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The aim. To estimate the connections between platelet morphological characteristics and amino acids (AA)
profile in patients with coronary artery disease (CAD) and atrial fibrillation (AF).

Materials and methods. 300 patients were included in the study. They were divided into 3 groups: first (CAD)
— 149 patients with CAD but without arrhythmias, second (CAD+AF) — 124 patients with CAD and AF paroxysm
and control group — 27 patients without CAD and arrhythmias. Platelets AA level was detected by method of
ion exchange liquid column chromatography. Total platelet count (PC), mean platelet volume (MPV), platelets
distribution width (PDW), platelet-to-leukocyte (PLR) were obtained from common blood count.

Results. Significant decline of PC and rise of MPV and PLR ratio was found in CAD patients and AF paroxysm
in comparison with group with CAD without arrhythmia, p < 0.05. Significant increase of isoleucine, leucine and
decrease of threonine, serine, glycine, valine levels was found, changes in branched chain amino acids (rise
of Isoleucine + Leucine / Valine ratio) and Glycine + Serine (decline Glycine + Serine sum) metabolism were
revealed in CAD patients and AF paroxysm in comparison with group with CAD without arrhythmia, p < 0.05.
Phenylalanine / Tyrosine ratio was significantly elevated in CAD patients with and without AF, p < 0.05.

Taurine, serine, and glycine correlated with platelets morphological characteristics: PC (r=0.714,r=0.732 and
r=0.340 consequently), MPV (r=-0.724,r=-0.390 and r =-0.571 consequently), PDW (r =-0.666 and r = -0.364
consequently) and PLR (r = 0.586 and r = 0.648 consequently), p < 0.05. Platelets glycine (AUC = 0.8760),
valine (AUC = 0.8707), leucine (AUC = 0.8267) and threonine (AUC = 0.8213) levels are closely connected with
AF paroxysm in CAD patients by ROC-analysis results, p < 0.05.

Platelets amino acids combinations: Glycine + 0.6 x Valine (AUC = 0.9987), Threonine — 3.6 x Leucine
(AUC = 0.9040) were found in prediction AF paroxysm for CAD patients by ROC-analysis results, p < 0.05.

Conclusions. Connections between platelets morphology and AA profile violations in patients with CAD and
AF paroxysm were found in our study.

Modern medical technology. 2023;(4):5-11

XapakTepucTMKU TPOMOOLMTIB Y nawieHTiB 3 iwemiuHolo XBopoboto cepus
T1a pibpursLieto nepeacepab

I. 0. MeAbHUUYK

MeTa po60TH — OLiHUTY 3B’A3KK MixX MOPEONOTIYHUMM XapakTepucTukamm Ta amiHokcnoTHM (AK) npodinem
TpomBouwTiB y XBOPKX Ha ilemiuHy xBopoby cepus (IXC) i3 hibpunsuieto nepeacepap (ON).

Marepianu Ta meToau. Y gocnimkeHHs 3anyununu 300 nauieHTis, Skux noginunm Ha Tpu rpynu: nepia (IXC) —
149 xBopux Ha IXC 6es aputmin; gpyra (IXC + @) — 124 obcTexennx 3 IXC i napokcnamom ®f1; KOHTporbHa
rpyna — 27 oci6 6e3 IXC Ta aputmiit. PiBeHb AK TpomGoumTiB BrU3HAYanM METOAOM iOHOOOMIHHOI PigUHHOT
KOMOHKOBOI xpomartorpadii. 3aranbHy kinbkictb TpombouuTie (PC), cepenHiit 06’em TpombouuTie (MPV), wu-
puHy posnoainy TpombounTie (PDW), cnieigHoLWEHHs TpombouuTie Ta nerkoumTis (PLR) BU3Haummm nig yac
3aranbHOro aHanisy Kposi.

Pesynbratu. Y nauienTis 3 IXC i napokcuamom @1 BussneHo goctosipHe 3HkeHHs PC i nigsuwenHs MPViPLR
nopisHsHO 3 rpynoto 3 IXC i 6es aputmii (p < 0,05). Y nauienTiB 3 IXC i napokcuamom I nopiBHSHO 3 rpynoto
xBopwux Ha IXC 6e3 apuTMii BCTAHOBMINM 3HaYHE MIABULLEHHS PIBHIB i30NEALMHY, NEALMHY Ta 3HUKEHHS pIBHIB
TPEOHiHY, CEpUHY, rMiLMHY, BaniHy; 3athikCOBAHO 3MiHWN MeTaboniamMy amiHOKACIOT i3 po3ranyXeHUM NaHLrom
(ninBULLEHHS CNIBBIAHOLUIEHHS i30NEALWH + NELMH / BaMiH) i FILMH + CEPUH (3MEHLLEHHS CYMU TIILWH + CEPUH),
p <0,05. CniBBigHOLIEHHS heHinanaHiH / TMPo3uH icToTHO nigeuLLEeHe B nauieHTi 3 IXC 3 ®I11a 6e3 Hei, p < 0,05.

TaypuH, CepwH i mMiLMH KOpenioTb i3 MopdonoriYHnMK Xapaktepuctukamm TpombouuTie: PC (r = 0,714,
r=0,732ir=0,340 BignosigHo), MPV (r=-0,724,r=-0,390 i r = -0,571 BignosigHo), PDW (r=-0,666 i r = -0,364
BignosiaHo) i PLR (r = 0,586 i r = 0,648 signosigHo), p < 0,05. 3a pesynstatamu ROC-aHaniay, piBHi riLuHy
(AUC = 0,8760), Baniny (AUC = 0,8707), neiumHy (AUC = 0,8267) i TpeoHiHy (AUC = 0,8213) TpombouuTiB
TicHO noB’a3aHi 3 napokcuamoM ®I1y navienTis 3 IXC, p < 0,05.
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Y peaynerati ROC-aHanisy kombiHaLii amiHokucnoT TpombouuTi, a came riumH + 0,6 x BaniH (AUC = 0,9987),
TpeoHiH — 3,6 x neiumH (AUC = 0,9040), sanponoHoBaHi Ans nporHo3y napokcuamy 1y navieHTis 3 IXC, p < 0,05.

BucHoBku. BusHaunny 38'a3ku Mix 3MiHamu Mopchonorii Ta aMiHOKCNIOTHOrO Npodbinio TPOMOGOLWTIB Y NaLieHTiB

3 IXC i napokcuamom OI1.

CyuacHi MeauuHi TexHonorii. 2023. Ne 4(59). C. 5-11

Atrial fibrillation (AF) is the most common cardiac arrhythmia
in adults, and it is associated with significant morbidity and mor-
tality. Coronary artery disease (CAD) is a known AF risk factor.
CAD and AF have most mutual risk factors and can worsen clinical
picture and prognosis. Stroke is one of the most common AF
complications. Ischemic stroke is a prevalent among AF patients.
As well as thromboembolism is a common AF complication.
Therefore, anticoagulant therapy is the basis in AF treatment[1,2].

Mechanisms of increased platelets activity in CAD patients
are well known. But increased prothrombotic tendency patho-
genesis in AF patients is still under study. AF is associated with
platelets activation. Activated platelets have a lot of prothrombotic
and vasoactive properties. Hemostatic balance is represented
by platelets condition and its violations leads for supraventricu-
lar arrhythmias development [3]. Moreover, platelet-derived
biomarkers are an attractive target for secondary prophylaxis in
CAD patients, because CAD pathogenesis is directly related to
thrombosis occurrence [4].

Recent studies have reported about association of platelets
characteristics with AF occurrence. AF is characterized by de-
creasing platelets count (PC), increasing mean platelet volume
(MPV) and platelets distribution width (PDW). MPV is the reliable
marker of platelets activation [3]. Branched chain amino acids
(BCAA) metabolism is deeply implicated in platelets activation in
animal studies. Valine / a-ketoisovaleric acid catabolic pathway
switching-on can facilitated platelets activation by increase of
integrin expression allbB3 and propionylation of tropomodulin-3
in platelets [5].

Plasma BCAA levels are directly connected with arterial
thrombosis. Also, circulating BCAA positively correlates with
cardiovascular risks, arterial hypertension, and insulin resistance.
In vivo BCAA are capable to increase agonist-induced activation,
granule release, aggregation and spreading of platelets [6].

On the other hand, glycine can reduce platelets activation
by influencing glycine-gated chlorine channels in platelets [7].
In vitro taurine is also applicable to reduce platelets activations
by tissue-type plasminogen activator and extent platelets shape
exchange [8].

The role of platelets characteristics in the AF pathogenesis
and AF paroxysm prediction remains completely unclear nowa-
days. Moreover, there is not enough studies about platelets AA
profile in AF and CAD patients. Most data on the amino acids
role in platelets activation are obtained from animal studies and
in vivo experiments.

Aim
To estimate the connections between platelet morphological

characteristics and amino acids profile in patients with coronary
artery disease and atrial fibrillation.

Materials and methods

We examined 300 patients and divided them into 3 groups:
first (I) — 149 patients with CAD and without arrhythmias, second
(Il - 123 patients with CAD and AF paroxysm and control group
(CG) - 28 patients without CAD and arrhythmias. CAD and
AF diagnosis were based on latest ESC guidelines [1,2]. CAD
diagnosis was confirmed by history of coronary arteries stenotic
changes at invasive coronarography. AF paroxysm was checked
by resting 12 leads electrocardiography (ECG).

Exclusion criteria were registered malignancies, chronic
kidney disease (Glomerular Filtration Rate, GFR <60 mL/min),
valvular AF, heart failure Class Ill to IV (by New York Heart
Association), thyroid pathology, inflammatory bowel disease,
irritable bowel syndrome, vegetarians and vegans, pregnancy,
taking probiotics and antibiotics for a month before the study.
There were no significant differences in risk factors at baseline
between the study groups.

The study was based on and approved by the ethic commis-
sion of the Kyiv City Clinical Hospital No. 12. Informed consent
was obtained from all subjects in accordance with the Declaration
of Helsinki.

Baseline characteristics of study sample are shown in Table 1.

Characteristics such as PC, MPV, PDW, platelet-to-leukocyte
ratio (PLR) and platelets AA profile were investigated. PC, MPV,
PDW, PLR were obtained from common blood count. Platelets AA
level was detected by method of ion exchange liquid column chro-
matography — such AA were identified: lysine, histidine, arginine,
ornithine, taurine, asparagine acid, threonine, serine, glutamine
acid, proline, glycine, alanine, cysteine, valine, methionine, iso-
leucine, leucine, tyrosine, phenylalanine, glutamine, ammonia.

