the therapeutic—preventive complex twice
yearly (test group), while 11 received routine care only (control group). Clinical assessments included the papillary-marginal-alveolar index
(PMA%), Schiller-Pisarev test, Muhlemann bleeding index, and oral hygiene indices (Silness—Loe, Stallard). Examinations were performed
at baseline, 6 months, 1 year, and 2 years. Statistical analysis was conducted using Student’s t-test, with significance set at p < 0.01.

Results. After 6 months, PMA% in the test group decreased from 21.24 £2.11% to 8.57 £ 0.82% (p <0.001), compared with 14.53 +1.32%
in the control group. The bleeding index fell to 0.50 + 0.04, while it increased to 1.04 + 0.10 in controls. Improvements persisted through year
2: PMA% remained at 9.12 + 0.84% and bleeding at 0.57 + 0.05 in the test group, accompanied by significantly better oral hygiene scores
(Silness—Loe 0.49 + 0.04; Stallard 0.75 + 0.08) compared with controls (1.23 £ 0.21; 1.86 + 0.16).

Conclusions. Twice-yearly application of the therapeutic—preventive complex significantly reduced gingival inflammation and improved
oral hygiene in patients with early periodontitis, maintaining a stable protective effect over two years.

Keywords: periodontitis; gingival inflammation; oral hygiene; adults; therapeutic—preventive complex.
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JAUHAMIKA 3MIH CTAHY NIOPOXKXHHUHMU POTA Y NAIUIEHTIB I3 IAPOJOHTUTOM INOYATKOBUM -
I CTYIHEHEM TSI2KKOCTI I T YAC JIIKYBAJIBHO-ITIPO®ITAKTUYHUX 3AXO11IB

1 Tepoicasna yemanosa «Incmumym cmomamono2ii ma wjenento-iuyeeoi xipypeii Hayionanenoi axademii meduunux nayk Vepainuy,
Odeca, Ykpaina

2 BITH3 «JIvgiecokuil meduunutl ynieepcumemy, Jlvsis, Yipaina

CrarTa npuCBAYCHA KIiHIYHIM OLIHII e(peKTHBHOCTI 0AaraTOKOMIIOHEHTHOTO JiKyBaJbHO-NPO(IUIAKTUYHOTO KOMIUIEKCy d mHopocimx
nauieHTiB BikoM 35-60 pokiB i3 HapOJOHTUTOM MOYATKOBOIO — I cTymeHs TshKKOCTi. Y JociiukeHHi B3siia ydacTts 31 ocoba, 3 sikux 20 aBivi
Ha piK 3aCTOCOBYBAJIN Po3po0ONeHHil KoMILIeKe, Tol sk 11 manieHTiB oTpuMyBany 0a3oBy Tepamiro. ONiHIOBaIN CTaH TKaHHH MApOOHTA Ta
ririeHy MOpPOXHUHHU POTa y BUXiTHOMY CTaHi, yepe3 6 MicAiB, 1 Ta 2 poku. Yxke uepes MiB pOKy CIIOCTEpiraaocs J0CTOBIpHE 3HWKEHHS CTaHy
HapoJIoHTa, 1o Oylo Maibke BABIYI Kpalle, HDK y rpymi nopiBsaHHs. [lo3uTnBHa quHaMika 30epiranacs mpoTsAroM JBoX pokiB. OTpumaHi
pe3y/bTaTd CBiT4aTh NPO CTIHKMH JKYBaJbHO-NPO(MITAKTHIHHH e(eKT KOMIUIEKCY Ta HOro MepCreKTHBHICTH i HepcoHidikoBaHOT
MPOQITAKTUKY TTOYATKOBUX (HOPM MAPOJOHTHTY.

Kitio4oBi ci10Ba: napoqoHTHT, 3ananeHHs SICeH, J0POCHi NALi€HTH, POTOBA MOPOXKHUHA, JIKYBaIbHO-NPOQITaKTHIHNI KOMILIEKC.

Introduction inflammatory periodontal diseases are common in almost

The health of periodontal tissues plays a prominent half of the adult population worldwide and have a sys-
role in maintaining human somatic well-being, as chronic temic effect on the body [1]. According to the World Health
Organization, the burden of periodontitis, together with
©0. V. Denha, V. B. Pyndus, T. O. Pyndus, 2025 other common oral pathologies, exceeds 3.5 billion cases
and shows a stable upward trend, which has a significant

socio-economic impact and requires the improvement of
CTarTs HOIMPIOETHCSA HA YMOBAX JIIIEH3i1 BY preventive programs [2].
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The modern concept of prevention is based on an
interdisciplinary approach, in which lifestyle modifica-
tion, behavioral interventions, and individualized hygiene
measures are regarded as key factors in controlling the pro-
gression of gingival inflammation. [3]. At the same time,
numerous epidemiological and clinical studies prove the
close relationship between periodontitis and metabolic,
cardiovascular and endocrine disorders, which further
increases the medical and social significance of this condi-
tion and requires comprehensive solutions aimed not only
at local control of infection, but also at correction of sys-
temic risk factors [4]. Experimental radiological data also
indicate that diabetes mellitus, especially in combination
with opioid exposure, significantly alters bone density and
mineral composition, emphasizing the systemic nature of
metabolic disorders [5]. The search for new compounds
with anti-caries activity continues [6].

In this context, multi-component therapeutic and pre-
ventive complexes combining antibacterial, anti-inflam-
matory, antioxidant and prebiotic components are gaining
increasing attention. Their use makes it possible to simul-
taneously affect the microbial biofilm, improve local met-
abolic processes and stimulate the resistance of the oral
mucosa. In particular, combinations containing natural
bioflavonoids, inulin, and antiseptic rinses with prolonged
action are considered promising, the effectiveness of which
has been partially confirmed by clinical trials using propo-
lis preparations [7].

Despite isolated reports of the positive effects of such
regimens, there is still a lack of data in the literature on
the long-term clinical effectiveness of comprehensive pre-
ventive programs in patients with early and stage I perio-
dontitis, especially in terms of the dynamic assessment of
inflammatory signs and hygienic status over several years
of observation. This gap necessitates a thorough analysis
of the results of the use of new compositions combining
prebiotic, antioxidant and antimicrobial components under
clinical conditions.

The aim of this study was to evaluate the dynamics of
changes in periodontal status and oral hygiene in patients
with early and stage I periodontitis during the use of a ther-
apeutic and preventive complex.

Materials and methods
In studies of the effectiveness of the proposed therapeu-
tic and preventive complex, 31 patients aged 35-60 years

with early and stage I periodontitis were selected from
the examined patients (20 — main group, 11 — comparison
group).

Treatment of patients in the main group was accompa-
nied by the use of the developed therapeutic and preventive
complex (TPC) twice a year (Table 1). Before the start of
treatment and every three months in both groups, oral sani-
tation and professional hygiene were performed.

The comparison group received only basic therapy. In
both groups, the condition of periodontal tissues (degree
of inflammation) was assessed at baseline, after 6 months,
1 year and 2 years.

The following indices were used to assess the condition
of periodontal tissue [8]:

Papillary-marginal-alveolar index PMA% to assess the
severity of inflammatory changes in the periodontium. The
PMAY% index is calculated using the formula: PMA = (total
score / 3 x number of teeth) x 100%; (0% — normal, up to
30% — mild severity, 31-60% — moderate severity, 61% and
above — severe);

Schiller—Pisarev test (S-P) — intravital staining of
gingival glycogen, the amount of which increases with
inflammation. Depending on the intensity of the staining,
a negative test (straw-yellow color), a weakly positive
test (light brown), and a positive test (dark brown) are
distinguished;

Gum bleeding (Muhlemann bleeding index) was
determined using a periodontal probe.

The following indices were used to assess oral hygiene:
the Silness—Loe and Stallard oral hygiene indices [8].

The studies were conducted at the Department of
Epidemiology and Prevention of Major Dental Diseases,
Pediatric Dentistry and Orthodontics, Biophysics and
Functional Diagnostics Sector of the State Establishment
“The Institute of Stomatology and Maxillo-facial Surgery
National Academy of Medical Sciences of Ukraine”.
All patients provided informed consent to participate in
the study, which was conducted in accordance with the
principles of the World Medical Association's Code of
Ethics (Helsinki Declaration). Accordingly, the meeting of
the Bioethics Commission of the State Institution “Institute
of Dentistry and Maxillofacial Surgery of the National
Academy of Medical Sciences of Ukraine” (protocol
No. 1011 of 14.04.2022) approved this study.

The STATISTICA 6.1 computer program was used for
statistical processing of the results obtained to assess their

Table 1

Therapeutic and preventive complex for the patients with early and stage I periodontitis

Preparations Dosage Terms Mechanism of action
I”“'?“ .(SCI‘?mlﬁc an(.i Production » 2 tablets 3 times a day Sugar-lowering, hepatoprotective, normalizes
Association “Odesa Biotechnology”, 1-30 days > . : .
. after meals lipid metabolism, restores intestinal flora
Ukraine)
Biotryt Plus — biological supplement
(Scientific and Production Association 1 tablet 1-30 davs Antioxidant, membrane-stabilizing and
“Odesa Biotechnology”, Ukraine), 3 times a day Y immunostimulating effect
Ukraine
Meridol — tqothpaste (Colgate- 2 times a day after meals | 1-30 days Antibacterial action, .preventlon‘of plaque
Palmolive, Germany) formation, caries prevention
Meridol — mouthwash (Colgate- Prolonged antibacterial and anti-inflammatory
. 1-30 days .
Palmolive, Germany) action
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reliability and measurement errors. A statistically significant
difference between alternative quantitative characteristics
with a distribution corresponding to the normal law
was assessed using Student's t-test. The difference was
considered statistically significant at p <0.01 [9].

Presentation of the main research material

Table 2 shows the results of the dynamics of the
PMA index and the level of bleeding in patients during
prophylaxis. According to the initial data, both groups
had a similar degree of inflammation: 21.24 + 2.11 versus
21.30 + 2.08 according to PMA.

After six months of using the TPC, patients in the test
group showed a significant decrease in PMA to 8.57 + 0.82
(p < 0.001), which is more than one and a half times
better than in the control group, where the indicator was
14.53 + 1.32. This difference remained after a year of
observation, and at the end of the second year, the PMA
index in the test group ranged from 9.12 + 0.84, while
in the control group it reached 20.98 + 2.32. The almost
twofold advantage in reducing the inflammatory process in

KJITHIYHA IIPAKTHUKA

the gums indicates a lasting effect of preventive measures.

A similar trend was observed with regard to gum
bleeding. Initially, the indicators in both groups were
approximately the same (0.58 + 0.06 and 0.56 + 0.07).
However, after 6 months, they decreased to 0.50 = 0.04 in
the test group, while in the control group, on the contrary,
they increased to 1.04 + 0.10. After 1 and 2 years, these
differences became even more pronounced, confirming
the possibility of effectively preventing the progression of
periodontitis.

Table 3 shows the dynamics of changes in oral hygiene
in patients with early and stage I periodontitis during
preventive measures.

After 6 months of preventive measures in the test group,
both indicators decreased significantly: Silness—Loe to
0.50 £ 0.05 and Stallard to 0.63 £+ 0.06 (p < 0.001). At the
same time, in the control group, both indices showed an
increase (1.08 £0.12 and 1.43 = 0.12) over the same period.

Further monitoring after 1 and 2 years confirmed the
positive dynamics in patients who regularly received the
TPC. At the end of the second year, Silness—Loe in the test

Table 2
Condition of periodontal tissues in patients with early and stage I periodontitis during preventive treatment,
M+tm
Indicator PMA% Bleeding
Group
. 21.24 £2.11 0.58 £0.06
At baseline p>0.1 p>0.1
8.57+0.82 0.50 +0.04
Main atou After 6 months p <0.001 p <0.001
group After 1 vear 8.81+0.97 0.65+0.8
y p <0.001 p <0.001
9.12+0.84 0.57+£0.05
After 2 years p<0.001 p<0.001
At baseline 21.30+2.08 0.56 +0.07
Comparison After 6 months 1453 £1.32 1.04+0.10
group After 1 year 19.60 £ 1.95 1.39+0.14
After 2 years 20.98 £2.32 1.61+0.16
Note: p — the probability of the difference from the comparison group.
Table 3
Oral hygiene in patients with early and stage I periodontitis
during preventive treatment, M + m
Indicator Silness—Loe Stallard
Group
. 1.02+0.11 1.03 +0.09
At baseline p<0.1 p<0.1
0.50 = 0.05 0.63 +0.06
Main arou After 6 months b <0.001 p <0.001
group After 1 vear 0.52 = 0.05 0.70 < 0.07
y p <0.001 p <0.001
0.49 £ 0.04 0.75+0.08
After 2 years p <0.001 p <0.001
At baseline 1.04+0.10 1.05+0.10
Comparison After 6 months 1.08+£0.12 1.43+£0.12
group After 1 year 1.19+£0.15 1.59+0.14
After 2 years 1.23+£0.21 1.86+0.16
Note: p — the probability of the difference from the comparison group.
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group returned to 0.49 + 0.04, and Stallard to 0.75 + 0.08,
while in the control group these indicators remained at
1.23 £0.21 and 1.86 + 0.16, respectively.

Conclusions
The use of the developed therapeutic and preventive
complex twice a year in patients with early and stage I
periodontitis significantly reduced the severity of gum
inflammation, as the PMA% index decreased from
(21.24 + 2.11)% to (9.12 + 0.84)% over two years, which
was nearly twice as effective compared to the comparison

group.

Clinical signs of bleeding according to the Muhlemann
bleeding index decreased 1.9 times after 6 months and
remained at a low level until the end of the observation
period, confirming the stable anti-inflammatory effect of
the complex.

Oral hygiene indicators improved significantly, while
in the comparison group they increased, demonstrating the
significant preventive efficacy of the developed complex.

Further research should focus on the assessment of
biochemical indicators of oral fluid in patients with varying
degrees of periodontal disease severity and the effect of the
therapeutic and preventive complex.
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Relevance. Telepathology is a promising area of digital medicine that ensures the availability of morphological diagnostics in conditions
of shortage of specialists, war, and pandemic.

Objective. To analyze regulatory models of telepathology in different countries and assess the potential of Artificial Intelligence (Al) in
morphological diagnostics.

Methods. A comparative analysis of regulatory documents, statistical data, technical standards, and scientific publications on telepathology
and Al was conducted.

Discussion. It was found that telepathology is actively being implemented in the world, with clear requirements for safety, ethics and
technical implementation. Al demonstrates high accuracy in recognizing pathologies.

Conclusions. Telepathology and Al have the potential to transform morphological diagnostics, but require regulatory support, technical
integration, and ethical control.

Keywords: telepathology, digital pathology, Al in diagnostics, morphological analysis, global standards.
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T. €. HapoyTtoBa, E. C. BypsiukiBcbkuid

TPAHC®OPMAIIII CYYACHOI MOP®OJOITYHOI JTIATHOCTHKHU: TEJEIATOJIOIIA, LIAP®POBA
MATOJIOTTS TA IITYYHUN IHTEJEKT, NMIOBAJIBHUM TOCBIJI, HOPMATHUBHE PEI'YJIIOBAHHSA

O0ecvkuti HayioHanbHull Meduynuil yHigepcumem, Odeca, Yxkpaina

AKTyaabHicTh. Tenenaronoris € nepcrnekTHBHIM HAmpsIMOM L(POBOI MEAHIMHY, 110 3abe3nedye JOCTYMHICTh MOP(OJIoriuHoi [ia-
THOCTHKH B YMOBax Je(iruTy daxiBuiB, BiiiHH Ta manaeMii.

Mera. [Ipoanani3yBaTti HOpMAaTHBHI MOJIEINI TEIEMATONOTII B Pi3HUX KpaiHaxX Ta OL[IHUTH MOTeHia] mTy4Horo intenekry (ILI) B mopdo-
JIOTi4HI} JiarHOCTHLI].

MeTtonn. [IpoBeneHo NopiBHAIBHMI aHaNi3 HOPMATUBHUX JOKYMEHTIB, CTATHCTHYHHX JJAHNX, TEXHIYHUX CTaHAPTIB i HAyKOBUX MyOui-
Kaii mopo Tenenarosorii ta [T,

Oo6roBopenHsi. BusiBieHo, 1110 TeIENaTosoris aKTHBHO BIIPOBAIXKYEThCS Y CBITI, 3 YITKUMU BUMOTaMH /10 Oe3MeKH, €TUKU Ta TEXHIYHOT
peanizanii. I1II neMoHCTpye BUCOKY TOUHICTB y pO3Mi3HABaHHI MATONOTIH.

BucnoBku. Tenenaromnorist Ta 11 mMaroTh moteHmian TpaHchopMyBaTH MOP(OJIOTIYHY IiarHOCTHKY, ajle TOTPeOyIOTh HOPMAaTHBHOTO
3aKpiIICHHs, TEXHIYHOI iHTerpawii Ta eTHYHOTO KOHTPOIIIO.

Kutrouogi ciroBa: Tenenaronoris, mudposa narosoris, L1 B giarnoctui, Mopdonoriunmii anai3, mobanbHi CTaHAapTH.

Introduction
Morphological diagnostics is the foundation of modern
medical diagnostics, particularly in oncopathology,
ensuring accurate detection, classification, and prediction
of the course of disecases. However, despite modern
technologies and advances in development, traditional

©T. Ye. Narbutova, E. S. Buriachkivskyi, 2025

CrarTs MOMMPIOETHCS HA YMOBAX JIIICH31T -'

pathology continues to face a number of challenges:
a shortage of qualified personnel, uneven access to
laboratories, subjectivity of interpretation and limitations
in the speed of sample processing. In response to these
challenges, telepathology has emerged —a remote evaluation
of histological specimens using digital technologies.
Its integration with Al opens up new horizons for the
automation, standardization, and scaling of morphological
diagnostics.

This study aims to review and analyze the current
state of telepathology and the use of Al in morphological
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diagnostics, with a focus on international experience,
regulatory control, technical capabilities, and associated
risks. Special attention is paid to comparing traditional
and algorithmic morphological assessment; analysis of
regulatory documents and standards; assessment of the
effectiveness, accuracy, and safety of Al-based tools; and
studying the challenges of implementation in different
countries.

Materials and Methods
The study used a systematic literature review method
from open databases (PubMed, Scopus, Web of Science)
using the keywords: “telepathology”, “digital pathology”,
“Al in diagnostics”, “morphological analysis”, “global
standards”. 31 published sources were selected, covering
clinical studies, regulatory documents, expert reviews and

recommendations of international organizations.

Discussion

The emergence of telepathology as a distinct field within
medical diagnostics is closely associated with Dr. Ronald
S. Weinstein, who first introduced the term “telepathol-
ogy” in 1986 to describe the remote viewing of histologi-
cal specimens for diagnostic, consultative, and educational
purposes [1]. In his foundational work, Weinstein outlined
the conceptual framework of the new technology with the
potential to transform pathological practice, particularly
in settings with limited access to specialists. He not only
coined the term but he also pioneered the development of
early robotic telepathology systems capable of transmitting
high-resolution histological images over long distances.
His research and patents laid the foundation for the further
development of telepathology as a clinical tool.

Telepathology began to develop rapidly and has since
been introduced into medical practice in many countries,
and regulatory documents regulating this type of activity
have appeared. Today, this clinical tool is widely employed
in clinical workflows, especially in regions with limited
access to pathologists, and has evolved from a theoreti-
cal concept into a practical technology that has reshaped
approaches to morphological diagnostics worldwide.

It is clear that telepathology requires the integration of
digital technologies and appropriate software with a high
technical level of equipment and an appropriate level of
education and skills of employees. Digital technologies are
rapidly permeating all areas of medicine. Global experience
demonstrates that each country addresses these challenges
in its own way. For instance, a 2021 article published in
Modern Pathology [2] explored the profound changes
occurring in the field of pathology due to the transition to
digital platforms. The authors describe how digital pathol-
ogy — specifically, the digitization of histological slides — is
transforming both scientific research and clinical practice.

Previously, pathological analysis was carried out exclu-
sively using an optical microscope, which limited the abil-
ity to store, transmit, and re-examine specimens. Today,
thanks to Whole Slide Imaging technology, tissue samples
can be scanned at high resolution, stored in digital format,
and shared between institutions. This advancement opens
new possibilities for consultation, education, diagnostic
standardization, and archival storage.
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The authors emphasize the importance of digital
pathology in translational medicine — the process of
transferring scientific discoveries into clinical applications.
Digitized specimens allow researchers to more accurately
study tumor microenvironments and identify new
morphological features that may be related to the course of
the disease, and differentiate large amounts of data between
different centers.

In clinical practice, digital pathology enhances
diagnostic accuracy, reduces the incidence of errors, and
facilitates remote consultation among specialists. This is
particularly critical in regions facing shortages of highly
qualified pathologists.

However, the authors also point to a number of
challenges, including the need to standardize image
formats, ensure patient data confidentiality, legal regulation
of digital processes, and the need to train healthcare
professionals in new approaches.

One of the most advanced implementation models
has been developed in Canada. As early as in 2012, the
Canadian Association of Pathologists published the
“Guidelines for Establishing a Telepathology Service for
Anatomical Pathology Using Whole Slide Imaging,” which
proposed a phased model for implementing telepathology,
starting with assessing the institution's needs, selecting
technologies, and configuring the network [3].

The main components of such an organization are:
scanners for Whole Slide Imaging (WSI), image storage
servers, viewing software; network configurations:
centralized or decentralized models depending on location
and resources; integration with laboratory information
systems of institutions to ensure continuity of data access.
Special attention is paid to technical support, archiving and
documentation of results, which are critical to ensuring the
reliability and reproducibility of diagnostic processes.

A separate section is devoted to quality control and
accountability criteria. The Quality Management section
describes requirements for several parameters, namely:
correspondence of digital images to traditional glass slides,
whichare checked before clinical examination by comparison,
accuracy of diagnoses and productivity, which, through
regular monitoring, regular training of personnel — both
pathologists and technical personnel — ensure competence
in working with WSI. To ensure proper accountability,
mandatory licensing of pathologists working remotely is
emphasized. Issues of confidentiality and data security are
regulated in accordance with Canadian legislation.

Therefore, the main point is that digital pathology is
considered as a dynamic environment that allows receiv-
ing, storing, viewing and analyzing images of histological
preparations digitized using specially adapted scanners (see
Table 1). Two types of images are considered as objects
of study: static ones — these are individual items — photo-
graphs of micropreparations of established quality and size,
and interactive/dynamic ones— images obtained in real time
and often used in telepathology for urgent diagnostics and
consultations.

Based on a comprehensive review of current literature
and international standards, key technical parameters of
diagnostic imaging in telepathology have been synthesized
(see Table 2). The table summarizes essential aspects—from
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Table 1

Digital system components used in telepathology

Component

Function description

Scanner

Digitizes glass slides

Image Management

Integration with Laboratory Information Systems (LIS)

Software For viewing, analysis, and archiving
Storage System Archiving and intelligent search
Analytical Tools Using Al for pattern recognition (e.g. CD20, Ki67, ER ,PR HER2/neu and others)
Table 2
Technical Parameters of Digital Diagnostic Images for Diagnostics

Parameter Value / Recommendation Source
Image Type Whole Slide Imaging (WSI); static and dynamic formats Sonawane & Borys, 2021 [3]
Resolution Recommended > 0.25 pm/pixel (equivalent to 40x magnification) CAP Guidelines [4]

File Formats

SVS, TIFF, JPEG2000, DICOM

DICOM Standard [5]

File Size per WSI

1-3 GB depending on specimen size and magnification level

Sonawane & Borys, 2021 [3]

System Validation

Minimum of 60 cases; >95% diagnostic concordance with microscopy

CAP Guidelines [4]

Focusing

Automated, multilayer; focus quality control is critical

the FDA's Digital Pathology
Initiative [6]

LIS Integration

Mandatory for clinical use

Sonawane & Borys, 2021 [3]

Archiving Long-term storage; support for intelligent search DICOM Supplement 223 [5]
Viewin, Via specialized software; remote access capabilities the FDA$ Digital Pathology

g P ; p Initiative [6]
. Capability to apply Al/Deep Learning for pattern recognition the FDA's Digital Pathology

Image Analysis (c.g., Ki67) Initiative [6]

image type and resolution to validation, archiving, and
laboratory information systems (LIS) integration require-
ments. These recommendations are based in authorita-
tive sources such as the College of American Pathologists
(CAP) Guidelines, Digital Imaging and Communications
in Medicine (DICOM) Standard, and the US Food and
Drug Administration (FDA) Digital Pathology Initiative,
ensuring both credibility and practical relevance.

The American Telemedicine Association developed the
Telepathology Clinical Guidelines in 2018, which became
the first comprehensive document that systematizes the
principles of safe, effective, and ethical use of telepathology
in clinical practice in the United States [7]. The document
identifies key telepathology models — static (capture-
and-send), dynamic (streaming video microscopy), and
Whole Slide Imaging (WSI) — and describes their technical
requirements, advantages, and limitations. Particular atten-
tion is paid to organizational aspects, including licensing of
professionals, data protection, system validation, and inte-
gration with laboratory information systems. The recom-
mendations cover the entire infrastructure, including scan-
ners, software, data channels, and viewing monitors, with
an emphasis on ensuring diagnostic accuracy.

The document also includes provisions regarding the
responsibility of the physician conducting a remote assess-
ment, regardless of the patient’s location or the source of
the specimen. It is emphasized that telepathology diagnos-
tics should meet the same standards as traditional micros-
copy, including quality control, documentation, and adher-
ence to ethical standards. The recommendations emphasize
the importance of training personnel, as well as the need to
validate each system before clinical use, in accordance with
Clinical Laboratory Improvement Amendments (CLIA)
and CAP requirements. Thus, the American Telemedicine
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Association (ATA) guidelines form the basis for the safe
implementation of telepathology in medical practice, espe-
cially in conditions of remote access to specialists.

The FDA’s Digital Pathology Initiative has focused on
developing regulatory methods for assessing the technical
performance of digital medical devices, including WSI sys-
tems. In contrast to European approaches, digital pathology
is classified as a Class II medical device in the US, requir-
ing a 510(k) or de novo approval process [6]. The program
emphasizes the lack of standardized tests that correlate
technical image quality with clinical performance and the
need for statistical tools to assess the performance of both
pathologists and image analysis algorithms. This contrasts
with European initiatives such as the BigPicture Project
and the European Society of Pathology guidelines, which
place greater emphasis on standardization of processes,
integration with laboratory information systems (LIS), and
interoperability [8; 9].

From a technical perspective, the FDA requirements
include assessment of focusing accuracy, spatial reso-
lution, color reproduction, and display quality [6]. In
Europe, the European Guidelines on Quality Criteria for
Diagnostic Radiographic Images and the Royal College of
Pathologists also set high standards for WSI quality, but
with a greater emphasis on internal validation, flexibility
in implementation, and practical adaptation to the clinical
environment [4; 9]. For example, the British guidelines
allow for the avoidance of large-scale clinical trials if self-
validation is performed based on real cases [10]. Thus,
although the technical requirements are generally the same
(high resolution, focusing accuracy, integration with LIS),
the American approach is more formalized and focused on
regulatory compliance, while the European approach is
more adaptive and clinically oriented.
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At the end of the last century, the CLIA program was
launched in the USA, which establishes mandatory quality
standards for all laboratories that perform testing of human
biological specimens for the purpose of diagnosing,
treating, or evaluating a health condition. In 2024, Centers
for Medicare & Medicaid Services (CMS) updated the
regulation, which came into force on December 28, 2024,
including new requirements for personnel qualifications,
revised sanctions, updated provisions on histocompatibil-
ity, and increased registration fees (CMS, 2025) [11]. Clari-
fication of educational requirements for conducting highly
complex laboratory testing is of particular importance [12].
In contrast to more flexible European approaches, CLIA
provides a unified certification system that covers more than
260,000 laboratories in the USA. All laboratories, whether
they receive payment through Medicare or not, are required
to adhere to CLIA standards, which include requirements
for method validation, quality control, recordkeeping, and
participation in a proficiency testing program (CDC, 2024)
[13]. Thus, CLIA is the foundation of the legal regulation
of laboratory diagnostics in the United States, ensuring
transparency, safety, and accountability in the work of
medical laboratories.

Although there are no specific provisions for
telepathology under CLIA, it is subject to general
requirements for accuracy, reliability, and timeliness of
results. Reports generated using telepathology must meet
all CLIA standards, just like traditional reports. This
includes patient identification, diagnostic accuracy, quality
control, and compliance with laboratory protocols.

Therefore, the potentials of telepathology are
highlighted, such as reducing logistics and equipment
costs, increasing the availability of specialized diagnostic
services, reducing the burden on pathologists during
periods of staff shortages (permanent or temporary), and
ensuring continuity of medical care even in remote regions.

In the Israeli healthcare system, telepathology is a
part of telemedicine, regulated by directives issued by the
Israeli Ministry of Health [14]. It is permitted for clinical
use, provided that standards of safety, confidentiality,
and professional responsibility are met. All telemedicine
services, including telepathology, must be performed
between an identified physician and patient, with a clearly
documented diagnostic process.

Standards and regulations require that telepathology
systems must be integrated with electronic medical records
(EMR) and laboratory information systems (LIS). Images
used for diagnosis must be stored in secure repositories
managed by health insurance organizations, which act as
primary custodians of medical data in Israel. According to
the Privacy Protection Law (1981), the processing of such
images must meet strict requirements for the protection of
personal data, including encryption, access control, and
auditing.

Image analysis is performed by licensed pathologists
who are allowed to work remotely, provided that their
activities are registered with the Ministry of Health. Vali-
dation of telepathology platforms is carried out at the level
of the institution implementing the technology, with man-
datory documentation of diagnostic accuracy. In addition,
each institution must appoint a responsible telemedicine
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coordinator who monitors quality, compliance with stan-
dards, and data security.

These provisions align with the Digital Health Laws
and Regulations Report 2025 — Israel [15], which classifies
telepathology as a highly specialized form of telemedicine
requiring additional certification and technical compliance.

The Digital Health Laws and Regulations Report
2025 — Israel, prepared with the participation of the Pri-
vacy Protection Authority (PPA) [16], considers telepathol-
ogy as part of digital medicine, governed by the Privacy
Protection Law (1981) and related regulations. The docu-
ment emphasizes that all digital medical images, including
histological preparations, are personal health data and must
therefore be processed in accordance with strict require-
ments for security, storage, and access.

According to the regulation, image repositories must
be certified, secured, and located in Israel or in jurisdic-
tions recognized as “adequate” in terms of data protection.
Requirements are established for access auditing, encryp-
tion, user authentication, and logging of actions. All telepa-
thology platforms must undergo internal validation before
clinical use, and physicians working with such systems
must be registered with the Ministry of Health and undergo
appropriate training. Special attention is paid to informed
patient consent, which must cover the use of digital images
for remote diagnosis.

Thus, Israeli law provides a high level of protection for
personal medical images, including telepathology, and sets
clear requirements for technical infrastructure, institutional
responsibilities, and patient rights.

Telepathology is identified as a key area of digital health
development in Australia’s National Digital Health Strat-
egy 2023-2028, developed by the Australian Digital Health
Agency [17]. The strategy aims to create a connected, safe
and accessible health system in which digital technologies,
including telepathology, play an important role in ensuring
quality diagnostics regardless of the patient’s geographical
location.

Telepathology is defined as the transmission of digitized
histological images for remote analysis and diagnosis. The
strategy outlines four core requirements for such services:

1. They must be integrated with the national My Health
Record platform, which allows storing and transmitting
medical images in a standardized format;

2. They must be secure: all telepathology systems
must meet cybersecurity requirements, including data
encryption, user authentication and access auditing;

3. They must be interoperable, i.e., able to interact
with other digital medical platforms, which ensures the
continuity of the clinical process;

4. They must be accessible to healthcare professionals
in remote regions, which contributes to reducing inequali-
ties in access to high-quality pathological diagnostics.

The strategy also includes training medical profession-
als in digital pathology and supporting innovative solutions
that automate part of the image analysis process. All of this
is aimed at increasing diagnostic accuracy, speeding up
clinical decision-making, and improving patient outcomes.

In 2025, the German Medical Association (Bundesérz-
tekammer) updated its provisions on telemedicine and
remote treatment (Telemedizin/Fernbehandlung) [18].
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These provisions also cover telepathology as a form of
remote diagnosis. According to official recommendations,
telemedicine concepts include diagnostics, therapy and
medical consultations carried out via information and
communication technologies remotely.

Telepathology, as part of this system, enables
pathologists to analyze digital histological images without
the physical presence of the patient or specimen. The
document emphasizes the legal permissibility of exclusively
remote consultations and diagnostics even for new patients
provided that quality and safety standards are upheld. Pilot
projects, such as those conducted in Baden-Wiirttemberg,
demonstrated both the advantages and limitations of remote
diagnostics. The guidelines stress that telepathology services
must be integrated into the national telematics infrastructure,
which ensures secure exchange of medical data among
physicians, laboratories, and clinics. Bundesérztekammer
highlights the necessity of patient consent, transparency, and
adherence to professional standards when employing tele-
medical methods, including telepathology.

Thus, telepathology in Germany has received regula-
tory recognition as an effective diagnostic tool, especially
in conditions of a shortage of specialists and the need for
rapid access to expert opinion.

Telepathology is also advancing in France. In the docu-
ment Téléconsultation et téléexpertise: guide de bonnes
pratiques, published by the Haute Autorité de Santé (HAS)
[19], telemedicine services including telepathology are
considered an integrated part of modern medical practice,
subject to strict criteria for quality, safety, and ethical
conduct.