Blood sampling from patients was performed on an empty
stomach from the cubital vein on the first day of hospitalization,
before treatment. Citrated blood was centrifuged for 10 minutes
at a speed of 1500 revolutions per minute. The middle layer was
selected with a Pasteur pipette — the plasma is saturated with
platelets. The obtained material was again centrifuged for 20
minutes at a speed of 3000 revolutions per minute. The upper
supernatant liquid was collected with a Pasteur pipette, and the
lower layer was washed with buffer (pH 6.2). Washed platelets
were resuspended in buffer (pH 7.4).

Results were presented as mean + standard error or [95 %
confidence interval (Cl)] for continuous variables or as a number
for categorical variables. Data were compared using Wilcoxon
signed-rank test or Student t-test with two critical regions by
the type of distribution; Spearman’s rank correlation coefficient.
ROC-curve analysis for lipid and inflammatory indexes and linear
regression model were done. Area under ROC-curve (AUC) was
calculated [8,9,10]. All calculations were done in MATLAB R2014a
(License number 271828).

6 Modern medical technology. No. 4, October - December 2023

ISSN 2072-9367



OpuriHanbHi pocnipkeHHs / Original research

Table 1. Baseline characteristics of study sample, mean + standard error

Parameter, CAD CAD +AF CG p1-2 p2-3 p1-3
units of measurement

Age, years 67.71+£3.90 67.96 £ 0.94 56.25+2.18 >0.05 >0.05 >0.05
Men, % 48.99 47.97 48.15 >0.05 >0.05 >0.05
BMI, kg/m? 27.02+0.33 26.93+0.43 28.12+2.10 >0.05 >0.05 >0.05
Uric acid, mmol/L 380.5 £ 28.16 404.90 £ 36.11 310.20 £ 29.12 >0.05 <0.05 <0.05
Total bilirubin, mmol/L 11.30+0.09 12.40+0.08 11.70+0.11 >0.05 >0.05 >0.05
GFR, ml/min 62.03 £ 2.31 67.73+1.98 84.01+548 >0.05 <0.05 <0.05
Total cholesterol, mmol/L 573+0.37 6.18 £ 0.31 4.32+0.21 >0.05 <0.05 <0.05
Table 2. Platelets characteristics in investigated groups, mean + standard error

Parameter CAD CAD +AF CG p1-2 p2-3 p1-3
PC 240.20+7.80 210.90+5.78 305.00 £7.79 <0.05 <0.05 <0.05
MPV 10.86 + 0.09 11.87 £ 0.08 8.1310.14 <0.05 <0.05 <0.05
PDW 12.38 £ 0.17 12.50+0.14 10.390.20 >0.05 <0.05 <0.05
PLR 34.07£1.23 48.08 +3.19 30.32+1.01 <0.05 <0.05 <0.05

Results Glycine + Serine sum (33.37 %) was found in the second group

Platelets morphological sings were investigated in the studied
groups in our study. In the first group significant decrease in PC
(21.25 %) and increase in MPV (33.58 %), PDW (20.31 %) and
PLR (12.37 %) compared to CG were found. Also, in the second
group significant decrease in PC (30.85 %) and increase in
MPV (46.00 %), PDW (20.31 %) and PLR (58.58 %) compared
to CG were obtained. Moreover, in the second group significant
decrease in PC (12.20 %) and increase in MPV (9.30 %) and PLR
(41.12 %) compared to the first group were observed.

Results are shown in Table 2.

Also, platelets amino acids profile was detected in studied
groups in our investigation. In the first group significant increase
inisoleucine (12.41 %) and decrease in taurine (20.26 %), serine
(9.31 %) and glycine (19.73 %) levels were found in comparison
with CG. In the second group we observed significant rise of
isoleucine (24.47 %), leucine (10.20 %) and depletion of tau-
rine (19.84 %), threonine (29.37 %), serine (13.90 %), glycine
(45.59 %) and valine (27.87 %) levels in comparison with CG.
Furthermore, in the second group significant increase of isoleu-
cine (10.73 %), leucine (12.63 %) and decrease of threonine
(23.05 %), serine (5.06 %), glycine (32.21 %), valine (30.83 %)
levels were found in comparison with the first group.

Results are shown in Table 3.

Different AA combinations were compared for deeper under-
standing their pathogenetic role. We have detected: branched
chain AA (BCAA) - Isoleucine + Leucine / Valine ratio, aromatic
amino acids (AAA) — Phenylalanine/ Tyrosine ratio, Glycine + Se-
rine sum. Significant increase of Phenylalanine / Tyrosine ratio
(10.34 %) and decrease of Glycine + Serine sum (15.73 %) was
found in the first group compared to CG. Also, significant increase
of Isoleucine + Leucine / Valine ratio (55.28 %) and decrease of

compared to CG. Moreover, significant rise of Isoleucine + Leu-
cine / Valine ratio (61.19 %) and depletion of Glycine + Serine
sum (20.93 %) was revealed in the second group compared to
the first one.

All results are shown in Table 4.

Correlation analysis between morphological characteristics
of platelets and AA profile in the studied groups was performed.
The largest number of correlations was observed between
platelets AA profile and their morphological characteristics as
PC (total number = 5), PLR (total number = 5) and MPV (total
number = 6) levels. On the other hand, the highest number
of correlations was found between taurine (total amount = 3),
serine (total number = 3) and platelets morphological chara-
cteristics.

All correlations are shown in the Fig. 1.

ROC-analysis was performed individually for each platelet
AA, for further validation of their diagnostic values AUC was
established for each platelet AA. Seven acceptable results were
found in our study: AUC more then 0.7 was detected for threonine,
serine, glutamine acid, glycine, valine, isoleucine, and leucine — it
is concern as acceptable result [11].

Results are shown in Table 5.

AUC more then 0.8 was found for threonine, glycine, valine,
and leucine — we consider this as good result [11].

The best four of obtained ROC-curves are shown in Fig. 2.

Also, we tried to find the optimal platelets AA combination
with the highest AUC through results of the first and second
groups.

We got two excellent (AUC more then 0.9) [11] combinations:
Glycine + 0.6 x Valine, AUC = 0.9987, p < 0.05; Threonine —
3.6 x Leucine, AUC = 0.9040, p < 0.05. ROC-curves are shown
in Fig. 3.
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Table 3. Platelets AA spectrum in investigated groups, mean * standard error, mkmol/L

Parameter CAD CAD + AF CG p1-2 p2-3 p1-3
Lysine 100.30 + 3.81 98.27 £ 3.05 105.60 + 5.89 >0.05 >0.05 >0.05
Histidine 191.80 £ 5.37 194.20 £ 4.84 194.20 + 11.26 >0.05 >0.05 >0.05
Arginine 103.50 £ 3.12 102.80 + 1.86 102.90 £ 7.11 >0.05 >0.05 >0.05
Ornithine 59.64 £ 1.51 58.37 + 1.82 57.10+3.19 >0.05 >0.05 >0.05
Taurine 3066.00 + 20.58 3082.00+17.18 3845.00 + 74.49 >0.05 <0.05 <0.05
Asparagine acid 237.80+4.20 228.90 £ 1.99 234.30 £ 16.21 >0.05 >0.05 >0.05
Threonine 184.40£7.18 141.90 £ 5.53 200.90 + 7.62 <0.05 <0.05 >0.05
Serine 205.60 £ 2.16 195.20 £ 2.64 226.70 £ 6.35 <0.05 <0.05 <0.05
Glutamine acid 428.00 £ 5.46 415.80 +26.13 394.70+18.90 >0.05 >0.05 >0.05
Proline 7344 +1.59 70.90 £ 1.58 68.10+6.18 >0.05 >0.05 >0.05
Glycine 290.00 + 3.59 196.60 + 2.19 361.30+17.27 <0.05 <0.05 <0.05
Alanine 375.20+2.76 369.80 + 3.82 383.90+ 5.85 >0.05 >0.05 >0.05
Cysteine 88.60 £ 1.71 81.57+1.32 80.80 £ 7.69 >0.05 >0.05 >0.05
Valine 170.60 £ 2.24 118.00 +2.12 163.60 + 11.88 <0.05 <0.05 >0.05
Methionine 7512+ 1.11 73.60£0.93 80.40+7.14 >0.05 >0.05 >0.05
Isoleucine 51270+ 4.34 567.70 + 12.55 456.10 £ 16.63 <0.05 <0.05 <0.05
Leucine 199.60 £2.28 22480 +4.58 204.00 £ 7.1 <0.05 <0.05 >0.05
Tyrosine 135.30 £ 1.43 147.30£4.18 137.20 £ 8.11 >0.05 >0.05 >0.05
Phenylalanine 86.36 £ 2.24 82.53 +1.46 83.90+3.38 >0.05 >0.05 >0.05
Glutamine 306.60 + 2.90 308.90 +4.28 314.70 + 8.35 >0.05 >0.05 >0.05
Table 4. Plasma AA spectrum combinations in CAD patient with or without AF compared to control group, mean [95 % Cl], mkmol/L

Parameter CAD CAD +AF CG p1-2 p2-3 p1-3
Isoleucine + Leucine / Valine | 4.20 + 0.05 6.77+£0.15 4.36 £0.52 <0.05 <0.05 >0.05
Phenylalanine/ Tyrosine 0.64 +0.02 0.63+0.05 0.58 +0.02 >0.05 >0.05 <0.05
Glycine + Serine 495.50 £ 2.82 391.80 £3.71 588.00 + 18.45 <0.05 <0.05 <0.05

Risk factors / o |o |2 % £ = @ £ (2 |, |e E £

|2 | |6 | |2 | |& |5 | |8 |<|cd |8 |2 |28 |8 | |& |o

Age ||

BMI

GFR

:’g . || -

MPV

PDW

PLR m

- strong positive correlation, r > 0.7;
|:| moderate positive correlation, 0.3 <r <0.7;
|:| no significant correlations;

|:| moderate negative correlation, -0.3 > r >-0.7;
- strong negative correlation, r <-0.7.

Fig. 1. Platelets morphological characteristics and AA profile correlations, p < 0.05.
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Fig. 2. ROC-analysis of platelets AA in the first and second groups, p < 0.05. A: Glycine, AUC = 0.8760; B: Valine, AUC = 0.8707;
C: Leucine, AUC = 0.8267; D: Threonine, AUC = 0.8213.
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Fig. 3. ROC-analysis of platelets AA combinations in the first and second groups, p < 0.05. A: Glycine + 0.6 x Valine, AUC = 0.9987;
B: Threonine - 3.6 x Leucine, AUC = 0.9040.
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Table 5. ROC-curve analysis - area under ROC curve for each platelet
AAin first and second groups, p < 0.05

Platelets AA AUC

Lysine 0.5313
Histidine 0.5360
Arginine 0.5013
Ornithine 0.5513
Taurine 0.6480
Asparagine acid 0.6180
Threonine 0.8213
Serine 0.7080
Glutamine acid 0.7307
Proline 0.5920
Glycine 0.8760
Alanine 0.5767
Cysteine 0.7353
Valine 0.8707
Methionine 0.5693
Isoleucine 0.7527
Leucine 0.8267
Tyrosine 0.6700
Phenylalanine 0.6727
Glutamine 0.5147

Discussion

Platelets morphological changes during AF paroxysmin CAD
patients were found in our study. They included decline of total
PC and rise of MPV and PLR. These changes were predictable
according to the recent literature data [3,4]. AF paroxysm patho-
genesis is based on thrombosis and inflammation processes [3].
Platelet's role in coagulation now is already have proved. It is
based on release of variety biological active factors from platelets
granules during their activation. They include thrombin, adeno-
sine diphosphate, thromboxane A,, and the phosphorylation of
various target proteins, resulting for high-affinity ligands binding
and platelets aggregation. Moreover, platelets a-granules are
composed of adhesion proteins (fibrinogen, fibronectin, thrombos-
pondin, vitronectin, von Willebrand factor), chemokines (Platelet
factor 4, B-Thromboglobulin, Macrophage inflammatory protein
10, etc.), coagulation proteins (factors V, VI, X, XIlI, kininogens,
plasminogen, protein S) and growth factors (Angiopoietin-1 and
2, Endothelial cell growth factor, Interleukin-2, 3, 4, 6, 7, and 8,
Interleukin-B, etc.), immunoglobulins, protease inhibitors, proteo-
glycans, etc. [12]. MPV is an important marker of platelets activity.
Secretion from platelets granules is characteristic of large cells. By
the latest data, MPV is correlated with major cardiovascular risk
factors as hypercholesterolemia, dyslipidemia, hyperglycemia,
etc. Increased MPV is closely associated with CAD and its compli-

cations. Thus, it can be used as a marker of the risk stratification
in CAD patients. PDW is also known, but less sensitive factor of
platelets activity. Itis also increased for CAD and AF patients, but
it also depends on different additional factors [3].

According to our data, PDW was not different in CAD and
CAD with AF paroxysm groups. PLR is the possible marker of
balance between thrombosis and inflammation: increased PLR
can indicate the rise of risk platelets-rich thrombi formation. Also,
it promotes inflammatory changes because increased PLR is
associated with enhanced megakaryocytes proliferation [4].
However, connections between morphological and biochemical
platelets structural changes have not yet been explored.

Platelets amino acids spectrum was investigated in our
study: increase of isoleucine, leucine and decrease of threo-
nine, serine, glycine, valine levels was found. Also, significant
changes in BCAA (rise of Isoleucine + Leucine / Valine ratio) and
Glycine + Serine metabolism were revealed in patients with CAD
and AF in comparison with CAD patients without arrhythmias.
BCAA metabolism violations directly takes part in thrombosis
formation. Excessive plasma BCAA levels correlate closely with
thrombosis. Isoleucine and leucine are metabolized in acetate
and propionate consequently, valine is metabolized into butyrate.
Valine / a-ketoisovaleric acid catabolic pathway has the strong-
est promotion effect on platelets activation [5]. Moreover, BCAA
promote thrombopoiesis by activating mTOR signaling pathway
and increasing tropomodulin-3 propionylation [5,13].

Glycine is able to hyperpolarize cellular membrane by increas-
ing chloride conduction. Glycine binds anion channel receptor and
chlorine influx increases. It is known that in hyperpolarized cell
calcium channel are more difficult to open. So, glycine inhibits
platelets aggregation by minimizing of intracellular calcium growth
[7]. Serine / threonine protein kinases plays the crucial role in
platelets membrane receptors stimulation and subsequent second
messenger signaling. Their inhibition blocks multiple intraplatelet
and membrane signaling pathways and lead for platelets activa-
tion [14]. Phenylalanine / Tyrosine ratio was significantly elevated
in CAD patients with and without AF. Tyrosine protein kinases
and phosphor-tyrosine signaling pathway also directly regulate
platelets activation [15]. Taurine and serine had the largest num-
ber of correlations with platelets morphological characteristics in
our study. Taurine has known anti-inflammatory and antilipidemic
properties. Also, taurine inhibits platelet-derived growth factor BB,
that can decline platelets activation [8].

Moreover, in our study we provided ROC-analysis, that
showed an improved role of glycine, valine, leucine, and threo-
nine metabolism in AF paroxysm pathogenesis in CAD patients.

Conclusions

Connections between platelets morphology and amino acids
profile violations in patients with coronary artery disease and atrial
fibrillation paroxysm were found in our study:

1. Significant decline of total platelet count and rise of mean
platelet volume and platelet-to-leukocyte ratio was found in coro-
nary artery disease patients and atrial fibrillation paroxysm in
comparison to group with coronary artery disease and without
arrhythmia, p < 0.05;
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2. Significant increase of isoleucine, leucine and decrease
of threonine, serine, glycine, valine levels were found, changes
in branched chain amino acids (rise of Isoleucine + Leucine /
Valine ratio) and Glycine + Serine (decline Glycine + Serine sum)
metabolism were revealed in coronary artery disease patients and
atrial fibrillation paroxysm in comparison with group with coronary
artery disease and without arrhythmia, p < 0.05;

3. Phenylalanine / Tyrosine ratio was significantly elevated in
coronary artery disease patients with and without atrial fibrillation,
p <0.05;

4. Taurine, serine and glycine correlated with platelets mor-
phological characteristics: total platelets count (r=0.714,r=0.732
and r = 0.340 consequently), mean platelet volume (r = -0.724,
r=-0.390and r=-0.571 consequently), platelets distribution width
(r=-0.666 and r = -0.364 consequently) and platelet-to-leukocyte
ratio (r = 0.586 and r = 0.648 consequently), p < 0.05;

5. Platelets glycine (AUC = 0.8760), valine (AUC = 0.8707),
leucine (AUC = 0.8267) and threonine (AUC = 0.8213) levels are
closely connected with atrial fibrillation paroxysm in coronary
artery disease patients by ROC-analysis results, p < 0.05;

6. Platelets amino acids combinations: Glycine + 0.6 x Va-
line (AUC =0.9987), Threonine — 3.6 x Leucine (AUC = 0.9040)
were found for prediction of atrial fibrillation paroxysm in coro-
nary artery disease patients according to ROC-analysis resullts,
p <0.05.

Prospects for further research. Platelets amino acids profile
correction will be interesting approach for further investigations.
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KinbKiCTb NaLieHTiB i3 XPOHIYHUMY NPOMEHEBUMY YPAXKEHHAMY CIIMHHUX 3ar103 BHACNIAOK NiKyBaHHS BUCOKOAW-
hepeHLiioBaHNX KapLMHOM LWMTONOAIGHOT 31031 pagioakTUBHWM I0A0M Ma€ CTany TEHAEHLiK0 A0 36inbLUEHHS.
Lle 3ymoBnitoe HeoOXiaHICTb MOLLYKY HOBUX NaTOrEHETUHHO OPIEHTOBAHWX NMiAXOAIB | METOLIB iX NiKyBaHHS 3aNeXHO
Bif CTagii npouecy Ta hakTopis pu3mKy.

Meta po60TH — BU3HAUNTW KIiHIYHY €PEKTUBHICTb HOBOrO METOAY NATOreHETUYHOrO NMiKyBaHHS Ha OCHOBI
AvepeHLinoBaHOro Ta NepCoHani3oBaHoro Miaxoay [0 NPOMEHEBUX YpaXeHb CIIMHHUX 3203, CIPUMUHEHNX
pafioakTUBHWM 1040M, MOPIBHSAHO 3 TPAAULINHUMK Nigxogamu.

Marepianu Ta MeToau. Y npocnekTUBHE AOCiZKeHHs 3anyqnnn 60 naujeHTis (5 YonosikiB i 55 xiHok, ce-
peHin Bik ctaHoBmB 45,0 + 0,5 poKy) i3 XPOHIYHUM NPOMEHEBUM YPaKEHHSAM CIIMHHUX 3ar103 Micns NikyBaHHS
pagioakTBHUM nofoM. OBCTEXEHNX NOAINMAM Ha ABI IPYNK 3aNeXHO Bif 3aCTOCOBYBaHWUX METOAIB NiKyBaHHS.
KniniuHy edpekTMBHICTb pO3p0BNeHNX METOLIB BU3HAYanM Ha OCHOBI 0B’EKTUBHMX KMIHIYHUX KPUTEPIiB y TEPMIH
[0 1 poKy nmicns pagioiogTepanii.

Pe3ynitaTi. BectaHoBuv, WO 3anponoHOBaHWIA Miaxia AaBas 3MOTY BipOTiBHO MOKPALLMTY pe3ynbTaTi NikyBaHHS
MOPIBHAHO 3 TPaAMLiHUMKU MeTogaMm. 30Kpema, 3aCTOCYBaHHS PO3POBNEHOr0 KOMMEKCY NiKyBanbHIX 3aX0AiB
i3 MPU3HAYEHHSM FTIHOKOKOPTMKOILIB MPOMOHrOBAHOI Aii, iHribiTopiB NpoTeonisy Ta cianoeHAOCKOMIYHUX METOAMK
Aano 3Mory Yepes pik nicns noyarky nikyBaHHA AOCArHYTY 3HUKHEHHS YW MPUHANMHI MiHiMi3aUii KNiHIYHWX NposiBiB
3axBoploBaHHs y 73,3 % XBopux (y KOHTponbHin rpyni — 33,3 % sunagkis). JlikyansHuit echekT He BUSBUIKN
nuwe y 6,7 % xsopux nopisHsAHO 3 20,0 % y KOHTPOILHIN rpyni.

iz Yac 3acTocyBaHHs po3pobneHoro nigxoay NOpYLIEHHS BIATOKY CIIMHW Ta NPOsiBU 3anarbHOoro NpoLecy ycyea-
nuch edheKTUBHILLE, @ Pe3ynsTaTi, JOCArHYTI B OCHOBHIN rpyni, OCTOBIPHO KpaLLi, HiX Y KOHTpOnbHiIi (x? = 6,20,
p < 0,05 Ta x? = 6,67, p < 0,05 BignosiaHo). MopyLueHHs cekpeTopHoi hyHKLii koperysanuch riplue, 0cobnmeo
Ha Ni3HiX CTafisX 3aXBOPIOBAHHS, aCOLIIOBaHWX i3 PO3BUTKOM TSXKKIX (DOPM KCEPOCTOMIl.