Telepathology, as a form of teleexpertise, involves
remote analysis of pathological images (e.g., histological
slides) between physicians. The HAS guidelines
prioritize quality and safety: all acts of teleexpertise,
including telepathology, must comply with standards
for confidentiality, diagnostic accuracy, and technical
reliability. Diagnostic images must be of high quality,
and platforms must be certified. Telepathology may be
conducted in hospitals, socio-medical institutions, or even
from home, provided that environmental requirements such
as data protection, stable connectivity, and confidentiality
are met. Patients must be informed about the nature of the
remote expertise and must provide consent for the process-
ing of medical images in digital format. HAS recommends
the use of a “patient-tracer” method to evaluate the qual-
ity of telepathology services an approach that involves
analyzing specific clinical cases to improve diagnostic
processes.

This approach expands access to pathological expertise,
especially in regions with limited specialist availability, and
ensures timely diagnostics without compromising quality.

In India, telepathology has been formally regulated
since March 2020, when the Ministry of Health and Family
Welfare issued the Telemedicine Practice Guidelines [20],
the country’s first official regulations governing remote
medical services. The document covers all aspects of tele-
medicine, including telepathology, which is defined as a
form of teleexpert interaction between physicians, particu-
larly for sharing medical images, histological slides, and
laboratory data.

ISSN 2226-2008 OAECHKUIT MEJIMYHUIM KYPHAJI Ne 4 (195) 2025

orijiing JIITEPATYPHU

According to the guidelines, telepathology may be con-
ducted under four permitted scenarios:

— from a patient to a Registered Medical Practitioner
(RMP),

— from one RMP to another (e.g., for consultation),

—via a medical intermediary (such as a nurse or
paramedic),

— with the involvement of a patient’s caregiver.

Particular attention is given to physician and patient
identification, informed consent, data confidentiality, and
documentation of consultations. In the context of telepa-
thology, this implies that the transmission of digital images
must occur via secure communication channels, and diag-
nostic results must be recorded in medical documentation
in accordance with established standards.

The document explicitly prohibits the use of telemedi-
cine for invasive procedures but permits its application for
diagnostics, treatment, consultations, and educational pur-
poses. All Registered Medical Practitioners (RMPs) intend-
ing to provide telemedicine services are required to com-
plete mandatory online training developed by the Medical
Council of India.

Thus, telepathology in India has received formal
regulatory recognition, with clearly defined frameworks
for responsibility, ethics, and technical implementation,
enabling its safe deployment even in rural and remote
regions.

China’s regulatory model for telepathology was out-
lined in 2022 by the National Health Commission of
China. This analytical report systematizes the legal and
organizational aspects of the country’s telemedicine infra-
structure [21]. It describes two primary models relevant
to telepathology. First: Internet-based diagnosis and treat-
ment, involving direct interaction between physician and
patient via online platforms, which is permitted only for
follow-up consultations and chronic disease management
(excluding initial COVID-19 diagnosis via internet hos-
pitals). Second: Remote Medical Services, a business-to-
business (B2B) model involving collaboration between
medical institutions. This model forms the basis for tele-
pathology, enabling physicians from different hospitals to
exchange images, histological data, and conduct remote
consultations [22].

Specific regulatory requirements include the following:

— Only licensed medical institutions are authorized to
provide telemedicine services.

— All internet hospitals and telemedicine platforms
must undergo registration and certification.

— Confidentiality, informed consent, and data protection
are mandatory.

To unify the work, technical standards for the
transmission of medical images have been introduced,
including DICOM and other formats. By 2019, China’s
telemedicine network had already connected over
3,000 hospitals. Subsequently, regional telemedicine
centers were established in all provinces, and internet
hospitals were introduced, allowing patients from rural
regions to receive consultations with specialists based in
urban clinics.

In Ukraine, telemedicine has also gained a regulatory
foundation and continues to develop. The Law of Ukraine
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No. 3301-IX (2023) defines telemedicine as a set of actions,
technologies, and measures used to provide medical and/or
rehabilitative care remotely [23]. The Ministry of Health
of Ukraine [24] regulates the procedure for telemedical
consultations, including standardized documentation forms
such as:

— Form No. 001/tm—request for telemedical consultation,

— Form No. 002/tm — consultant’s conclusion,

— Form No. 003/tm — consultation logbook, as well as
requirements for the consultation environment.

Currently, telepathology in Ukraine is primarily imple-
mented in a physician-to-physician format, involving the
transmission of digital histological slides, CT scans and
MRI images.

In the context of the war and the COVID-19 pandemic,
telepathology has become critically important for remote
diagnostics in regions lacking specialist access and for
interregional physician consultations. The use of artificial
intelligence (AI) for image analysis such as Brainscan and
AIDOC-is increasingly relevant [25, 26].

Regarding the implementation of telemedicine, it is
known thatitis included in 31 out of 41 packages of medical
guarantees of the National Health Service [27]. As 02024,
telemedicine encompassed 328 medical institutions, with
over 8,800 teleconsultations conducted and 1,259 medical
professionals trained [26]. Virtual operating rooms, por-
table diagnostic systems, and Al-based CT analysis tools
have been deployed. However, there is no official definition
or regulations specifically addressing telepathology or the
use of Al in morphological digital diagnostics in Ukraine.

The online publication InterNetri [28] discusses general
principles of Al application in medical diagnostics, includ-
ing image analysis (CT, MRI, X-ray), disease prediction
based on genetic and laboratory data, and personalized
medicine — such as diagnostics of micronutrient deficien-
cies.

Al holds significant potential in routine morphological
diagnostics. It can identify key morphological features —
nuclear atypia, stratification abnormalities, mitotic activ-
ity — with accuracy approaching expert-level performance.
According to Liu et al. [29], the average sensitivity of Al
algorithms in diagnosing cervical intraepithelial neoplasia
(CIN) and cervical cancer is 97%, with specificity at 94%.
Al tools have already been implemented in Sweden and
Denmark for routine diagnostics of CIN, cervical cancer,
and breast cancer, accompanied by ethical audits and algo-
rithmic transparency.

Analysis of the use of Al in telepathology suggests an
increase in diagnostic accuracy, as Al algorithms can ana-
lyze digital histological images with high accuracy, reduc-
ing human error and improving the detection of patholo-
gies at early stages and the ability to transmit digital images
for consultations between specialists, which is critical for
rural or low-income medical facilities [30]. In addition,
automated systems reduce sample processing time, which
is especially important in conditions of overloaded labora-
tories or remote regions [31], this ensures speed and effi-
ciency in diagnostics and, consequently, timeliness of treat-
ment. The implementation of digital solutions can reduce
costs by reducing the costs associated with physical sample
transportation, storage, and archiving [29].
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The work of Nastenko et al. [32] is an example of how
modern Al and medical image analysis technologies can
transform telepathology from a concept into real clinical
practice. It demonstrates that myocarditis can be diagnosed
remotely, accurately, and effectively — which is particularly
relevant in the context of pandemics, military conflicts,
or medical crises. The algorithms described in the study
can be integrated into cloud services, which will allow the
disease to be diagnosed in regions with limited access to
specialised cardiology services, and the use of the DRAG-
ONFLY and COVID-CT-MD databases demonstrates the
potential for creating telopathology systems where images
can be analyzed remotely without direct involvement of an
on-site physician.

In his publication, Mahmood MF examines the capabil-
ities of analyzing blood samples through machine learning
and image processing methods [33]. While the research is
not explicitly framed as telepathology, it highlights essen-
tial elements relevant to the field that can be integrated into
telepathological systems, especially in laboratory diagnos-
tics. It points to the digital processing of biological samples
using MATLAB for blood image analysis — an example of
digital morphology, which is the basis of telepathology.
Scanned samples can be transmitted over a distance for
automated classification, optimising the processing time
of results, even without the involvement of a laboratory
technician, which can affect the speed of clinical decision-
making.

Widespread adoption of Al introduces certain chal-
lenges and limitations, primarily concerning the reliability
of Al algorithms. These systems require rigorous valida-
tion, as misinterpretation may lead to incorrect diagnoses.
It is essential to establish secure image storage and trans-
mission systems that comply with data protection stan-
dards such as General Data Protection Regulation (GDPR)
or Health Insurance Portability and Accountability Act
(HIPAA) [31]. Another challenge is the integration of Al
into existing healthcare infrastructures. Many hospitals
operate with outdated systems, complicating the deploy-
ment of digital solutions [30]. A critical issue remains the
question of liability in cases of diagnostic errors made by
Al systems [29].

Conclusions
Telepathology is an effective response to the challenges
of traditional morphological diagnostics, including

workforce shortages, subjective interpretation, and unequal
access to specialists. Its implementation ensures continuity
of care, particularly during wartime, pandemics, and in
remote regions.

Digital pathology is transforming clinical practice by
providing high-quality imaging, archiving capabilities,
remote consultation, and standardization of diagnostic
workflows. Whole Slide Imaging (WSI) is becoming
the primary format for digital morphology, with defined
technical specifications governed by international standards
(CAP, DICOM, FDA).

Artificial intelligence (AI) demonstrates high efficacy
in morphological analysis, with sensitivity reaching 97%
in diagnosing cervical intraepithelial neoplasia (CIN) and
cervical cancer. Al algorithms can automate the recognition
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ofkey features, reduce pathologist workload, and accelerate
specimen processing — which is especially important for
overloaded laboratories.

Regulatory control of telepathology varies significantly
across countries, but common principles include system
validation, data protection, integration with LIS/EMR,
professional licensing, and informed patient consent. The
United States, Canada, Israel, Australia, Germany, France,
India, and China demonstrate different implementation
models — from formalized to adaptive.
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Ukraine has established aregulatory base for telemedicine,
yet lacks an official definition of telepathology as a distinct
form of digital diagnostics. Nevertheless, telepathology
is actively practiced, especially in physician-to-physician
formats, utilizing digital imaging and select Al solutions.

Implementation of telepathology and AI requires
addressing several challenges, including technical
interoperability, data security, algorithm reliability,
diagnostic accountability, and modernization of healthcare
infrastructure.
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PEABLIITALIA B ONEPATABHIN IMHEKOJIOI'Li: TOCBIJI YHIBEPCUTETCBHKOI KJIIHIKA

Mertoro pociimkents Oyna oriHKa e(peKTHBHOCTI peabimiTarii micis TiHeKoMoridHUX omepauiil B yHiBepcuTeTchKill KiiHimi. Ha 6asi
Llentpy pexoncTpykTuBHOi Ta BinHOBHOI Mequuman OHMenV y 2021-2024 pp. npoaHaiizoBaHO pe3yNnbTaTé 86 Mai€HTOK MiCIs TicTepek-
TOMi1 3 JTaNapOCKOIIYHO aCHCTOBAaHUM BariHaJbHUM JOCTYIOM. [HAMBiMyansHi IporpaMu (OpMyBaH 3TiTHO 3 TPOTOKONAMH, SKICTh KUTTS
ouinroBanu 3a HQoL-15D no i micis onepaii ta yepes 3 mic. Kontpons — 22 nauientku 6e3 moBHoro Kypcy peabimitarii. CepenHiii Bik rpym
He BigpisusBes (p>0.05). [ToxasaHo, mo KOMIUIEKCHA pealdimiTalis JOCTOBIPHO IOKpAIlye aanTanilo Ta sKicTh XuTTs (disionorivni Big-
paBJICHHS, aKTUBHICTD, TUCKOM(OPT, THCTPEC, BITAIBHICTD, CEKCYalbHa cepa), TOIl SK BiIXMICHHS Bijl IPOrPaMH MOTiPIIYIOTH IPOTHO3.

KiiouoBi ciioBa: ornepaTuBHa riHeKoJIoOris, peabitiTalis, SKiCTh XKUTTS, MEANYHUN MEHSPKMEHT.
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REHABILITATION IN SURGICAL GYNECOLOGY: EXPERIENCE OF A UNIVERSITY CLINIC

Introduction. Rehabilitation is a critical part of gynecological care, as timely recovery ensures return to normal activity and prevents
disability. According to WHO, gynecological morbidity accounts for up to 5.1% of years lived with disability in women of reproductive
age, with the majority of cases reported in low-income countries such as Ukraine. Despite advances in surgical techniques, the problem of
postoperative rehabilitation in gynecology remains insufficiently studied.

The aim of the work. To evaluate the effectiveness of rehabilitation after gynecological surgery under the conditions of a university clinic.

Materials and methods. A prospective study was conducted at the Center for Reconstructive and Restorative Medicine during 2021-2024.
The outcomes of 86 patients after laparoscopically assisted vaginal hysterectomy were analyzed. Individual rehabilitation programs were
designed according to current protocols. Quality of life (QoL) was assessed with HQoL-15D before and after surgery and at 3-month follow-
up. A control group included 22 women after hysterectomy without a full rehabilitation course. The mean age of patients was 37.8+0.6 and
38.2+0.9 years, respectively (p>0.05). Statistical analysis used frequency and variance methods (MS Excel).

Results and discussion. Postoperative recovery was uneventful in all cases; average hospital stay was 2.2+0.1 days. Women in the
rehabilitation group reported significant improvements in pelvic function, daily activity, vitality, sexual activity, and reduction of discomfort
and distress (p<0.05). In contrast, control patients more frequently experienced abdominal pain, urinary incontinence, and dyspareunia.
Deviations from individual rehabilitation programs negatively affected outcomes.

Conclusions. Comprehensive rehabilitation after gynecological surgery significantly improves adaptation and long-term QoL. University
clinics provide advantages due to professional capacity, scientific units, and an integrated multidisciplinary environment that ensures effective
physical and psychosocial recovery

Keywords: surgical gynecology, rehabilitation, quality of life, medical management.

Beryn

PeabimiTamist € BaXIMBOIO YaCTHHOIO JIiKYBaJbHOTO
IIpoLIeCy, aJPKE K TOBEPHEHHs Malli€eHTa A0 3BHYHOI TPY-
OBOI Ta coljajlbHOI aKTUBHOCTI Ma€ Haa3BUYailHE 3Ha-
yeHHs [1-3]. B ocranHi poku CTBOpeHI mepeayMOBH JJIst
MaKCUMaJIbHO €()EKTUBHOTO BiIHOBJICHHS (DYHKIIH micis
ONEPaTUBHHUX BTPY4YaHb, BiIIpalbOBaHi pealimiTamiiHi
MapIIpyTH Ta 3acO0M BIUIMBY Ha BiANOBITHHUX €Tarax pea-
Oinmitamniiinoro mpouecy. Brim, y mocTymHiil niteparypi
MMUTaHHAM pealiTiTamii y TiHEKOJIOTIYHIX XBOPHX HPHIi-
nseTbes Hebarato yBaru [4, 5.

3a marmmu BOO3 y XiHOK (epTHIEHOTO BIKYy TiHEKO-
JIOTIYHA TaToJoTiss 00yMoBmoe 10 5,1% BCiX POKiB, Ipo-
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CrarTs MOMMPIOETHCS HA YMOBAX JIIICH31T -'

xuTHX 3 iHBaniAHIcTIO (YLDs) [6]. 84% 1mx BUnankis pee-
CTPYIOTBCS Y KpaiHax 3 HU3bKMM PIBHEM JIOXOIIB, JIO SIKHX
HaJIeXHTh 1 YkpaiHa [7]. Tomy B4acHumii nouarok peadisnira-
LIMHIX 3aXO/IiB € 3aIIOPYKOI0 3MEHILICHHS YHCIIa BUIAJIKIB
IHBAJIZTHOCTI Ta NPOTpeCyBaHHS/PEIUINBYBAHHS XBOPOOH
[6, 8]. OcobnuBO CKIIaTHUM € BiTHOBIICHHS Y XBOPHX 3 371051
KICHUMH ITyXJIMHAMH PETIPOAYKTUBHUX OPTaHiB, KOJIX MO
i3 paIuKaIHAM XipypridYHAM BTPYYaHHSM 3aCTOCOBYETHCS
ximioTepamis Ta, 3a motpedu, pagioreparis [9].

YV 6araronpo¢inbHUX KIIiHIKaX ChOTOIHI CTBOPIOIOTHCS
YMOBH JI0 paHHBOI aKTHBi3aIlii XBOPHX IMiCIs TTHEKOIOT -
HUX OINEPATUBHHUX BTPY4YaHb, O NIMPOKOTO BUKOPUCTAHHS
MONTIMOAAJIBHUX BIUIMBIB y (popMaTi KOMIUIEKCHOT peadisi-
tauii[10, 11]. I[leBHi nepeBaru npu 1jboMy MaroThb YHiBepCH-
TETCHKI KITIHIKH, KaAPOBUH MOTEHIIall IKHX 3 OJHOTO OOKY
NIPE/ICTaBICHUH KITiHIIMCTaMU-HAYKOBIISIMH, a 3 1HILIOTO —
MOJOIMMHU (axiBISIMH, SIKI IPOIOBXKYIOTH CBOE HaBYAHHS
Ha TOJUIIOMHOMY a00 IMiCISITUTLTIOMHOMY piBHI [12].
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MerToro nocainkeHHs Oyia omiHKa e(h)eKTHBHOCTI pea-
OimiTarii micas TIHEKOJNIOTIYHWX ONEepaTWBHUX BTPYYaHb
B yMOBax (pyHKIIIOHYBaHHS YHIBEPCUTETCHKOI KIIIHIKH/

Marepiaj Ta MeToH

HocnimkenHs npoenene Ha 6a3i LIeHTpy pekoHCTpyK-
TUBHOI Ta BiJTHOBHOT MeMIIMHN O/1€CHKOTO HAIliOHAIEHOTO
MenuuHoro yHieepcurery y 2021-2024 pokax BifNOBiIHO
1o npotokoiy NelO Bix 13.09.2021 poky. Y mocmimkeHHi
Oym peaizoBaHi 3aXOMH JUIS 3a0e3MCUCHHS OE3MeKH Ta
MpaB TMAIIEHTOK, JIOACHKOI TIHOCTI Ta CTAHIAPTIB €TUKU
3TigHO TpWHIOMIAM [elIbCciHChKOi Hexnmaparii, €Bpormeii-
CHKOI KOHBEHIII] 3 TIpaB JIIOMUHH Ta TIIOUYMX 3aKOHIB YKpa-
fHA. Y KOKHOTO TamieHTa Oylno OTpUMaHO iH()OPMOBaHY
3TOAYy MICHS PETENBHOTO MOSICHEHHS XapakTepy Ta oocsary
Jociipkenb. [licins oTpuMaHHs 3ro[iM MAalli€HTa Ha BHUKO-
pUCTaHHSI J@HUX 3 MEIUYHOI JOKyMEHTalil BXHUTI YCi
HeoOXiHI 3aX0aM Uil AOTpUMaHHs paBOuI aHOHIMHOCTI
ta koH¢ineHuiiHOCcTI. [IpoananizoBaHi pe3yabTaTtd JiKy-
BaHHs 1 peaOinmiTanii 86 Mali€HTOK, SKMM BHKOHYBAJacs
ricTepeKToMisl 3 TPUJIATKaMH1 13 3aCTOCYBaHHSIM Jiarapoc-
KOIIIYHO aCHMCTOBAaHOTO BariHajgbHOTO noctymy. CepenHiit
BiK oOcTekeHuX XiHOK ckiaB 37,8+0,6 pokiB. Crpyk-
Typa IIOKa3iB JO ONEpaTHBHOIO JIIKyBaHHS HaBeACHA Ha
pUcyHKy 1.

IanuBinyaneHi mporpamu peaOimitamii Ta abimitarmii
OyJH CKJTaJIeHi BiATIOBIAHO A0 YMHHUX KIIHIYHUX MPOTOKO-
niB [13, 14]. Bei marieHTky [0 Ta Micis Onepariii, a TaKox
Yyepe3 TPH MICLI TiCIIsl BUMUCKH 31 cTauioHapy Oyiau ornu-
TaHi 3 BUKOpUCTaHHsM iHcTpymeHTy HQOL-15D [15].
CyOmKkanamMy ONMUTYBAIbHHUKA € PYX, 3ip, CIIyX, JUXaHHS,
COH, 1’Ka, MOBa, BU/IIJICHHS, 3BHUaliHA JisIbHICTh, IICUX1YHI
¢yHKLii, auckoM(popT 1 CUMNTOMH, JAEHpEcis, AUCTPEC,
KHUTTE3ATHICTh 1 CEKCyalbHa aKTHBHICTh. KoXkeH BHMIp
MICTHTh OJHE 3allUTAaHHA 3 5 BapiaHTaMH BIIOBIICH, SKi
BiTOOpaXXaroTh CTaH 370pOB’s marienTa [15].

VY SKOCTI KOHTPONIO TpOaHaji30BaHA SKICTb JKHUTTS
(AK) 22 marieHTOK, SIKUM OyJI0 BUKOHAHO TiCTEPEKTOMIIO,
Ta SKi 3 PI3HUX MPUYHH HE TMPOUIUIN MOBHUHA KypC KOMII-

8,1

60,5

JekcHol peaOimitamnii. CepenHiil BIK MaliEHTOK KOHTPOJIb-
HOi rpynu ckiaB 38,2+0,9 pokis.

CraructuuHa 06poOKka BUKOHAHA METOIAMH YaCTOTHOTO
Ta JUCHEPCIHOr0 aHai3y 3 BAKOPUCTAHHSM IPOrPAMHOTO
3abe3neucHas MS Excel (MicroSoft Inc., CILIA) [16].

Pe3yabTaTu T2 00roBOpeHHs

[Mepebir micmsonepaniifHoTo Mepioay y BCiX KiHOK OyB
HeyCKIagHeHnH. B 3anmexHOoCTi Bif TOTO, KWW ONEpaTHB-
HUI goCcTyn OyB 3aCTOCOBAHUH y Nali€HTOK OyB MPHCYTHIN
HEe3HauyHWH Oinp y IUISHII BBemeHHS Tpoakapa. CepenHi
TPHUBANICTh TepedyBaHHS B craiioHapi ckiama 2,2+0,1
JIHsI, yCi TMAIli€eHTKH OyJM aKTHBHI BXE€ y NEpUIMd JeHb
micns omepauii. [IpoTsirom nepimmx mecTu THXHIB Oynu
oOMexeH1 IHTeHCHBHI (hi3MUHI HaBaHTaXXECHHSI, CEKCyalbHa
aKTHBHICTh. 3HaYHa yBara npuuiisuiacs (i3uuHii Tepamii,
BIIpaBaM JUIsl SMilTHEHHS M’ 5I31B Ta30BOTO JIHS, EMOLIITHOMY
BiZTHOBJICHHIO.

UYepe3 Tpu MicsIi MAIiEHTKA OCHOBHOI TPYIH Bil3HA-
YaJd BiICYTHICTH OOIIiB, MOPYIICHb (PYHKIIIT TA30BHUX Opra-
HiB, TOAI SIK y KOHTPOJBHIHN rpymi y 9 (40,9%) Bumaaxax
BiJ[3HAYaBCS MOMIpHUI OLTh y HIDKHIM YacTHHI >KHBOTA,
y 4 (18,2%) Bumagkax — CTpecoBe HETPUMAaHHS CEdi,
y 3 (13,6%) — aucnaypenis. BigMiHHOCTI Mk TpynaMu
€ mocroBipuumu (¥2=73,4 p<0,001).

Ipu ominmi sikocti xutTs 32 HQoL-15D BcTraHoBICHO,
0 Y MAI[IEHTOK OCHOBHOI TPyIH 3a CyOIKanaMu ¢izionno-
TYHMX BiANpaBIICHb, TUCKOM(OPTY, 3BUYHOT aKTHBHOCTI,
JIICTpPECY, BITANBHOCTI TA CEKCyallbHOI aKTMBHOCTI BiJ0y-
JIMCS TIO3UTUBHI 3MiHHM, TOAI SIK Y KOHTPOJIBHIHN IpyTIi MO3H-
THBHA JWHaMika Oyrma MeHIm BupaxeHow (puc. 2). Tak,
y I rpymi moka3HuK 3a cyOmKanow (QyHKIIOHYBaHHS Ta30-
BHX pe3epByapiB 3pic 3 0,78+0,03 6axis go 0,95+0,02 6anis
(p<0,05), a y II rpyni — 3 0,75+0,09 6anis mo 0,84+0,08
6aniB (p>0,05). 3a cyOmkamor0 3BHYAHOI aKTUBHOCTI
y I rpymi BigOynocs 36imbmennst 3 0,72+0,04 GaniB g0
0,91£0,09 6anis (p<0,05), a y II rpymi — 3 0,74+0,05 6anis
1o 0,86+0,11 6anis (p>0,05). HaiiOinbn BupaXkeHui npu-
pocT criocrepirascs 3a cyOmkanoro nuckomoopry (XI) —

® XpOHiYHUI Ta30BUH 6ip @ AMK

MioMa MaTKH
H 3JIeHOMi03

W jHIIi

= X30MT

reHiTajbHUH MpoJianc

Puc. 1. CTpykTypa nokasiB 10 ricrepexromii
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Domain

B OCHOBHA TpyIIa JIO JIIKyBaHHS

B OCHOBHA IpyTa uepe3 3 Micsii

KOHTPOJIbHA TpyIIa J10 JIIKyBaHHS

B KOHTPOJIbHA TPyIIa Yepe3 3 Micsiii

Puc. 2. lunamika sIKOCTI ;KUTTH y NALi€HTOK MicJs ricrepexromii

30,54 £0,04 6aniB no 0,79+0,05 6anis y I rpymi (p<0,05), ta
3 0,5240,06 6aniB g0 0,66+0,08 6aiis (p>0,05) y II rpymi.

3a cyOmkanow aucTtpecy mnokazHuku 3pociu 3 0,75
+0,05 GamiB mo 0,94+0,06 Gani y I rpymi (p<0,05), Ta
3 0,77+£0,07 6aniB mo 0,80+0,08 6anis (p>0,05). 3a cyo-
Kajgol0 BitaidpHOCTI y | rpymi BimOymocs 3pocTaHHS
3 0,68+0,05 6ami go 0,92+0,04 6ani y I rpymi (p<0,05),
ta 3 0,70+£0,07 6amiB go 0,83+0,09 6Gamis (p>0,05). [Tomi-
OHa NWHaAMiKa cmocTepiramacs W 3a MIKaJOK CEKCyallb-
Hoi akTuBHOCTI — 3 0,53 +0,04 GamiB go 0,78+0,04 OaiiB
y I rpymi (p<0,05), ta 3 0,55+0,06 6anis no 0,63+0,07
6amnis (p>0,05).

TakyuM 4YWHOM, IALIEHTKHA 3a3HAYMIM TO3UTHBHHM
BIUIMB Ha SKICTh CBOTO JKUTTS IICIS TICTEPEKTOMIi, 0CO-
0JIMBO SIKIO TTOKa3aMH 10 BTPYYaHHs OyJiO TIOJIETIICHHS
XpOHIYHOTO OOJt0 ab0 YCYHEHHS CHIIBHOI KpOBOTEHi.
Hes3Bakaroun Ha Te, 110 MICNsI ONEPATHBHOIO BTPYYaHHS
ICHYIOTh €MOIIiifHi, TOPMOHaJBHI Ta (i3WYHI 3MiHH, SIKi
MOXYTb HOTPeOyBaTH 4acy, MiATPUMKH Ta KOHTPOJIIO, IPO-
BE/ICHHS TIiCIsoNepaliiHoi peaburitTamii Mano 3HaYHUI
BIUTUB HA SIKICTh )KUTTA. B 1ijI0My, Iicis poBeneHOro ore-
PaTHBHOTO JIKyBaHHS 3arajibHe 3J0pPOB’S Ta CAMOIIOYYTTS
MAI[IEHTOK, SKi TIOBHICTIO BUKOHAIHW peaduriTaIliiiHy mpo-
rpamy, TOKPANIyIOTECS B JOBTOCTPOKOBIN TIEPCIIEKTHBI.

PeaOinitaniiiHuii mporec y riHeKoJIOTIYHUX MalliEHTOK
€ MYJIFTUMOJIAJILHUM 1 Horo peasisalisi B yMoBax Oararo-
npodiIbHOT YHIBEPCUTETCHKOT KIIIHIKM Ma€ TEBHI Iepe-
Baru Ha TUIbKH 3 OISy AOCTYITy JIO MEAMYHOI JJOIIOMOTH,
Ta HAsBHOCTI HAJIS)KHOI MaTepiajbpHOl 0a3M Ta KaJpoBOTo

MOTEHIialy, aje i 3aBAsSKH CTBOPEHHIO CIPHUATIUBOIO
cepefoBuIna s (I3MYHOTO 1 IMCHXOJOTIYHOTO BiTHOB-
JICHHS.

Sk peabimitalisi, TaK i MCIUYHUN MCHEPKMEHT MaIOTh
BUpINIaJIbHE 3HAYECHHS ISl BUPILIEHHS TPOOIEMH 310POB’ s
Ta GNaromnoyyys KiHOK B aKylIEpCTBi Ta riHekomorii. Ix
IHTErpalis i B3aEMHA KOOPIUHAILIS JO3BOJII€3a0C3CUUTH
IHAMBITyaTbHUN AOTISAM, SIKHUA 3aJIOBOJIBHSE SIK (Di3W4HI,
TaK i eMOIIiiHI TOTPeOH, 0COOIMBO IMicIsI TOJIOTIB, OTIepartii
a00 mij Jac 3HAYHMX JKUTTEBUX 3MIH, TAKHX SIK MEHOIIa-
y3a. TicHa cmiBmpamst MiK axKyIliepamd, TiHEKOJIOTaMH,
(dizioTepameBTamMu Ta (axiBISIMHU 3 ICHXIYHOTO 30POB’S
€ BOXIUBOK Ul HAaJaHHS KOMILICKCHOI Ta e(heKTHBHOI
JIOTIOMOTH.

BucHoBku

1. 3a ymMoB BHMKOHaHHS peaOimiTaliifHOI Hporpamu
y TAalli€HTOK, IO TIIEPEHECIH TiCTEPEeKTOMIil0, 3HAYHO
MOKPALIYETHCSI CAMOIIOUYTTS Ta CTYIIHb aJIanTarii; Bigxu-
JIeHHS Bl IHAWBIAyanbHOI MporpaMu pealimitamii morip-
IIYIOTh IPOTHO3 BiTHOBJICHHS.

2. Tlo3uTHBHHI BIUTUB HA SKICTH JKUTTS Peaji3yeThCs
MepeBaXHO 3a CyOmKamaMu (i3ionoriyHuX BiAMpPaBICHB,
JTUCKOM(]OPTY, 3BUYHOI aKTHBHOCTI, IUCTPECY, BITAITBHOCTI
Ta CeKCyaJIbHOT aKTUBHOCTI.

3. IlepeBaramu peaOimitaiuii B yMOBax yHiBEpPCHUTET-
CBKOT KJIIHIKH € KaJpOBUil MOTEHIIial, HassBHICTh HAyKOBO-
MPAKTUYHUX MiIPO3AUIIB, IO JO3BOJSE CTBOPUTH ONTH-
MaJIbHE CEPEIOBHIIE [T Pea0TiTAI[IITHOTO MpoIIeC.
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APPLICATION OF THE NAVIGATION SYSTEM IN PRIMARY TOTAL KNEE REPLACEMENT
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It is difficult to imagine the modern world and medicine without the application of computer technologies, which significantly enhance
doctors' work and improve its quality. These technologies positively impact the speed and accuracy of surgical interventions. Specifically, in
knee arthroplasties, precise measurements and calculations are crucial for correctly implanting endoprostheses and avoiding postoperative
complications to achieve favourable biomechanical outcomes.

The aim of the study was to compare experience of applying a modern computerised navigation system in identifying the actual resection
levels of the femur and tibia during knee arthroplasty, with conventional methods experience.

Materials and methods. The Orthopilot navigation system, produced by the Aesculap company, was used at the Department of
Traumatology, Orthopaedics, and Combat Trauma of Odesa National Medical University, based at the University Clinic. This system allows
the real-time determination of the most optimal resection points for the femoral and tibial bones during 3D modelling of the surgical procedure.
Surgery using a computed navigation system was performed on a 55-year-old female patient with grade III gonarthrosis underwent treatment
and were examined postoperatively for six months. The study was conducted in accordance with the provisions of the Declaration of Helsinki,
patient was informed about the objectives of the study and provided informed consent to participate in the study and the processing of her
personal data.

Results. During the study, it was found that the installation of knee joint endoprosthesis using a computerized navigation system allows
more accurate implant placement and helps to avoid imbalance of the knee joint ligaments and, despite the longer duration of the operation, is
considered safe regarding blood loss and postoperative complications.

Keywords: knee joint endoprosthesis, navigation system, surgery, modern technology.
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3ACTOCYBAHHS HABITAIIMHOI CACTEMHU B MEPBUHHOMY TOTAJBHOMY EHJIOIPOTE3YBAHHI
KOJIIHHOT' O CYITIOBA

O0ecvkuii HayioHanbHull Meouynuil yHigepcumem, Oodeca, Yxkpaina

CyvacHuii CBIT | MEUIMHY HEMOXJIMBO YSBUTH O3 BUKOPHCTAHHS Ta BIPOBAKEHHS KOMII FOTEPHUX TEXHOJIOTH, K1 IBHO MOJIETIIYIOTh
1 TIOKpAIIyIoTh POOOTY JiKapiB, MO3UTHBHO BIUIMBAIOYM HA IIBUJKICTH T4 TOYHICTh BUKOHAHHS ONEPATHBHUX BTPYYaHb. 30KpEMa, ONepamis
3 €HJONPOTE3yBaHHS KOMIHHOTO Cyrnoba motpedye TOUHUX BUMIpPIB 1 pO3paxyHKIB 171 KOPEKTHOTO BCTAHOBICHHS IMIUIAHTIB Ta YHUKHEHHS
PO3BUTKY IICIAONEPALiHHUX YCKIIaAHEHb, JOCATHEHHS MO3UTHBHUX PE3YJIBTATIB 3 MONIANY 0610MEXaHiKH pyXy.