BucHoBku. JudepeHLiioBaHe 3acTocyBaHHs po3p0BrneHoro natoreHeTMYHO OPIEHTOBAHOIO NiKyBanbHOr0 KOMM-
NeKCy Aano 3mMory BiporigHO NOKPALUMTK CTaH XBOPMX i3 XPOHIYHUMU NPOMEHEBUMI CianoaaeHiTamn y TEpMiH
CroCTEPEeXeHHs 0 1 POKy, @ TaKoX BUSIBUNOCH AOCTOBIPHO €PEKTUBHILLUM 3a TpaauLiiiHi cnocobn cumntoma-
TUYHOT KOpEKLii LLOAO YCYHEHHS SBULL, peTeHLii cnukm (x2 = 6,67, p < 0,05) Ta nposisie 3ananeHHs (x* = 6,20,
p < 0,05). 3acTocyBaHHsi po3pobneHoro KOMMNEKCy NikyBanbHUX 3axXofiB Aano 3Mory B TepMiH o 12 micauis
nicns TpaBMu JOCSITY MOBHOTO 3HUKHEHHS abo MiHiMi3aii kniHiYHUX NposiBiB 3axBoptoBaHHS y 73,3 % XBOpHX
(y KoHTponbHiIN rpyni — 33,3 %) Ta yacTkosoro nokpatleHHs y 20,0 % sunagkis (y KoHTponbHin rpyni — 46,0 %).
JocarHeHHs 6axaHoro KMiHiYHOro pesynbraTy Ta CTIMKOI PeMiCii KNiHIYHUX NPOsBIB Y NALIEHTIB i3 XPOHIYHNMM
NpOMeHeBMMU cianoageHitamu notpebyBano NpuaHa4eHHs NikyBanbHWX 3aXOfiB NPOTAroM TPWUBArOro Yacy i
YiTKOrO AOTPUMAHHSI PEKOMEHAALIN oA Cnocoby XKUTTS i FirieHN NOPOXHWHM poTa.

CyuacHi MeanuHi TexHonorii. 2023. Ne 4(59). C. 12-20

A differentiated approach to complex treatment of radioiodine-induced salivary
gland lesions

A. V. Kopchak, V. A. Makarenko

The number of patients treated with radioactive iodine for highly differentiated thyroid carcinomas who develop
chronic radiation-induced salivary gland lesions is constantly rising, that necessitates the search for new patho-
genetically focused approaches and methods of treatment considering the stage of the process and pre-existing
risk factors.

Aim. The aim of the study was to determine the clinical effectiveness of a new pathogenetic therapy based on
a differentiated and personalized approach compared to standard approaches for radioactive iodine-induced
salivary glands lesions.
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Materials and methods. The prospective study included 60 patients (5 men and 55 women, aged 45.0 £ 0.5
years) with chronic radioactive iodine-induced salivary gland lesions following radiation treatment. The patients
were divided into 2 groups depending on the type of therapy they received. The clinical effectiveness of the
developed methods was evaluated with the use of objective clinical criteria within a year after radioiodine therapy.

Results. Our approach demonstrated reliably improved treatment outcomes compared to standard techniques.
Thus, the treatment we offered, which included long-acting glucocorticoids, proteolysis inhibitors, and sialen-
doscopic techniques, completely resolved or minimized the clinical manifestations of the disease in 73.3 % of
patients (33.3 % in the control group) one year after the start of treatment. The therapeutic effect was not found
only in 6.7 % of patients compared to 20.0 % in the control group.

The developed approach effectively eliminated saliva outflow disorders and inflammatory symptoms, with sig-
nificantly better results of the treatment group compared to the control group (x? = 6.20; p < 0.05 and x? = 6.67;
p < 0.05). The disorders of secretory function were more difficult to correct, especially in the later stages of the
disease, associated with severe xerostomia development.

Conclusions. The differentiated use of the developed pathogenetically oriented complex treatment enabled us
to significantly improve the condition of patients with chronic radiation-induced sialoadenitis during the obser-
vation period of up to 1 year. This treatment also outperformed traditional symptomatic correction in solving the
problem of saliva retention (x? = 6.67; p < 0.05) and inflammation manifestations (x? = 6.20; p < 0.05). Clinical
symptoms of the disease were fully resolved or reduced in 73.3 % of patients versus 33.3 % in control group
and partially improved in 20.0 % versus 46.0 % of control group within 12 months after radiation exposure. Long-
term treatment and strict adherence to lifestyle and oral hygiene recommendations were required to achieve the
desired clinical result and stable remission of clinical symptoms in patients with chronic radiation sialoadenitis.

Modern medical technology. 2023;(4):12-20

lMpobnema AiarHoCTUKK i NiKyBaHHS MPOMEHEBNX YpaKeHb
CnnHHUX 3ano3 (C3) HabyBae 3HaYHOI aKTyanbHOCTi y 383Ky 3
LUMPOKUM BUKOPWUCTaHHAM Teparnii pagioakTyBHUM NOAOM Y na-
LlieHTIB i3 BUCOKOAMMEPEHLitOBaHUMM hOpMamMu paky LLMTOMo-
Ji6HOI 3an03K, a came 3 NaninspHOK KapLMHOMOIO LMTONOAIBHOI
3anoaw (MKLL3). 3acTocysaHHs pagioakTMBHOTO oAy BiporigHO
3MEHLLYE NMOBIPHICTb peLyanBy HOBOYTBOPEHHS Ta 3abe3anevye
[ECATUPIYHY BUXMBaHICTb NaLieHTiB Ha piHi 80 % i OinbLue [1].
OpHak nig Yac 3acTocyBaHHs Lboro hapmnpenapary y XBopux
BWHUKAE HW3Ka NobiYHNX edpekTiB Ta yCKIaaHeHb, iIMOBIpHICTD i
BMPA3HICTb SKMX MEBHOK MiPOI0 3anexatb Bif NOTNMHYTOI 403K
OrnpoMiHeHHs. Bigomo, Lo KpiM TMPEOIAHOT TKaHUHWU 3AaTHICTb
KOHLIEHTPYBATW PagioakTUBHUI O MaloThb i iHLWi TKAHWHW 1
OpraHm NIOAVMHM: CIIMHHI 321031, CIN30Ba LLTYHKOBO-KMLLKOBOTO
TpaKTy, roHaauM, MOMoYHa 3anosa nig vac nakrauii towo. Oco-
OnMBO iIHTEHCMBHO i30TOMM PaAioaKTUBHOIO AOLY HAKOMNYYHOTLCS!
B TKaHWHI CIIMHHKX 3an03 [2]. Y pe3ynbrari NorfnHaHHs 3Ha4HNX
[03 PafioaKTMBHOTO BUMPOMIHKOBAHHS! B 3a5103aX MOXE BUHMKATH
KOMMIIEKC CTPYKTYPHUX | (OyHKLIIOHAIbHUX NOPYLUEHD, LLO BUSIB-
NSOTb 3@ PO3BUTKOM FOCTPOro abo XPOHIYHOTO CianoageHiTy 3
BMPA3HNMU O3HAKaM PETEHLi CIIMHI, HACTYNHM BUCHKEHHSIM
(pyHKLOHaNbHUX pe3epBiB i NOSIBOK KcepocToMii [3].

3Baxatoum Ha Te, LLO OMiKyBaHa TPVBAmMICTb XUTTS XBOPUX i3
BUCOKOAMEPEHLLINOBaHIMM KapLMHOMaMM LLMTONOAIOHOI 3a5103u
3pOCTaE i BIpOrigHO He BiApI3HAETBCA Bif, HOPMAnbHOI, @ 3Ha4Ha
YacTWHa TaKuX HOBOYTBOPEHb NOTpeDYeE 3aCTOCYBaHHS BUCOKMX
[03 PagioaKTMBHOTO VOAY, KiNbKICTb NALEHTIB i3 XPOHIYHMMM Npo-
MEHEBUMY CianoafieHiTamu Mae CTarty TeHAEHLH 40 30iNbLUEHHS.

3ayBaxmmo, L0 0Ci HEMaE KMiHIYHUX HACTaHOB | 3aTBEPKE-
HVX NPOTOKONIB NiKyBaHHS BUCOKOAMMEPEHLIIOBAHMX KapLMHOM
LUMTONOAIOHOI 38031, a pekoMeHaaLi pi3HNX aBTOPIB HEPIAKO
€ KOHTPOBEPCIHAMM | He MICTATb HEODXIZHOrO OBIPYHTYBaHHS
Ta MigTBEPMKEHHS! KITIHIYHOT eeKTUBHOCTI 3 NOrNsAy A0Ka30BOI
meauumHu [4].

TNMikyBaHHS HaCnigKiB ONPOMIHEHHS PagioaKTUBHUM OLOM
30e0inbLLOro 3B04MTLCA A0 CUMMTOMATIUYHOI Tepanii. [MaLieHTn
MalTb AOTPUMYBATUCL BiAMOBIAHOTO PEXUMY XapyyBaHHS,
YHUKaTW ferigpartauii B Oyab-akux dhopmax, BXnUBaTV 4OCTaTHIN
8060BMI 00’'EM PiaWHKM Ta BUKOHYBATU iHTEHCUMBHUIA Macax
CMWHHWX 3an03 Ans 3abe3nevyeHHs CTanoro piBHS CrWHOBM-
JiNeHHs, NIATPUMKN APEHaXHOI DyHKLii NPOTOKOBOI CUCTEMM,
NPOQINakTVKN 3aCTOK CMINHW i YTBOPEHHS CrIM30BKX Npo6OK
Yy BMBIZHVX npoTokax 3ano3. Logo megnkameHTo3Ho! Tepanii
FOCTPOro | XPOHIYHOTO NPOMEHEBOrO CianoafeHiTy, TO OKpeMi
JOCRIOHVKM PEKOMEHIYIOTb MPU3HAYEHHS HECTEPOILHMX MPO-
TM3ananbHWX npenapartis abo BUCOKMX [03 AEKCAMETA30HY
(a0 40 wr) [5]. Y pa3i BUHNKHEHHS! iHGEKLi Ta PO3BUTKY THIN-
HO-3ananbHKX NPOLECIB (THiHWIA CianoafeHiT) peKoMeHAyTb
npu3HaYeHHs aHTuGioTkoTepanii. Konu e o3Hakm peteHuii cnv-
HW, OCHOBHMM METOLOM NiKyBaHHS 3annLLIAETbCS IHTEHCUBHMIA
30BHILLHIN Macax [6]. MaLieHTam 3 03Hakamu OYHKLOHaNbHOro
JediuunTy Ta KcepocToMii NpU3HaYaloTb CUMNTOMATUYHE NiKy-
BaHHs1, CNpsIMOBaHE NepeayCimM Ha YCYHEeHHS NOpYLUEHD i 3ano-
GiraHHs NPOrpecyBaHHI0 3aXBOPIOBaHb CIIM30BOI, NAPOAOHTA i
TBEPAWX TKaHWH 3y6iB [7].