VY crarTi po3mISIHYTO KITIHIYHUK BHIANOK JIKYBaHHS MalieHTKU 3 aiarHo3oM «lonaptpos III cT.» Ha 6a3i YHIBEpCUTETCHKOI KIHIKH
OHMenY, BHKOpHCTaHHMIT TSl IOPIBHSHHS JOCBIIy BUKOPHCTAHHS KOMIT FOTEPHU30BaHOI HaBirauifHOi CHCTEMH 3 JOCBIIOM BHKOPHCTaHHS
TpaJuUiiHUX MaHyalbHHUX HaBIraliffHUX CHCTEM.

Kurouosi ci10Ba: eHonpoTes KOMHHOTO CyII00a, HaBiramiiHa cucTeMa, orepaTiHBHE JIIKyBaHHS, Cy4acHi TEXHOJOTT.

Introduction
It is impossible to imagine modern medicine without
the application of computer technologies, as they have
become an essential tool in many areas of medical practice.

© Yu. V. Sukhin, Yu. Yu. Pavlychko, B. R. Bovsunovskyi, 2025
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The implementation of computer technologies has enabled
high accuracy and speed in performing various diagnostic
procedures and surgical interventions, particularly, in
total knee arthroplasty, a complex radical and most
effective surgical treatment for one of the most common
musculoskeletal late diagnosed diseases — knee arthrosis
[1-4]. Over the past decades, due to the development of
technologies and surgical techniques, the frequency of knee
replacement operations has increased significantly, and the

ISSN 2226-2008 OJIECBEKUI MEJVMUHUN )KYPHAJI Ne 4 (195) 2025 73



HOBI METOOWM TA TEXHOJIOT'II

number of complications has decreased significantly. A
further increase in the frequency of total joint arthroplasty
operations is predicted [5]. It has been proven that high-
quality arthroplasty of large joints of the lower extremities
(hip and knee) has a positive effect on the quality of life of
patients, however, about 30% of patients remain dissatisfied
with the result, which is mainly due to the level of quality of
the endoprosthesis installation operation [6]. In total knee
arthroplasty, achieving the optimal conditions for implanting
a knee endoprosthesis requires not only adherence to the
surgical plan and adequate surgical skills [7], but also the
ability to perform precise resections of the femur and tibia,
accurate determination of the implant insertion depth,
and correct rotational and axial alignment. These factors
are critical for achieving ideal load distribution across the
bone condyles and prosthetic components. Excessive or
improper load distribution on the bone condyles may lead
to prosthetic instability. Inaccurate osteotomies — whether
in height or angle — increase the risk of joint instability,
stiffness, or persistent postoperative pain [8]. It is essential
to ensure accurate control of load distribution, depending
on the type of deformity present. The instruments currently
available for knee arthroplasty do not permit perfect bone
resections; however, the precision of osteotomies remains a
key determinant of success in knee replacement surgery [9].
The aim of the study was to compare the experience
of applying a modern computerised navigation system in
identifying the actual resection levels of the femur and tibia
during knee arthroplasty, with conventional techniques.

Materials and Methods

The Orthopilot navigation system by the Aesculap
company was used at the Department of Traumatology,
Orthopaedics, and Combat Trauma of Odesa National
Medical University, based at the University Clinic. This
system allows the real-time determination of the most
optimal resection points for the femoral and tibial bones
during 3D modelling of the surgical procedure.

The navigation system used is a hardware-based
navigation tool that facilitates the individualised
positioning of implants during surgery. The video-camera
system detects the position and orientation of passive
sensors that reflect infrared light. These sensors are located
on each cutting block, multitool, and on the femur and tibia.
This setup enables real-time transmission of data about the
resected segments in millimetres and degrees.

Specialised software installed on the navigation system,
that was used, the computing and display unit calculates
the spatial relationship and alignment of the sensors. The
system also adapts to both surgical instruments and the
patient’s individual anatomical features, allowing real-time
visualisation of instrument positioning in relation to the
operated segment. This enables precise spatial placement
of each implant component to optimise surgical outcomes.

Results
An operative treatment was performed on a 55-year-old
female patient with grade I1I deforming osteoarthritis of the
knee at the University Clinic of Odesa National Medical
University in March 2021. The patient was informed about
the objectives of the study and provided informed consent

74

to participate in the study and the processing of her personal
data.

Surgical technique. The navigation system, that was
used, does not require the use of additional high-intensity
imaging techniques such as computed tomography. It
operates as a closed system with its own proprietary
software. The system includes the following components:
tripod, wireless camera, personal panel computer, and a
wireless foot switch.

During the surgery we followed the standard operation
technique for using the computed navigation system of
that type. To assess the biomechanical features of the knee
joint, sensors are fixed to the patient’s femur and tibia
using pins at the start of the operation. The surgeon then
performed knee movements, including maximum flexion
and extension. The navigation display showed the dynamic
deviation of the lower limb axis during flexion of the tibia
(varus or valgus deformities) (Fig. 1).

Using a multitool (an instrument equipped with an
infrared sensor that transmits information on the location
of anatomical landmarks of the lower limb), the surgeon
marked the lateral and medial malleoli, the lateral and
medial femoral and tibial condyles, and the intercondylar
eminence. This data was processed by the navigation
system to determine the most effective and accurate
resection planes and directions for the femoral and tibial
components.

The system then schematically displayed the real-time
position of the resection block in relation to the tibia, with
tilt accuracy of up to 1 degree and resection height accuracy
of up to 1 millimetre (Fig. 2).

After performing the tibial component resection, the
system stored the level and direction of the resection to
enable subsequent calculation of the femur-tibia ratio.
Next, the femoral condyle points were identified and
marked using the multitool (Fig. 3).

Once the femoral component size has been determined,
the next step was to perform a collateral ligament stress test
in both flexion and extension positions of the knee (Fig. 4).

The following step involved determining the extent
of femoral resection required for optimal placement of
the endoprosthesis components (Fig. 5). At this stage, the
surgeon can make adjustments to improve component
positioning, such as: preventing the femoral component
from impinging on the anterior cortical bone by modifying
its flexion angle; avoiding the formation of joint laxity
or stiffness following implantation of all prosthetic
components by adjusting the femoral resection height;
selecting the appropriate angle and optimal rotation of the
femoral component to ensure correct load distribution.

Clinical case. Patient S., a 55-year-old female, was
diagnosed with grade III deforming gonarthrosis of the
right knee and treated at the Department of Traumatology,
Orthopaedics, and Combat Trauma of Odesa National
Medical University, based at the University Clinic.

Following clinical and radiological examinations, as
well as consultations with relevant specialists, the patient
underwent primary total cemented right knee arthroplasty
using the computed navigation system. Intraoperative and
postoperative X-ray control was performed (Fig. 6). Blood
loss was 450 ml, which does not exceed the average for knee

ISSN 2226-2008 OJECHKWI MEJAYHNA XKYPHAIT Ne 4 (195) 2025



Mechanical Axis

Extension

4“-

HOBI METOROW TA TEXHOJIOT'II

Mechanical Axis

Flesdon

—150%
i

Fig. 1. Intraoperative determination of mechanical axis of the extremity in the knee joint using
computed navigation system sensors

arthroplasty operations using traditional navigation systems
(329-1517 ml), the duration of the operation was 142 min,
which exceeded the average duration (118 £ 20 min) for
operations using traditional navigation systems [10].

On the first day after surgery, the patient began both
passive and active movements of the operated joint, sitting
on the bed. On the second day, she got out of bed and
walked around the room, and by the fourth day, she was
walking down the hallway. Discharged from the hospital
on the sixth day after surgery. The timing of the acute
rehabilitation period corresponds to average values for
knee arthroplasty using traditional navigation systems.
She subsequently completed a full course of physiotherapy
aimed at restoring the function of the right knee joint.

At the follow-up examination 1.5 months after the
operation: slight swelling remains in the area of the right
knee joint, there are no pathological changes in the scars,
palpation is painless, and the range of motion is slightly
limited. Follow-up examination 3 months after the operation:
the patient reported no complaints, and the function of the

Record Whiteside Line

To epicondyles
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Internal =

Tibia Resaction
@ Tibia @ Mobile

Fig. 2. Example: at a 0° tilt angle of the
resection block, the resection height for the
medial tibial condyle is 2 mm,
and for the lateral tibial condyle — 3 mm

Optimal Anterior Cortex Point

s
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Fig. 3. Schematic image of points to determine the femoral component size
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Fig. 5. Femoral planning stage, enabling selection of the most appropriate femoral
component size and determination of the resection amount required for anatomically correct
endoprosthesis implantation

il

Fig. 6. Radiographs of Patient S., 55 years old, following primary total cemented right knee
arthroplasty performed under computed navigation system control
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operated knee joint was assessed as satisfactory, there was
no edema, the patient moved without additional support,
limping slightly on her right leg.

Blood loss and the duration of the rehabilitation period
do not exceed the average when using traditional navigation
systems, even despite the duration of the operation, which
indicates the reliability and safety of the method.

Discussion

Among the various options of the newest navigation
systems, which are divided into computerized and robotic.
The computerized navigation systems are divided into
large console navigation systems (with or without the need
for pre-visualization) and manual accelerometer navigation
systems [11]. The Orthopilot system is a large console
navigation system without the need for pre-visualization.
Taking into account the experience and scientific
achievements of surgeons around the world, we can talk
about the effectiveness of using a computerized navigation
system in total knee arthroplasty, because the technique
allows us to take care of more aspects than traditional
navigation systems and to do it more precisely. The most
promising area is difficult arthroplasty: revision or for
patients with contraindications to the use of traditional
mechanical navigation systems. It is too early to draw
conclusions about the long-term prospects, especially in
terms of the durability of the installed implants, but at the
early postoperative stage there is no significant difference

HOBI METOROW TA TEXHOJIOT'II

between prostheses installed using mechanical navigation
systems and computerized ones. Even despite the longer
surgery duration when using a computerized navigation
system, an increase in the number of complications is
not observed [12], which allows us to characterize the
navigation system that was used as a balanced tool in
terms of accuracy among the various options of the latest
navigation systems.

Conclusions

1. The computed navigation system for knee arthroplasty
enables highly accurate implantation of endoprosthesis
components in the correct position, ensuring optimal axial
load distribution across the medial and lateral compartments.

2. The computed navigation system, prevents disruption of
knee joint ligament balance, and minimises intraoperative blood
loss (calculated ml/min — blood loss to surgery time). Correct
placement of the endoprosthesis facilitates early initiation
of painless rehabilitation, which in turn decreases the risk of
complications such as joint contracture and persistent pain.

3. Comprehensive rehabilitation following knee
arthroplasty is a crucial component of functional recovery
and should commence early in the postoperative period.

4. The use of the computed navigation system ensures
anatomically accurate positioning of prosthetic components
and offers significant advantages over conventional
navigation techniques in terms of convenience and accuracy
of work, in our opinion.
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I'pynne BuromoByBanns (I'B) — onmtumansHuii croci6 rogyBaHHs AiTeH, 0COONMBO Mix 4ac BiifHH. BoHO Mae ducneHHI mepeBard s
3[0pOB’Sl MaTepi Ta TUTHHY i € KPUTUYHO BXIUBUM Ui Hawii. [uaykiis makrauii (IJT) — ctumymsiis BupoOneHHs: Mojioka 0e3 BariTHOCTI
1 monoris. Bona nependavae ropMoHaNbHY # MEAMKaMEHTO3HY iATOTOBKY, 3IiXKyBaHHS Ta CTUMYJIALIIIO JIaKTalil yepe3 roxyBanHs. Jlitepa-
Typa MiATBEPIUKYE, IO MOJIOKO 3a LJ] He BiIpi3HAETHCA Bil PHPOAHOTO, IO BAYKIIMBO IS BUTOAOBYBAHHS JITEH 13 CypOraTHOTrO MaTepUHCTBA,
YCHUHOBJICHHX YH TepeMilleHnX. MU onmucaii yHiKalbHUH BUITQ/I0K: JKiHKa 3 HEPBUHHOI aMEHOPEEI0 YCIIIIHO rO/lyBala BIACHAM MOJIOKOM
JUTHHY, HAPOJDKEHY Yepe3 CyporaTHe MaTepHUHCTBO.

[Mommpenns 3uanb mpo 1J1 cepen MenukiB cpusTiIME MATPUMII ciMeit i 30epexxeHHI0 ['B y KpH30BHX yMOBax.

KurouoBi ci10Ba: rpyiHe BUrOIOBYBaHHS, 1HIYKLIis AKTaLlii, raJakTOrOry, TPyIHE MOJIOKO, CypOraTHE MaTepHHCTBO.
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INDUCTION OF LACTATION. LITERATURE REVIEW AND A CASE OF INDUCTION

Ukrainian Academy of Breastfeeding Medicine, Kharkiv, Ukraine

LLC “Professor Khmil Clinic”, Lviv, Ukraine

Municipal Non-Profit Enterprise “Perinatal Center of Kyiv”, Kyiv, Ukraine

Breastfeeding (BF) is the only method of feeding infants, especially during wartime, as it provides access to safe nutrition even in crisis
situations. It offers numerous benefits for the health of children, mothers, and families in general. Because of the large-scale Russian invasion
of Ukraine, breastfeeding has become a crucial factor in saving the nation’s health.

Our goal was to conduct a detailed analysis of modern approaches to induced lactation (IL) presented in the global scientific literature
and to present our own case of IL.

Materials and methods. The literature search in PubMed (April 2024) included studies from 1954 using the keywords: “induced
lactation”, “relactation”, “adoptive breastfeeding”, “galactagogues”. A clinical case of successful lactation induction in a woman with primary
amenorrhea without prior pregnancies is described, in accordance with the Helsinki Declaration and with informed consent.

Discussion. Induced lactation (IL) refers to the stimulation of milk production in individuals who have not experienced pregnancy or
childbirth. It involves preparing the body and mammary glands through hormonal and medications, initiating milk production via pumping
(with or without the use of galactagogues), and increasing milk supply through breastfeeding or regular pumping.

Despite the absence of a standardized protocol for IL, the literature demonstrates the possibility of successful lactation. According to
research, the biochemical composition of milk obtained through IL is indistinguishable from that of milk produced during natural lactation.
This makes IL a viable method of providing breast milk to infants, particularly in families with children born via surrogacy, in the process of
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adoption, or in conditions of forced displacement. We described a unique clinical case in which a woman with primary amenorrhea successfully
induced lactation without prior pregnancy or childbirth. She was able to feed her child, born via surrogacy, with her own breast milk.
Conclusions. Promoting knowledge about IL within the Ukrainian medical community will contribute to the effective support of families

and ensure breastfeeding even in challenging life circumstances.

Keywords: breastfeeding, induced lactation, galactagogues, breast milk, surrogacy.

Beryn

I'B — enuuuii onTUManbHUN COCIO TOXyBaHHS IIiTEH,
SKAH B yMOBax IIMPOKOMAacUITaOHOTO BTOprHeHHst Pocii
B Ykpainy HaOyBae HeaOusKy LiHHICTb. Edexrn rpyaHoro
BUTOZIOBYBaHHS Ha 37I0POB’s AiTEH, MaTepiB 1 KOPUCTH IS
POAMHY NPOJOBKYIOTh BUBYATUCS Ta CTaBaTH HaJ0aHHIM
MenuuHoi crinbHOTH [1]. He Bukimkae cyMHiBy Toil (hakr,
o I'B B ymoBax BiitHu HaOyBae craryc (pakropa, o pATye
KHUTTSL.

MerTolo 1i€i cTarTi € aHai3 cydacHUX migxomnis go 11,
MPEICTABICHUX Y CBITOBiH HayKOBill JIiTepaTypi, a TAKOXK
omuc KiiHi9HOTO BHMAAKY. e HeoOxixHo ast popmyBaHHS
VSBJICHHS YKpaiHChKOi MeaudHoi crhinmpHOTH mpo IJI Ta
CTIPHUSIHHS TIABHUILEHHIO O0I3HAHOCTI (axiBIIB Y LBOMY
MUTaHHI.

Marepiaiu Ta MeToan

[omyk miteparypu 3niiicHiOBaBcs B 0a3l  JaHHMX
PubMed cranom Ha xBiTeHs 2024 poxy. Buxopucrani
KJIFOUOBI cJIoBa Ta ix koMOiHaiii: induced lactation, induc-
tion lactation, galactagogues, breastfeeding without preg-
nancy. J1o aHami3y BKIFOYAIINCS: OPUTiHAIBHI IO CIiHKEHHS
Ta KJIIHIYHI BUIAIKH, OTJISAOBI CTATTI.

Kpim ormmany mitepaTypw, MH ONHCANH KIiHIYHUHA
BUITAJIOK YCIIIITHOT 1HIYKITiT JaKTAIli] y )KiHKH 3 IEPBUHHOIO
aMEHOpeelo, sKa He Majia IONepelHbOl BariTHOCTI Ta
nosnoris. IlanienTka Hajana iHGpopMOBaHy 3roJly Ha BUKO-
pHUCTaHHSI MEIUYHKX JaHUX, a 1 0coOuCTI naHi Oyau aHo-
HimizoBaHi. CyporarHa mMaTip Hajaja THCbMOBY iH(OpMO-
BaHy 3rojly Ha BUKOPUCTAHHS KIIHIYHUX JJTAaHUX Y HAYKOBIi

[Ipouenypa  eKCTpakoproOpalbHOTO  3arlIiTHEHHS
(E3) mposenena B TOB «Kiinika nmpodecopa C. XMimsy,
M JIeBiB. E3 mpoBeneHo 3rimHo 3 Hakazom Ne 787 Miwnic-
TepCTBa OXOPOHM 310poB’st Yikpainu «IIpo 3aTBepmxeHHs
INopsinky 3acTocyBaHHS MAONOMIKHUX PETMPORAYKTUBHHUX
TEXHOJIOTiM B Ykpaini». Ydacte cyporarnoi marepi B E3
BinOyBajacs 3rifHO i3 UBUILHUM Ta CIMEHHHM KOJACKCaMHU
VYkpainu, a Takox 3akoHOM YkpaiHu « OCHOBH 3aKOHOZAB-
CTBa YKpaiHH NPO OXOPOHY 370POB’S» 3 JOTPHUMAHHAM
npuHuuniB ETnynoro kopexcy BeecBiTHbOT MequyHOT aco-
miamii.

Byno mpoBeneHo aHami3 ckiagy IpyJHOTO MOJIOKA 3a
nonomoroto anapary Miris Human Milk Analyzer. Ana-
nizaTopu TpynHOro Moioka Miris HMA BHKOPHCTOBYIOTH
MeToH iH(PpadepBOHOI CIIEKTPOCKOIIIl i3 cepeqHbOI0 iH]-
pauepBonoio obmactio (MIR, Mid-Infrared Spectroscopy)
JUIsl BU3HAUEHHS ckiany Mojoka. Llei Meron nmae 3mory
MIBUKO i TOYHO BUMIPIOBATH KiJIBKICTh OCHOBHUX MTOYKUB-
HUX PEYOBHH y IPYAHOMY MOJIOIL, 30KpeMa KHPIB, ByT-
JICBOAIB (MEPEBaKHO JIAKTO3H), Oika (iCTHHHOTO Oiyka),
eHepreTMyHoi LiHHOCTI. [H(QpauyepBoHa cHEKTpoCKoOMis
3aCHOBaHa Ha TOMY, 1[0 MOJICKYJIM B MOJIOLI HOIIMHAIOThH
iHppadepBOHE BHUIPOMIHIOBaHHS Ha IEBHHUX JOBKHHAX
XBWJIb, 1 15 iHOpMaLis Jae 3MOTY TOYHO BU3HAYUTH KOH-
LEHTpaliil pi3HUX KOMIOHEHTIB. MOJIOKO IIPOXOAUTH Yepe3

ONTHYHY KaMepy, JIe BUMIPIOETHCSI HOTO MOIIMHAHHS 1H(}-
pavepBOHOIO CBIiT/Ia Ha PI3HUX YacTOTaxX, IO BiINOBIJAE
KOHIIEHTpAii ’KHpiB, ByIJIEBOIIB Ta OLIKIB.

Pe3ysibTaTi Ta iX 00roBopeHHst

IHmykmis makTamii — e mpomec CTHMYJISMii BHpPO-
ONMeHHS MOJNOKa B iHAWBiAyyMa (KIHKH 332 HApPOMIKCHHSIM
abo momuHH, sKa igeHTHdiKye cebe sk kiHKa [2]) Ge3
HasIBHOCTI BAariTHOCTI Ta MOJIOTiB B aHaMHe3l. [Hakmie
Ka)Ky4H, e Jakramis 0e3 Hapo/pkeHHs auTuHu. 1JI moxe
OyTH KOPUCHOIO THM KIHKaM, SIKi 3iTKHYJHCH 13 cyporar-
HUM MaT€pPUHCTBOM, YCHHOBIICHHSIM 3a piI3HMMHU 00CTaBH-
Hamu abo MaroTh HEOOXIIHICTh TOAYBATH IPYAbMU AUTHHY
MOJIOJIIOrO BiKy. BakinmBo Harojocurtu, 1o, Ha JyMKY
aBTOPIB, sKi MpamotoTh 3 1JI, yerimHy iHayKoBaHy JaKTa-
IiI0 MOJKHa BH3HAYMTH SIK JOCSTHEHHS CEeKpemii MOoJoKa,
HaBITh fAKIIO MOT0 KUIBKICTE HEIOCTATHS JUIS BHKIIIOU-
HOTO TPYOHOTO BUTOINOBYBAaHHS IUTHHHU. YCIIiX OLUTbIIe
OB ’SI3YIOTh 13 3aOBOJICHICTIO Marepi Ta ii HOYyTTSIM
camopeaiizailii, H’X 3 KiTbKICTIO BHPOOJICHOTO MOJIOKA Y1
TPUBAIICTIO TPYIHOTO BUTOAOBYBaHHS [3].

[Minpyunuk 3 nakrauii Jloypenc [4] Bkasye, mio nepri
sragyBaHHsa 100 ycmimuoi IJI fmaryroThes moyaTkoM
XX cTomiTTs, KOU OyJ0 ONMMUCAaHO BHHUKHEHHS JaKTaIlii
0€3 MoJIOTiB y NESKHUX JKIHOK.

[omyk y cucremi PUBMED nae Ham MOXIHUBICTB
O3HaHOMHMTHUCH 13 myOmikamismMu, mo omnucyioTh 1JI Ha
PiBHI OKpEeMHX KEWCiB, OIVIAMIB KEHCIB, a TAaKOXK OKPEMHUX
nociipkeHb. Ha chorozHi, Ha %aib, MU HE MA€EMO €TMHOTO,
yHi(iKkoBaHOTO, TOOYIOBAHOTO HA apTYMEHTaX 13 BUCOKUM
CTyIICHEM JOKa30BOCTI MMPOTOKOIY abo kepiBHHITBA 3 [JI.

Ha croromni piBeHbP 3HaHb MEAWYHHX IIPALiBHUKIB
mozo nuTtanb [J1 3anumaeTtses HemocTarHiM. B Ykpaini He
OyI1o xomHOT myOikarii, mpucBsiueHol ik Temi. Y 3B 3Ky
13 I[MM, Ha XKaJlb, 0aTHKH, SIKI 3BEPTAFOTHCS JI0 MMOCITYT CYypPO-
raTHOTO MaTePUHCTBA 200 BCHHOBIIOIOTH JiTeH, (PaKTUYHO
M030aBJICHI MOXIUBOCTI O3HAHOMUTHCS 3 1H(OPMAIIED
mozo 1JI Ta roxyBaTu rpyHUM MOJIOKOM CBOIX JUTEH.

[Mepmra myOmikariis, sika 1a€ MOXKJIHBICTh 03HAWOMHUTHCH
i3 qocimoM IJT Ha T1i BBEIEHHS JFOICHKOTO JIFOTEIHI3YTO-
YOTr0 TOPMOHY JKIHKaM i3 pakoM MOJIOYHOI 3aJI03H; 3pOc-
TaHHS TPyAEeH y YONIOBIKIB MICIIA JIIKYBaHHS €CTPOTCHAMU
naryerscsi 1954 poxom [5]. TyT meMOHCTPY€ETHCS MOXKIIH-
BiCTh BUHUKHEHHA JIAKTaIlii SK y XKIHOK, TaKk 1 y YOJOBi-
KiB Ha TJIi IPOBEJECHHS Teparrii JIOTEOTPOIIIHOM 3 3-TO IO
7-i1 neHb JIKyBaHHS TPUBAJICTIO BIPOIOBXK JIEKIIBKOX
MICSIIIB.

Oco0nuBoi yBaru 3aciyroBye crarts . 1. I'puruenka
Bim 1967 p. [6], y sAKiii OMMUCaHO BWIAJIOK, IO BiAOyBCs
B M. XapKoBi y XIHKH, sIka Majla Oe3rniaas i ynodepuia
HOBOHAPOJKEHY IUTUHY XKiHouoi ctati B 1964 p. Tif 6yno
3aIPOITOHOBAHO MMOYATH MACAX Ta 3LIUKYBaHHSI MOJIOYHHUX
3a1103, ¢izioTeparito Ta ncuxoTepariro. Yepes 8 AHIB mics
MOYaTKy TAKOi MiATOTOBKH y MAIIEHTKH 3’ IBAJIOCS MOJIOKO
B TPYIsX, a gyepe3 14 nHiB Bij mMovYaTKy BOHA IMOYalia IpH-
KJIaJaTl JWTHHY 100 Tpydeu. I3 miei crarri Bimomo, mio
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yepe3 piK BiJ MOYATKY KX MO JIAKTAIls Yy 1€l JKIHKA
1Ie TpHUBaa.

Jxemma Kacopia-Opric Ta cisaBropu [7] y 2020 pori
MIPOBEJIM SIKICHE NPOCHEKTUBHE Ta MEpPEXpEecHe 3arajibHe
JOCTI/DKCHHS 3 BHKOPUCTAHHSAM TIHOWHHUX 1HTEPB IO
9 icraHCHKMX KIHOK, SIKi IPOHIIIIN 1HIYKOBaHY JIAaKTalilo
a0o0 perakTalito, o0 BUTOIOBYBaTH YCUHOBICHY AUTHHY,
abo IUTHHY, HApODKEHY Yepe3 CyporaTHe MaTepHUHCTBO,
abo IUTHHY, HapOKEHY BiJ OIHOCTAaTEBOTO IAapTHepa
KIHKH 9epe3 TOHOPCTBO criepMu. OCHOBHOIO MOTHBAIII€I0
IHAyKOBaHOI JTakTarii abo pemakrarii, 31 CIiB ONMHTaHUX
JKIHOK, OyJ10 3MIIIHeHHs OJIM3BKOCTI MiX MaTip’1o Ta AUTH-
Hoto uepe3 I'B. Ilig yac mporeciB iHAyKOBaHOI JIaKTarlil
Ta peJjakraiii OCHOBHMUMH BUKJIMKAMH JUIS JKIHOK Oyiu
¢izuuHi TpynHowi, Opak iH(opmarii, BiICYTHICTH Mif-
TPUMKH 3 00Ky npodecioHalIiB i CyMHIBH IIOO YCIIIITHOTO
pe3yabTary Ta MOXKJIMBOCTI TOYBAaTH CBOIX JITEH.

O0i3HaHICTh MEANYHUX TMPAIiBHUKIB Y TUTAHHIX MOX-
muBocti 1JI Bupuanace Emini TpaytHep. BoHa Ta cmiBaB-
TopH [8] mpoBeny nepexpecHe AOCTIHKEHHS, Y TKOMY OITH-
Tanl YYacHUKIB cuMmmo3iymy BcecBitHROI mpodeciiinoi
acoriarmii Tpaacresaeproro 3a0pos’st (WPATH) y byenoc-
Alipeci, ApreHTiHa. YYaCHUKA Majii TpodeCciiftHuA TOCBI
pPOOOTH 3 TpaHCTEHISPHUMH TpPyIaMH, MOINH 3allOBHUTU
OIUTYBaHHs aHIVIIMCHKOIO MOBOIO Ta OyJIM BiJBiJyBauamu
koH(epeHIlii. ABTopr onuTanud 82 PECHOHICHTIB, OiIb-
LICTh 3 SIKUX — MeU4HI npaniBHuKY (84 %). Cepeniii Bik
PECIIOHJCHTIB cTaHOBUB 42,3 poky. MenuuHi npariiiBHUKA
B IIiif BHOIPI MEPEBaXKHO CIEIiali3yBalluCs Ha 3arajb-
Hill / BHYTpIIIHIN MEAHUIIUHI, ICHXOIIOTI1, €HIOKPHHOIOTIT
Ta akymepcTsi / rinekosnorii. Tpetuna pecrionnenTis (34 %)
3asiBHJIM, IO 3yCTPidaIy TPaHC-KiHOK, SIKi BUCIIOBITIOBAIIA
iaTepec o 1JI makramii. 17 pecrornentiB (21 %) 3HamN
PO TOCTAaYaNbHUKIB, KIIHIKH a00 MPOTpaMH, sKi CIPHSIIA
1JI 3a momomororo JTikiB 4 iHIMX 3aco0iB. CiM pecroH-
neHTiB (9 %) momoMomy TpaHC-KIHKaM BUKIIUKATH JIaK-
Tallio, y cepenHboMy 1,9 TpaHC-KiHIII 3a MomepenHii pik.
JBa npotokonu Ay IJ1 Oynu 3ragani y BUIBHUX TEKCTOBHX
BIIMOBIAX, 1 91 % pecrnoHIeHTIB BBaXKalIH, 110 € IToTpeda
B CIICIIIaJII30BAHUX MIPOTOKOJIAX JIsl TPAHC-KIHOK.

JlireparypHi nani mono inaykuii nakrauii. Asropu
npotokony J. HetoMaHa [9] nponoHy1oTh, Ciparouuch Ha
(s1x BKa3aHoO Ha caifti kiiHiku J[. Heromana ta JI. Tonadap0)
BiacHU# nocsin Ta mocsing I maibke 500 iHOK, cxemy,
sIKa Tiepeadadae MpU3HAUYCHHs OpaIbHUAX MPOTH3AILIIIHUX
MIperapariB i TaJakTororis (zommepunony). [lapanensHo 3i
3MiDKeHHAM rpyaeld HpromaH i criBaBTOpH BUKOPHCTOBY-
FOTh OpasIbHI MPOTH3AILUTIAHI IpernapaTH He MEHII HIX 3a
6 MICSIIiB 10 MOSBU IMTHHU NapalielibHO 3 MPUHAMaHHIM
Jomrepuaony. Ha gymMKy aBTOpiB, IpU3HAYESHHS OpaIbHUX
MIPOTHU3AILTITHUX IIpenapariB 3a MiB POKy A0 IOSBU CypoO-
raTHOi JUTHUHU IMITy€ TOPMOHAJBHUHN BIUIUB Ha MOJIOYHY
3aJ103y IIiJI Yac BariTHOCTI. 32 6 THKHIB JIO MOSIBH TUTHHU
MpUMaHHS TPOTU3AILTIIHUX 3aKiHIYETHCS, IPOIOBKY-
€ThCS PUHUMaHHs JoMrepuaony no 20 mr 4 a3u Ha JEHb
i TIPOBOAMTHCS 3LIPKYyBaHHS Tpyneit. JomyckaeTscs Tak
3BaHUM CKOPOYEHUI MPOTOKOJI, KOJIM MAaTH IMpHUiMae Mmpo-
Tr3amnigHi npemapatu 30-60 AHIB mapaiensHO 3 IMPH-
“MaHHAM pommepunony 20 mr 4 pasu Ha neHb. Ilicns
MPUNMHEHHA NpUHAMaHHA NPOTU3AILIITHUX TperapariB
PEKOMEHJIYETbCSl TI0YaTH 3LIPKYBaHHS Ta IMPHUKJIAJaHHS

JUTHHH JI0 TpyAed 3a JIOIOMOIOI0 CHCTEMH JIOTOJOBY-
BaHHs y rpyaei. [xek Hetoman BBaxkae: «SIkiio y marepi
MeHoIIay3a yepe3 XipypriuHe BUAaleHHs ii pernpoxyKTHUB-
HHX OpraHiB abo MpHUpOIHa MEHOIIAy3a, BOHA BCE I1I€ MOXKE
TOYBATH TPYIBMH Ta BUPOOIATH MOJOKO. [IJis royBaHHS
JKIHII He moTpiOHI MaTKa i sseyHuKH. Yce, Mo i moTpiOHO,
e TpyAH Ta PYHKIIOHYOYHA Timodi3.

Anmicca [lIrenn ta coiBaBT. y cBoiif crarti [10] Haromo-
IIYIOTh Ha TPUETAIHIN CHCTEMi CTHMYJITIOBAHHS JAKTAIlii,
sKa Tependavae:

Kpok | — miaroTtoBka Tina Ta Tpyaed A0 BHPOOICHHA
MOJIOKa, Y TOMY YHCJi 3a JOIOMOIOI0 TOPMOHAJBHHX
1 MEIUKAMEHTO3HUX 3aC00iB;

KpPOK 2 — TI0Y4arOK BHPOOHUIITBA MOJIOKA JO Hapo-
JUKEHHS NUTHHHM (3L1UKyBaHHS Ha TJIi/0e3 mpuiiMaHHS
raJjaKkTororiB);

KpOK 3 — rOyBaHHS TUTHHU Ta 301IbIICHHS KUTBKOCTI
MoJoKa (TIpUKIaJaHHs, 3IIDKyBaHHS Ha TIIi/0e3 mpH-
HWMaHHS TaJJaKTOTOTiB).