OctaHHiM YacoM ns nikyBaHHs i NpoinakTukK CTaHiB,
MOB'A3aHX i3 PETEHLIIEIO CIIMHM, 3aMPONOHOBAHO 3aCTOCYBaHHS
cianoeHgockoniuyHux TexHik. CiarnoeHgocKonito BUKOPUCTOBYHOTb
Y PaHHBOMY i Mi3HEOMY MOCTMPOMEHEBOMY NMepioAi Ans Niksigavii
pyOLEBUX CTPUKTYP NPOTOKOBOI CUCTEMMU, BULANEHHS CIIN30BNX
npoboK Ta iHTPaNPOTOKOBOTO BBELEHHS CTEPOIgHMX NPOTH3a-
nanbHWX Npenaparis NaLjieHTam, siki BUSBUNMCS PE3UCTEHTHUMY
[0 MeanKaMeHTo3Hoi Tepanii [8,9]. | xoua pesynbraTi 3acTtocy-
BaHHS Liiei METOAMKM NO3UTWBHI, AOCNIBHUKM BKA3YHTb Ha HE0D-
XiQHICTb AETaNbHILLIOIO BUBYEHHS LIbOrO MUTAHHS Ta BU3HAYEHHS
YiTKWX NOKa3aHb A0 3acTocyBaHHs Metogy [10].

3a3HaunmMo, WO edheKTUBHICTb OMMCAHOrO NiKyBaHHS Mpo-
MEHEBUX YPaKEHb CIIMHHUX 3a503, L0 Mae NepeBaxHo CUMM-
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TOMaTUYHWIA XapaKkTep, 3anuWaeTbCa BKpal HU3bKOK. BigTak
npobnema noLyKy HOBWX MaTOreHETUYHO OPIEHTOBAHMX NiAX0AiB
i MeTopiB NMiKyBaHHS 3anexHo Bif cTadil npouecy Ta gakTopis
puanky Habysae BCe BirbLLOI aKTyarnbHOCTI.

Merta po6otu

Bu3HaumTu KniHivHy edekTMBHICTb HOBOMO MeTody nartore-
HETUYHOTO NiKyBaHHS Ha OCHOBI AMd)ePEHLIIHOBAHOTO Ta Nepco-
Hani30BaHoro Niaxoay 40 NPOMEHEBUX YPaKeHb CIIMHHIX 3a103,
CMPUYUHEHNX PaLiOaKTUBHUM OLOM, NOPIBHSHO 3 TPaANLIMHAMM
nigxogamu.

Marepianu i meToAU AOCAIAKEHHA

Y npocnekTuBHe JocnimpxeHHs 3anyuunu 60 nauieHTis (5
4OnoBiKiB i 55 XiHOK, cepepHin Bik cTaHoBMB 45,0 £ 0,5 poky) i3
XPOHIYHUM MPOMEHEBMM YPAKEHHSAM CAIMHHIX 335103 (MpOMeHe-
BWW CianoafeHiT) nicnsi nepeHeceHoro NikyBaHHs pagioakTUBHUM
ogom 3 npusoay MKLL3. Yci nauienTn npooneposaHi it opepxanm
Kypc abnsitueHoi Tepanii pagioakTeHUM Mogom Ha 6asi Y «IH-
CTUTYT eHAOKPUHONOri Ta 0BMiHY pe4oBuH iM. B. 1. KomicapeHka
HavjoHanbHOT akagemii MeguuHmx Hayk YkpaiHu» 3a nepiog 3
2017 po 2021 pp.

Kputepii 3anyyeHHs B 4OCTIZXeHHS: MOPGONOriYHO MiaTeep-
IxeHui giarHos MKLL3, siky Buaansnm pagykanbHo; 3acTocyBaH-
HS LLoHaNMeHLWwe 1 kypcy abnsTuBHOI Tepanii pagioakTUBHUM
11000M; TEPMIH B NEPLLOro KypCy pagioroaTtepanii binbLue Hix 1
PiK; KNiHI4YHi 03HaKW XPOHIYHOTO MPOMEHEBOTO YPAXEHHS CIIMHHIX
3aro03 Ha Yac 3BEpHEHHS.

KpuTepii BUKNHOYEHHS: Bik XBOPMX MEHLLIE HixX 18 pokiB; HOBO-
YTBOPEHHS CMIMHHUX 3803 B aHAMHES3I; BUSIBMEHI 3M0SKICHI HOBO-
YTBOPEHHS iHLLKX NOKani3aLlii, o notpebysanu 3acToCyBaHHS
MPOMEHEBOI Yy XiMieTepanii; HU3bKIA KOMNITAEHC | HeAOTPUMAaHHS
naLieHTOM NikapCbKMX pekoMeHAaLlin; 4iarHOCTOBaHi MCUXiYHi
po3nagun Ta 3axBOPKOBAHHS LIEHTpanbHOI HEPBOBOI CUCTEMY;
nepioa BariTHOCTI YM NakTauii; BiMOBa MalieHTa Bif y4acTi B
LOCTIMKEHHI.

Pexumu pagionoarepanii. MepsrHHa [o3a pagioiiony B
obctexenux BapitoBana ig 100 mCi o 150 mCi (3anexHo Big
MOLLIMPEHOCTI Ta hopMU NYXAMHHOTO NpoLiecy LmTonoaibHoT 3a-
nosu, xapaktepuctuk TNM, HasiBHOCTi MeTacTasiB, iHBa3MBHOCTI
1 arpecuBHOCTI MopdbonoriyHoi dhopmu) [11,12].

Uepes 6-12 micauiB nicns suganeHHs nyxnuHu Ta ag'to-
BaHTHOI papiooaTepanii 3aiNCHANMM AiarHOCTUYHE 0BCTEXEHHS
pagioakTuBHUM 1ogoM. pogoBxeHHst pagdionoaTepanii emni-
puyHumm piBHaMK (100-200 mCi) npusHayanu nauieHtam i3
[OCTOBIPHO MiABWLLEHUM PiBHEM TMPEOrnobyniHy abo aHTWTIN
[0 TvpeornobyniHy, a TakoX SKLLO BUSIBNEHO MiKpoMeTacTasw
B nereHi (B LbOMY pasi pagionoaTepanito NoBTOPHOBANM KOXHI
6-12 micauiB, Nok1 MeTacTasu NPOJOBXKYBanNM Hakonu4yBaTm
pagioviog i faBaTu KniHiYHy BigNOBIAb).

Ycix nauieHTiB noginumm Ha 2 rpymu (no 30 oCib y KOXHIl),
3iCTaBHi 3a BIKOM, CTaTTIO | TSIKKICTIO KNiHIYHMX NpOSIBIB NpoMe-
HEBUX ypaXeHb CMIMHHKX 3a5103. B OCHOBHIl rpyni XBOpi OTpUMY-
Bany TpaauuiiHe NiKyBaHHS, WO nepeabdadano 3actocyBaHHS
CIIMHOTIHHWX 3aco0iB, pekoMeHaaLii LLOI0 pexMMy Xap4yBaHHs!

Ta NPUOMY PiAWHK, Macax CMWHHWX 3aro3, CUMNTOMaTUYHe
MpW3HaYeHHs HECTEPOIAHMX NPOTU3aNanbHUX 3acobiB, a TaKOX
aHTUBIOTMKM LIMPOKOTO CnekTpa Aii B pasi nosieu iHdekuii Ta
PO3BUTKY THIHOTO CianoaaeHiTy. Y apyrin rpyni Ans nikyBaHHs
NMPOMEHEBMX ypaXkeHb CIIMHHIX 335103 3aCTOCYBasN po3pobrieHuii
HaMu anropuT™ AndepeHLInOBaHOM NPU3HaYEHHS NiKyBasbHNX
3aco0iB, LLO IPYHTYETHCS HA AAHUX KOMMMEKCHOTO KIHIYHOMO
OLiHKOBaHHS! BUPA3HOCTi MOpYLLEHb CEKpeLii, CMMHOBIABEAEHHS
Ta BUPA3HOCTi 3ananbHOro NpOoLECy B ypaxeHii 3anosi.
OundbepeHuiiioBaHmit anropuT™ NiKyBaHHA NPOMEHEBUX
ypaxXeHb CIMHHWX 3an03. 3anpOnoHOBaHa KOHLIENLLS NiKyBaHHS
XPOHIYHMX NPOMEHEBUX CianoafeHiTiB y NaLieHTiB, ski OTpUMy-
Banu Tepanito pagioakTUBHUM MOLOM (OCHOBHA rpyna), IpyHTY-
Basacs Ha B13HaYeHHi xapakTepy | BUpasHOCTi TPbOX OCHOBHMX
NaHOK NaToreHesy LibOro 3aXBOPIOBAHHS, SIK-OT PETEHLYS CIIMHM
(P), 3HWKEHHS cekpeTopHOi yHKuii (C) 3ano3u, iIHTEHCHBHICTb
3anarnbHoro npouecy (3). Hagani 3aiicHioBanu KopekLito BUsB-
NEHMX NOpYLLIEHb BiANOBIAHMMY 3acobamu. [ins Lib0ro Ha OCHOBI
KNiHiYHOro 0BCTEXEHHS OLiHtoBany kputepii PC3 Ta ixHio Bipas-
HicTb (mabs1. 1). AKLWO KNiHIYHI 03HAKN YPaXKEHHS BUSIBIISIN HE B
YCIiX BEMMKIX CIMHHWX 3ano3ax Ta/abo ixHs BUpasHiCTb y 3arnosax
pi3Ha, KpUTEPIlA BU3HAYaNM 3a HaBINbLL YPaXeHOH 3aro30H.
lNpu3sHayeHa Tepanis crnpsMoBaHa Ha BCi HaBefeHi NaHKu
naToreHesy, nepefbayana 3acToCyBaHHS Pi3HUX MiKyBarbHNX
3aco0iB 3anexHo Bif TSXKKOCTI KNiHIYHUX NposiBiB (mabyt. 2).
MeToauka cianoengockonii. [1ns nikyBaHHS nawieHTiB i3
BMPaXXEHUMM 03HaKaMW PeTeHLi CrMHU 3acTOCOBYBanm Byxy-
BaHHs! BMBIgHOI MPOTOKM Ta CianoOeHZO0CKONMit0, CNPSIMOBaHY Ha
YCYHEHHS! CTPUKTYP Ta O4ULLEHHS MPOCBITY NPOTOKK. [N Lboro
LiNSHKY YCTS BUBIAHOT MPOTOKM YpaxeHOi 3a503u aHeCcTe3yBanm
4 % ApTtukaiHom. BxigHui OTBip NOCTYNOBO po3LLMptoBany 3a
[OMOMOIOHO TYMKX 30HAIB | BY3KiB AiaMeTpoM, L0 3BinbLyBaBCS
Big 0 fo 5, nicns Yoro B NPOTOKY BBOAUIM OfHOKaHAMbHWNA Ci-
anoenpockon KarlStorz (KarlStorzEndoscopy, EISegundo, CA)
ZiameTtpom 1,3 mm. lNpouenypy noegHyBanu 3 iHTEHCUBHUM
NPOMUBAHHSAM AMS BU4ANEHHS CMM30BKX MPoOOK i 3ananbHOro
excyaary. B 6inbLiocTi XBopyx NpoLeaypy BUKOHaNM 0[HOPa3oBo,
nnwe y 2 BUnagkax, Konu He croctepirani 4ikyBaHUA KIiHIYHWA
eekT, Yepes 3 MicsLji 3aiCHUNM NOBTOPHY CianoeHZoCcKomMito.
KniHiyHe oGcTexeHHs. [Ins obcTexeHHs naujeHTiB 000X
rpyn 3acTocoByBanu CTaHOAPTHUA OiarHOCTUYHUIA anropuTM,
3aCHOBaHUI Ha 3aranbHOKMIHIYHMX MeTogax. BiH nepenbavyas
30ip aHaMHe3y, OLliHIOBaHHS 3arafibHOTO Ta NOKanbHOro CTaTycy
3 BI3HAYEHHSIM CTaHy CIIMHHMX 3a5103 Ta IXHiX BUBIOHWX MPOTOKIB,
CNM30B0i 0DOMOHKM MOPOXKHWUHM POTa, 3y6iB | NapogoHTa. Y Beix
navwjieHTiB BpaxoByBamnm 0CoBMMBOCTI OCHOBHOIO 3aXBOPHOBAHHS!
(kniHiYHy cTapjto TMpeoiaHOI KapLumHOMMK, Ti knacudikauio 3a
TNM, ropmoHanbHWiA cTaTyc) Ta edIeKTUBHICTb BXUTUX JTiKY-
BanbHUX 3axogiB. CTaH CrIMHHUX 3an03 OLiHIOBaNy 3a CTyneHem
ix 30inbleHHs, BOMYOCTI, 3a HASBHICTIO YLLiNbHEHb, CTAHOM
BMBIZHUX NPOTOKIB i XapakTepoM CINHY, LLO BURINSAETLCS. Takox
LOCTiZNNM CEKPETOPHY aKTUBHICTb BEMWKWX CAIMHHWX 3as103 Mig
yac MaHyarnsHoi, BepbarnbHoi Ta Xap4oBOi CTUMy”sLii.
CtaH cnn3oBoi 060MOHKM POTOBOI MOPOXHMHM OLiHIOBANM
Ha nigcTaBi ornsgy, 3BepTanu yeary Ha CTYMiHb Ti 3BOINOXEHHS,
HasIBHICTb rinepemii, HambOoTiB, @ TaKOX iHLLIMX ENEMEHTIB ypa-
XeHHs1. BpaxoByBanu HasiBHICTb Takux KMiHIYHUX CUMMTOMIB:
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Tabanua 1. Bu3HaueHHs BUPA3HOCTi NaTOreHETUYHMX 3MiH CAMHHUX 3aA03 Y NALIEHTIB i3 TPOMEHEBUMM YPaXEHHAMMU, LLO CNIPUUMHEHI A€o
papioakTMBHOro Hoay ()

30KpeEma Mpu 3MEHLLIEHOMY
CMOXMBAHHI PiguHK, Mig Yac
TpUBanNoi pO3MOBM, MPUIAMaHHS
cyxoi ixi. Mig yac BepbanbHoi
Ta Xap4oBoi cTUMynsuii
CMMHOBWAINEHHS! 30iNbLIYETHCS.

MUMOBOTTI, HE3amNeXHO Bif iAW, BUINEHHS crnu-
3y 3 BMBIAHOI NPOTOKM Mg Yac macaxy, cnabo-
BUPaXXEHE CIIMHOBWAINEHHs Npy BepOarbHil
Y XapyoBi cTumynsLii abo 11oro 30BCiM He-
mae. NosiBa conoHyBaToro Ta/abo MeTanesoro
npucmacy.

Kputepin MomipHa (1 6an) CepepnHs (2 6ann) BupaxeHa (3 6anu)

PeteHuis (P) lNepiognyHa nosisa NPUMyxXIoCTi i Yacri enisogu npunyxnocTi Ta 6onto nig vac MocrTiiHa npunyxnicTb Ta/abo Gonic-
Gonto / auckomeopTy Ha AinsHL i1, 3MEHLLEHE CRIMHOBUAINEHHS, 30Kpema nig | HICTb 3an03u, Lo NOCHIOETLCS Nig
3an03u nig Yac igu 3 TpuBanuMu yac Macaxy 3aroau, BUAINEHHS rycToro Crudy | vac igw, piake 3MEHLLEHHS CIIMHO-
«CBITAIMMMY NPOMiXKaMU 3 BUBIZHWX NPOTOKIB, YTBOPEHHS «CIN30BIUX BUAINEHHS!, HASIBHICTb CTPYKTYPHUX
(TvKHi, MicsLL), 30iNbLUEHHS npo6oKy. 3MiH BUBIQHMX MPOTOKIB (CTPUKTYPH,
CMMHOBWAINEHHS Mig Yac Macaxy Jvnarauisi, nepuaykTansHuii gibpos
3anosu. TOLLO).

Cexpeuisi (C) [NepiogunyHe Big4yTTa CyXOCTi, YacTe BiguyTTs CyXOCTi, WO Moxe 3'sBnaTucs | MocTilHe BiguyTTs CyXOCTi, BTOPUHHI

3MiHW CIN30BOT 0BOMOHKY MOPOXKHW-
HW POTa, LU0 XapaKTepHi Ans Kcepo-
CTOMii, 3HWKEHHS aBO CMOTBOPEHHS!
CMaKOBWX BigyyTTiB.

3ananexhs (3)

HesHayHui 6inb / guckomdopT i
MPUNYXIICTb, LLO TPUBAKOTb MEHLLE
HiX FOAMHY NiCNst BUHWKHEHHS, @ No-
TiM MOBHICTIO 3HMKAKOTb. CUMNITOMMU
HE 3aBaXaKTb 3BUYANHIN LLIOAEHHIN
aKTWBHOCTI, iX MOXHa NErko yCyHyTm
LLUNSIXOM MPUIAOMY HECTEPOIAHNX
aHanbreTuKiB.

lMomipHui Binb / gnckomdopT i npunyxnicTs /
iHGhinbTPaLis 3an03u, Lo TpuBatoTh binbLue
Hix roguHy, 6inb nig Yac nanbnavji, NoCTinHe /
TpuBarne BigyyTTs AUCkoMGOpTY B 3amo3i,

LLIO 3HKYE SKICTb XNTTS, noTpeba B yacTomy
npuiiMaHHi aHanbreTukie. BuaineHHs 3 npo-
TOKY — MyTHa CIHa 3 AOMILLKaMu NnacTiBLiB,
CnM3y TOLLO.

Bupasnui 6inb / guckomdopr, Lo
CYTTEBO 3HIKYE AKICTb XMTTS i Npa-
Lie3aaTHICTb, iH(INLTpaLyis Ta yLyink-
HeHHs 3ano3u. CrivHa 3 NpoToky
Malxe He BUAINSeTbCst abo € rHiHi
BUINEHHS.

*: BigCyTHICTb 03HaK — 0 6anis.

Tabauusa 2. AArOPUTM KOMMAEKCHOTO AiKyBaHHS IPOMEHEBMX YpaxeHb CAMHHKX 3aA03 Ha OCHOBI kpuTepii PC3

YpaeHux 3aros posynHamu gep-
MEHTIB (TPUNCIH, XIMOTPUMCIH).

kucnototo (no 100 mr 2-3 paau Ha o6y, no-
BiNbHO PO3XO0BYBaTH) 260 POUMHOM MinoKap-
niHy (1 % po34nH no 5-10 kpanens nig A3uK
TpWi Ha AEHb).

Kputepin MomipHa CepegHs BupaxeHa
PeTteHuis (P) Macax 3ano3u, CnuHoriHHa gjieTa. CnuHoriHHa fieTa, CTUMynsLis crvHoBuaineH- | JlimcotponHe abo BBEAEHHS iHribi-
HS Xap4OBMMM KMUCTIOTaMM. TOpiB NPOTEONi3y B 3203y (anpotu-
HiH 20 000 KIO[ yepes geHb Ne 5),
CUMNTOMATWYHE 3aCTOCYBaHHS!
HECTEPOIAHNX aHaNbreTUKIB.
Cekpeuist (C) MpoMmMBaHHS BUBIGHMX NPOTOKIB MenvkameHTo3Ha CTUMYnSLis ackopbiHOBOK | BBEAEHHS TMHOKOKOPTUKOCTEPOIAiB

MpONOHroBaHoi Aii B 3ano3y (dunpo-
cnaH no 1 mn Ne 1-3, iHTepBan Mix
iH'ekuismn — 1,0-1,5 mic.).

3ananeHHs (3)

ByxyBaHHs BuBigHWX npotokis. Cia-
noeHaocKonis.

CumnTomaTtnyHa Ta 3amicHa Tepanis
(DentaidXeros, BioXtra renb abo cnpen,
Xerostom TOLLO), perynsipHe 3BOMOXEHHS Chu-
30B0i 060MOHKM, NOMOCKAHHS PO3HMHOM aH-
TucenTuka (dekacaH, [iokenanH, MipamicTuH
Towwo), JlicobakT no 1 74 pasu Ha aeHb abo
LUTYYHWIA i30LMUM.

Mpu3HayeHHs aHTubakKTepianbHUX
npenaparis 3a pe3ynbsratamu bakno-
CiBYy 3 BM3HAYEHHAM YyTINBOCTI
Mikpodbriopu.