Mertomu, skuMu MoxkHA nocsrti 1J1 y xiHOK Ta B TpaH-
CTeHAEPHHX JKIHOK, ONHMCaHi B NeKiTbKkoX ormsaax. Etamm
B pamKax TpHueranmHoi cxemu 1JI MoxxyTs OyTH mpormyIeHi
ab0 00’emHaHI 3aNMeXHO BiJ 00cTaBUH. Yac MOYaTKy KOX-
HOTO eTary TaKo)K BH3HAYa€ThCS HA OCHOBI 1HIMBITyalb-
HUX OOCTaBHH 1 IPIOpUTETIB OaThKiB, XO4a HaWvacTiiie
KpOoK | TOYMHAETHCS MPUOIM3HO 3a 6 MICAIIB O Hapo-
JUKEHHSI IUTHHU, KpOK 2 4acTo IMOYMHAETHCS MPHOIM3HO
3a 6 THOXKHIB /IO TOSIBU JUTHHH, a KPOK 3 — KOJNW JAWTHHA
HapO/IKYETHCSL.

Ixemma Kacopna-Opric Ta cniBaBropu [7] 3po0Ommu
OIS OKPEMHUX KEWCIB 1 HEBEJIMKUX JTOCIIIKEHb, IKi Oyin
JIOCTYTIHI aBTOpaM OINIALY B KiJTBKOCTI 24 cTareil, BKIIO-
YeHHUX Y IX OIVISA. ABTOPH y3aralbHIIIN CIIOCOOW BHKIIH-
kaHHSA [JI Ta TOmiMMIHCS pe3ylbTaTaMH CBOTO MOIIYKY
B paMKax HaykoBoi pobOotu. Ha ix mommsiz, makrarist Moxxe
OyTH iHIyKOBaHa 3a JOMOMOIOI0 HEMEIMKAMEHTO3HUX
METO/IB (HalpHKIa, py4HOI CTUMYJISILIT rpyneii, BUKOpHUC-
TaHHS MOJIOKOBIJICMOKTYBa4iB a00 MPUKJIaJaHHs JUTHUHN)
a00 (hapMaKoJIOTIYHO IILIIXOM BBEIEHHS TOPMOHIB (IIpo-
TeCTepPOHY Ta €CTPOTeHY) Ta/abo rajJakTororis.

MeToau BUKIUKAHHS JaKTaIii 3rigHo crarti [keMMma
Kacopna-Opric Ta criiBaBTOpiB:

1. HemenukaMeHTO3HI MeETOAM: aBTOpPU IUTYIOTH
JOCIIDKeHHS, [ Hirepichki xiHkd (N = 6) BHpOOISIH
JIOCTaTHBO MOJIOKA, II00 TOAYBaTH YCHHOBJICHY AWTHHY
JUIIEe 3a JOTIOMOTOI CTHMYIIAMii rpyaed. Yci ydacHUKH
paHile ToxyBajHM TPYIbMH Bif 9 MicsmiB 10 2 pOKiB J0
MOYaTKy IHAYKINI. Y BCIX BUMAAKAX JIAKTALlS 1HII[IFOBAIACS
CMOKTaHHSM ITUTHHY IioHaiMenIne 10 pa3iB Ha IEHb MPO-
TATOM IfOHalMeHIIe 10 XBHIIMH KOXKHOO rpymro. 11i yuac-
HUKH 110Yali BUPOOJSITH MOJIOKO depe3 13—18 nHiB micis
MOYaTKy CMOKTaHHS, a uepe3 21-28 nHiB y BCiX BHIAAKax
TolyBaHHs Oyno Jjiumie rpyrHuM. Tam OUTyeThcs pobora,
JIe OTIMCAHO 11’ ATh BUITAJIKIB, JIe YCHHOBIICHI JITH BIKOM BiJl
8 MicsiB 10 5 poKiB BUSBWIN OakKaHHS CMOKTATH TPYIH,
ITYKAIOUH TPYIHU CBOET MPUHOMHOT MaTepi. Y TPhOX 13 I’ ATH
BumaakiB (60 %) I'B Oyno mocsarayTo nwuiie 3a JOIOMOTOI0
CTUMYJIAIII Tpyaell CMOKTaHHSM.

2. dapMakomnoriyHi MeTomd — KOMOIHOBaHE JIiKy-
BaHHs ropMmoHamu. J/[xemma Kacopma-Oprtic Ta cmiBas-
TOPH TaKOKX HaBOASATH JOCIHIKEHHs, Ji¢ KOMOIHOBaHe
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JIIKYBaHHS. €CTPOTE€HOM 1 HPOreCTEpPOHOM MPHUIHHSIIN
npuHaiMHI 32 24-48 romuH 10 MOoYaTKy CTHUMYIALIl Tpy-
neit. BrasyeThces, 10 Ipu3HAYaId KOMOIHOBaHI TOPMOHHU
3a 2,5-5 Micsius 10 Moyatky CTUMYISLIl rpyae i 3anu-
manu npotiaroM 6—10 TwkHIB. MeTon, SIKUi BHKOPHCTO-
BYBaJIH, 3aJIe’KaB BiJl TOTO, YH TOMYBaJIM YYaCHUKU paHilIe
TUTHHY TPYABMH. SIKIIO Hi, TO TaKWM MAIlieHTaM POOMIH
BHYTPIMIHEOM 5130By iH’ekmito 100 Mr mempokcurmporec-
TEepoHyY 3a | TWXKIEHb OO CTUMYIALII Tpyneit 1 xmopmpo-
Ma3uH 25 Mr 4 pa3u Ha JEHb J0 BCTAHOBIICHHS JIAKTAIIii.
YyacHUKH, 5K paHile TOAyBaIH TPYAII0, OTPUMYBaIX abo
XJIOPIIPOMa3uH 25 Mr 4 pa3u Ha 100y, a00 METOKJIOIPaMi,T
10 mr 4 pasu Ha 100y, TOKH JaKTaiio He Oys10 100pe BCTa-
HOBJIeHO. OOU/IBI TPyNH CTUMYJIIOBAIM IPYAX Yepe3 dacTe
CMOKTaHHS JUTUHH. B orsizti cka3aHo, 110 MeTox iHAyKIii
3MIHIOBABCS 3aJIEXKHO BiJl TOTO, UM MaJIM YYaCHUKH B aHAM-
He3i JIaKTaIlio. Yci jKiHKH BHKOPHUCTOBYBAIHM MOJIOKOBII-
CMOKTYBad JIsl CTUMYJISILIi, ajme TpboM kiHkam (50 %),
SKI paHille He TOAyBaJu TPYAbMH, IONATKOBO BBOAWIN
2,5-40 Mr HeanaporeHHoro nporecrepony Ta 0,05-0,4 mr
ecTporeHy 3a 12—28 THXHIB O IOYAaTKy CTHMYJISIIII.

3. InTpaHa3anbHUE OKCHUTOIMH — BHUKOPHCTAHHS
Ha3aJBHOTO CIPE0 OKCUTOLIMHY BifOyBanocs 6e3mocepea-
HBO IEPE]] CTUMYIIAIIIEI0 MOJIOKOBIICMOKTYBAYEeM 1 CMOK-
TaHHSAM JUTUHU. J03yBaHHS B JIOCTYITHHX JDKepeliax 3Ha-
WTHU HE BJANOCH.

4. Tanakrarorn — TIpemnaparoM, SKUH HaHOLIBII
LIMPOKO BUKOPUCTOBYBABCS B PO3IIISTHYTHX JIOCIIKEHHSIX,
OyB METOKJIONIpaMijl, aHTaroHict nodaminy. Lle moB’s13aHo
3 THM, 110 AoMOepunoH sk rajgakroror y CIIIA e Henmo-
CTYITHUM V 3B’SI3Ky 3 THM, o He npuitHatuid FDA (mpu-
MiTKa aBTOpiB Ii€i crarTi). J[03u METOKIOmpaMiay KOJIH-
Banmucst B Mexxax 20-80 mr Ha jmeHb, i mo3a (5 mr/meHsn)
MOIVIa MPU3HAYATHCS TMiJ Yac TOAYBaHHS TPYLIIO; NEsKi
KIHKY TIPUMTUHSUIA IPUHOM METOKJIONpaMigy depes nepion
Bix 10 guiB 10 2 MicsiiB. Takok aBTOpU HABOISTH CTaTTI,
JI¢ BUKOPHUCTOBYBAJIM TPaB’siHI [O00ABKU 3 TaJlaKTOTIHHUM
e(eKTOM, 1HOJII B MOETHAHHI 31 CTUMYJIAIIE0 Ipyaei 3/a00
0e3 J0aTKOBOTO MPUIMaHHS I'aJaKTOrOTiB YU TOPMOHAIIb-
HOTO JIIKYBaHHSI.

JI. Beprosuto Ta cniiaBTOpH [ 11] mpoBeny orvtsi my6iti-
Kalliil 010 TpaHCTeHJEPHHUX 1 TpaHCHEMIHHUX MHalieH-
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TiB, sxkuM mposoammu 1JI. Ix mosmmis Taka: miTeparypa
npo 1JI y TpaHCcreHIepHUX )KIHOK HajJiae Majio JI0Ka30BOTO
Marepially. €IMHa HayKoBa MpPOIYKIIisl, siKa IPUHOCHUTH
Oe3mpeleeHTH] JaHi 3 I[bOTO MUTAHHS, — II€ BHIIAJKU.
Joxkasu mono IJI y rpancdeminHuX Ioneil € piaKicHUMH,
oOMexeHNMH 1 BIIHOCHO HemoaaBHiMuU. Ha Hamy ymKy,
HASBHICTh TAaKUX IyOJNiKalild Ja€ MOXKJIHMBICTh PO3YMITH,
mo [JI moxxiuBa.

Ban Awmepcdyr Ta cmiBaBropm [12] HaBOmATH Keiic
iHaykOii nmakramii y 37-pidHOi TpaHCTeHIEPHOI >KiHKH,
ONHC BUMAJIKy Ta PEKOMEHJIAI] UIS KIIHIYHOI MIPAKTHUKH,
SIKI BUKJIQJICHI Ha PUCYHKY 1.

Tpexep E. Ta cniBaBropu [13] HaBenu Bunagok S0-piu-
HOI TPaHCTeHIEPOT KIHKHU 3 PO3JIaIOM TiNepKOAryJIsLii, sika
3MOIVIa JIAKTyBaTH Ta rOJlyBaTh IPyIbMH. Y3araibHeHi 1aHi
IIO/I0 PEXKHUMY BCTAHOBIICHHS JIEKiIbKOX BUNankis 1J1 [14]
IILOT'O OIVISITy MM HaBENHU Yy BUIVIAI Taom. 1.

Tabmms 1
Y3aranbHeHi 1aHi 11010 pe:KUMY MeIHKAMEHTO3HOTO
BTPY4YaHH 3a iHAYKIii JaKkTamii
y TPaHCreHAePHUX KiHOK

Buj meguxamen- .
Jlo3yBaHHS, sIKe HABOAUTHCS B OTJISITi
TO3HOTO . .
Tpexep E. Ta cniBaBTopiB
BTPY4YaHHS
ITouaTkoBHil pesxum
Ecrpaion Bin 0,4 mr TPAHCEPMAITBHO pa3 Ha 00y
110 6 Mr cyOIIiHTBANBHO X 2 pas3u Ha ICHb
IIporectepon 100400 mr Ha neHb
JlomnepinoH 30—40 mr Ha JeHb
MaxkcumaipHi 1031 IpenapariB
Ectpanion BiZ 5 Mr 110 24 Mr Ha 100y
[Iporectepon Bixg 100 mr go 800 Mr Ha OOy
JlommepuaoH 80-90 mr Ha 100y
3uimKyBaHHS 0-8 pa3iB Ha 100y
Pes a N
S3YIBTET I'B ta noxopm 4-9 micauis
IHLYKIiT

Cxy1ag MoJ10Ka npH iHAYKOil JJakTanii

Crxiang monoka mpu 1JI mocmimkeHuil HemoCTaTHbRO,
NpoTe B JIITEpaTypi 3ycTpivaloThcs OKpeMi myOsikanii Ha
1o TeMy. Y Hamiil crarti Mu HaBeaeMmo HasiBHI gaHi (I'pu-

e |

Gestation  First trimester  Second trimester r" Third teimester
Weeks 0 4 B 16 20 24 28 32 34

o uit Larfabion Varf deogdeli Le 1t
Lactaﬁcn b, Eup of il piraang  ChelaTh
highlights

250

1

Estrogen Tsug OO
Stu amas

Progesterone 200m

108mg

Domperidone

g
Al [

Puc. 1. 3BeeHHsI OCHOBHMX MOMEHTIB y pexkuMi JiKyBaHHs 3 Bunaaxky Ban Amepcdyrt
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nrenko; Emi K. Beiimep; Ileppin M. T.; Jloypenc) momo
CKJIaJly MOJIOKA 32 IHAYKOBaHOI JIakTalii, npote s ¢op-
MYBaHHSI BUCHOBKIB BUCOKOTO PiBHSI JJOKa30BOCTI MOTPiOHI
JIOIaTKOBI ociikeHHs (Tabn. 2). BogHowac pesynbrary,
MIPE/ICTaBICHI B HAsBHHUX JPKepenax, CBiI4aTh ITpo Te,
IO CKJIaJ| 1HAYKOBAaHOTO MOJIOKA € TIOPIBHSHHUM 31 CKJIa-
JIOM 3BHYAHHOTO TpymHOTO Mojoka [6; 15; 16; 4]. Ilomi-
OHI IOCHIDKEHHS MOTPeOYIOTh IMOJANBIIOTO TIHOMIOTO
BUBUCHHSI.

Baacuuii Bunagox inaykuii Jakrauii. [lamientka X.,
25 pokiB (kapiotur 46xX), 3BepHYyJach 31 BCTAaHOBJICHUM
miarao3om cuuapomy CMPKI (cunapom Maepa — Poki-
taHchkoro — Krocrepa — I"ay3epa) mis peanizaiii penpo-
JYKTHBHOTO TIOTEHIlialy, OCKUIbKM Maja JaBHIH aHaMHe3
0e3IIiAIA Ta BiICYTHICTh MEHCTpPYAIIii.

AMeHopest, SIK NepBUHHA (BiACYTHICTH MEHapxe JIo0
15 pokiB abo mi3HimIe), Tak i BTOpUHHA (BiJICYTHICTH MEH-
CTpyalliil MPOTATOM TIOHA TPH MICSIIi B IiBYAT a0 XKIHOK,
SIKI paHille Majdu pPeryiaspHi OUKIH, a00 MIICTh MiCAIIB
Yy THX, XTO MaB HEPETyJspHI MEHCTpyaii), € mpeaMeToM
yBaru JikapiB-pernpomyKTooriB. Teparris epBHHHOI ame-
HOpel CpsIMOBaHa Ha KOPEKI[iF0 OCHOBHOI ITAaTOJIOTIi (K0
1Ie MOKJIMBO) Ta JIOTIOMOTY XIiHIIl B JOCATHEHHI (pepTHiIh-
HOCTI (SIKIIIO BOHA IIOTO Oakae) i mpodhiTaKTUKy yCKIIa-
HEHb, 110 MOXKYTh BHHUKHYTH BHACIIZIOK 3aXBOPIOBAHHS
(HampuKIaz, 3aMicHa Tepartis ecTporeHaMu st mpodiiax-
Tuku ocreonopo3y) [17]. CMPKI' e BpomkeHOI Bajoro
PO3BUTKY: Hepo3BHHEHUIT MIomjepiB kaHai, 110 MPU3BO-
JUTH JI0 BIJICYyTHBOI MAaTKM W PI3HOTO CTyHEHs TiroIuia-
3ii BepxHbpoi yactuaU mixsu. CMPKI e npuunnoro 15 %
BUIAJKIB IIEPBUHHOI ameHopei. OCKIIBKN BEJIMKA YacTHHA
IIIXBU PO3BHUBAETHCS HE 3 MIOJIIJIEPOBOTO KaHaIy, a 3 ypore-
HITAIBHOTO CHHYCa, IOPSJ i3 CEYOBUM MIiXypOM 1 YPETPOIO,
BOHA (POPMYETHCS HAaBITh Y TOMY BUIAIKY, Ko MiomiepiB
KaHaJ TIOBHICTIO BiJICYTHIH. SI€YHMKHM pPO3BUBAIOTHCSA HE
3 MiomepoBoro kaHamy, Tomy B xiHok i3 CMPKI" maroTh
MICIIC HOPMaJIbHI BTOPUHHI CTaTEBI-O3HAKH, aji¢ I[i KIHKH
He (epTHiIbHI uepe3 BiICYTHICTh (DYHKIIOHAJIbHOI MaTKH.
Le# cMHIPOM YCHaAKOBYETHCS ayTOCOMHO-IOMIHAaHTHUM

HIISIXOM HEMOBHOI TMEHETPaHTHOCTI 1 3MiHHOI eKcrpecii.
CMPKT migpo3ainserscst Ha JBa THITU: TUI 1, Y SIKOMY
MOpYILIEeHI TUIBKU CTPYKTYpPH, IO PO3BUBAIOTHCS 3 Mion-
JIEpOBOTO KaHajy (BepXHsS 4acTHHA MiXBH, IIMHKA MaTK{
1 MaTka), i THN 2, jie TOpYyIIEH] 1HIII CUCTEMH OpraHi3my,
HalfuacTime me HUpKoBa Ta ckenerHa cucremu. CMPKT
npyroro tumy Mae acomiariro MURCS (Miillerian duct
aplasia-renal agenesis-cervicothoracic somite dysplasia).
Y BHmaakax BiACYTHOCTI MAaTKH NOTPiOHO IPOBOIUTH
KapiOTUITyBaHHS Ta BHM3HAYECHHS PIBHA 3arajbHOIO TeC-
TOCTEPOHY B CHPOBATIi KPOBi IS TOTO, MO0 BiAPi3HUTH
MOPYIIIEHHS PO3BUTKY MIOJIEPOBHX MPOTOK (KapioTui 46,
XX 3 HOpMaJILHUM PIBHEM TECTOCTEPOHY ISl KIHOK) Bij
CHUHJPOMY aH/IpOreHHoi HedyTnuBocTi (kapiotun 46, XY
Ta HOPMaJBHUH PiBEHb TECTOCTEPOHY AJISl YOJIOBIKIB).

JocsirneHHs epTHIIBHOCTI AJIs TAKKX MALIIEHTOK CTaI0
MOXXJIMBUM 3aBISIKM CYypOTaTHOMY MAaTE€pHHCTBY. Bincyrt-
HICTB IIPUPOJHOI BariTHOCTI, MaMO- Ta JIAKTOTEHE3Y, ITPOJIi-
¢eparii Ta qudepeHiroBaHHS TKAHHHA MOJIOYHOT 3aJI03H,
SIKi IPUTaMaHHI 3BUYAHHIA BariTHOCTi, YHEMOXKITUBITIOIOTh
€IMHAN TIPUPOJHMH MIISIX TOAYBaHHS HapOMKEHUX TaKUM
nuisixoM aiteit. Omxke, 1JI y GiodorigHoi marepi gae MOX-
JUBICTH peajizamii TAKMMHU >KiHKaMU TPYIHOTO BHUTOIIOBY-
BaHHS.

Y Hamol nanieHTKd OyJi0 BM3HAYEHO aHTHMIOIUIEPIB
ropmMoH — 3,21 HI/MJI Ta J€Hb OBYJISATOPHOTO IHKIY 3a
JIOTIOMOT'OI0  yJIBTPa3BYKOBOTO IOCHi/pKeHHs. s 1boro
BUKOHAJIM MOHITOPUHI (OJNIKYJIIB IPOTATOM 2 MiCSALIB,
3 ypaxyBaHHSM LbOTO B Iepiry ¢as3y UKy Oyia po3rnodara
CTUMYJIALISL CYNEpOBYIAIil 32 IPOrpaMor0 JOHMOMIKHHUX
PENpOIYKTUBHIX TEXHOJIOTIH, a caMe eKCTpaKopHopaibHe
3ammigHeHnAs. [1IigxoM TMyHKOii CTIHOK MiXBH TMAIliEHTKA
Oyn0 oTpMMaHO 28 OOUHMTIB, BIICOTOK 3aILTiTHEHHS, PO3-
BHUTOK eMOpIOHIB Ta BUXiJ OaCTOIUCT BiINIOBigaB BIiKOBil
rpymi namieHTKH. CyporaTHO0 MaMOI0 BHCTYIHJIA MaMa
namientku I1. 1., 49 pokiB, sika mMayia pe3yc-HeraTuBHY
Ipyly KpOBi, 10 TaKoX JONABaJO CKJIAIHOLIB IbOMY
BunaaKy. [licias oTpuMaHHS pe3y/bTariB NpeiMIIaHTallii-
HOI T€HETUYHOI JIIarHOCTUKHU OYJI0 BCTAHOBJICHO, II0 OJIUH

Tabmmi 2
CxJ1ax MoJIOKa npH iHAYKIIL JakTanii
AsTop /
KOMIIOHEHT Beiime Beiime Beiime Beiime Ileppin | Ieppin MarepHHCbKe
rPyIHOro Tpumeriio (1) P ?2) b A3) P (4) P ([23) (lg) Jloypenc MOIJ)IOKO
MOJIOKA
OLITOK, T/ 0,6 1,2 1,1 1,0 1,0 2,30 2,21 1,6 0,9%*—1,6%**
JKHD, T/AJT 0,6 4,1 5,6 5,9 6,2 3.4%%
BYIJICBOJH, I/ 5,5 6,9 7.6 7,3 7,4 5,4 5,4%%*_6 TH*
kKaj/30, M 21 25 25 26 20.4%*
AKTUBHUI 0,089 (0,032
sIgA, r/mn 0,105 | 0,091 (0,064,(0,125))*
Tz 42933 (31 814)
oL/MT ’ 32444 9667 (19 733,
79 200)*
Jlakrodepus, 0,178 (0,042
r/(}l)np 0.411 0,432 (0,130,(0,206))*

[pumitku: * — cepenne (SD) (Min., Makc.), nani [leppin;
** — nani Beiimep;

**% _ nani JloypeHc.
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i3 TPHOX MPOTECTOBAHUX EMOPIOHIB € EYIJIOITHUM JKIHO-
YUM eMOpIOHOM, PEKOMEHJOBaHMM J0 mepeHocy. Ilicis
JIarHOCTUYHOI TICTEPOCKOIMii cyporatHoi matepi 3 Oio-
TICI€I0 €HAOMETPII0, MICIs MiATOTOBKY €HAOMETPIIO0 10 Kpi-
orepeHocy Oyno mpoBezneHo emoOpiorpancdep 3.11.2023
CYpOTaTHii Marepi.

Hamra manienTka Mana HerepeOGopHe OaskaHHS HaJlaro-
JUTH JIAKTAIIO (K €Tal €IHAHHS 3 JUTHHOIO TiCIs Hapo-
mkeHH:). ToMy, cimparodrch Ha HasBHI CHOTOAHI JIiTepa-
TypHi Kepena, Ha 26-My TIDKHI BariTHOCTI CyporaTHOL
Marepi Oymo mpuitHATO pimeHHsa posmnodaru 1JI mpemapa-
TOM HOPETUCTEPOHA 5 MT 2 pa3u Ha JICHb.

17.06 mpoBeneHO KOHCYABTYBaHHS 3 TPYIHOTO BHUIO-
noByBanHs 32 ydactio IBCLC 3 memoHcTpati€ro 3a qomno-
MOTOI0 MOZEJI TPyJeH Ta JISUIbKUA TEXHIKH MPUKIaIaHHs;
J0 TpyAed Ta 3LiPKyBaHHSA pykamH, Oyso OOroBOpEeHO
HEOOXiJHICTh TPHUITMHEHHS T'OPMOHY HOPETHCTEpPOHY Ta
PEKOMEHJIOBAaHO NOYATH NMpUIMaHHS JOMIIEpiJoHa B 1031
10 mMr x 3 p., BU3HAUCHI BCi MOXIIMBI BUKIMKH Ta CKIIAJ-
HOIII MAKCUMAIIFHO YYIHO ¥ eMIaTiqHo.

— X. 17.06 mpunuHWiIa TpuUAMaHHI HOPETHUCTEPOHA
Ta TodYaia 3MiIKyBaHHSA 6 pa3iB Ha m00y BpydHy N0
20-30 xBuinH, Ha (DOHI PO3MOYATOTO B TOW CaMuil JieHb
npuiiMaHHg qomnepuaona 10 mrx 3 p.;

—21.06 y X. MOYMHAETHCS BUPOOJIEHHS MOJIOKA Y
BUIVISLIII KPATelib, 3 MOCTYIIOBAM HOTO 301IbIICHHSIM (PHCY-
HOK 2);

—21.06 no3y pommepuaoHa Oyiao0 30UIBIICHO JIO
30mMrx 3 p.;

11.07.2024 cyporarHoto Martip’to Oyna HapoIKEeHa >KHBa
JIOHOIIICHA AIBYMHKA IIIIXOM KECapChKOro po3THHY. Bripo-
JOBXK -1 TOMMHM KUTTS BiIOYyBCS KOHTAKT «IIKipa 0 MIKIPH»
HOBOHAPODKEHOI JUTUHU Ta ii NepIie NpUKIaJaHHsI 10 Ipy-
neit X. Y mepri qai xuTTs HoBoHapomkeHoi IBCLC me mana
OHJIAIH-3BSI30K 13 POJIMHOIO, 1100 JOMOMOITH 3 OPraHi3alliero
TPYAHOTO BHUTONOBYBaHH:. X. TOMyBajla TPYIbMH BIOPOIOBK
3 MiCAIIiB, JOKOPM CyMIMIIIO cTaHoBUB 10 60—100 mu Ha
n00y. Di3uuHIA PO3BUTOK AUTHHU BiINOBimaB HopMam BO3.

Puc. 2. BupodiienHs iHIyKuiiHOro MoJjioka yepe3
14 nuiB Bia moyaTKy 3UiTKyBaHHSA

BHUIIALOK I3 JIIKAPCBEKOI IPAKTUKH

V Billi TphOX MicsIiB quTHHA X. IepecTaia orpumysaru ['B
3 HeBimomux npuuuH. [Ipore X. 3a3Hayae, 1m0 BBAXKAE CBOIM
JIOCSITHEHHSIM, 1110 3Monia 3abe3neunTu I'B autunu npotsirom
MEPIINX TPHOX MICSIIIB KUTT.

Mornoxo X., sixe OyI1o 31iKeHe Ta 30epiraiaocs 3a TeM-
neparypu Minyc 18 °C 3 mepiuux AHIB )KUTTS JUTHHU GyII0
nepenaHo B anTedHoMy Tepmobokci IK-2M  ympomosx
24 roavH Ha aHaJIi3 CKIIAy TOJOBHUX XapuOBHX HYTPI€HTIB
B KHII «Ilepunartansumii neaTp M. KueBa» aBromoOinem
3 Muinpa B Kuis. 03.10.2024 xomanna KHII «IlepuHarans-
Huil neHTp M. Kueay npuiiHsia MOJIOKO B yXKe PO3TaHy-
TOMY BHUIVISLI, TEMIIEparypa B TEPMOOOKCI 3a JIOTIOMOTOI0
xnagoeneMenTiB craHoBuia 2—8 °C. Byno npoBeneHo aHa-
JIi3 CKJIaay TPyaHOro Mosioka. OTpuMaHi pe3yabTaTu npe-
cTapjeHi B Tabnumi 3.

Tabmuusg 3
Pe3yabTaT BUBHAUEHHSI CKJIALy MOJIOKA OTPHMAHOTO
BHACHIIOK iHAYKIIl JaKkTamii

KoMIonenT BwmicT, r/nn BwmicT, r/an
(1-m1a npo6a) (2-ra npo0a)
Binoxk 1,8 1,7
Kup 33 3,2
Byrnesonu 9,3 9,3
Enepris 78 76
BucHoBku

1. Hus 1JI 3acTOCOBYIOTHCSI TOPMOHAIIBHI HpenapaTy
(opanpHi KOHTpAIENTHBH), TaJAKTOTOTH (JOMIEPHIOH)
Ta MeXaHIYHE CTHMYJIIOBAHHS 32 TOTIOMOTOI0 MOJIOKOBiJ-
CMOKTyBa4a ab0 pydYHOTO 3IiIKyBaHHS, ajie BIACYTHS yHi-
(hikoBaHA cxeMa MiATOTOBKH i OCTaTOYHI BUCHOBKH IIOZO
IepeBart Toro Yy iHIIOro METOY.

2. Iunykuis nmakranii, sika CyHpOBOIPKYETHCS HABITH
HE3HaYHUM YTBOPEHHSM MOJIOKA Yy JKIHOK, IO HE MPOXO-
JUAJTH BariTHICTB 1 MOJIOTH, TPAIUISETHCS TOCUTH YacTo Biji-
MOBIZIHO JIO CYy4acHHX JOCII/PKeHb. 30KpeMa, HMOBIPHICTb
YCHINTHOI IHAYKIIIT 3pOCTa€e 32 YMOB TiCHOI CITiBIIpAIll Mix
JKIHKOIO Ta KOHCYJIBTAaHTOM 3 TPYJHOTO BHIOJOBYBaHHS,
a TaKkoX 3a HAsBHOCTI MOXKJIMBOCTI PEryJsIpHOTO MOHITO-
PHHTY Tpouecy ¥ iHAWBIOyaJlbHOTO aHaNi3y KITiHIYHOTO
BUIIAJIKY.

3. bioxiMiyHHIA CKJIaJ MOJIOKa, IO BUPOOIIE XKiHKa
i1 9ac iHAYKOBaHOI JaKTallii, He BIAPi3HAETHCA B/ CKIIaLy
MOJIOKA KIHOK, SIKI MaJIM JIAKTALI0 TPUPOJAHUM IISIXOM,
3TiHO 3 HASBHUMH Ha ChOTOIHI TaHUMH JIITEPATYPH.

4, IHayKIis Jaktaiii MOXKe CTAaHOBUTH I[IHHY OIIIIIFO
JUTSL CIMEH, SIKI 3 TUX YM IHIIAX MPUYHH HE MAJIHA MOXKIIH-
BOCTI 3/[IICHUTH BariTHICTh (30KpeMa, y BHIAJKaX Cypo-
raTHOr0 MAaTepHHCTBA, YCHHOBJIEHHS a0o 3a NoTpeOu
oprasizaiii TpyIHOTO BUTOJOBYBaHHS U1l HEMOBJIAT, SIKUX
JKIHKa He HapomkyBana). IlommpeHHs HaykoBO 0OIpyH-
ToBaHoi iH(popmanii npo IJI macte 3Mory sikapsm OinbII
e(heKTUBHO KOHCYIBTYBATH Ta MiATPUMYBATH TaKi POAUHHU.

KondutikT inTepeciB. ABTOpH 3asBISIOTH PO BiICYT-
HICTh KOH(ITIKTY 1HTEpECIB.

Moaska. Mu BasuHi Jikapio KoHcyabranty 3 ['B
Ienko XKauwi, M. /[Hinpo, 3a gomomory.
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AOCTIAKEHHA )KUPHOKUCJIOTHOI'O CKJIALY EIIOJIbIIIT
KAJII®OPHIMCHKOI (ESCHSCHOLZIA CALIFORNICA CHAM.)

HaunionaneHuii apmaneBTHUHUH yHiBepcUTET, XapKiB, YKpaiHa
YAK 615.322:543.635.33:543.544.3

H. €. Bypaa, L. O. Kypageus, 1. B. Opienko

JOCIIIKEHHA ) KHPHOKHACJIOTHOT O CKJIAY EINOJBIII KATI®OPHINCHKOI (ESCHSCHOLZIACALIFORNICA
CHAM.)

Hayionanvnuii papmayesmuunuii ynieepcumem, Xapxis, Yxpaina

3a 101IIOMOTr 010 METOTy Ta30Boi Xpomarorpadii mpoBeIeHo T0CIiKEHHS XKUPHOKHUCIOTHOTO CKIIa Ty TPpaBH Ta KOPEHIB enIonbLii kamidop-
HIHCBKOI.

3a pe3yabTaTraMy MPOBEICHOTO SKCIEPUMEHTY B TpaBi ewmonblii kaniopHiichkol Oy0 BCTAHOBJIEHO HASBHICTH 15 )KHPHHX KHCIIOT,
3 HUX 4 HeifleHTH(}IKOBaHi, Y KOPeHsX 1€l pOCIMHH — 13 JKUPHUX KHCIIOT, 3 HUX 2 HelneHTH(iKoBaHi. 3a cyMOI0 B 000X BUIaX TOCHIHKYBaHOT
CHPOBUHH TIEPEBAKAIN HEHACHYCH] KUPHI KHCTIOTH. Cepel HeHAaCHYEHUX )KUPHUX KHUCIIOT K Y TPaBi, TaK 1 B KOPEHSX MepeBakala 3a BMiCTOM
niHonesa kucnora — 44,90 ta 57,20 % BianosigHo.

[poBenennii eKCIIEPUMEHT PO3MIMPIOE iH(GOPMALIiI0 MO0 XIMIYHOTO CKIaAy CHPOBHMHH emonbLil KamiopHikcekoi. Takoxk onepxaHi
Pe3yIbTaTd MOXYTh Ha/lalli BUKOPUCTOBYBATHCS ISl BUBYCHHS HOBHX BHIIB (papMaKOIOTT4HOT aKTUBHOCTI Ta PO3POOKHU JIKAPCHKUX 3aC00iB
Ha OCHOBI CHPOBHHH I1i€i POCIHHH.

Kurouogi cioBa: Eschscholzia californica Cham. (emonsuist kamiopHiiicbka), )XUPHOKHCIOTHHI CKIIaj, ra3oBa xpoMarorpadis.

UDC 615.322:543.635.33:543.544.3

N. Ye. Burda, 1. O. Zhuravel, I. V. Orlenko

STUDY OF THE FATTY ACID COMPOSITION OF CALIFORNIA POPPY (ESCHSCHOLZIA CALIFORNICA
CHAM.)

National University of Pharmacy, Kharkiv, Ukraine

Introduction. California poppy (Eschscholzia californica Cham.) is an herbaceous plant of the Papaveraceae family, which is grown in
Ukraine as an ornamental plant.

The plant contains alkaloids, flavonoids, and carotenoids. However, other groups of substances that may also affect the pharmacological
activity of the plant are poorly understood. California poppy has antifungal, analgesic, anxiolytic and sedative effects.

Therefore, in the context of the holistic approach to the study of the chemical composition of the plant, it was advisable to study the fatty
acid composition of California poppy.

The aim of the study was to investigate the fatty acid composition of the herb and roots of California poppy.

Materials and methods. The object of the study was the herb and roots of California poppy harvested in the flowering phase in July-
August 2024 in the Kharkiv region (Ukraine). The fatty acid composition was studied by gas chromatography. The study of fatty acid methyl
esters was carried out on a Selmichrome-1 gas chromatograph.

Results. As a result of the experiment, the presence of 15 fatty acids, including 4 unidentified ones, was found in the herb of California
poppy, and 13 fatty acids, including 2 unidentified ones, in the roots of this plant. In total, unsaturated fatty acids prevailed in both types of
raw materials studied. Among unsaturated fatty acids, linoleic acid prevailed in both herb and roots, with a content of 44.90 and 57.20%,
respectively.

The experiment expands the information on the chemical composition of the raw material of California poppy. The results obtained can
also be further used in the study of new types of pharmacological activity and the development of medicines based on the raw materials of
this plant.

Keywords: Eschscholzia californica Cham. (California poppy), fatty acid composition, gas chromatography.
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Beryn

Emonsis xamidopHiiiceka, a00 kamidopHiHChKIIT Mak
(Eschscholzia californica Cham.) — TpaB’siHrcTa pOCIHHA
ponunu Makosi (Papaveraceae), sika nommpena Big I1iB-
HiuHOi KanidopHii no IliBgenno-3axingnoi Mekcuku [1; 3].
B VkpaiHi 1110 pociuHy BUPOIIYIOTH SIK JICKOPATHBHY.

3a JaHMMH 3aKOPIOHHHMX HAyKOBLIB, N0 XIMIYHOTO
CKJIaay emoiblii Kami(opHIHNCHKOT BXOAATH aNKaloiny,
(aBoHOIM, KapoTuHOiM [1; 8]. OmHAK iHIII TPYITH pedo-
BUH, SIKI TaKO)X MOXKYTh BIUIMBAaTH Ha (hapMaxoJOTidHy
aKTHBHICTh POCJIMHHM, MaJIofOCIikeHi. Beranosneno, mo
SIIONBINiS KaTiQOpHIAChKA BUSBISE MPOTUTPHOKOBY, 3HE-
OOOBaIbHY, aHKCIONITHYHY, CEJaTUBHY Iil0, Ma€ TO3H-
TUBHUH €(eKT 3a Ba30MOTOPHOTO TOJIOBHOTO Ooo [5; §;
9; 12; 14].

Kpim TorO, Ha CHOTOJHI EKCTPAKTH elIoNblii Katidop-
HIMCHKOT BXOISITH JI0 CKJIJly JIETHYHHUX 00AaBOK, 30KpemMa
3 M’SIKOIO CCTaTUBHOIO aKTUBHICTIO [4].

Y KOHTEKCTI KOMIUIEKCHOTO IOCIIKEHHS XIMIYHOTO
CKJIaJly POCIMH CJiJl BUBYAaTH HE TUIBKH OCHOBHI KJIacH
010JIOTIYHO aKTUBHUX PEYOBHH, IO OE3MOCEPEIHBO 00Y-
MOBJIOIOTH ()aPMaKOJIOTIYHY aKTHUBHICTB, a M 1HII Ipynu
crionyk. Takuii miaxix gae 3Mory MOBHOIO MipOIO BUSBUTH
abo CIIpOTHO3YBaTW MOTEHIlial BUKOPUCTAHHS POCINHH
y ¢apManeBTHYHI IPAKTHIIL.

Binomo, 1110 ’XHUpHI KACIOTH MPOSBISIIOTE Pi3HY (hapMa-
KOJIOT1YHY aKTHBHICTh, 30KpeMa aHTHOaKTepialbHy, TpO-
TH3anaibHy, aHTHOKCHJIAHTHY, MalOTh IMyHOMO/TYJTIOBaJIb-
HHI 1 IUTONPOTEKTOPHUI NoTeHIian [2; 6; 13].

Tomy myist MOTIMOICHOTO BUBYEHHS XIMIYHOTO CKJIaTy
emonblii KaniopHidchkoi OyJa0 AOIUIBHAM TPOBECTH
JOCIIJPKEHHS 11 )KUPHOKHUCIIOTHOTO CKIIaTYy.

MeTtow poOoTH OYII0 BHBYCHHS IKHUPHOKHCIOTHOTO
CKJIaJly TPaBH Ta KOPEHIB €IOJbLiT KaJiOpHIHCHKOI.

Marepiajiu Ta MeTOIM J0CTiKEeHHS

OG6’exToM nociimkeHHs Oyaum TpaBa Ta KOPEHi
emonbIii KauipopHiHCHKOT, SKi 3aTOTOBICHO Y a3y IBi-
TiHHA y nunHi — cepnHi 2024 p. y XapkiBcbKili 06macTi
(Ykpaina).

BuBUEHHSI KUPHOKMCIOTHOTO CKJIaay HpPOBOJHIH
METONIOM Ta30B0i xpomatorpadii Ha xpomarorpadi «Cen-
MIiXpoM-1» 3 TOIyM’sHO-IOHI3aliHHUM JIETEKTOPOM 3a
Bizomoro MeToaukoro [10; 11].

ITin yac excriepuMEeHTY BHKOPHUCTOBYBAJIM CTAaHIAapTHI
3pa3KH KHUPHUX KUCIOT BUupoOHuiTBa Merck.

Pe3ysabTaTn 1ocaixkeHHs Ta iX 00roBopeHHs
l'azoBy xpomarorpamy CyMillli CTaHAapTHUX 3pa3KiB
KUPHUX KUCIIOT HAaBEJEHO Ha puC. 1.

PesynpraTi BH3HA4YEeHHS SKICHOTO CKJIany Ta KiIbKic-
HOTO BMICTY )HPHHUX KUCIIOT y TPaBi Ta KOPEHSX €LIOJNBIIIT
kaniopHilicbKol HaBeeH Ha puc. 2—4 Ta B Tabnuni 1.

Sk BUIHO 3 BHIICHABEICHUX HaHUX, 33 Pe3yib-
TaTaMH IPOBEJIEHOTO0 EKCIIEPHMEHTY B TpaBi €LIOJb-
uii kamidopHificbkoi Oyl0 BCTAHOBJIEHO HasBHICTb
15 »upHHUX KHUCIIOT, 3 HUX 4 HeineHTH]ikoBaHi, y Kope-
HAX Mi€1 poCTUHU — 13 KUPHUX KUCIIOT, 3 HUX 2 HEiJeH-
TH(IKOBaHI.

Sx BugHO Ha puc. 4, 32 CyMOI0 B 000X BHJIaX IOCIKTI-
JOKYBaHOI CHpPOBHUHHU TMEpEeBa)kaldi HEHACHYCHI >KHPHI
KHCIIOTH.

Cepesl HEHACHUEHHX JKUPHHUX KHUCJIOT SIK Y TpaBi, Tak
i B KOpEHsIX INepeBaXkaiia 33 BMICTOM JIIHOJIEBa KUCIIOTa —
44,90 ta 57,20 % BignoBinHo. KpiM Toro, y Tpagi emosns-
il KaiopHIMCHKOT Y 3HAUHIH KiJIbKOCTI HAKOITMYYBJIUCS
oneinosa (14,95 %) Ta ninonenosa (15,67 %) kucnoru.
[Ilomo KOpeHiB, TO BMICT JIHOJIEHOBOI KHUCIIOTH CTaHOBHB
12,30 %, oneinoBoi — 5,25 %.
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Puc. 1. Ta3zoBa xpoMarorpamMa cyMmilii CTaHIAPTHUX 3pa3KiB KUPHUX KHCIOT
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Puc. 3. 'azoBa xpomaTorpama ;KUPHUX KHCJIOT Y KOPEeHSX eloJbLii KaaidopHiiicbkoi

Cepen ineHTH(iKOBAHIX HACHUYCHUX KUPHUX KHACIIOT y TPaBi OTxe, SIKICHUN CKJIaJ] JKUPHUX KUCIIOT Y TPaBi Ta Kope-
Ta KOPEHSIX elIoNbliil KamiopHIHChKOi JOMIHyBaNa MajbMi-  HSIX MK COOOIO 3HaYHO HE BiJIPi3HSBCS, OHAK 3a KUIbKiC-
THUHOBA KHCJIOTA, BMICT s1K01 OyB 16,55 Ta 16,95 % BiANOBINHO. HUM BMICT KOHKPETHHX KHCIIOT BiJIMIYaJTUCs MEBHI BiIMIH-

Cuip 3a3HauuTH, IO y TPaBi AochiKyBaHol pociman  Hocri. [llono cymapHOro BMicTy HACHYEHUX 1 HEHACUUEHHUX
Oy BiZIcyTHI apaxiHOBa Ta FOH/I0THOBA KHUCJIOTH, @ B KOpe- JKMPHHUX KHCIOT B 000X BHJaX POCIMHHOI CHPOBHHH, TO
HSIX — JIAypUHOBA 1 MipHCTHHOBA. ICTOTHOI pi3HUII He OyIo.
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76,26%

Puc. 4. KinbkicHnii BMicT cyMu HACHYeHUX, HEHACHYCHHX i HeileHTH(iKOBAHUX
JKHPHHUX KHCJIOT y TPaBi Ta KOPeHAX emoJbuil kanidopHilcbkol

Tabmuus 1

7KupHOKHCIIOTHHIA CKJIa/l TPABH Ta KOPEHIB emoJIbLil kKatidopHilicbkoi

BwmicT :kupuux kuciaot, % (n =5, cepeane 3Hauenns = SD, p < 0,05)
Ne 7KupHi kuciorn TpaBa emoJbLii KOPeHi emoJibuii
KagigopHiiicskoi KagigopHiiicskoi
HacuyeHi )XupHI KUCIOTH

1 naypurosa (C 12:0) 0,10+ 0,01 —

2 mipuctunosa (C 14:0) 0,51+0,01 -

3 naneMiTiHOBA (C 16:0) 16,55 + 4,37 16,95+ 0,29

4 creapunosa (C 18:0) 2,60 + 0,03 1,54 +£0,03

5 apaxinosa (C 20:0) - 1,65 + 0,03

HenacuyeHi upHi KHCIOTH

6 mipucroneinosa (C 14:1) 0,48 +0,01 0,06 + 0,01

7 naneMmiToneinosa (C 16:1) 0,26 £0,01 0,08 £0,01

8 oneinosa (C 18:1) 14,95+ 0,25 5,25+ 0,09

9 ninonesa (C 18:2) 44,90 + 0,82 57,20 £ 1,10
10 niHoneHosa (C 18:3) 15,67 £ 0,29 12,30 £ 0,21

11 roupoinosa (C 20:1) - 0,37 +£0,01

12 oerenosa (C 22:0) 1,91 £ 0,03 3,15 +£ 0,05

13 sirnouepuHoBa (C 24:0) 0,63 +£0,01 1,15+0,02

HeineHtudixkoBaHi >KUpHI KUCIOTH

14 HeineHTH(DIKOBaHA | 0,11+ 0,01 0,06 £0,01

15 HeineHTH(ikoBaHa 2 0,88 £ 0,02 -

16 HeineHnTugikoBana 3 0,20 £ 0,01 0,24 + 0,01

17 HeineHTH(ikoBaHa 4 0,25 +0,01 -

IMpumiTKa: «—» — KUPHY KUCIOTY HE BUSBICHO.

BucnoBku

1. 3a momomororo MeTomy Ta3oBOi Xpomarorpadii
BHUBYEHO SKICHWH CKJIaJ 1 BH3HAYEHO KUIBKICHHHA BMICT
KUPHUX KUCIIOT y TPaBi Ta KOPEHIX emobii Kamidop-
HificbKOi. Y TpaBi emonbilii KamihopHIChKOT BU3HAUCHO
HAsBHICTH 15 )KMPHUX KHCJIOT, y KOpeHsx — 13.

2. 3a pesyapraraM MPOBENEHOTO EKCIEPUMEHTY BCTa-
HOBJICHO, 1[0 32 CyMapHHM BMICTOM Y TpaBi Ta KOpEHSX
emonbLii Kani(opHIHCHKOI MepeBakalll HEHACUUEH] KUPHI

kucinotd. Kpim Toro, cepes] HEHACHYEHUX JKUPHHUX KHCIIOT
B 000X JIOCITI/KYBaHUX BHaX CUPOBHHH JIOMiHYyBaJjIa 32 BMic-
TOM JIIHOJIEBA KUCJIOTA, CEPEel HACHYEHHX — MaJbMITHHOBA.

3. [IpoBeneHni eKCrIepuMEHT PO3IMINPIOE iH(POPMAIIifo
II0JI0 XIMIYHOTO CKJIJy CHPOBHHH eIIOoNbLil Kali(opHii-
cbKoi. Takoxk onepskaHi pe3ylibTaTi MOXYTh HaJalli BUKO-
PHCTOBYBATHCS Ul BUBYEHHS HOBUX BHIIB (hapMaKoJIorid-
HO1 aKTHBHOCTI Ta pO3pOOKH JIIKapCHKHUX 3aC00iB HA OCHOBI
CHPOBHHH IIi€1 POCITHHU.
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Introduction. For the industrial production of extracts, Aloe vera gel is usually used as raw material, and the outer shell, which makes
up more than 30% of the total leaf mass, is mostly burned or composted. However, recent studies indicate that Aloe vera skin also contains
valuable biologically active substances, which makes it a promising material for further research and use in medical and cosmetic products.

Objective. To evaluate the phytochemical properties and compare the content of polyphenols, flavonoids, antioxidant compounds, and
antioxidant activity of extracts from the peel and gel of Aloe vera leaves.

Materials and methods. To obtain the extracts, dry raw materials of Aloe vera were used. 2 g of homogenized dried raw materials were
weighed and poured with a water-ethanol mixture with an ethanol content of 30%, 50%, 70% and 90%; 2% dimethyl sulfoxide (DMSO);
distilled water in a ratio of raw materials: extractant 1:10. Phytochemical screening, determination of the content of extractive substances,
polyphenols, flavonoids, and antioxidants were carried out using appropriate methods.

Results. Comparative analysis of Aloe vera peel and gel extracts showed a higher content of bioactive compounds in the peel. Phytochemical
screening confirmed the presence of tannins, flavonoids, anthraquinones, mucilage, inulin, and reducing sugars.

Among the investigated solvents, the 70% ethanol extract of Aloe vera peel demonstrated the most promising results, with the highest
levels of bioactive substances and the strongest antioxidant activity.

Conclusions. The study established that Aloe vera peel extracts contain a significantly higher concentration of bioactive compounds
compared to gel extracts, particularly in terms of polyphenols, flavonoids, and antioxidant components. These findings highlight the potential
of Aloe vera peel as a valuable source of biologically active compounds, supporting its sustainable, zero-waste utilization in pharmaceutical
and cosmetic applications.

Keywords: Aloe vera, polyphenols, flavonoids, antioxidant activity, spectroscopy.

YK 581.192:581.84-027.23

K. M. Mavyoran, 3. B. I'y6piii, H. €. Ctaguuubka, P. O. Iletpina, C. B. Xom’ak

HOPIBHSJbHUI ®ITOXIMIYHUMA AHAJI3 TA AHTUOKCUJIAHTHI BJACTHBOCTI EKCTPAKTIB 31
HIKIPKHU TA I'EJIIO JIUCTS ALOE VERA

Hayionanvnuii ynisepcumem «JIvsiecoka nonimexuixay, JIveis, Yrpaina

Mertoro nocnimpkeHs OyB (iToXiMiuHHIT CKPHHIHT i TOPIBHAHHS BMICTY mofTieHOIiB, IaBOHOI/IB, aHTHOKCUIAHTHOI aKTUBHOCTI eKCTpa-
KTiB 31 mKipku Ta reso Jmcts Aloe vera. O6’extoM jyist nociiukers Oyiu mikipka Ta renb aucts Aloe vera; ekcrparent — Boja, JUMETHII-
cymsokenn, 30%, 50%, 70%, 90% eraHou; ciBBiAHOMEHHS CHPOBHHA : ekcTpareHT — 1:10. EkcTpakTy ofiepxyBanyi METOI0M Manepaii.

TMopiBHsIBHE TOCITIIKEHHs SKCTPAKTiB MIKipKK Ta remo nucts Aloe vera mokasaso, 1o eKCTPaKTH caMe 3i MIKIPKHA MICTATh Oinbliy
KUIBKICTh €KCTPAKTHBHHUX PEYOBHH, MOTI(EHONBHUX CIONYK, (IaBOHOINIB, aHTHOKCHIAHTIB. Cepesl CIMPTOBUX EKCTPAKTIB 3a BCiMa JOCHi-
TDKyBaHUMH TIOKa3HUKaMH JIijiepoM BUSBHBCS 70%-1 eTaHONBHUI eKCTPAKT 31 MIKIPKH, y SKOMY BMICT eKCTPaKTHBHUX pedoBuH 0,017 Mr/m,
nomipenonis — 0,091 mrI'’K/mu, dnaBonoinis — 0,0725 mrK/mi, antrnokcunantaux pedosuH — 0,085 MrAK/mi, BigcoToK iHriOyBaHHS LBOTO
eKcTpakTy craHoBUB 90,6 %.

Kuouogi ciioBa: Aloe vera, momideHomnu, GraBoHOIIH, AaHTHOKCHAAHTHA AKTHBHICTD, CIIEKTPOCKOITIS.

Introduction
Many products derived from Aloe vera raw materials
have long been used in healthy nutrition, as well as for
medical and cosmetic purposes. It is also known that Aloe

© K. M. Machohan, Z. V. Hubrii, N. Ye. Stadnytska et al, 2025

CrarTs MOMMPIOETHCS HA YMOBAX JIIICH31T -'

vera has been used topically to heal wounds and various
skin conditions, as well as orally as a laxative. The extract
of whole Aloe vera leaves, including the gel, contains more
than 200 chemicals [1]. The chemical composition of the
plant depends on many factors: type and conditions of cul-
tivation, time of harvest, climate, position of the leaves on
the stem, type of aloe and method of harvesting the leaves
[2]. Aloe vera contains pharmacologically active ingredi-
ents associated with various biological effects, including
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fungicidal, antiviral, antibacterial, anti-inflammatory, laxa-
tive, immunomodulatory and anticancer, wound healing,
hepatoprotective, anti-diabetic, anti-ulcer, and anti-hyper-
lipidemic [3; 4]. The inner transparent gel of the leaves is
believed to be responsible for most of the plant's therapeutic
properties. In dry form, the gel contains sugars, minerals,
proteins, lipids and phenolic compounds. The middle layer
consists of a bitter, yellow latex that contains anthraqui-
nones and glycosides. The outer thick layer (peel) performs
a protective function and synthesises a number of valuable
biologically active compounds in addition to carbohydrates
and proteins [5].

Cosmetic products with Aloe vera are very popular
due to their moisturising, anti-inflammatory, soothing
and regenerating properties. Aloe vera is included in face
masks, moisturising creams and lotions, face and body
gels, sunscreens, and hair care products [6].

The combination of research and practical applications
points to the significant potential of Aloe vera in
pharmaceuticals and cosmetics, emphasising the importance
of both a medical and cosmetic resource. Further scientific
research could expand the use of Aloe vera and confirm
new therapeutic possibilities, opening up broader prospects
for the health and beauty industries.

Traditionally, the gel of the plant's leaves is used to
make medicines and cosmetics, while the peel ends up as
production waste.

The aim of the study. Evaluation of phytochemical
properties and comparison of the content of polyphenols,
flavonoids, antioxidant compounds and antioxidant activity
of extracts from the peel and gel of Aloe vera leaves.

Materials and methods of research

Preparation of plant material. The raw material for
the study was fresh Aloe vera leaves, which were washed
with running water and left in it for 15 minutes to remove
alloyin. The narrow ends of the leaves, which contain a
small amount of gel, were cut off. The leaves were filleted,
separating the skin and gel. For drying, the gel was cut into
small cubes with a face length of 2 x 2 mm, and the peel
was cut into 5 x 5 mm squares. The raw materials were
dried for 48 hours at 50°C [7].

Preparation of extracts. To obtain the extracts, dry Aloe
vera raw materials were used. 2 g of homogenised dried raw
materials were weighed and poured into an ethanol-water
mixture containing 30%, 50%, 70% and 90% ethanol; 2%
dimethyl sulfoxide (DMSO); distilled water in the ratio of
raw material: extractant 1:10. The extraction was carried
out for 12 days at 8 °C. For further studies, the resulting
extracts were filtered and centrifuged at 5,000 rpm for
12 min and stored at 4 °C [8].

Determination of the content of extractive substances.
1 ml of the respective extracts were placed in a pre-weighed
and constant weight buret. The solvent was evaporated in a
water bath, then dried at 105 °C to constant weight, cooled
in a desiccator and weighed [9].

Study of the qualitative composition of the extracts.
Free anthraquinones: 250 pl of the extract was put into a
test tube and 250 pl of dilute ammonia solution was added
and the contents were mixed. The appearance of a red
colour was observed [10].
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Combined anthraquinones: 3 drops of 10% iron (III)
chloride solution were added to 250 ul of the extract,
heated for 5 min in a water bath, then cooled and mixed
with 5 ml of chloroform. Next, 100 ul of dilute ammonia
solution was added and stirred. The intensification of the
red colour of the solution was observed [10].

Sterols and triterpenes: 250 pl of the alcohol extract
was evaporated to dryness in a test tube, the residue was
dissolved in 20 pl of acetic acid and 20 pl of chloroform
was added. The resulting mixture was carefully layered on
100 pl of concentrated sulfuric acid. A brown or violet-red
ring formed in the contact zone of the two liquids [10].

Saponins: 10 ml of aqueous extract was poured into a
test tube and stirred for 15 s, then settled for 15 min. The
presence of saponins is indicated by the appearance of a
stable foam above 1 cm in height [10].

Coumarins: 250 pl of the alcoholic extract was evapo-
rated, and 200 pl of hot water was added to the residue.
After that, 0.5 ml of 25% ammonia solution was added to
the resulting solution. The appearance of fluorescence under
UV light at a wavelength of 366 nm was observed [10].

Mucus: 5 ml of 96% ethanol was added to 1 ml of aque-
ous extract. After 10 min, the formation of a flaky precipi-
tate was observed [13].

Reducing sugars: 5 ml of the aqueous extract was evap-
orated to dryness. To the residue was added 1 ml of Feh-
ling's reagent. The appearance of an orange precipitate was
observed [10].

Tannins: 250 pl of extracts were saturated with sodium
acetate, and then 3 drops of FeCl, were added. The appear-
ance of a blue-black colour was observed [10].

Flavonoids: Method 1: A few drops of a 20% alcohol-
water NaOH solution were added to 250 pl of extracts.
For comparison, a similar reaction was performed with a
0.1% rutin solution. The appearance of a yellow colour was
observed [11].

Method 2: 3 drops of 10% FeCl, solution were added
to 250 ul of the studied extracts and a similar reaction with
0.1% rutin solution was performed for comparison. The
appearance of a brown or dark green colour was observed
at a high concentration of flavonoids [12].

Inulin: 3 drops of a-naphthol were added to 250 ul of
the studied extracts, mixed, and slowly poured into a test
tube with concentrated sulfuric acid. The appearance of a
purple ring was observed [12].

Quantitative determination of polyphenolic com-
pounds. To 20 pl of extracts were added 1580 pl of water
and 100 pl of Folin-Ciocalteu reagent. Incubated for 5 min,
after which 300 pl of sodium carbonate solution was added.
The reaction was incubated for another 1.5 hours in a dark
place to complete the reaction. Measurements of the opti-
cal density of the solutions with a layer thickness of 10 mm
were carried out at a wavelength of 765 nm using an Ulab
108 spectrophotometer. All measurements were performed
in triplicate [13].

Quantitative determination of flavonoids. The total fla-
vonoid content was determined by the spectrophotomet-
ric method [14]. For the study, 0.8 ml of the extract was
mixed with 8.4 ml of an alcohol-water mixture with the
corresponding ethanol content and 0.8 ml of a 2% alu-
minium chloride solution. It was kept in the dark at room
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temperature for 40 min. A mixture of 0.8 ml of the extract
and 9.2 ml of the alcohol-water mixture was used as a com-
pensation solution. The total flavonoid content, expressed
in milligrams of quercetin equivalents (QE) per 1 ml of
extract (mgQE/ml), was calculated according to the cali-
bration graph of solutions of the standard compound quer-
cetin. All measurements were performed in triplicate.

Determination of the antioxidant effect by the DPPH
method. 1800 pL of ethanol solution of DPPH (2,2-diphe-
nyl-1-picrylhydrazyl) with a concentration of 0.04 mg/ml
was mixed with 200 pL of the extract under study [15; 16].
After mixing, the samples were kept in a dark place for
30 minutes. For the control, 200 ul of 70% ethanol and
1800 pul of DPPH solution were mixed. The optical density
of the studied solutions was measured using an Ulab 108
spectrophotometer at a wavelength of 517 nm. Measure-
ments were performed in triplicate.

The antioxidant activity was calculated by the formula:

AOA(%) =100-(A,—A) / A,

where A — is the optical density of a solution of DPPH in
ethanol with a concentration of 2 mg/50 ml; A — is the opti-
cal density of the solution of the studied extract.

The total antioxidant content, expressed in milligrams
of ascorbic acid (AA) equivalents per 1 ml of extract

0,030
0,025

0,025 0,022

|0016

2% DMSO

0,020
0,015

0,015 0,012

Water

0,010 0,007

0,005

0,000

Concentration of polyphenols, mg/ml

30% Alcohol

(mgAA/ml), was calculated according to the calibration
graph of solutions of the standard compound, ascorbic acid.
Measurements were performed in triplicate.

Research results and their discussion

As a result of maceration, the following extracts were
obtained: on the basis of distilled water, 2% DMSO, 30%,
50%, 70% and 90% water-ethanol mixture, using the fol-
lowing raw materials — dried gel and dried peel.

The determination of extractive substances was car-
ried out by the gravimetric method at a temperature of
105 °C. The results are shown in Fig. 1.

The highest content of extractives in peel extracts was
found in the aqueous extract, followed by 2% DMSO, and
the leader among alcohol extracts was 70% ethanol. In all
extracts from the gel, the content of extractive substances is
lower than in similar extracts from the peel.

Phytochemical screening was carried out for aqueous
and 70% water-ethanol extracts from Aloe vera peel and
gel. The results of the phytochemical screening of the stud-
ied extracts are given in Table 1.

Tannins, flavonoids, mucilage and inulin were found
in all the extracts studied. However, coumarins and starch
were absent. Reducing sugars were found in aqueous and
alcoholic extracts. It was found that saponins were absent

0,017
0,016
0,008 0,008 0,009
I I IC.,004
50% Alcohol 70% Alcohol 90% Alcohol

Type of solvent
M Peel M Gel

Fig. 1. Quantitative content of extractive substances

Table 1
Phytochemical screening of the studied extracts
. . . Type of extract
Blologleally active Water Alcohol Water Alcohol
from gel from gel from peel from peel

Tannins + + + +
Flavonoids + + + +
Anthraquinones + + + +
Sterols and triterpenes — + - +
Saponins + — + _
Coumarins - - — _
Mucus + + + +
Starch - - _ _
Inulin + + + +
Reducing sugars - - + +
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in the alcohol extracts, but sterols and triterpenes were
present.

The infrared spectra of Aloe vera peel and gel were
studied to identify the functional active groups of sub-
stances [17; 18]. These studies help to better understand
the similarities and differences in the chemical composition
of Aloe vera peel and gel (Fig. 2).

In both spectra, there is a broad absorption band
(3200-3500 cm™), indicating the valence vibrations of O-H
groups. In the IR spectrum of the peel, the broad band is
shifted towards short wavelengths, indicating the absence
of free water.

Sharp absorption bands (pprox.. 2800-3000 cm™) —
valence vibrations of the C-H bond in alkanes — are present
in the IR spectra of the peel and gel.

Similarly, the following absorption bands are present
in both IR spectra obtained: at 1720 cm™, which corre-
sponds to the valence vibrations of C = O, indicating the
presence of carbonyl compounds such as ketones, alde-
hydes or carboxylic acids; Absorption bands in the range of
1500-1600 cm™ are associated with C=C valence vibrations
in aromatic rings and N-H strain vibrations, indicating the
presence of aromatic compounds and proteins; Absorption

E 2 8 2R

L

w7
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bands in the range of 1300-1400 cm™ are associated with
C-H strain vibrations, indicating the presence of methyl or
methylene groups.

The absorption band in the infrared spectrum of the gel
at 1240.7 cm™ is indicative of valence vibrations of C-O in
alcohols, simple or esters.

Additional absorption bands in the range of
1000-1100 cm' of the peel IR spectrum may indicate C-O
valence vibrations in alcohols, simple or esters.

In general, the spectra for both the gel and the peel are
quite similar, indicating the presence of key functional
groups such as hydroxyl, carbonyl and aliphatic hydrocar-
bon groups.

The total polyphenol content of Aloe vera extracts
was determined using the Folin-Cocalteu spectropho-
tometric method. Gallic acid (GA) was used as a stan-
dard, and the total amount of polyphenols was expressed
as mgGA/ml of gallic acid equivalents. The calculation
was carried out according to the calibration graph equa-
tion y = 1.339x + 0.0315 with R? = 0.9832, where x is the
concentration of gallic acid solution (mg/ml) and y is the
optical density. The results of the calculations are shown
in Fig. 3.

fn 300 =

2000
m-1

Fig. 2. Infrared spectra of Aloe vera peel (red) and gel (black)
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Fig. 3. Quantification of polyphenols
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70% Ethanolic extract from the peel showed the highest
polyphenol content (0.091 mg/ml). This indicates that this
extract may be particularly useful for studies of antioxidant
properties. Lower polyphenol content was found in the gel
extracts, which indicates an uneven distribution of poly-
phenolic compounds in the plant leaves.

One of the widely used methods for the determina-
tion of flavonoids in plant extracts is spectrophotometric
analysis using aluminium chloride, where Al**is used as a
complexing agent. When AICI, is added, yellow-coloured
AlP*flavonoid complexes are formed, which are recorded
at a wavelength of 420 nm.

The content of flavonoids in the samples was calcu-
lated according to the equation of the calibration graph of
quercetin solutions y = 5.1012x + 0.0346 with R? = 0.9823,
the X-axis is the concentration of quercetin expressed in
milligrams per millilitre (mg/ml), the Y-axis is the optical
density measured by a spectrophotometer. Fig. 4 shows the
results of the study on the determination of flavonoids in
Aloe vera extracts.

The study showed that the peel of Aloe vera has a higher
flavonoid content than the gel, regardless of the type of sol-
vent used. The highest concentration of flavonoids was found
in the 70% ethanol extract from the peel (0.0725 mg/ml) and
in the 90% ethanol extract from the gel (0.036 mg/ml).

These results indicate the feasibility of using Aloe vera
peel to obtain extracts with a high content of flavonoids,
which are interesting for further research and practical
application in medicine or cosmetology.

The antioxidant activity of Aloe vera extracts was
assessed by the DPPH method and expressed as a percent-
age of free radical inhibition by such biologically active
substances as polyphenols, including flavonoids. The per-
centage of free radical inhibition is calculated by the for-
mula:

%DPPH* = (M) -100
AO
where, A —is the absorbance of the control solution, A, _is
the absorbance of the test extract.

0,080
0,070
0,060
0,050

0,040
0,032
0,030
0,021 0,022
0,020 0,014

0,010 0,006

Flavonoid Concentration, mg/ml

0,001
0,000

Water 2% DMSO

30% Alcohol

The measurement results are shown in Fig. 5.

The highest percentage of inhibition was observed in
the 70% ethanol extract from both the peel and the gel of
the plant leaves. 2% DMSO extracts have the lowest anti-
oxidant activity.

The total content of antioxidant substances in terms of
ascorbic acid (mgAA/ml) was calculated according to the
regression equation y = 1089.6 x —2.1341 with R?=0.9995
of the calibration curve of optical density versus ascorbic
acid concentration (AA concentrations: 0.08, 0.06, 0.04,
0.02, and 0.01 mg/ml).

The measurement results are shown in Fig. 6.

Ethanolic peel extracts contain the most antioxidant
substances, including polyphenolic compounds, including
flavonoids. In particular, the 70% ethanolic peel extract has
the highest antioxidant content in terms of ascorbic acid
(0.08512 mgAA/ml), making it the best choice for further
research.

Since the preliminary results of quantitative studies
showed that the content of polyphenols, flavonoids, and
antioxidants was higher in peel extracts, these extracts were
chosen for the study of UV spectra in the visible region.