CYXiCTb Y POTi, CKNagHICTb NEpPEeX0ByBaHHS Ta KOBTaHHSI CyXoi iXi,
YTPYAHEHHS BYUMOBM OKPEMUX 3BYKIB YEPE3 CYXIiCTb Y MOPOKHIHI
poTa, CNOTBOPEHHS Ta/abo 3HWKEHHSI CMaKy.

CTPYKTYpHi 3MiHX NapeHXiMy NPUBYLUHUX | MigLLenenHnx
CIVHHKX 3aM03 OLHIOBAaNM 3a pesynbraTtaMmn 3aCTOCYBaHHS
fopatkosux metogis obctexenHs: Y3[, cianocumHTurpadii,
cianorpadii, MPT, — siki npu3Hayanu 3a notpebum.

Bu3HaueHHs eheKTUBHOCTI NiKyBaHHS B 060X KMiHIYHMX
rpynax rpyHTyBanocs Ha 3MeHLUEHHi BUPa3HOCTI KNiHIYHNX

cuMnToMmiB i AuHamiui kputepiis PC3. MauieHTiB obcTexunm
nepea Npu3HaYeHHsM Tepanii, a Takox y TepMiH 3, 6 i 12 mics-
LiB nicns ii noyatky. Y pa3i HECNOAIBaHOrO MOTIPLUEHHS CTaHy,
BUHUKHEHHS HOBWX CUMMTOMIB Yi NPOsIBiB NobiuHoI Aii Npu3Ha-
YeHux nikyBanbHUX 3acobiB NaLieHTiB 06CTexXyBanu 4OAATKOBO.
3a pesynbTatamMmu KOHTPOMbHUX OFMSAAIB Tepanito koperysanu.
BaxaHuM pe3ynsTaTom BBaXanu 3HUKHEHHS! KHIYHUX NPOsiBIB
i fOCSITHEHHS cTanoi peMicii abo 3MeHLLEHHS LIMX 03HaK A0 No-
MipHOro piBHs (3a BCiMa kpuTepisimm). TprBanicTb pemicii 3a6e3-
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Tabauua 3. Po3nopin obcTexeHux 3a BiKoM i CTaTTHo

Bik, poku OcHoBHa rpyna KoHTponbHa rpyna Bcboro
Yonosiku KiHku Yonosiku KiHku Yonosiku KiHku
MeHLwe Hix 30 0 5 1 3 1 8
30-39 1 5 0 7 1 12
40-49 0 7 1 9 1 16
50 i GinbLue 1 1 1 8 2 19
Bcboro 2 28 3 27 5 55
Tabaunuga 4. BupasHicTb kputepiis PC3 y rpynax nopiBHAHHS 3aA€XHO Bia cnocoby AikyBaHHs, n (%)
Kputepin PeteHuis (P) Cekpedis (C) 3ananenHs (3)
[o nikyBaHHs |Yepe3 12 mic. |[o nikyBaHHs |Yepe3 12 mic. | [o nikyBaHHa |Yepe3 12 mic.
KoHTpoAbHa rpyna
Hemae / nomipHa 4 (13,3 %) 24 (80,0 %) 14 (46,7 %) 14 (46,7 %) 3(10,0 %) 21(70,0 %)
CepepHs 14 (46,7 %) 5(16,7 %) 7(23,3 %) 10 (33,3 %) 13 (43,3 %) 9 (30,0 %)
BupasHa 12 (40,0 %) 1(3,3 %) 9(30,0 %) 6 (20,0 %) 14 (46,7 %) 0(0,0 %)
OcHoBHa rpyna
Hemae / nomipHa 3(10,0 %) 30(100,0%) |7(23,3 %) 22 (73,3 %) 2 (6,7 %) 27 (90,0 %)
CepenHs 13 (43,3 %) 0(0,0 %) 9(30,0 %) 6 (20,0 %) 10 (33,3 %) 2(6,7 %)
BupasHa 14 (46,7 %) 0(0,0 %) 14 (46,7 %) 2 (6,7 %) 18 (60,0 %) 1(3,3 %)
3aranom
Hemae / nomipHa 7(11,7 %) 54 (90,0 %) 21(35,0 %) 36 (60,0 %) 5(8,3 %) 48 (80,0 %)
CepepHs 27 (45,0 %) 5(8,3 %) 16 (26,7 %) 16 (26,7 %) 23 (38,3 %) 11 (18,3 %)
BupasHa 26 (43,3 %) 1(1,7 %) 23 (38,3 %) 8 (13,3 %) 32 (53,4 %) 1(1,7 %)
neyyBanu BinoBigHOK AIETOK, MacaXamm 3a51031 Ta KOHTPONEM Pesyabtatin

rOPMOHaNBLHOrO (OHY B EHLOKPUHOMOra.

[1ns BU3HaYeHHS XapakTepy po3noginy Bubipku 3acTocyBani
KpuTepili nepesipkn HopmanbHocTi Konmoroposa—CmupHoBa.
CTaTuCTYHWiA aHania pesynbratiB nepegbayaB po3paxyHoK
CepeHix BENUUMH, CepenHbOKBaAPaTUYHOMO BiAXUNEHHS, MO-
XWOKI CepenHbOl, MefiaHu Ta NepLEHTUNIB (411s napameTpiB, Lo
He BiAnoBifanu 3akoHy HOpManbHOro po3noginy). BiporigHicTb
pO3BKHOCTEN MK NOKa3HMKAaMK OLiHIOBANM 3 BUKOPUCTAHHSAM
HenapameTpu4Horo kpuTepito MaHHa—BiTHi Ta kpuTepito X2 IMipco-
Ha (Ans AKiCHWX nokasHukiB). CTaTUCTUYHI PO3PaXYHKN BUKOHANN
B NporpamHomy cepepoBuLli SPSS Statistics (IBM SPSS, CLLA).

JlocnigkeHHs cxBaneHi koMmicielo 3 nuTaHb 0i0eTUYHOI
€KCnepTu3mn Ta eTUKM HayKoBUX JocCnimgKeHb HauioHanbHoro
MeauyHoro yHisepcutety iMeHi O. O. boromonbLs Ta 3aiicHeHi
3a MCbMOBOIO 3rOA0K YYACHUKIB i BIAMOBIAHO O MPUHLMNIB
BioeTuku, BUKknaaeHnx y lenbeiHebkin aeknapauii « ETMYHi npuH-
LMW MeaUYHNX SOCiMKEHD 3a y4acTio MoAer» Ta «3ararnbHil
Aeknapadii npo 6ioetuky Ta npasa noguHuy (FOHECKO). Ekc-
nepTu3y Matepianis poboTu NpoBeaeHo KoMicieto 3 bioeTukn Ha-
LlioHanbHOro MeauyHoro yHisepcutety imeHi O. O. boromonbus
(npotokon Big 21.12.2018 p. Ne117).

Po3nogin xeopux 3a BiKOM i CTaTTIO B rpynax NopiBHAHHS
HaBeneHo B mabnuui 3.

CepenHst KinbKICTb KYpCiB a'toBaHTHOI pagionoaTtepanii Ta
3aranbHi 4031 pagioakTUBHOTO 0y CTAHOBWIIM B OCHOBHIN rpyni
1,70 £ 0,84 mCi 1a 156,0 + 61,4 mCi BignoBigHO, B KOHTPOSTbHilA
—-1,60 £ 0,62 mCi Ta 148,0 + 61,2 mCi BignosigHo. Po3bixHo-
CTi 33 LMMU MOKa3H1KaMu B rpynax MnopiBHSHHA He AOCTOBIPHI
(p>0,05). Po3nogin xBopux 3a BUPa3HICTHO MaTOreHETUMHIX Kpu-
TepiiB PC3, L0 B13Ha4anm TSHKKICTb MPOMEHEBOTO CialoafeHiTy,
y rpynax nopiBHsSHHA HaBeaeHo B mabnuui 4.

[lo nouatky nikyBaHHSi He BUSIBUNW JOCTOBIPHWX BiAMiH-
HOCTEN 3a TAXKKICTIO KMiHIYHWX NPOSIBIB (3@ HaBEAEHUMU Kpu-
TepisiMun) y rpynax nopiBHSHHSA. Y Npoueci nikyBaHHst B 060X
rpynax BCTAHOBUIM MO3WTUBHY TEHAEHLlO, O cnocTepiranv
32 3MEHLUEHHSIM BMPA3HOCTI KMiHIYHWUX NPOSIBIB PETEHLi CRNHM
Ta 3anarnbHOro NpoLecy, JeLlo MEHLIOK MipOo — CEKPETOPHOI
aKTUBHOCTi CIIMHHWX 3a5103.

B ocHOBHil rpyni cyTTeBe 3HIKeHHs iHaekciB PC3 BuaHaunnm
BXe Yyepe3 3 Micaui Big novaTky NikyBaHHS, O4HaK Mo3vTUBHA
JnHaMika 3bepiranack go 12 micsugs (puc. 1). baxaHuii pesynstat
(0-1 6an 3a BcimMa nokaaHukamm) nikyaHHs Yepes 1 pik nicns
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3,0

2,5

[o nikyBaHHs 3 micsaui

Banu

2,53
2,33
2,17
2,0
1,47 157
1,6 :
1,10
1,0
0,5
0,0

B PeteHuis
Cekpeuis
B 3ananeHHs

1,13 1,10

0,90
0,63 0,67

Puc. 1. 3viH1 cepepHix 3HaueHb iHAeKciB PC3 B OCHOBHIN rpyni XBOPUX.

25

[o nikyBaHHS 3 micsaui

Banu

Puc. 2. 3mitK cepeaHix 3HaueHb iHAEKCIB PC3 B KOHTPOAbHIM rpynii.

1ioro noyatky gocsrHyTo y 22 (73,3 %) XBOpMX, YacTKOBE NOKpa-
LeHHs — y 6 (20 %). Mo3nTBHWIA edekT He 3adhikcoBaHuiA y 2
(6,7 %) nauieHTiB, LLO NOB’'SA3aHO 3 HEMOXIMBICTIO CKOPEryBaTm
TSDKKI NPOSIBY KCEPOCTOMIT Ha TNi NOBHOI BTPAaTH (hyHKLIOHANbHOT
30aTHOCTi CIIMHHOI 3a1103¥, @ OTXe I HEMOXITUBICTIO KOHTPOHO-
BaTy peLmanBHIiA nepebir 3ananbHOro MPOoLECy B Hil. Y TepMiH
12 micsuiB cTaH xBopux 3a BciMa iHgekcamu PC3 BiporigHo
KpaLLuiA: YacToTa BUSIBNIEHHS BUPA3HUX (DOPM PeTEHLT CrMHM
3MeHLUyBanach Ha 47 %, 3ananeHHs — Ha 57 %, CEeKpeTOpHUX
nopyLueHb — Ha 40 % Bif 3aranbHOI KiflbKOCTi XBOPUX.