According to Table 2, all UV spectra of the stud-
ied extracts have peaks at a wavelength in the range of
370-385 nm. According to the literature [19; 20], the fol-
lowing substances give absorption peaks in this range:

1) flavonoids: quercetin — can have a maximum absorp-
tion in the range of 370-380 nm; camphor — can have a
maximum absorption of about 375-380 nm;

2) anthraquinones: alloin — may have an absorption in
the ultraviolet region of the spectrum close to 375-380 nm;
emodin — may have a maximum absorption of about
380 nm;

3) polyphenols: a broad group of compounds that
includes flavonoids, phenolic acids and other polypheno-
lic structures that can have absorption maxima in the range
of 350400 nm. For example, caffeic acid and its deriva-
tives can have an absorption maximum in the range of
370-380 nm.

0,0725
0,068

0,036

0,029 0,028

0,002

50% Alcohol 70% Alcohol 90% Alcohol

Type of solvent

Peel

Gel

Fig. 4. Quantitative content of flavonoids in the studied extracts
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Fig. 6. Concentration of antioxidant substances
Table 2
Results of spectrophotometric analysis of peel extracts
Solvents Wavelengths, nm Absorption
Aqueous 370.1 1,3892
2% DMSO 371.5 1,139
30% ethyl alcohol 375 1,435
50% ethyl alcohol 375 2,0785
70% ethyl alcohol 385.5; 665 2.2702; 0.2199
90% ethyl alcohol 372.5; 665 1.8837; 0.2907

The appearance of a peak at 665 nm may indicate the
presence of certain compounds that absorb light in the red
part of the visible spectrum. The most likely compound to
produce an absorption peak in this range is chlorophyll.

Conclusions
As a result of a comparative study of Aloe vera leaf
peel and gel extracts, it was found that aqueous, 2%
DMSO, 30%, 50%, 70%, 90% ethanol extracts from the
peel contain a higher amount of extractive substances,
antioxidants, including polyphenolic = compounds,
including flavonoids. According to phytochemical tests, it

ISSN 2226-2008 OAECHKUIT MEJIMYHUIM KYPHAJI Ne 4 (195) 2025

was found that peel extracts are rich in tannins, flavonoids,
anthraquinones, mucilage, inulin and reducing sugars.
Among the alcoholic extracts, the leader in all studied
parameters was a 70% ethanol extract from the peel,
which contained 0.017 mg/ml of extractives, 0.091 mgGC/
ml of polyphenols, 0.0725 mgC/ml of flavonoids,
0.085 mgAC/ml of antioxidants, and a percentage of
inhibition of this extract of 90.6%. All these results indicate
the feasibility of further studies of Aloe vera peel extracts as
a valuable source of biologically active substances, which
will ensure the comprehensive waste-free use of Aloe vera
leaves.
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XIMIKO-TOKCHUKOJIOI'TYHI BJACTUBOCTI AJIKIJTAMIHIB —
XEMOCOPBEHTIB KUCJ/IUX I'A3IB. IHTAJIAIIMHA TOKCUYHICTb

'Onechkmii HatioHansHU# yHiBepcuTeT imMeHi 1. I. Meununkosa, Oneca, Ykpaina
2QpechKuil HAllIOHATBHUI MeanYHNH yHiBepcuTeT, Oneca, YKpaiHa
3 HauioHalbHMM TEXHIYHUN YHIBEPCUTET «IHIPOBCHKA MomiTexHiKa», JIHinpo, Ykpaina
b b

YIK 615.917:547.233
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XIMIKO-TOKCHKOJIOTTUYHI BJACTHBOCTI AJTKIJTAMIHIB - XEMOCOPBEHTIB KACJIAX TA3IB. IHTAJIAIIAHA
TOKCUYHICTb

L Ooecokuil nayionanvhutl ynisepcumem imeni 1. I. Meunuxoea, Odeca, Ykpaina

2 Q0ecovkuii nayionanoruii meouunui ynieepcumem, Qdeca, Ykpaina

8 Hayionanvnuii mexuiunuii ynieepcumem «/ninposcoka nonimexuikay, [Auinpo, Ykpaina

Jlist 3a0e3nedeH s 3aXUCTy OpraHi3My JIFOIMHH BiJl BIUIUBY OTPYHHHX, HeOe3MEUHUX XIMIYHUX PEYOBUH y paMKax TEXHOJOTiH TaKTHIHOT
MEIMIMHA BUPOOIISIOTHCS 3aCO00H 1HMBIYaNbHOTO i KOJNEKTHBHOTO 3axucTy. OpraHiyHi aMiHM IIMPOKO BHKOPHUCTOBYIOTECS SIK XE€MOCOp-
OCHTH y CKJIaJi MPOTHTa30BHUX €JIEMEHTIB BKa3aHMWX 3ac00iB, M0 POOUTH aHANI3 Ta OIIHKY iX TOKCHYHOCTI, 30KpeMa IHTaJALiifHO1, Jyxe
BaXTHBOI0. OIS eKCIIepUMEHTAIBHOTO MaTepialty, HPUCBSYEHOTO 11iif TeMaTHIIi, TPOBOAUBCS MO BIIKPHTHM HayKOMETPHYHUM 0a3aM JaHHX.
BinmideHo, 0 BUBYCHHS iHTaJSAIIHHOT TOKCHYHOCTI € CKJIaIHIIINM, HiXK 1HIIT BUT TOKCUKOJIOTTYHHUX JOCIiDKeHb. PO3MISIHYTI 0COOMHMBOCTI
BU3HAYEHb TOKCHYHOCTI B PAaX JETIOUMX OPTaHiYHUX aMiHiB, BiIMi4€Hi TPYIHOIII iX 3iCTaBIeHHS. [HransauiiiHy TOKCHYHICTh JIETKONETIOUNX
aMiHIB 3HIKAIOTh BBEJICHHSIM y HUX ITOJISIPHUX T1IPOKCOTPYII, CTBOPEHHSIM Ha TX OCHOBI IONiMepiB abo comoiMepiB, 30KkpeMa iMIPEerHOBaHUX
BOJIOKHHCTHX MaTepiali, 010p0o3KIIalaHHIO SKUX CIPHsi€ BUKOPHCTAHHS IITYYHHUX MPUPOJHUX a00 CHHTETHYHUX BOJIOKOH. BimqMiuaerses, mo
BU3HAYCHHS 3aJI€KHOCTI Oy10Ba — TOKCHYHICTD (30KpeMa, iHransmiiiHa) A1 aMiHiB MoTpedye MofabIINX JOCTiHKEHb Y HOPIBHAHMX YMOBAX.

Kurouosi ciioBa: iHransimiitHa TOKCHYHICTb, Crieni(iuHa TOKCHUHICTD, aJKiaMiHH, JIMO(UIBHICTh, KOPEISIIl.
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ALKYLAMINES CHEMICAL-TOXICOLOGICAL PROPERTIES - ACID GASES CHEMOSORBENTS.
INHALATION TOXICITY

’Odesa I. I. Mechnikov National University, Odesa, Ukraine

20desa National Medical University, Odesa, Ukraine

% Dnipro University of Technology, Dnipro, Ukraine

Introduction. To ensure protection of the human body from the effects of toxic, dangerous chemicals, means of individual and collective
protection agents are produced within the framework of tactical medicine technologies. Organic amines are widely used as chemosorbents in
the composition of anti-gas elements of the above-mentioned agents.

A review of experimental material devoted to this topic was conducted on open scientometric databases Scopus, Web of Science, Science
Direct (Elsevier), Google Scholar, PubMed, etc., and analyzes such toxicity indicators as LC;, LC,,, LOAEL, NOAEL, RD_, Rfc, TLV, MPC.

Results. The toxicity of volatile organic compounds is conventionally divided into specific (reactive, chemical), which is the result of
irreversible covalent interaction of its reactive groups with bioreceptors, and nonspecific (nonreactive, physical), which is associated with
the interaction with bioreceptors of the so-called “inert” compounds and includes all types of reversible weak non-covalent interactions.
Important parameters of the nonspecific toxicity of an organic compound are its saturated vapor pressure and lipophilicity. It is noted that
the study of inhalation toxicity is more difficult than other types of toxicological studies due to the technical requirements for the creation
and characterization of the exposure atmosphere, as well as the determination of the dose delivered to the respiratory tract. The features of
determining toxicity in the series of volatile organic amines are considered and difficulties in comparing them are noted due to the discrepancy
between the legislation of different countries regarding hygienic standards, which differ by tens of times. Inhalation toxicity of volatile amines
is reduced by introducing polar hydroxyl groups into them, increasing the ability of amines to intermolecular interaction or by creating
polymers or copolymers on their basis, in particular impregnated fibrous materials, the biodegradation of which is facilitated by the use of
artificial natural or synthetic fibers.
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It is noted that the determination of the structure-toxicity relationship (in particular, inhalation) for amines requires further research under

comparable conditions.

Keywords: inhalation toxicity, specific toxicity, alkylamines, lipophilicity, correlations.

Beryn

3rigHo 3 po3nopsupkeHHsM Kabinery MiHicTpiB Ykpa-
1an Bix 24 rpymas 2019 p. Ne 1358-p «Ilepemnik KpuTHIHUX
TEXHOJIOTiH y cdepi BUpOOHHUIITBA 030POEHHS Ta BIHCHKOBOL
TEXHIKA» 10 TEXHOJIOT1H TAKTHYHOI MEAUIIMHUA BiIHECEHO
TEXHOJIOT1] 3aXUCTy OpraHi3My JIIOIMHH BiJI BILUIUBY OTpPYH-
HUX, HeOe3MeYHNX XIMIYHUX PEUOBHH, IHPEKIIHNX 3aXBO-
proBaHb 1 pagianii. OcTaHHI MOXKHA TONUIMTH Ha KilTbKa
KaTeropiii: 3aco0M IHIMBIAyanbHOTO W KOJNEKTHBHOTO
3aXHCTY, Ie3aKTHBALlisl Ta Ae31H(PEKIIis, a TAKOX Mpodiak-
THYHI 3axoau. s CHOpSIKEHHS IPOTUTa30BUX (iBTPiB
3ac0o0iB iHIWBITYaTbHOTO 3aXUCTy OPTaHIB IWXaHHSI Ta
(UIBTPOBEHTHIIALIMHUX YCTaHOBOK CIIOPYJ KOJEKTHBHOTO
3aXHCTY, 10 320€31eUy0Th YIOBICHHS TOKCHYHUX KHCIHX
rasis (SO,, SiF,, HF, HCI, Cl, Ta in.) mmpoko BEKOpHC-
TOBYIOTh XEMOCOPOCHTH Ha 0CHOBI N-BMiCHUX OpraHi9HUX
OCHOB (Am, y TOMY YHCIi aJKilIaMiHiB), iX MOJIIMEpPHHUX
i HaHeceHHMX (OpPM, 30KpeMa 10HOOOMIHHHMX BOJIOKHHC-
tux MarepianiB (IBM) Ta iMnperHoBaHHX BOJOKHHMCTHX
xemocopOentiB (IBXC) [1-5]. Bukuau Am MoxyTh Bi-
OyBaTHCsl BHACIJJOK BHIIApOBYBaHHS (i3 BOIHUX PO3YHHIB
ta nosepxHi IBXC), BunaakoBux po3nuBiB (y pasi CHH-
tezy IBM abo mpuroryBanHsi BogHuX po3unHiB Ta IBXC)
Ta TIOMAJaHHs BiNPalbOBAaHUX XEMOCOPOEHTIB y HaBKO-
JIMIIHE cepenoBuile (BoxoiMu, IpyHTH Tomo). I1pH 1isomy
BaXXJTMBO, MO0 XIMIYHI CIIONYKH, II0 BUKOPHCTOBYIOTHCS
B XeMOCOPOIIHHIX TpoIecax, MajIl MiHIMAIbHY TOKCHY-
HICTB, IO JJa€ 3MOTY MiHIMi3yBaTH HETaTWBHUII BIUIMB Ha
HAaBKOJIUIITHE CEPEOBUIIIE 1 3IOPOB’sI TIIOMUHHU.

JocBin aBTopiB 1€l CTAaTTi B IPAKTHYHOMY 3aCTOCYBaHHI
Am sIK XeMOCOpPOEHTIB KHCIIMX Ta3iB ab0 CHPOBHUHH IJIs
OTPUMAHHS XeMOCOPOEHTIB, IaHi OPUTIHANBLHUX yOTiKaIii
JIAFOTH 3MOTY 3 BEIIUKOTO PI3HOMAHITTS KJIACIB OpraHIYHMX
OCHOB BUJIUTUTH YOTHPU HAHOLIBII NEPCIEKTHBHUX: aJIKiJI-
1 aprIaMiHK, a30THCTI TeTePOIMKIIH Ta amimu [1; 2; 5-7].

[TprHINMTIOBO BaXKJIMBUMHU € MTUTAHHs O€3MEKH eKCILTY-
aramii xeMocopOeHTiB: yci N-BMiCHI OpraHiuHi OCHOBH
€ OUTBIIOI0 YW MEHIIOK MipOI0 TOKCHYHHMH CITOTYKaMH
[8-12], i B ipOMy 3B’SI3Ky aKTyallbHa MOXKIUBICTH ITOTIE-
penHBO OIIHKY CTYIIEHIO0 TOKCHYHOCTI (Y TOMY YHCHi €KO-
TOKCHYHOCTI Ta 010pO3KIaTHOCTI) TOI UM iHIIOI CITOMYKH.
ApunamiH{ Ta a30THUCTI TE€TEPOIMKIN — BHCOKOTOKCHYHI
OpraHivHi CIIOJIYKH, 5IKi 0e310CepPeIHBO OB’ A3aH1 3 BHHUK-
HEHHSIM PI3HUX BUIB OHKO3axBOpoBaHb [13; 14]. Aminwy,
X0Y 1 € HU3bKOTOKCUYHHUMH CIIOJTYKaMH, TPOTE BOHH MEHII
peakuiiHO31aTHI, HK aMiHH, Y PeakisX i3 KHCIOTHHUMH
pearenTamu. ToMy B IIbOMY ODVISJI yBary NpHIUICHO IPO-
671eMi TOKCHKOJIOT1YHHMX BIIACTHBOCTEH came alIKiTaMiHiB.

Metow pobotrm € cnpoba aHamizy W y3araidbHEHHS
HASBHOTO JTOCBI/TY OIIIHFOBAHHS XapaKTEPUCTHUK IHTAIISIIIH-
HOI TOKCHYHOCTI aNKillaMiHiB, TOOTO BHAY TOKCHYHOCTI,
sIKa BUHHUKA€ B pa3i MOTPAIUITHHS CHOIXYKH B OPTaHi3M
4yepe3 OpraHy JUXaHHs.

Marepiajiu Ta METOAH AOCTiZKEHHS
Bynun mnpoanamizoBaHi cy4yacHi HayKoBi myOmikamii
3 BUKOPHCTAHHSAM BiIKPUTHUX HAyKOMETPUYHHX 0a3 TaHHX

Scopus, Web of Science, Science Direct (Elsevier), Google
Scholar, PubMed Tta inmmx inTeprHer-pecypcis. [lomryk
JITEepaTypHHUX JKEpesl MPOBOAMBCS 32 JOIMOMOTOK TaKHX
KJIFOYOBHUX CIIiB: TOKCHYHICTH (IepopajbHa, HrasiiiHa,
JiepMaJibHA, BHYTPUOPIOIIMHHA) aMiHiB, IHrausIiiHa TOK-
cuunicts (LC, LC,,, LOAEL, NOAEL, RD,, Rfc, TLV,
I'IK) aminiB, 6iogoctynHicTh (0i0pO3KIAIHICTD) ajKiia-
MiHiB, cenn(ivHa, HecrenudigHa TOKCHYHICTh. 3HAYCHHS
mimogimerocti (IgP ) pospaxosani metomom QSAR i3
BukopuctanHsaM nporpamu HyperChem 8.01 (http://hyper-
cube.com).

Pe3yabraTu goc/ifkeHHs Ta iX 00roBopeHHs

SIk BigoMoO, IHTAIALIHHUN IUIIX BBEIECHHS TOKCHY-
HUX XIMIYHHMX CIIOJYK 3/IaTHUH BUKJIMKaTH SIK CTPYK-
TYpHO (PyHKIIOHAJIBHI MOPYIIEHHSI OPraHiB JUXaHHI, TaK
1 HaliBaXk4i po3namy Bckoro opraizmy [10]. [TorparusHus
XIMIYHUX CIIONIYK 4epe3 JAMXaJbHY CHCTEMY € HANIIBHUJI-
MM NDIIXOM YBEIEHHS ix B opraHisMm. lle 3ymoBieHO
BEJIMKOKO TUIOMICIO TIOBEPXHIi JISTEHEBUX albBeoN (3a Mij-
paxyHKaMu BoHa cTaHOBHTH 100—120 M?) i Ge3mepepBHAM
CTPYMOM KPOBI IO JITCHEBHUX KaIllIsIpax.

[HransmiiHa TOKCHYHICTB CIONYK, 30KpeMa ajKiiami-
HIB, BCEOIYHO OI[IHEHA TAKUMH IOKAa3HUKAMH:

— LC0 — MakcHMajbHa KOHIICHTpAIlisi TOKCHKAHTA
B TOBITpi, 1[0 HE € JIETAIBHOIO IS MiJOCTITHUX TBa-
pn [15];

-LC,, - KOHIIGHTpAIlisl TOKCUKaHTa B TMOBITPI, IO €
neranbHO0 st 50 % migmocnianux TBapuH [9; 115 15-17];

— LOAEL — HaliMeHI11a KOHIIEHTpALLisl CIIOIYKH, 32 K0T
CIIOCTEPIraeThCsl TOKCUYHUN a00 HECHpPUATIUBUI e(deKT
[8; 18-22];

— NOAEL - naiiBuIa KOHIIEHTpAIliSl TOKCHKAHTY, 3a
SKOI HE CIOCTEPIraeThCs TOKCHYHUNA a00 HECTIPHUSITIHBHN
edexr [8; 16; 18; 20-22];

— RD50 — KOHIIHTpALis TOKCHKAHTA, IO CIPHUINHIOE
3MEHIIIeHHS yacToTn auxanus Ha 50 % [11; 16];

— Rfc — omiHka KOHIIEHTpAI[il TPUBAJIOrO IHTAJISIIIN-
HOTO BIUIMBY Ha Jifofied (BKIIIOYAIOUM YyTIWBI HiArPyIHN),
sKa, IMOBIPDHO, HE MaTUMe€ PU3UKY IIKIUIMBUX HACHIIKIB
IpoTArom xutts [18; 23];

— TLV — makcuMaibHa CepelHsi KOHIICHTpPAIis TOK-
CHUKaHTa B MOBITPi, SKiii MOXYTh MiANABaTUCS 3I0POBI
JIOPOCTi TPAMiBHUKA TPOTATOM 8-TOTMHHOTO POOOYOTrO
nHS Ta 40-TOIMHHOTO pOoOOYOro TIDKHS (IPOTATOM YCHOTO
TPYIOBOTO XHTTS) Oe3 ICTOTHUX HETAaTHBHUX HACIHIIKIiB
IUTS 310pOB’s [24-26];

— I'’/IK — noka3HuK 0e3MeYHOro PiBHS BMICTY TOKCH-
KaHTIB y TOBITpi, MaKCHMalbHA KUTBKICTh TOKCHKAHTa B
OUHHIII 00’ €My MOBITPSHOIO CEPEIOBHUIIA, 10 Maike HE
BITUBAE HA 37I0pOB’ s Mtoaunu [27].

Ineanayiiina mokcuunicmo

Crioyarky 3ymUHHMOCS Ha OCOOTMBOCTSIX BU3HAYCHHS
IHransaminaoi Tokcuunocti. Ciif 3a3HAYMTH, IO 1HTraIs-
LIMHI JOCHIIKEHHS 3a3BMYai CKJIAMHIII, HIK 1HII BHIU
TOKCHKOJOTIYHHUX JIOCHIPKEHb, 9Yepe3 TEXHIYHI BUMOTH
JI0O CTBOPEHHS Ta XapaKTEPHUCTHKU aTMOC(epH BIUIHBY,
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a TakoXX BH3HAYEHHS J03H, L0 JOCTABISIETHCS B TUXAIIbHI
uwsixu [9]. [HransuiiHy 103y BU3HAUUTH CKJIaHIlIe, HIXK
JI03y 3a IHIIMX [UISXiB BBEAEHHS. Y pa3i mepopajbHOTro,
MapeHTePAIEHOr0 a0 MiIMIKIPHOTO BBEJEHHS JOCIIIKY-
BAaHOTO areHTa JIA€ThCs MEeBHA JUCKPETHA HOTO KiJIBbKICTh.
[lix vac BauMXaHHSA /103a, IO BBOXUTHCS, 3AIEKHUTH Bil
KOHLICHTpALlii areHTa, 4acy eKCIIO3ullii, po3Mipy 4aCTHHOK
i xapakrepy quxaHHs. KpiM TOro, BIUIMB Ha JIIOIHHY MOXKE
BiIOyBaTHUCS 32 HOCOBOTO, OPAIFHOTO a00 OpPOHA3aIBHOTO
PeXHUMIB AWXaHHSA, TOAI SK OUIBIIICTh 3BHUAHUX TBapHH
MOXYTh BAWXaTH TinbKkH depe3 Hic [9]. Li ¢dakTi cTBO-
PIOIOTHh BIAMIHHOCTI B PO3MOXLTI 703, sIKi MOTPIOHO yCy-
BaTd IUIIXOM 3MiHH PO3MIpy aepOAMCIIEPCHUX YaCTHHOK
Y MPOLEAYPU J03yBaHHSI. BOHM TakoK NPU3BOAATH JIO
MOTEHLIITHUX BIAMIHHOCTEH y MiCIli BBE/IEHHSI TOKCHKAHTIB
MK TBapHHAMH Ta JIOIbMH.

Bigomo, 1o nommpeHuM IKepesioM TUCKOMGOpTY Ta
BiJJBOJIIKAHHSI HAa poOOYOMY MicIi Ta B 3arajlbHOMY cepell-
OBHILI € TaKk 3BaHe NepupepuIHe XEMOCCHCOPHE IOapas-
venHs (PCSI), 3a saxoro BinOyBaeTbcs B3aeMOIIS MiX
crnonykoro 3 BinactuBocTsiMu PCSI Ta ceHcopHIMH periern-
TOpaMH Ha BIIKPUTHX IMOBEPXHAX Tija (IIKipi Ta CIM30BUX
000JI0HKaX ), 10 TPHU3BOIUTH J10 JIOKAJIEHOTO AUCKOM(BOPTY
a00 00JII0 B MICIIi KOHTAKTY, & TAKOX MEBHUX ITOB’SI3aHUX
MICIIEBHX 1 cHCTeMHUX pediiekci [28].

st Oynb-sko1 JETKOT XIMIYHOI CIIOJNyKH iCHYE pi3-
HUISl B KOHIEHTpalii, 110 BHUKIUKAE TUIOBY PEAKIIifO
PCSI y pa3i ctumynanii penenTtopis y cIu30Bii 00010HII
HOCa, Ta KOHIICHTpAIlil, sKa MOTpiOHA IS CTUMYISIT
JIETEHEBUX PeUenTopiB. Y OiIbIIOCTI BUITAJIKIB 1 B HENO-
LIKO/DKCHOI TBApUHHU IMepeBaXkaTHMe Ha3allbHa TpiddacTa
adepeHTHa peakuis. [3 [Oro BUIUIMBAE, IO BU3HAYCHHS
BiTHOIIIEHHS M KOHIICHTPAIII€0, IO BUKIINKAE HA3aIbHY
peakmiro, i KOHIICHTPAIJI€I0, 0 BUKIMKAE MOAPA3HEHHS
JIeTeHb, MOXKe OyTH BHUKOPHCTAHE K iHAEKC MEXi IoIe-
PEIKEeHHSI PO TOTEHIIiIHE TOIIKOMKEHHS JiereHb. Lle
OyJI0 BUBYEHO 3 BUKOPHUCTAHHSM HEYLIKOJDKEHUX MHIICH
Juis BU3Ha4YeHHs peakuii PCSI Ha cTUMYNSIiIO TpUTEMiHY
Ta TOPIBHSHHS PE3yNbTary 3 pe3yJbTaToM, OTPHMaHUM
3a Ail Ha MUIIEH 31 KaHIOIIbOBAHOIO TPAXEEI0 JUIsl BU3HA-
YeHHS JIETEHEeBOI peakiii [29]. V mumnel, Ha BiIMiHY Bif
IHIINX BHJIIB, PO3BUBAETHCS 3HIDKCHHS YaCTOTH JUXaHHSA
y BIONOBIP HAa CTUMYJAIIIO JICTEHEBUX PELENTOPiB
Yyepe3 PO3BUTOK May3M MiX KiHIIEM BHAMXY Ta IOYaTKOM
MMOATBIIOTO BANXY. TpHBaNicTh Tay3W 301IBIIYETHCS
3 KOHIIEHTpaMLi€lo BIUIMBY. MeToau, SKi MOXXyTh BUKOPHC-
TOBYBAaTUCS U1 BH3HAYCHHS KOHLEHTPALill CTPYKTYyp-
HOTO Ta/a00 (YHKIIOHAIBHOIO IMONIKOHKECHHS JICTCHb,
BUKJIMKAHOTO MOAPA3HUKOM, JUIsi HPSMOTO MOPIBHSIHHS
3i sHaueHHsAMHu NRD, , nependa4aoTh ynbTPacTPyKTypHi
3MiHHM, 3MiHH (QYHKIII JereHb (BKIIOYHO 3 PE3UCTEHT-
HICTIO), BUSIBJICHHSI HAOpPSKY JIEreHb IMiCJIsl MPOMHBAHHS
JIETCHb, a TAKOXK BUMIPIOBAHHS O1JTKa Ta JTaKTaTJCTiIpOre-
Ha3W B PIAWMHI IS IPOMUBAHHS JIETeHb [29].

AKyMyIAIIisS XIMI9HEX CITONYK Y JIMITHAX MeMOpaHax
KIITHH Tpa€ KIOUOBY pOJb Y 3araibHid HecrernudidaHii
(mepeakTuBHiH, (Pi3UUHI) TOKCHYHOCTI, SIKy IIIe Ha3HWBa-
oTe Hapko3oM [30]. Hecmeum¢iuauii rocTpuii ieraib-
HUW HApKO3 XapakTepHUH SK I BOJHUX OPTraHi3MiB, TaKk
i ms ccaeiiB. Ilefi MexaHi3M TOKCHYHOI il Oe3mocepen-
HbO TOB’s13aHHUH 13 KUIBKICTIO, @ HE X XIMIYHOI CTPYKTY-
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poro 3afmisiaux TokcukanTiB [10]. [l croiyk i3 3arajib-
HOIO Hecrneuu(iyHOI TOKCHYHICTIO MOXKHA MepeadadnTH
3arajJbHUI MeXaHi3M TOKCHYHOCTI Ul BOAHUX 1 TeIUIo-
KpOoBHHX opraHi3mis [10].

Di3nyHM MexaHi3M 00yMOBJIEHUH 3BOPOTHOIO B3a€EMO-
J€I0 «IHEepTHUX» (HEPEeaKTHBHUX) JICTIOUMX OPTraHIYHHX
CHOJNYK (aNKaHiB, apeHiB, albJIETiiB, aJKAHOIIB, KETOHIB,
eTepiB Ta iH.) 3 OiopenenTopamu [31]. Bin oxomtoe Bci
TUMH CNa0KUX HEKOBAJIICHTHHX B3aeMoii. Bymo mpumy-
meno [31], mio iHTassmiiiHa TOKCHYHICTh HEPEeaKTUBHHUX
JIETIOYHNX CIIONYK yCepenrHi TOMOJOTIYHHUX PAIIB MPSIMO
IporopIiiiiHa THCKY HacuueHoi mapu (1gP°).

bpink 1 Ilactepnak [32], y3arajibHIOIOYHM BHUCHOBKH
®deprrocona [33], BBeIu MOHATTS TCPMOIUHAMIYHOT aKTHB-
HOCTI T'a3010/1i0HOr0 HAPKOTUIHOTO 3ac00Yy:

a =P/,

e P™ — mapuialibHUH THUCK DSy HapKOTHYHUX CIIONYK,
0 BUKJIMKAIOThH MEBHUH e(eKT Ha 110 OiocucTeMy depes
(hiznuHMIA MexaHI3M.

Cnopinnenicts monekya PCSI no B3aemonii 3 memO-
paHHO-aCcOLIHOBaHNMH CalTaMH 3B’S3yBaHHS € OCHOBHHUM
¢axropom, mo BusHayae cwiry peaknii PCSI [29]. ¥V nes-
KAX BUMAKax Ii e(peKTH MOXKYTh OyTH TOB’S3aHi 3 Tpy-
namu —SH a60 —~NH, MemGpannunx 6inkis abo (hepMeHTiB Ta/
200 aMiTHAM a30TOM ITENTHUAHOTO 3B’ s3Ky. OHAK, IMOBIpHO,
JUTS piI3HUX XIMIYHHX yTPYyTIOBaHb JIIOTh Pi3HI MEXaHI3MH.

301IBIICHHS CUIIN CEHCOPHOTO MOPa3HEeHHs, BUMIpsHE
ak RD,, (ppm; mumi-camii), BUKIHMKaHe 301IbIIEHHAM
MOJISIPU30BAHOCTI, KUCIOTHOCTI BOMHEBUX 3B’S3KIB 1 JIIIO-
(GUIBHOCTI «IHEPTHHX» JICTIOYMX XIMIUHUX CIOnykK [29].
IMokasuuk inransmikinoi Tokcuunocti (Ig RD, ) Bkazanmx
CIOJYK 3MIHIOETBCS CHUMOATHO 3 IX KOe(illi€eHTOM pPO3-
guHHOCTI OCTBajb/Ia B OJIMBKOBIH 0Iii, TOOTO 3 MMODiah-
HiCTIO, i pIBHOIO MipOtO aHTHOATHO 3i 3HaYeHHsAMH 1g PO,

YMOBHO 3a MEXaHI3MOM [ii TOKCHYHICTH PO3ZIINISIOTH
Ha HecrienndigHy (HepeakTuBHY, Qi3udHy) Ta cienupiaay
(peaktuBHy, xiMiuny) [10; 29; 31]. ¥V ¢iznunomy mexa-
Hi3Mi JIOMiHy€ TTaCHBHHN TpaHCTIOPT 1 (i3myHi B3aeMOil;
XIMIYHHE MeXaHi3M TaKOK Ma€ BKa3aHi ePeKTH, TOMY IO
XiMiYHa CIOJNyKa BCE I¢ MOBHHHA AOCATaTH MicHs i,
a TaKOXK KOMITOHCHTA PEaKTHUBHOCTI [34].

YiTKOro po3noAiay MiXK HEpeakTHBHUMH Ta PEaKTHUB-
HUMH TIOIpa3HUKaMK Ha OIOJIOTIYHY CHCTEMY HE iCHYE.
€ iHmmit miaxin [28; 31; 35] g0 po3momainy JETIOYHX TOK-
CHYHMX CHOJNYK Ha JIBI TPy — HAa OCHOBI BiJHOIIEHHS
MapIiajJbHOTO THCKY 1X HapH B MOBITPi, 0 BUKJINKAE LEH
TOKCHKOJIOTTYHHH e(eKT 10 KOHLEHTpamlii iX HacHueHol
mapu (PRP%/PY), XimiuHi CIIOMyKH i3 3a3HaUCHNM CITiBBiI-
HomeHHAM > 0,1 XapaKkTepHu3yIoTh 3a IOIOMOTOI0 (i3ud-
HOTO MEXaHi3My, a CTIONyKH i3 criBBigHOmeHHM < 0,1 —3a
JIOITOMOTOKO XiMIYHOTO.

VY Bumaaky HecrnerugpiuHol TOKCHYHOCTI I BOIAHUX
opraHi3MiB rapti ogHomnapameTpoBi QSAR moneni otpu-
MYIOTh 32 BHKOPHCTaHHS KOHCT@HTH pPO3MOALTY OKTa-
non — Boxa (lg P, ) [10]. IIpoTe BHKOpPHCTaHHS IHOTO
napaMeTpa Jjisl OIUCy HepeaKTHBHOI IHT A HHOT TOKCHY-
HOCTI aJIKaHiB, aJKCHIB, aJKiHIB, apCHIB Ta aJKaHONIB HE
nano Oynb-skoi 3Hauymoi kopemsnii [ 10]. [ToxiOxuit He3a-
JIOBITBHUM pe3yibTaT OyB OTpUMAaHHH 1 32 BUKOPHCTaHHS
KOHCTaHTH PO3TOMiNy Bofa — mositps (1gP ).
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Crenuodivyna (peakTHBHA, XIMIYHA) TOKCHYHICTD € Pe3yIib-
TaroM 00OpPOTHHX ab0 HE3BOPOTHHX CIOCOOIB KOBAJCHTHOI
a00 10HHOT B3aeMOIii peakLiiHOCIPOMOXKHUX (32 BiJHOILIECH-
HSM 710 HykJieoutsHOI TpynH [29]) JeTiounx OpraHidHHX
CIIONYK (aJIKaHAJIB, aJKEHATIB, TAIOTCHAJIKEHIB, aTKUIMIHIB,
AIIKCHAMIHIB, €CTepiB KapOOHOBHX KFHCIIOT, a30THCTHX TeTe-
POIWKIIIB) 3 GioyoriyHMME perienitopamu. i HX CHONMyK
IHTAJIAIIHA TOKCUYHICTh Oe3mocepenHbo He TIOB 13aHa 3 iX
JHMOQIIBHICTIO UM TUCKOM HACHYEHOT MapH.

VYei nocmimkeni B podoti [31] ankin- Ta amiiamiHu
xapakTepusyroThes PRP/PY< 0,1 (ToOTO CrIOMyKH i3 XiMiu-
HOI0 IHTANALIAHOIO aKTUBHICTIO); UL LUX CIIONYK, Ha
nymKy [31], He TOBHHHO OyTH HisikOTO 3B’s13Ky Mixk lg PP
Ta lg RD,,.

VY nocmimkenusx [36] s BU3HAYCHHS CEHCOPHOIO
HopasHEHHs BEPXHIX auxanbHuX wmsaxie (nRD.) Ta
nozxpasHenHs yerenis (tRD.)) BHKOPUCTOBYBalH TBapuH
(MumIeii-camMuiB), SIKi BAMXAJIH MOBITPS, Y SKOMY MiCTHUBCS
TOKCHKAHT, Yepe3 HiC Ta TpaxealbHy KaHIOMIIO BiJIIOBIIHO.

IHeanayiiina moxkcuunicmo anKiiaminie

3icTaBiIeHHA IEAKAX (hi3uKO-XiMITHIX BJIaC-
THBOCTEH Ta  IHTaALIAHOI TOKCHYHOCTI  aJKijia-
MIiHIB HABEAEGHO B Tabmumi. Y psmax ajKiTaMiHiB
n-C,H,NH, > (C,H)),NH, »-CH NH, > (n-C.H ) NH >
(C,H).N, n-C;HNH, > (n-C,H,),NH inransuifina Tok-
CUYHICTh TTOHIKYETHCS 31 30UTBIICHHSIM CTYIICHS alKilTy-
BaHHs atoma N [26; 30]: mepBUHHI > BTOPUHHI > TPETHHHI.

PosranyxeHHs ByIJIELIEBOTO CKEJeTa y BUIAJKY IPO-
-, OyTWI- Ta OKTHJIAMIHIB IPU3BOIUTH JI0 3MEHIICHHS
HazanbHOi Tokcnunocti, To6to C,H,NH, > (CH,),CNH,,
n-CHNH, > (CH),CCHNH, n-CH.NH, >
(CH,),CCH,(CH,),CNH,, (n-C.H))NH > (i-C,H,),NH,
(n-C,H,),NH > (i-C,H,),NH [29].

3rigHo 3 eKCIIEPUMEHTATBHUME HaHuMH [36; 37], 3011b-
HICHHS MOJICKYJISIPHOT MacH NMEpBHHHUX H-aJIKLIaMiHIiB (10
n-C,H,.NH, BK1104HO) CyNPOBOIKY€THCS M IBUILIEHHSAM iX
IHT A HOT TOKCUYHOCTI, TPHYOMY:

Ig(NRD, ) =2,74 —0,0114-M,_; R>=0,9866; n =7;

Am’
Ig(tRD, ) = 3,52 — 0,0154-M,_; R>=0,9735; n = 6.

Am’

[Mopsix i3 UM 3pOoCTaHHSA 3HAYCHb eMIIpHUIHOI (PyHKIIT
pK,+ lqulw MEPBAHHIX AJIKiNaMIHIB MPH3BOANTS /10 MOCH-
JICHHSI X IHTaJIAiHHOT TOKCHYHOCTI:

Ig(NRD,,) = 6,63 — 0,42-(pK +IgP, ); R =0,9726; n = 8;
Ig(tRD, ) = 8,45 — 0,54-(pK +1gP_, ); R*=0,9419; n = 8.

CHiBBIIHOIIIEHHS 3HA4Y€HbL RD,, y mumed 3 kamio-
TMOBaHHAM Tpaxei Ta B iHTakTHMX Mumed (tRD,/nRD,)
MO)KHA BHKOPHUCTOBYBATU SIK MOPOTOBE 3HAYCHHS, CTBO-
pIOBaHE iHTaKTHOIO peakmiero PCSI. Yum Ommxue
IIe BiAHOIIECHHS IO OAWHUIN, TUM ONIKIe KOHIICHTPAILis,
II0 BHKIHMKAE IOIPA3HEHHS JIETeHb, J0 KOHICHTpALI,
0 BHUKIIMKAE HA3aJbHY CTUMYJILIIIIO TpiyacToro Hepaa.
3rigHo 3 gaHUMU [29], nHie onuH NepBUHHAN HACHYCHHUN

Tabnuus
®Di3uK0-XiMiuHi BJACTHBOCTI Ta TOKCHKOJIOTIYHI XapaKTePHCTHKHU AJIKiJIaMiHIB
. ®diznko-ximiuni . .
No AMin BIACTHBOCTI InransiiiHa TOKCHYHICTH
% % *

3/m Ximiuna Ha3Ba ®opmyaa . /Rl:/(l;m, [22?8] IgP,,. p5125f3’1] pnpli?iozg’] pflll?5[02§]
1. METHIaMIH CH,NH, 31,10 10,63 - 141 - -

2. eTHIaMiH C,HNNH, 45,08 10,70 - 151 - -

3. H-TIPOTILIAMiH C,H,NH, 59,12 10,60 0,20 150 115 500
4. i30-TIpomiNamMin (CH,),CHNH, 59,12 10,63 0,14 157 158 489
5. H-OyTHIaMiH C,H,NH, 73,13 10,77 0,20 116 84 226
6. BTOPOYTHIIaMiH C,H,CH(CH,)NH, 73,13 10,56 0,61 91 - -

7. i30-0y THIIaMiH (CH,),CHCH,NH, 73,13 10,48 0,60 - 91 406
8. mpem-OyTHIaMiH (CH,),CNH, 73,13 10,68 0,22 178 - -
9. H-TIEHTWJIAMIH C,H,NH, 87,23 10,63 0,99 - 64 119
10. H-TEeKCHJIaMiH C,H;NH, 101,25 10,56 1,39 50 42 93
11 H-TENTUIaMIH C,H, NH, 115,28 10,67 1,78 - 25 62
12. H-OKTHJIAMIiH C,HNH, 129,31 10,65 2,18 - 17 35
13. mpem-OKTHIAMiH (CH,),CHCH,C(CH,),NH, | 129,31 | 10,74 1,85 - 80 96
14.| N,N-muMmerunamin (CH,),NH 45,08 10,73 - 290 - -
15. N,N-xietunamin (C,Hy,NH 73,14 10,84 0,48 193 184 549
16, | NN-wu-(u-mpomin) (C,H,),NH 10125 | 10,65 | 142 92 92 222

aMiH

17. N’N'HP:“(A’;SP"“‘H) [(CH,),CH]NH 101,25 | 11,05 1,31 161 161 102
18. | N,N-au-(n-Gytun)amin (C,H,),NH 12931 | 1125 | 221 127 173 106
19. | N,N,N-Tpumerunamia (CH,),N 59,12 9,80 0,16 61 - -
20.| N,N,N-tpuerunamin (C,H),N 101,25 | 10,75 1,18 171 186 691

[pumiTka: *Mumri-camii.
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amidarnannit monoamin (t-C;H NH,) mae Onusbki 3Ha-
genns NRD,, i tRD503 BIJHOIIIEHHAM tRDSO/nRDSO, PIBHUM
1,2. OpHak TpW BTOPHMHHI Hacu4eHi aniaTUuHI aMiHU
maroTh BigHomenHs tRD_ /nRD, < 1,0, a came (i-C,H.),NH
(0,63), (n-C,H,),NH (0,61) Ta (i-C,H,),NH (0,96), mo0 Bka-
3y€ Ha Te, [0 HACTAHOBH 10710 PO eciiiHOrO BIIUBY IS
IUX XIMIYHHUX CHOJIYK MOTPIOHO CYBOPO TOTPUMYBATHUCh.

Ha >xanp, mitepaTypHi JaHi MIOI0 RD50 obOmexeni. Ha
MepIry ITyMKy CHajgae, Mo A OUTBII IIMPOKOi OIIHKH
IHTaJAMIIHOT TOKCHYHOCTI aMiHiB MOXHA 0yi10 6 BUKOpHC-
tatu faHi npo I'JIK po6odoi 30um. [IpoTe B pi3HUX Kpai-
Hax i TirieHiYHI HOPMU BiAPI3HAIOTHCA y IECATKH Pa3iB.
Tak, y 6a3i nanux GESTIS — International Limit Values for
Chemical Agents (GESTIS-ILV) [39], mio MICTUTh KOJIEK-
Hito npogeciiHuX IpaHUYHKUX 3HA4Y€Hb JUIS HeOe3NeYHnX
cnonyk (monana 2000), 3i6panux i3 35 cruckiB (29 kpain),
sHaueHHs TWA Binpisasetscss B 30 pasiB. Kpim TOTO,
y CHIA TLV — ne xepiBHi NpUHIMIN (a8 HE CTAHIAPTH),
TiATOTOBJIEHI AMEPUKaHCHKOI0 KOH(EPEHIIEI0 YPSTOBUX
¢axiBuiB i3 npomucioBoi ririean (ACGIH) mis HaganHS
JOTTOMOTH (haxXiBIISIM 13 TIPOMHUCIIOBOI TiTi€HN Yy TPUHHATTI
pimIeHs moo 6e3neyHuX PiBHIB BIUIMBY Pi3HUX HEOE3IEK,
SIKi 3yCTpidaroThbes Ha pobdodomy micti [24; 40]. Bomrnowac
y Hamri#t kpaini TLV — 11e HopMaThBH, 3aTBEPKCHI HaKa-
30M MO3 VYkpainu [27].

BwmicT y nositpi sume 48 Am (3okpema, 20 ankina-
MiHIB) PEIIaMEHTYEThCSl YKPaiHCHKMM 3aKOHOAABCTBOM
[27]. Cepen sramanux cmnonyk paxyrwtses C—C, ta C ~
C,, MOHOAJIKiIaMiHH, TPH [ialKilaMiHH, IATh TPUAIKi-
JIAMiHIB Ta 110 OIHOMY aJIKUIEH/AIaMiHy Ta JiaJKiUICHTpH-
aminy. l{s BuOipka He mae 3MOTH BUSBUTH TCHICHINI Ta
B3a€MO3B’ 3K MK IIUM THUIIOM TOKCHYHOCTI aJKiJaMiHiB
Ta 1X (i3UKO-XIMIYHIMHU XapaKTEPUCTHKAMHU.

OcoOnuBe Miclle IIOCiZaroTh eTaHodaMiHH. Tak,
BEIICHHS TIIPOKCOTPYIH 10 METHILHHUX IPYIl MOHO-, Ji- TH
TPHETWIAMiHIB 3HAYHO 3MEHIIYE iX IHTAIALIRHY TOKCHY-
HicTb [19; 27; 39-41]. 3a nanumu [42; 43] N-ankinanoxiaHi
MoHoeTaHodaMiny (MEA) mpakTiyHO He TNPOSBISIOTH
O3HaK IHraJALIAHOI TOKCHYHOCTI, HA BIJMIHY BiJl CaMOro
MEA [12; 40; 42; 44], nieranonaminy [18; 19], Tpuerano-
naminy [19], niermnaminoeranony [45], C -C,, C, MoHO-
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ankinaminis [25; 27; 29; 39-41; 46-51], C -C, xi- Ta Tpu-
ankinaminis [25; 39; 40; 52; 53].

Crig BiA3HAYUTH, [0 HUTAHHS I[OX0 1HraIsI[iiHOL
TOKCUYHOCT] JIETKOJICTIOUMX aJKUIaMiHIB MoOXe OyTH
BHPIIICHO IIJISXOM MEPEBEICHHS IX B MOJIIMEPHI Ta COMO-
nimepHi (3okpema, IBM) dopmu [4]. IIpore npu npomy
TOCTpO cTae mpoOieMa mIoA0 OiOPO3KIATHOCTI BKa3a-
HUX (hopM, pillIeHHS SKOT MOXJIMBE TAKMMH HUISXaMH:
3B’sI3yBaHHA Am B COIIONIMEpH, SIKi JIETKO MiANAIOTHCS
Oiopo3knamanHoo; mnpuroryBaHHA IBXC HaHeceHHSIM
OimpII Gi0JOCTYNMHHX 1 MEHIT EKOTOKCHYHUX Am (HampH-
KJa7, MOHOeTaHouaMiny [54; 55]) Ha mTy4Hi (BicKo3a,
XiTO3aH TOIIO) ab00 CHHTETHYHI (MONUIAKTHI TOIIO)
BOJIOKHA [56; 57].

BucHoBku

Crhin KOHCTaTyBaTH, IO, HE3BaKAIOYM HA 3HAYHY
KIJIbKICTh  MyONiKalliff, TNpPHUCBIYEHHX PI3HUM aclieK-
TaM TMPOOJEMH IHTaJSMIHHOI TOKCHYHOCTI AalIKUIaMiHiB,
0OMEXEHICTh TaHUX IIOHO0 RDSO, BIIMIHHOCTI y BUMOTax
TiTIEHIYHUX HOPM PI3HMX KpaiH, BKIIOYHO 3 YKpaiHOIO,
a TaKOX JIy’ke oOMe)keHa BHOIpKa alKiIaMiHiB, BMICT SIKHX
B arMmocdepi TOBITpS pPErIaMEeHTYEThCS HAIllOHATHHUM
3aKOHOJABCTBOM, HE JAIOTh 3MOI'H BHSBUTH AKICh 3arajbHi
TPEHY BIUIMBY CTPYKTYPHHUX XapaKTEPUCTHUK aJKiJIaMiHIB
Ha MOKA3HUKH iX 1HTansiiHol TokcuyHoCTi. OUYeBUIHO,
IO peaJibHy OLIHKY BiJHOCHOI IHTaNAiiHOI TOKCHYHOCTI
aJKiJIaMiHIB 1 (pakTOpiB BIUIMBY HA IIi MIOKa3HUKU MOXKHA
3pOOWTH JIMILIE Ha Mi/ICTaBl aHANI3y PE3yNbTaTiB CHCTEMa-
TUYHHUX TOKCHKOJIOTIYHUX JIOCHI/PKEHb IUX CHOIYK B OJJHA-
KOBHX yMoOBax. IIpore 3a Bcix po30LKHOCTEH, sSKi MArOTh
MiCIle B JiTeparypi, MOXHa 3pOOUTH BHCHOBOK, IO BBE-
JIEHHS TiAPOKCWIBHOI TPYIH B QJKUTFHUHA 3aJUIIOK aJKi-
JIaMiHIB 3HaYHO 3HIKY€E MMOKa3HUKH TOKCHYHOCTI IIUX CIO-
ayK. MoX/IMBe MOSCHEHHS LBOT0 (DaKTy MOJIATAE B TOMY,
10 3aMIlCHHS THITY CH,CH,-NH, — HO-CH,CH,-NH,
CYNPOBO/UKYETbCSL CYTTEBUM 3POCTAaHHSM MOXIIMBOCTI
3aMIllIEeHUX CIONYK A0 MiXMoJeKyasipHoi H-acomiarii
(mosiBa  1BoX H-moHOpHMX rpym 3amicTh omHiel) [58],
y TOMy 4Hcii B ra3osiil ¢asi [59], i, sk HacmigoK, 3MeH-
IICHHSM JIETIOYOCTI Ta TOKCUYHOCTI [60].
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YJIEH-KOPECHOHJIEHT HAMH YKPATHU, TPO®ECOP
MUKOJIA JIEOHIJJOBUY APSIEB
(10 75-PTUYSI BIJI JTHSI HAPOKEHHS)

26 mucromanga 2025 poky BHIOBHWIIOCS 75 POKiB Bif
JHS HapO/DKEHHS BUJATHOMY BUCHOMY, JIOKTOPY METMYHHUX
Hayk, mpodecopy, wieny-kopecnonaeHty HAMH VYkpa-
TaH, rostoBi Omechkoi acorialii nemiaTpis i HEOHATOJIOTIB,
3aBimyBauy kadeapu memiatpii OmechKOro HaI[iOHAIBHOTO
MEIIMYHOTOo yHiBepcuTeTy ApseBy Mukodi JIeoHizoBHYY.

Hapoauscs roBimsip 26 smcronazna 1950 p. B M. Oneci
B poauHi jikaps. Muxona JleoninoBny 3 oHoCTi OyB OTO-
YEHUH aTMOC(epol0 T'yMaHi3My, HAyKOBOTO MOUIYKY Ta
mIOOKOT BiJIOBIiJAIEHOCTI 32 3I0POB’S JIFOAWHHU. Horo
0aTpKO — BHWIATHWI BUCHWIA, 3aBiqyBad Kadempu aHec-
Te310JI0Tii — 3aHIIMB HE TUIBKH ONHCKydy mpodeciiiHy
CHANIIMHY, a ¥ TPHUKIaI YECHOCTI, JIOASHOCTI W CHIH
3HaHb; MaTH TIpaIfioBajia iHXEHEPOM Yy HayKOBO-IIOCIiA-
HOMY 1HCTUTYTI. B 1967 p. BiH 3aKiHYUB 3arajgbHOOCBITHIO
cepennto mkoiay Nell7 m. Opmecu i3 30J0TOI0 METaILIIO;
3 1967 mo 1973 p. HaBuaBcs B OnecbKOMY MEAUYHOMY
iHctutyTi iM. M.LITuporosa, orpumaB AWIUIOM 3 BiJ3Ha-
KOIO 3a crienianbHicTIo «JlikyBajbHA cIipaBay.

[Micns 3akinueHHs OJECHKOTO JAEPKABHOTO MeEIHU-
Horo iHctuTyTy iM. M.LIIuporosa 3 1973 mo 1976 p. npa-
LIOBaB HAyKOBHM CIIiBPOOITHHKOM B YKpaiHCHKOMY Hay-
KOBO-JIOCITITHOMY 1HCTHUTYTi OYHHX XBOpPOO Ta TKAaHWHHOI
teparii iM. akan. B. I1. ®@imatoBa (M. Ogmeca). 3 1976 no
1984 p. — acucrent kadenpu meniarpii Oxmecpkoro mep-
YKaBHOTO MeANYHOTO iHCTHTYTY iM. M.I. [Tuporosa. 3 1984
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mo 1986 p. — moueHT kadeapu nemiarpii Omecbkoro aep-
’KaBHOTO MeAWYHOro iHcruryty im. M.I. Tluporosa.
3 1986 p. — npodecop kadeapu nexiaTpii Ta OyB mpU3HaYeC-
HUIl Ha Mocaay 3aBinyBada kadenpu nemiarpii Ompecbkoro
HAalliOHAJIBHOTO MEIMYHOTO YHIBEPCUTETY.

3 xoBTHA 1998 poky i mo TemepimHiii yac o4oIIOE
OpnechbKy acouiariiro neaiarpis i HEOHATONIOTIB.

YV 1974 p. M.JL. ApsieB 3aXUCTHB KaHIUIATCBKY TUCEp-
Tarito «Brmme TkaHUHANX mpenaparis 3a B.I1. dinaroBum
Ha I[EHTpallbHy HEPBOBY CHCTEMY (EKCIIEpUMEHTAJIbHO-
KIIiHIYHE MOCTiIKeHHA)», a B 1986 p. — mucepramiro Ha
3100y TTsI HAYKOBOTO CTYIEHS AOKTOpa MEIWYHMX HAayK Ha
temy «KiiHiuHe 3Ha4eHHS 3MiH CTPYKTYpH Ta QyHKIIi1 Oio-
JIOTIYHUX MeMOpaH MpH 3aXBOPIOBAHHAX OPTaHiB JUXaHHS
y miteit ». Y 1986 p. M.JI. ApsieBy NPHCBOEHO BYCHE
3BaHHs podecopa, y 2003 p. — 00paHO YICHOM-KOPECIIOH-
nenroM HarionansHoi AkageMii MeIMUHUX HayK YKpaiHU
3a axom «Ileniarpisy.

Muxona JleoHinoBUY Apsi€B — BIIOMUHN YICHUH, KBaJIi-
(bikoBaHMI JiKap-TIeniaTp, SIKMH BOJIOAIE IIMPOKUM apce-
HaJIOM TEPaleBTHYHUX METOIIB JIKyBaHHS 3aXBOPIOBAHb
TUTAYOTO BiKy Ta HEOHATaIbHOTO Tepioxny. IIpoxomus cra-
JKyBaHHS B KITiHikax €Bporu ta CLLIA.

OcHoBHI HampsiMHu HaykoBoi mistteHOCTI M.JI. Apsiea
MOB’s13aHI 3 TpoOieMaMH HEOHATOJIOTil, IYIBMOHOJIO-
ril AATSIYOro BiKY, CHIOKPUHOJIOTII, 010ICHX0COMiaabHOT
neniarpii Ta 6ioetnku. M.JI. ApsieB Brepiie 3ampornoHy-
BaB Ta pO3pOOMB HOBI METOIM NMPO]IIAKTUKY Ta BEACHHS
BHYTPILIHBOITYHOYKOBUX ~KPOBOBMJIMBIB, TiOKCHYHO-
imemiunnx ypaxenp L{THC, 3aTpuMKn BHYTpIlIHBOYTPOO-
HOTO PO3BHUTKY IIJIOZA 33 JJOIOMOT'0I0 010JIOTIHHO aKTUBHHUX
(hapmaxonoriuaux npenaparis. HoBatopcskumu € podoTu
mono 3amoOiranHs mepenadi BIJI Big marepi no muTwHU
Ta BIOCKOHAJCHHS MYJIBTHAMCHUIUIIHAPHOTO MEANYHOTO
crocTepexeHHs1 mitedt, HapomkeHnx BlJI-iHdikoBanmMHI
MarepssMd. Ha OCHOBI BHBYEHHS MOJEKYISIPHO-0i0Xi-
MIYHHX MEXaHi3MIB MEeMOpPaHOMATOJIOTIYHUX IPOILECIB
npu  OpOHXOJIETEHEBHX 3aXBOPIOBAHHSX CIIPHUSB CTa-
HOBJICHHIO HOBOTO HampsiMy ITyJIBMOHOJIOTIi JAWUTAYOrO
BiKy — KIiHIYHOI MeMOpaHoJorii. ABTOp Te€HETHYHHX
JIOCHIJDKEHb JTITeH XBOPUX Ha MYKOBICIHIIO3 Ta JE(ilUT
anbga-1-antuTpuncuny. B ramysi GioncuxocoriaabHOT
neqiarpii Ha OCHOBI Pe3yNbTaTiB MI>KHAPOIHOTO CIIiBPOOIT-
HHUITBA CIPHSIB PO3POOII HalliOHAIBEHOI MOJIEN TEPBUHHOT
MEINKO-CaHITAPHOI JTOTIOMOTH [iTSAM, KOHIICTIIH IToTe-
PEIMKEeHHSI CHHAPOMY PAamlTOBOi CMEPTi Yy IiTeH, MPOTHIii
JKOPCTOKOMY TTOBOKEHHIO 3 MIITBMH Ta iX MCHUXOIOTIdHOI
MiATPUMKH y KpU30BUX cTaHax. CHpHUsIB CTAHOBIEHHIO Ta
pO3BUTKY OiloeTnkn B YKpaiHi SIK aBTOp HalliOHaJIbHOTO
MiIpyYHUKA, TUTIOBUX HABYAIBHHUX IMPOTpaM, YHCICHHUX
myOuikaIiii, 3aBigyBau OMOPHOI Kadeapu 3 BHUKIAIAHHS
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OioeTnky Ta 06100€31eKH y BUIIUX MEINYHUX HaBYAJIbHUX
3aKiafax YKpaiHu.

[Ipodecop M. JI. ApsieB € KOOPIAMHATOPOM Ta KepiB-
HUKOM ITOHaa 20 KOHKYPCHHX BITYM3HSIHUX Ta MI>KHAPOII-
HUX AOCTITHUIBKUX mporpam Ta rpantiB MO3, IKHT
Vkpaian, Bigpomkenns, Matra, Lien-Tacis, AIHA, I0S,
UNICEF, WHO, MSF, ECAS, ICCPS Ta inm.

Muxona JleoHinoBnd — aBrop monany 600 HaykoBHX
mpanb, y ToMy 4ucii 25 MoHorpadiif, 15 migpydHukis
(y Tomy gmcni 2 HarioHanbHUX), 30 HaBYATBHUX MOCIOHU-
KiB, YHCJICHHUX MATEHTIB Ta aBTOPChKUX cBimouTs. Iligro-
TyBaB 2-X JIOKTODIB, 27-M KaHIUIATiB MEIUYHUX HAYK Ta
1 mokropa dimocodii.

[Ipod. Apsiee M.JI. obGilimaB aaMiHICTpaTHBHI Ta Tpo-
Mazcbki mocaau. 3 1987 mo 2000 pp. BUKOHYBaB 000B’ SI3KU
3aCTyIHUKa AeKaHa (aKyJIbTeTy YIOCKOHAJICHHS JIiKapiB.
[pamroBaB Ha mocaji MpopeKTopa 3 HAyKOBO-TIENArorid-
Hoi pobott OHMenV (3 1994 no 2013 pp.). byB wieHom
HentpanpHoi BuOOpuoi koMicii BepxoBHoi Pagn Yipainu
(3 1987 mo 1992 pp.), exctieprom BAK Vkpainu (3 2010 mo
2016 pp.).

3 2011 p. mo TemepimHid 4wac mpod. Apses M.JL
€ TOJIOBOIO KOHCYJIBTaTHBHO-eKCIepTHOT koMicii «Heonaro-
sorisi. Jlikapchki 3aco0u» JleprkaBHOTO €KCIIEPTHOrO ICH-
Tpy MO3 VYkpainu), uieHoM BueHux pan HaBUalbHUX Ta
HayKOBO-JIOCHITHUIbKUX 3aKJIa/iB Ta HU3KU PEIaKIiiHUX
KOJIETiH (haxoBHX JKYpHAIIB.

Ipodecop M.JI. Apsier Unen I[lombchkoi Memu4HOT
akageMii, MikHapomHoi MemudHOi akaaeMii AmpOepra
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[IBeitiepa, wien Pagu €Bpomnelicbkoro cor3y NCUXocoMa-
TUYHOI Ta COLiaTbHOT MeaUITHH, WieH [IpaBiinas Ykpai-
CBKOI acorfiallii HeoHaTos0riB, rojgosa OmecpKol acoriamil
neiaTpiB Ta HEOHATOJNIOTIB, YJICH pEeNaKIiHHUX KOJETiH
1 peakmiiHuX paj 6araTbox BITYM3HIHHUX Ta 3aKOPJOHHUX
npodeciiiHuX KypHaIiB.

HayxoBa poOorta Ta rpomajchka HisIbHICTH MUKOIH
JleonimoBu4da ApsieBa BiJ3HaY€HA BHCOKMMH HArOpOIaMH,
30KpeMa HaropomkeHo OmiMmiiichkoro Memaumo [immo-
kpara (I'pemist), 3omoToro Menammo [lomechKoi MenUIHOT
akageMii, Memamwmo MiKHApOOHOI MeIWYHOI axanmemil
Annbepra IlIBeiinepa, Mmeganio «3a 6e310TaHHY MEIUIHY
cityx0y» YKpaiHChKOT acorriailii HEOHATOIOT1B, TOYCCHUMU
rpamoramu MO3 Ykpainu, Onecbkoi 001acHOT AepikaBHOT
aaminicTparii Ta Ongecbkoi Michkoi pagu M. OnecH.

CBoe 75-pivus Mukona JIeoHioBUY 3ycTpivae y po3-
KBITI TBOPYMX CHJI, 3HAYHOTO HAYKOBOTO IMOTCHIHANY SIK
SICKpaBa 0COOMCTICTh, MyJpHil KEpIBHUK 1 HACTAaBHUK, ITpe-
KpacHHH JIiKap, 9yJI0Ba JIFOJNHA.

Mupo Bitaemo Muxoxny Jleoninosuua! 3uunmo Bawm,
IIaHOBHHUH TIpoecope, HEBHUESPITHOTO 3IOPOB’sI, IIACITH-
BOTO JIOBTOJITTS, HEBIIMHHOTO HATXHEHHS, ACKPaBUX IIPO-
(heciiHMX 3BepIIeHb, YCIINMIHOI pearizamii Bcix Bammmx
Mpiif, 3ayMiB 1 HOBUX NounHaHb. Hexail y Bamomy xutTi
3aBKAM Oyle rapMOHIs, MIATPUMKA OIHOMYMIIIB, TEILIO
POIMHHOTO KOJIa Ta BISYHICTb TIOKOJIiHb, SIKUM Bu nipucesi-
THUJIM CBOIO IPALIIO.

3 moBaroIo0 — KoJeru, y4Hi, mocjaiIOBHUKHU
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JAJIsA ABTOPIB
«OJIECBKU MEJIUYHHUH KYPHAJ»

Binomocti npo Buganus

«Onecpkuii MEOUYHUI JKypHam» OylIo 3aCHOBaHO
B 1926 pori. 3a kinbka pokiB BiH Ha0yB HEaOMSIKOTO aBTO-
PHUTETY cepel HayKOBIIB. Y HbOMY IpyKyBasll CBOI Iparl
BYEeHi, yni iMeHa Oy BCECBITHBO BiJJOMI BXE TOTO 4acy
a0o sKi 3100ynu BU3HAaHHS B MaiiOyTHROMY. Ta 3rogom, Ha
nouatky 1930-x pokiB, BUAAHHS XXypHauly OyJ0 IpHIIHU-
HeHo. [TonoBnenuii y 1997 poui, BiH 3a KOPOTKHH Yac BiJ-
HOBHB CBIil aBTOPUTET 1 MOCIB YiJIbHE MICIIE Cepell HayKo-
BHMX BHUJIaHb KpaiHU.

3acCHOBHHUKOM i1 BuaBleM «OAeChbKOTO METUIHOTO KYP-
Hay» € OnecbKuil HalliOHATBHAN MEINYHUN YHIBEPCHUTET.

TonoBHIM pemakToOpoM i3 YaciB BiAHOBIICHHS BHUIIYCKY
xKypHaiy € akagemik HAMH VYkpainu, naypear [lepxaBHoi
mpemii Ykpainu B. M. 3anoposan. J{o cxiany pemakiiitaoi
KOJIETii Ta pemaKUiiHOl pagW BXOIATH BiIOMI BITYH3HSHI
i 3apyOiXHI BUCHI.

«Opecpkuil MeIUYHUN IKypHam» BKJIIOYEHHUH 110
[epenixy HaykoBuX (axoBMX BHIaHb YKpaiHM B Kare-
ropii «A» (ramy3b — MeAMYHI HayKH, CHEIiaJbHOCTI —
221 «Cromarosoristy, 222 «Menuiuaay, 226 «dapma-
uisi, npomucioBa ¢apmanis», 228 «Ileniarpis» (Hakaz
MinicTepcTBa ocBiTm 1 Hayku Ykpaiam Ne 1721 Big
10.12.2024, pomatox 6; mOCTYm 3a MOCHJIAHHSAM
https://mon.gov.ua/static-objects/mon/uploads/
public/675/c49/0fe/675¢c490fea3a6035511617.pdf)

[Mopoxy B XypHami IOpyKyeTbcs ONWU3BKO NIEB’SHOCTA
cTarei 1 moBiOMIIEHb. BiH HAAXOMUTH 10 HAWBITOMIIINX
0i0mioTek KpaiHW, BEIMKUX HAYKOBUX LEHTPIB, NECATKIB
HABYANBHUX 3aK/1a/1iB. FIOro MOsBY IiIHO OLHEHO 3a Mex-
amu HaIoi KpaiHu — BiH 3aHeceHuit 1o Index Copernicus,
Ulrich’s Periodicals Directory, BASE-Search, Google
Axanemii, «HaykxoBoi mnepionuku VYkpainm», Scopus
Content Selection and Advisory Board (CSAB) po3ris-
HyJa 3as1BKY )KypHany «O1ecbKoro MeIMYHOTO Ky PHAITY»
Ta cxBaymia ii st pedepyBaHHsS B HAyKOMETpUUHIN 6a3i
Scopus 25.10.2023 p.

VYV cepmHi 2022 poxy HaykoBe BHAaHHA «OmechKuit
MEIUIHAN KYPHAID) OTPUMAIIO TPUMICSIYHY CTUTICHIIIO BiJl
npoekty «Iligrpumka ykpaiacekuM pemnkonerissm» (SUES —
Support to Ukrainian Editorial Staff). SUES e ininiaruoto
€BPOIICHCHKNX YCTaHOB Ta OpraHizamiii, MeTa SIKUX I10JIs-
rae B MATPUMIII HAyKOBOI CIIIBHOTH YKpaiHu.

PoszmoBcromkyeThest 3a nepearuiaroro. [lepearmarutu
JKYpHaJI MOXKHa B OyAb-SIKOMY II€pPEAIUIATHOMY ITyHKTI.
[Mepennnaruuii innexc — 48717.

XypHan BUXOAUTH LIiCTh pa3iB Ha PiK.

ISSN 2226-2008

DOI 10.54229/2226-2008, 10.32782/2226-2008 (110uu-
Hatoun 3 Ne 3 (181) 2022 p.)

MPABIJIA IIJITOTOBKU CTATEM 10 «OJIECBKOI'O MEJIUYHOTI'O )KYPHAJIY»

1. B «OnecbkoMy MeIUYHOMY KypHaJI» ITyONIKyIOTHCS
TEOPETHYHI ¥ OIII/IOBI CTATTi, SIKi BiMOOPA’KarOTh BAXKITHBI
JOCSTHEHHSI HAayKH, IMICYMKH 3aBEpLICHHX OPUTiHAIBHHX
KINHIYHAX Ta EKCIIEPUMEHTAIBHHUX JOCTIKEHb, OCHOBHI
pe3yiBTaTy JUCEepTaiifHIX PoOIT i3 MEIUIIMHMN, CTOMATOJIOTI1
Ta (apMmarlii, a TaKOX MaTepiay MEMOPIAJIBHOTO XapaKTepy.

2. Jlo po3misimy MpUAMAarOThCs MPOOJIEMHI Ta OpHIi-
HAJIbHI CTATTI 3araJIbHUM 00CSIroM 7—15 CTOPIHOK, OTVISIIH —
10 12-20 cTopiHOK.

3. He npuiimMaroTbest cTarTi, K1 BxKe OyJIM HaApyKOBaHi
B IHIIUX BUJIAHHSIX a00 3apOIIOHOBAHI 10 MyOJiKaIlii Kijb-
KOM BHJAaHHSIM BOJHOYAC, a TAKOX POOOTH, SIKi 332 CBOEFO
CYTHICTIO € TIepepOOKOI0 OIMyONIiKOBAaHMX paHIIIe cTarei
1 He MICTATH HOBOTO HAyKOBOTO MaTepiasry abo HOBOTO
HAayKOBOTO OCMHMCIICHHSI BXKE BIZIOMOTO Matepiay.

4.Y xypHali APYKYIOTbCS:

a) pe3yJabTaTH OPUTIHANBHUX AOCITIKEHB Y IPiIOPHUTET-
HHX HalpsAMax PO3BUTKY MEIWYHHX, CTOMATOJOTIYHHX Ta
(hapMaIieBTUYHUX HAYK;

0) pobotu 3 QyHIaMEHTaIbHUX Ta NPUKIAJHUX IPO-
OmeM 13 TakuX crhemiaabHOCTeH: 221 — cToMaTooris,
222 — meauuuHa, 226 — dapmariis, npomMucioBa dapmaris,
228 — nexiarpis:

— reHEeTHKa Ta NPUKJIAIHI aCIIEKTH MEMYHOT TeHETHKHY;

—Oio¢pisnuni  Ta  MopdoyHKIIOHANBHI  Xapak-
TEPUCTHUKH KIIITHH OpPraHi3My IPH Pi3HUX BHIAX MMATOJIOT1;

— po0oTH 3 HOBITHIX KIITHHHUX TEXHOJIOTIH;
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— HOBITHI pO3pOOKHM B Taiy3i 3arajJbHOI i KIHIYHOT
(hapmakoorii Ta apmarii;

— JOCSITHEHHS B Taily3i BUBYCHHS €TiONIOTiT, TaTOreHe3y
Ta JIarHOCTHKU CY4aCHUX 3aXBOPIOBAHb;

— mpo(iTaKTHKa 3aXBOPIOBaHb, IIEIUICHHS, 3armodi-
TaHHs 0COONMBO HEOE3MEUHNM 3aXBOPIOBAHHSIM;

B) EKCIICPUMEHTAJbHI JOCTIHKEHHS, OIS, KITiHIYHI
BUIAJIKH, HOBI METO/IY TA TEXHOJIOTI] 3 Cy4aCHUX aKTyaJIbHHUX
npo0JIeM CTOMATOJIOT i, MEAMIIMHY, TieAiaTpii Ta Gapmarii;

r) iHdopmaris, XpoHika, roBinei, marepiaau 3 ictopii
HayKH Ta MeJULMHHM, papMalii, croMaToorii, pereHsii.

5. CrarTst HaJCUIIA€ThCS 10 pelaKiii B €JIeKTPOHHOMY
BapiaHTi 31 CKaHOM IIEpIIOi CTOPIHKM 3 MiANMCAaMH BCiX
aBropiB. CBOiIMHM IignmucaMH aBTOPH TapaHTYIOTh, IO
CTATTIO HAIMCAHO 3 JOTPHUMAHHSIM MPaBWI IiATOTOBKH
crateil 10 «OmechbKOro MEAUYHOIO >KYpHAIy», €KCIepH-
MEHTaIbHI Ta KIiHIYHI TOCHiIKeHHS Oyl BUKOHAHI Bij-
MOBITHO A0 MIPKHAPOJHUX €THYHUX HOPM HAyKOBHUX JOCIHi-
JDKEHb, a TAKOK HAJAlOTh PEHAKIIil MpaBo Ha MyOIIiKaIliio
CTaTTi B JKypHAaJI, PO3MIIICHHS 11 Ta MarepiajiB m0a0 Hel
Ha caifTi )KypHaJy 1 B IHIIKMX JpKepelax.

6. Crarta cynpoBOKyeTbcst ckaHoM (1) Hampas-
JIEHHS [0 pelakKuii, 3aBi30BaHUM IiINMCOM KepiBHHKA
Ta TICYATKOK YCTAHOBH, JIe BUKOHAHO po0oTy, (2) Bimomoc-
TSIMH TIPO aBTOPIB (3 JEKJIAPYBaHHAM YJacTi KOXKHOTO aBTOpa
3 JeTaiialli€ro BKIady y MiOroToBIi cTarTi), (3) mexmapa-
€0 IONI0 OPHUTIHANBEHOCTI TEKCTY HAYKOBOI CTAaTTi, a Uit
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BITUM3HSHUX aBTOPIB TaKOX (4) eKCHIEPTHHUM BHCHOBKOM, 1110
JIO3BOJISIE BIIKPUTY TyOITIKAIiFO.

7. SIKmo y cTarTi BUKOPHUCTaHO Marepiaiy, sKi € IHTeIeK-
TYaJILHOIO BIIACHICTIO KIJIKOX OpraHi3alliii i paHiiie He my0oi-
KyBaJIHICsI, aBTOp MAa€ OZEprKaTH JO3BUT Ha X MyONiKariro Bif
KOXKHOI 13 IMX OpraHizawiii i Hajicnary Horo pa3oM 3i CTarTero.

8. Tekct mpyKyeThcs dYepe3 IMIBTOpa iHTEpBAIy Ha
CTaHAapPTHOMY MAIIMHOIIMCHOMY apKylli (IIMpHUHA IOJIB:
JiBOTO, BEPXHBHOIO Ta HIXKHBOIO — IO 2 CM, IIPaBOTO —
1 cm) mpudrom Arial (Arial Cyr) abo Times (Times Cyr)
po3mipoM 14 myskTiB. CTOpiHKa TEKCTY TIOBUHHA MiCTUTH
He Oinbiie 30 psaKiB.

9. Moga crareif — aHIIIilichbKa Ta yKpaiHChKa (IlepeBara
BiJIIA€THCSI aHIIOMOBHHM POOOTaM).

10. Marepian crarti Mae OyTH BUKIAJCHUN 33 TaKOIO
CXEMOIO:

a) inmekc YJIK — 37iBa, BIAMMOBITHO O KITFOYOBHX CIIIB;

0) iHimiamm Ta Tpi3BuIle aBropa  (aBTOpIB),
ORCID ID xoxHoTO aBTOpA;

B) Ha3Ba CTarTi;

T) IIOBHA Ha3Ba YCTAHOBH (YCTaHOB), JIc BUKOHAHO POOOTY,
MicTo, KpaiHa. SIKIIO aBTOpPIB KiJibKa i BOHU IPALIOIOTh
Y pPI3HHX YCTaHOBAX, TOZ1 He0OXiqHO apabCchKkMu U paMu
MO3HAYUTH LU(PPOBUI HAIPAIKOBHI 3HAK, IO BiJIIOBIIAE
YCTaHOBI, [Ie TIPAIIO€ KOKHUH 3 aBTOPiB; a Ha3Ba yCTaHOBH
Mae OyTH BKa3aHa 3 BINMOBITHHUM HUGPOBUM 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 mpyxoBanux Jitep (1 cropinka). Pesrome
YKpalHCHKOI0 MOBOIO Ma€ CKJIAJIATHCS 32 TAKOK CXEMOIO:
ingexc YJIK, iHimianu Ta npi3Buiie aBTopa (aBTOpiB), Ha3Ba
CTAaTTi, TEKCT pe3ioMe, KITF0YOBi CII0Ba (He OLIbIe I’ sITh);

¢) MOCTaHOBKa MPOOJIEMH B 3arajbHOMY BUIIAII Ta ii
3B’S130K i3 BaXJIMBUMU HAyKOBHMH Ta NPAKTUYHHMH 3aB-
JIAHHSIMH;

) GOPMYITIOBaHHS METH CTaTTi (IIOCTAaHOBKA 3aB/IaHHSA);

3) Marepiajii i METOJM JTOCIIHKEHHS 3 ONHCaMH METO-
IiB DOCIIKEHHS, KUTBKOCTI Ta PO3IIOALTY 00’ €KTIB AOCIHIi-
JoKkeHHs1. Mae OyTH 3a3Ha4eHO JOTPUMaHHS HPUHIUIIIB
ETmunoro kogexcy BeecBiTHROT MeanyHO1 acomiartii (I'es-
CIHCBKa JIeKJIapallisi) o0 JAOCHTIHKEHbB, 0 SKHX JOTy4a-
10T JTonelt, abo mpuHIMIiB JupexTrBu €BpOneichKOro
Coro3y 2010/10/63 EU miono ekcriepiMEHTIB Ha TBapUHAX;

1) BHUKJIAJ OCHOBHOTO Marepiaiy JOCHiKEHHS 3 TOB-
HUM OOTPYHTYBaHHSIM OTPUMaHUX HAyKOBHX Pe3YJIbTaTiB;

K) BUCHOBKH 3 JOCIIKCHHS 1 MEPCIEKTHBH MOHAIb-
LIMX PO3POOOK Y IIbOMY HAIPsIMi;

J) JiTepaTypHi MOCWIaHHS B MOPSAKY iX HHATYBaHHSI
a0o 3a andasitom.

11. Pe3toMe aHIIICHKOI0O MOBOIO Ma€ KOPOTKO MOBTO-
PIOBATH CTPYKTYPY CTaTTi, BKIIFOYHO 31 BCTYIIOM, METOIO Ta
3aBIAHHAMH, METOIAMH, PE3yJIbTaTaMH, BUCHOBKAaMH, i Mic-
TUTH KJTFOYOBI CJIOBa. [HIIiaK Ta Mpi3BuIle aBTopa (aBTO-
piB) TIOMAIOTECS Y TpaHCIiTepalii, Ha3Ba CTaTTi — y mepe-
KJIa]1i aHIMIHCHKOI0 MOBOO. KITI04OBi ci10Ba i iHIII TEpMiHU
CTaTTi MArOTh BiAIIOBIATH 3araIbHONIPUHHITAM MEANIHAM
TepMiHaM, HaBeJIEHWM Y CIIOBHMKax. He cimin Bukopucro-
BYBATH CJICHT 1 CKOPOYCHHS, SKi HE € 3aTaJIbHOB)KHUBAaHUMH.

12. XimiuHi Ta MaTeMaTH4Hi (OPMYJIH BIPYKOBYIOThH
a6o BmuCyioTh. CTpyKTypHI (hOopMyITH OQOPMIISIIOTH SIK
pucyHKH. Y hopMyliaXx po3MivaroTh: Mai Ta BEJIHKI JTITEPU
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(BeNMKi MO3HAYAIOTh JIBOMA PHCKaMHU 3HU3Y, Majll — JBOMa
pUCKaMH 3BepXy MPOCTUM OJIBIIEM); JATHHCHKI JIiTEpU
i AKPECTIOI0Th CHHIM OJIiBIIEM; TPEIbKi — 00BOAATE YEPBO-
HUM OJIiBIIEM; TiIPSAIKOBI Ta HAAPAAKOBI IU(PH Ta JIiTSPU
MIO3HAYAIOTh JITOI0 IPOCTUM OJIiBIIEM.

13. ¥V crarrsax ciij BUKOPHCTOBYBaTH MiKHapoaHy
cuctemy onuHuip CI.

14. PuCyHKH 1 MIANHCH 0 HUX BHKOHYIOTH OKPEMO.
Ha 3BopoTHOMY 00I1i KO)KHOTO PHCYHKA IMTPOCTHUM OJiBIIEM
CIIiJT yKa3aTH HOTO0 HOMEp 1 Ha3By CTaTTi, a B pa3i HEOOXi-
HOCTI ITO3HAYUTH BEPX 1 HU3.

15. Tabmuui cnig ApyKyBaTH Ha OKPEMHX CTOPiH-
Kax, BOHM NIOBMHHI MaTH HyMepalilo Ta Ha3By. Ha nomsix
PYKOTIIHCY HEOOXiJHO BKa3aTH MiCIle PO3MIIIEHHS PUCYH-
KiB 1 Tabmuie. [HopMmaris, HaBeneHa B TaOMHIAX i Ha
pHCYHKaX, HE TIOBUHHA AyOJIIOBaTHUCH.

16. Crnmcox JiTepaTypHUX JDKepel IOBHHEH MICTHTH
HepetiK mpatp 3a ocTaHHi 10 poKiB i JIMIe B OKPEMHX BUIIA/I-
Kax — Oumpll panHi myOmikamii. B opuriHambHUX poborax
IUTYIOTH He Oibie 20 mxepen, B orsiaax — 1o 60. Ha koxHy
poboTy y COHCKY JiTepaTrypy Mae OyTH TOCHJIAHHA B TEK-
cTi pyxommcy. Jliteparypa y CIMCKY PO3MIIIY€EThCS 3TiITHO
3 TIOPSIIKOM IIOCHJIaHb Ha Hel B TEKCTi CTarTi, SKi ITOIAI0Th
Y KBaJIpaTHUX JyXKaX, a00 3a andasiToM. SIKII0 HABOAATHCSA
POOOTH JIMIIIE OIHOTO aBTOpA, BOHHU PO3MIIIYIOTHCS 33 XPO-
HOJIOTTYHHUM TIOPAAKOM. Jl0 CIIHCKY JIITepaTypHUX JKepell He
CITiJT BKITFOYATH pOOOTH, SIKi IIIe He HaIPyKOBaHi.

17. Crmmcok 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 cmamei:

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

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

[Tpi3BuIa aBTOpiB Ta Ha3Ba XypHAILY IONAIOTHCS
JIATMHHUILICIO Y TPAHCIITEpallii, Ha3Ba CTaTTi — y MEePEeKIai
aHMIiHChKOI0 MOBOIO. TpaHcmiTepalito MOXHa 3pOOUTH
aBToMaTHyHO Ha caiti http://ukrlit.org/transliteratsiia.
VY 6i6miorpadivHOMY MOCHIIaHHI KOXKHOTO KEpelia CIij
BKa3aTH BCiX aBTOPIB, BiJOKPEMIIIOIOUN OJIMH BiJ| OHOTO
KOMOIO 1 Ipo0Oinom. [Himiamy BKasyloTh Micis Mpi3BHINA,
3HAaKaMHM MyHKTyallii He BiJOKpeMItolThCs. [ToBHI iMeHa
aBTOpIB HE HABOASATHCS. Y BUMAAKy 7 i Oijablne aBTO-
piB cTaBUTHCS MOCHIaHHS “et al.” micis mepmux TPHOX
npizBum. fkmo aBropiB 6 i menmie, “et al.” He BUKO-
pucroByetThes. Ilicns meperiky aBTOpiB CTaBISATh Kparky
i mpo6in. Ha3ea myOmikamii HaBOOUTHCSA aHIIIUICHKOIO
MOBOIO TOBHICTIO, 0e3 ckopoueHb. Ilicist Ha3BH CTaTTi
CTaBJISATh Kparky 1 mpo0in. Ha3a nmepioquyHOTO BHAAHHS
HABOJIUTHCS aHIIIIICHKOI0O MOBOIO 200 TPaHCIITEPY€ETHCS
CHMBOJIAMH JIATHHCHKOTO ali(paity. J[03BONISETHCS HaBO-
JIUTH 3apeeCTPOBaHI CKOPOUEHHS Ha3BH NEPiOJUIHOTO
BUJaHHS. 3a3BUYail L (opMa HaNHCAaHHS CaMOCTIHHO
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NPUHMAETHCA BUIAHHSIM, 1i MOXKHA JI3HATHCS Ha CaWTi
KypHaiy, BugaBHuLTBa, Ha caiTi ISSN abo HeoOximHO
HaBOIWUTH HOTO TOBHY Ha3By 0e3 ckopoueHHs. Has3su
BITYM3HAHMX XYPHANIIB CKOpPOYyBaTH He MokHA. [licis
Ha3BH BHUIAHHS CTaBIATH Kpamky i mpoOin. [Hdopma-
Lis [ION0 BHJIAHHI: PIK BHUJIAHHA BiJOKPEMIIIOETHCS
Kpalkor 3 KOMOIO, IOTIM HAaBOAMTHCS HOMEP TOMY,
SKIO HEOOXIZHO, Y KPYIVIMX JYKKaxX BKa3yeTbcs HOMEp
JKYpHaJy, IMICNs JBOKPANKW HABOIMTHCS [iara3oH CTO-
piHok. Jlms craTTi, IO HAApyKOBaHA HE AHDIIHCHKOIO
MOBOIO, HATIPHUKIHIII C(HOPMOBAHOTO MOCHIIAHHS y KPYTIIHX
Iy’)KKax BKa3yeThCs MOBa opuTiHamy. JlomarkoBa iHpop-
Mariist crocoBHo ctarti — Homepa DOI («DOI: https://doi.
org/...»), PubMed ID, pexxum noctymy 10 nepuiomxepena
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).

[Ipi3BuIna aBTOPIB MOJAIOTECS Y TPAHCIITEpaLii, Ha3Ba
Tpaii — y mepekiai aHrIiiicbkoro. [0I0BHE B OMIcax KOH-
(epenwiii — Ha3Ba KoH(epeHIil MOBOIO opHriHaTy (mona-
€TBCS y TPaHCIiTepalii, Ko HeMae 11 aHITIHChKOT Ha3BH),
BUAUISIETHCS KypCHBOM. Y JY)KKaxX HaBOOUTHCS TEpEKiIal
Ha3BH aHIIiHcbKOI0. BuxiaHi qaHi (Micie MpoBeIeHHs KOH-
(epen1ii, MicIie BUIaHHS, PiK, CTOPIHKH) — aHIIIACHKOIO.

Jlna monozpaghiti ma inmux 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).

IIpi3Bumia aBTOpiB TMOMAIOTHCA Y TpaHCHITepallii,
Ha3Ba KHIDKKH — y TpaHCIITepamii 3 mepexiagoM aHrIii-
CBKOIO MOBOIO Y KBaJ[paTHUX IyXKax. Miciie BUIAHHS, PiK
BHUJAHHA, 3arajibHa KUTBKICTh CTOPIHOK — aHDITIHCHKOIO,
Ha3Ba BU/IaBHULITBA — y TpaHCIiTEpalii.

3ayearcyemo: y CIUCKYy JIATHHUICIO TOTPiOHO 3a3Ha-
YaTH BCIX aBTOPIB JIITEPAaTypHOTo JKepena, Ha sike Bu
nocuiaerecb. TakoX He CIiJi Y HbOMY 3aCTOCOBYBAaTH
3HaKK po3naiaeHHs: // Ta — Ha3By mkepena (KypHai, KOH-
(epeHIis, KHATA) 3aBKIN BUIUIAIOTE KyPCHBOM.

Hanpukiami siTepaTypHOTO IKeperna moTpibHo BKazy-
Batu nuppoBuil ineHTHdikarop crarti DOI, skmo Takuit
€. JlorpuMaHHS IMX TpaBHiI 3a0€3M€YNTh KOPEKTHE BiO-
OpaKeHHS IUTOBAaHUX JDKEPeENl y OUIBIIOCTI pedepaTHBHAX
HayKOMETPUYHHX 0a3 JaHuX.

18. CkopoYeHHs CIiB 1 CIOBOCIOIYYEHb ITOJAOTHCS
BiamosigHo g0 ACTY 3582-97 iI'OCT 7.12-93.

st THX, XTO HEe Mae JocTyiy Ao moBHoro Tekety ACTY,
Ha caiiti OechbKoro MeIyHIBEpCUTETY HABEICHO IPHKIIAIN
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odopmiteHHst 0i0miorpadiyanx 3ammciB. JIoCTynm 3a MOCH-
maaHsaM http:/libblog.odmu.edu.ua/p/blog-page 8912.html.

19. o mpyxoBaHWX MaTepialliB, BUKOHAHHUX i3 BHKO-
PUCTaHHSM KOMIT IOTEPHUX TEXHOJOTIH, 000B’S3KOBO
JIOAIOTHCSI MaTepiaid KOMIT FOTepHOTo Habopy Ta rpadiku
B €JIEKTPOHHOMY BUTJISIII.

Tekct moxe Oyt Takux ¢opmari: Word for Windows,
RTF (Reach Text Format).

I'padiunnii marepiay ciif momaBaTH B OKpeMux (aii-
max ¢opmarie XLS, TIFF, WMF a6o CDR. Po3ninpHa
30aTHICTh MITPUXOBHUX OpHUTiHANIB (rpadiku, cxemn) Gop-
MmariB TIFF moBunna Gyt 300-600 dpi B&W, HamiB-
ToHOBUX ((ororpadii Ta iH.) — 200-300 dpi Gray Scale
(256 rpapaniit ciporo). Illupuna rpadiyHux opHriHamiB —
5,5,11,5117,5 cm.

20. CrarTi miagarThCs HAYKOBOMY PEllCH3YBaHHIO, 3a
pe3ynbTaTaMy SKOTO YXBAJIOETHCS PIlIEHHS NPO AOLLIb-
HicTh myOmikamii po6otu. BigxuneHni crarti He moBepTa-
IOTECS 1 IIOBTOPHO HE PO3IIISIAIOTHCSL.

21. Pemakmis 3amumae 3a cO0OI0 MPaBO pPEAAKIITHOL
MIPaBKH CTaTeH, Ka He CIIOTBOPIOE 1X 3MiICT, 200 IIOBEPHEHHS
CTaTTi aBTOPY AJIs BUIIPABIICHHSI BUSBICHUX E€(EKTIB.

22. JlaTor0 HaJaXOIUKEHHS CTaTTi O JKypHaly BBaka-
€TBCS JICHb OTPUMAaHHsI PEAAKLIEI0 OCTaTOYHOrO BapiaHTa
TEKCTY.

23. Ilicnga oTpuMaHHS TiATBEPKEHHS Bifl PEIKOJIeTrii
PO TPUHHATTSA CTATTi OO IyOIiKarii HaJaloThCS PEKBi-
3WUTH IS CIUTATH ITyOIiKaIiitHoro BHecKy. BapTicTh my0mi-
Katii cranoBuTh 2000 rpruBeHb (3a 12 cTOpPiHOK). 32 KOXKHY
JTOJIATKOBY CTOPIHKY HEOOXiTHO JOAATH IO IMyOTiKaIiHHOTO
BHecky 40 rpuBeHb. [lyOmikamiiiHMH BHECOK HOKPHBAE
BUTpATH, OB’ s3aHi 3 KOPEKTYPOIO 1 pelaryBaHHsIM CTarei,
MAaKeTyBaHHAM JKypHAIIy Ta PO3MIILEHHIM HOTO elIeKTpo-
HHOI Bepcii. 3a OaxaHHAM aBTOP CTAaTTi MOXKE 3aMOBHTHU
co0i IpyKoBaHMIA IPUMIPHHUK KypHaITy. BapTicTs npykoBa-
HoTO puMipHUKa — 800 TpUBEHB, SIKi HEOOXITHO CIUTATHTH
JIONaTKOBO 10 ITyOrikamiiiHoro BHeCKy. [linTBepmkeHHS
MPOBENEHOI OIUTaTH (BiJICKAHOBaHY KBHTaHIIIO abo T1i
¢ororpadiro) aBTOp HAJICKUIIAE B €IEKTPOHHOMY BUIIIAI Ha
e-mail omj@onmedu.od.ua.

24. Penaxirist «O1eChKOr0 MEIUYHOTO KYpPHAIY»: Baii-
XOBCBKHH TPOB., 2, pekropar OaechKoro HalioHaJIEHOTO
MeINYHOTO yHiBepcuteTy, M. Oneca, 65082, Ykpaina;

e-mail: redkolehiaOMJ@onmedu.edu.ua

BinmosinaneHi cekperapi xypHainy — JoneHT [pexoBa
Amna, ten.: +38 (097) 938 30 52, nonent FOpuenko Ipuna,
ten.: +38 (050) 815 53 05

KonraktHa ocoba (BupaBumumii gim  «[enbBe-
TuKa») — Jlemuenko Xpuctuna, Ten.: +380 (93) 035 42 60;
e-mail: omj@onmedu.od.ua

HayxoBuit pexakrop — ArToneHko Ilerpo, Tem.: +380
(97) 587 56 36

Cropinku kypHany: journal.odmu.edu.ua, journals.
onmedu.od.ua/index.php/med/home

25. CrarTti, W0 HE BIINOBINAIOTH UM IPaBUIIAM,
He posmianaroTbes. Ilepenpyk crareid MOXIMBUHN JIUIIE
3 MUCHbMOBOT 30X PEAAKIIIT Ta 3 MOCKUIAHHIM Ha JKypHAJL.

Cepeoniti uac ouixyeanns nyonixayii (Bim AHA momadi
JI0 THS myOrikarii) — 2—8 micsmiB (3aIeKHO Bif (aKTHIHOT
KUTBKOCTI TIONAHWX aBTOpaMH IyONiKaIiif y KOHKpeTHHH
BUITYCK).
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JHonatox no [IpaBuit 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 1HIIOTO TEKCTY, BiIOMOCTI, ependa-
yedi cT. 32 Ta 69 3akony Ykpaiau «IIpo BHIILy OCBITY».

3asBisro(eMo), 0 Mos(Hala) HaykoBa po0OOTa BHKO-
HaHa CAMOCTIHHO i B Hill HE MICTATHCS €TIEMEHTH ITariary.

Yci 3ano3uueHHs 3 IPYKOBAaHUX 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 NIPALIOIOTb.

2. SIKIo aBTOpM CTATTi € CHIBIpPAl[iBHUKAMH Pi3HUX
yCTaHOB, TO Jlexiapaliis moBUHHA OyTH 3 KOKHOI yCTaHOBH.

MHHOPAJOK PELHIEH3YBAHHS
PYKONHUCIB HAYKOBUX CTaTei, AKi HAAXOAATH MJIs1 MyOmikaii
a0 penakuii «OnecbKoro MeIN4YHOro :KypHaIy»

HayxoBi crarTi, siki HagxomsaTh s myOmikamii 10
penakiii «Omecbkoro MeIMYHOTO JKYpHAy», MiJUITaloTh
PEICH3YBaHHIO. 3aBIaHHIM PELCH3YBaHHS € MAKCUMAIILHO
00’€KTHBHA OI[iHKAa 3MICTy HAyKOBOi CTarTi, 1I BiAIOBiM-
HOCTI BUMOTaM >KypHaiy, aHaji3 ii mepeBar Ta HEJOJNIKIB,
BHHECECHHS KOHKPETHHX PEKOMEHIAIH momo i BIOCKOHA-
neHHs. BinnoBimanbHUil cexperap JKypHany HpPOBOIHUTH
TIOTIepEeTHIN aHai3 cTarel, IO HAMINILIM 0 pemaKIii,
iXHIO BiOBITHICTH TEMAaTHUIll Ta CIeEIiali3alii KypHay.
Peren3enTiB mpu3HAYa€e TOJOBHHUI pemakTop >KypHAIy.
B okpemux BHUIMaAKax 3a pIllICHHSM TOJIOBHOTO pelakTopa
MpU3HaUeHHs perieH3eHTa(iB) Moxe OyTH TOpydeHe WICHY
penakiiiiHoi KoJerii a0o BUpIlICHE HA 3acCiTaHH] peaaKiii-
HOI KoJjierii.

Perien3eHTaMu xypHaly € DOCBiaYeHi (axiBIi — JOK-
TOPH HAYK, WICHH PEIKOJICTI1 )KypHAITy Ta 0o peakIiiitHo1
paau. Y pasi HoTpedu peakilis 3aIydae 10 pelicH3yBaHHS
CTOPOHHIX (axiBIliB. PerieH3eHTH MarOTh BiAMIOBIIaTH KBa-
ni¢ikaniitanM BuMoram 3rigHo 3 Hakazom MOH VYkpainn
Bim 15.01.2018 Ne 32. HaykoBi cTarTi, 110 HATIWIUTKA 1O
KYpHaITy, CIPSIMOBYIOTHCSI Ha PELCH31I0 OTHOMY peEliCH-
3€HTY, 32 HEOOXiIHOCTI — ABOM pereH3eHTam. s Bcix
CTaTel, M0 HAXOAATH 10 JKYPHAIy, BU3HAYA€ThCS PIBEHb
1XHBO1 YHIKQJIBHOCTI 32 TI0TIoMOror0 CHCTEMH TPOTpaMHO-
obumcioBanbpHOro Komiuiekey Strikeplagiarism.com.

Ilig dvac pereH3yBaHHS OI[IHIOIOTHCS BiAMOBIIHICTH
CTaTTi TEMaTUL )KypHaTy Ta ii Ha3Bi, aKTyaJIbHICTh 1 HAYKO-
BUIl piBEHb, II€peBaru i HEONIKH, BiJIIOBIIHICTE 0hOpM-
JICHHS CTaTTi BEMOTraM penakiii. HampukiHii poOUThCs
BHCHOBOK TIPO JIOULIBHICTD ITyOmiKaii.

Penien3yBaHHs MPOBOIUTHCS KOH(IACHIIIHO 3a PUH-
IUTIOM TIOJBIITHOTO «CIIMOT0» pereH3yBaHHS (aHI aBTOp,
aHi perersedTt He 3Ha1oTh [1.I.B. omHe omHorO). Pernensis
HAJA€THCS aBTOPY CTATTi Ha HOTO 3amuT Oe3 MiAMNCY, BKa-
3IBKM Tpi3BHINA, IMOCAmM 1 Micmsg poOOTH pereH3eHTa.
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B okpemux Bumnagkax Ha MpOXaHHsI PEliCH3EHTa Ta 3a Y3ro-
JOKEHHSIM 13 PelaKI[iifHOI0 KOJIETIEI0 JXypHATy B3a€MOIIsS
pelieH3eHTa Ta aBTOpa MOXE BiJIOyBaTHCh Y BIIKPUTOMY
pexxumi. Taka NpakTHKa 3aCTOCOBYETBHCS JIMIIE B TOMY
BUIIQJIKY, SKIIO BiIKPUTA B3a€MOJis 3a0€3MEYUTH MOJII-
IIEHHS BHKJIQIy Marepiasly poOOTH, IO PpEIeH3YETHCS.
3a3BH4ail perieH3eHT POOUTH BUCHOBOK I0/I0 MOXIIBOCTI
myOmikarii crarti npotsarom 14 mi6.

SIKIIO pereH3eHT PEeKOMEH Y€ BUIIPaBUTH ab0 J00Tpa-
IIIOBATH CTATTIO, PEAKIIis BIATIPABIISE ABTOPY TEKCT PEICH-
311 111 BHeceHHS B poOoTy BigmoBigaHux 3miH. CrarTi,
BiJicTaHi aBTOpaM Ha BHUIIPABJICHHS, CIIiJ] TTOBEPHYTH 10
penakuii He Mi3Hille HiX Yepe3 CiM JHIB Micis OJep>KaHHS.
KopekTtypu aBropaM He BHUCHJIAIOTBCS, MPOTE SIKIIO Ie HE
nopy1uye rpadik BUXOLy *KypHally, MOXJIUBE HaJlaHHS Tpe-
MIPUHTY, y SIKOMY JAOITYyCTUME BHITPABJICHHS JIMIIE TOMUIIOK
Habopy 1 dakTaxy.

ABTOpY, CTaTTA SIKOTO He OyIna MpuiHATa 10 ImyOiKarii,
Ha HOT0 3aITUT BiANIPABISIETHCS. MOTHBOBaHA BiMOBa. Pyko-
TIHC CTATTi HE MOBEPTAETHCSL.

SIkmo aBTOp HE 3TOACH i3 AYMKOIO pEIeH3eHTa, BiH
MOX€ JaTH MOTHBOBAHY BiIIOBI/Ib.

V pa3i motpebu 3a MOTOMKESHHSIM 3 aBTOPOM MOKe OyTH
IPOBEJICHO JIONATKOBE PELEH3yBaHHSA PYKOIUCY IHIINM
(haxiBiem.

OcraToyHe pillieHHs PO MyOiKalito cTarTi Ta i Tep-
MIHH TIpUMa€e peaKiiiiiHa KoJeris.

B okpeMux BHIajikax 3a HasBHOCTI TIO3UTHUBHOI pelieH-
3ii MO)KiIMBa ImyOJiKamisi cTarTi 3a pilICHHSIM TOJOBHOTO
penaxropa abo HOro 3aCTyIHHUKA.

[Micns yxBameHHsI pimIeHHS TPO ITyOINKaIio CTaTTi
penaxiis iHpopMye Ipo Iie aBTOpa 3 YKa3aHHAM TEPMiHY
myOrTiKarii.

Opurinanu pernensiii 30epiratoTbcs B pemakiiii mpots-
roM | poky.
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in full, without abbreviations. After the title of the article a
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22. The date of article’s coming to the Journal is the
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been submitted, requisite payment details are provided. The
cost of publication is UAH 2,000 (up to 12 pages). Each
additional page is paid separately UAH 40. The publication
fee covers costs of proofreading and editing, page-planning
and on-line version of the Journal. At the request the author
of the article can order a printed copy of the Journal. The
cost of a printed copy is UAH 800, which must be paid
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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 medi¢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-

ISSN 2226-2008 OAECHKUIT MEJIMYHUIM KYPHAJI Ne 4 (195) 2025

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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