Y KOHTpOMbHiIiA rpyni, fe 3aCToCoBYBanu TpaauLliiHi nigxoau,
MPOTArOM 12 MiCALB TaKoX crocTepirany no3uTUBHY AUHaMIKY
(puc. 2), NpoTe MeHLL BUPa3Hy, HiXX B OCHOBHIiA rpyni. Y nawjeHTiB
KOHTPOMbLHOI FPyni BCTAHOBWIM JOCTOBIPHE 3HVKEHHS iHAeKciB P
(peTeHUis) Ta 3 (3ananeHHs), opHaK NOKPaLLEHHS LLOAO CekpeLii
cnnHM He Byno BiporigHuM. Yepes pik Big movatky nikyBaHHS
BaxaHoro pesynesrary (0—1 6an 3a BcimMa kpuTepisiMm) [OCATHYTO

227 2,37
2,0
163 1,75
) 1,60
1,50
1,5
1,0
0,5
0,0

6 MicsuiB 12 micauis
B PeteHuis
Cekpedis
B 3ananeHHs
1,50 1,43
0,90 1,00 0,90
I I ; I
6 micsuiB 12 micsauis

nmwe y 10 (33,3 %) xBopux, 4acTkoBo gocarHyTo—y 14 (46,6 %);
No3nTUBHWIA ecdhekT He 3apeecTpysany B 6 (20,0 %) Bunagkax.
3ayBaxMOo, L0 BUPA3HICTb KMiHIYHMX NPOSIBIB PETEHLi CIMHK Ta
3ananeHHs 3anuLianach BiporigHO HUKYOH), HiXk B OCHOBHIl rpyni.
BcraHoBunM TakoxX ripLli napameTpu CekpeLlil, HX B OCHOBHIN
rpyni (Yactota BupasHux opM KkcepocTomii Buwa Ha 13 %);
BTiM, 3Ba)atoun Ha KinbKiCTb CNOCTepexeHb, Li BigMIHHOCTI He
[ocToBipHi (p > 0,05) (mabn. 5).

06rosopeHHA

XPOHIYHMI NPOMEHEBWIA CianoafeHiT, WO BUHUKAE K
yCKnagHeHHs pagionoaTtepanil y nawjieHTiB i3 BucokogngepeH-
LiioBaHMMM chopmamm paky LLMTonodibHoi 3anosu, 3a JaHnumm
HayKOBOI NiTepatypu, BusBnstoTb y 1143 % ocib, ski ogepxysa-
nn NiKyBarbHi 4031 pagioakTMBHOTO ogy [4]. PO3BUTOK XpOHiY-
HOrO NPOMEHEBOIO CianoafeHITy CynpPOBOMKYETLCS 3HKEHHSIM
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Tabaunug 5. BiporipHicTb po3bixHocTelt nokasHuki PC3 y rpynax nopiBHAHHA 3a kputepiem X2 MipcoHa

Kputepin PeteHuis (P) Cekpedis (C) 3ananenHs (3)

OcHoBHa rpyna

[lo nikyBaHHs! vs nicns nikyBaHHS X2 =49,1 ¥=174 =421
p<0,01 p<0,01 p<0,01

KoHTpoabHa rpyna

[o nikyBaHHs vs nicns nikyBaHHs ¥x2=279 =113 ¥2=282
p<0,01 p=0,57 p<0,01

Do AiKyBaHHA

OcHoBHa rpyna vs KOHTponbHa x2=0,33 X2 =3,67 x2=1,09

rpyna p=0,85 p=0,16 p=0,58

Micaa AikyBaHHA

OcHoBHa rpyna vs KOHTpOrbHa X2 = 6,67 x2=4,78 X2 =6,2

rpyna p <0,05 p=0,09 p<0,05

CMMHOBUAINBHOI (PYHKLi, POPMYBaHHSM KCEPOCTOMIi Ta iHLLIMX
MaToroNiYHNX CTaHIB CIIMHHUX 32103, CIN30BOI 0BOMOHKM NMOPOX-
HWHM poTa, 3y6iB Ta NApOLOHTa; Li CTaHW TPKUBAOTL pokamu Ta
CYTTEBO 3HWXYHOTb SKICTb XUTTS Y BaraTbox xBopux [13].
TpaauuinHi nigxoam rpyHTYOTECS Ha KOPEKLT CIIMHOBUAINBHOT
(PYHKUIT LLNSIXOM AOTPUMaHHS BIBNOBIAHOI AiETH, KOHTPOMIO BGanak-
CY PiAVHM Ta CUCTEMATNYHOIO MaCaxyBaHHS BENMKMX CIIMHHIX 3a-
1103 Ha TIi NPU3HAYEHHS Npenaparis CUMNTOMATUYHOI Ta 3aMiCHOT
Jii (koHTporbHa rpyna). 3a HalMMK JaHUMK, 3 YacoM Lie Crpusie
MEeBHOMY MoKpaLLieHHH0 cTaHy y 80 % XBopwx. 3ayBaxumo, LU0 Liel
ehekT pearniayeTbest NoBirbHO (MpoTaroM Micsiuis) i nuwe y 33,3 %
XBOPWX JOCSITaE PIBHS, KV MOXXHA BBaXKATL OaXa@HNM (3HUKHEHHS
abo MiHimizawis kniHiyHMx nposeig). Y 20,0 % navjeHTiB CTaH 3a-
NULLIAETBLCA HE3MIHHUM abo noripLUYETLCS, @ B 46 % nokpaLLeHHs
He 3YMOBITHOE 3HUKHEHHS! KIMiHIYHUX CUMMTOMIB, SiKi MPOAOBXYHOTH
HEeraTMBHO NO3Ha4YaTUCh Ha SKOCTI XMTTA. Lli faHi y3romkyroTbes
3 pesyrnsraTamu, HaBELEHUMU B MPALLAX iHLUMX JOCTIAHMKIB LLOAO
HeaoCTaTHLOI eCDEKTVBHOCTI TpaauLiiHKX 3acobis [5,10].
3BaXatoun Ha HaBedeHi haKTy, 3MIVCHUNM OOCTIMKEHHS 3
po3pobneHHs N 06rpyHTYBaHHS KOMMIIEKCY NiKyBarbHWX 3aX0giB
MaTOreHEeTUYHOro CNPSIMyBaHHSA NS NALIEHTIB i3 MPOMEHeBUMM
cianoageHitamu Ha Tni NpuUiAMaHHs pagdioakTUBHOTO MOLY, a TaKOX
BUBYEHHS! I0r0 PEKTUBHOCTI B TEPMIH CIOCTEPEXEHHS 40 1 POKY.
3rigHO 3 Cy4acHUMM YABMEHHAMY, Y NaTOreHe3i XPOHIYHOTO
MPOMEHEBOIO CianoafeHiTy po3pi3HAOTL Taki KOMNOHEHTH [14]:
—TOCTPa UM XPOHIYHA PETEHLIS CIIMHK, CNIPUYMHEHA B PaHHBO-
My NOCTNPOMEHEBOMY Nepiozi 3BY>KEHHSIM BUBIAHUX NPOTOKIB 3a-
nanbHAM iHINETPaTOM i TP@HCCYOaTOM, YTBOPEHHSIM Y MPOTOKaX
CMM30BYMX MPOBOK, LU0, KPiM MYLIMHY, MICTSTb CMPOBATKOBI MPOTEi-
HW, 3MYLLEHWI eNiTenin i neikoumT. 3roaoM GinbLIOro 3Ha4YEHHS
HabyBatoTb SBMLLA iHTepCTULianbHOo hibpo3y Ta MopdonoriyHi
3MiHM NPOTOKOBOI CUCTEMM (3NYLLEHHS eniTenito, PopMyBaHHS
CTPUKTYp | AnnaTauis NpoTOoKiB Ha OKPEMUX AiNsHKax);
— 3HKEHHS ab0 NOBHa BTpaTa CEKPETOPHOI 3AaTHOCTI OAHIET
Y KiNbKOX BEMMKUX CIIMHHIX 3a103, 3yMOBIIEHA CKIEPOTUYHUMM
3MiHaMK B NapeHXiMi 3a5103¥, MOPYLIEHHSM CEKPETOPHOI GoyHKLIT
ALMHAPHUX KITITWH, 3HKEHHSAM KaninspHOro KpOBOTOKY, Mn6o-
KM BUCHaXEHHSIM (DYHKLOHarbHIX pe3epBiB i HeBIAMNOBIAHICTIO
KOMMEHCATOPHO-NPUCTOCYBAbHUX MEXaHI3MIB;

— 3anarbHui NPOLIEC, LLIO BYUHWKAE B TKAHWHAX CAIMHHOI 3ar0-
30, BHACMNiAOK NEPBUHHOI Ta BTOPUHHOIT anbTepalii, CpUYMHEHOI
[Jieto i0Hi3yto4oro onpoMiHeHHs. [lo Hboro B Mi3HiLli nepioau
[0AaeThea OakTepianbHUN KOMMOHEHT, L0 3yMOBMEHU 3MEH-
LUEHHsIM 06’€MY BUAINEHOI CIMHM, 3MIHOH Ti (PI3UKO-XIMIYHKX,
iMyHOBIONOriYHMX BNACTUBOCTEN Ta 3HUXYE PE3UCTEHTHICTb
TKaHWHW 3ano3m o iHdekuii [15,16].

[1ns 06’eKTMBHOrO OLLiHKOBAHHSI BUPA3HOCTi KMiHIYHMX NPOSiBIB
nopyLeHb (YHKLi CIIMHHKMX 3a03, Lo MOB'A3aHi 3 KOXKHOK 3
NaHoK naToreHe3y, po3pobneHo iHAEKCHY Lkany, Lo B13Havana
TSKKICTb XPOHIYHOTO MPOMEHEBOTrO CianoafeHiTy B NaljieHTis,
SKi OTPMMYBanu Tepanito pagioakTMBHUM MOAOM; LK LUKany
3aCTOCOBYBaIM TaKOX AMNS iHTErpanbHOrO OLiHIOBAHHS AUHAMIKM
KMiHIYHUX NPOSBIB Nif Yac nikyBaHHs. Pesynbtatu KniHiYHoro
JOCMiMKEHHs Npy LbOMY MOXHa Byno migTBepanTyt 4aHuMu
00’€KTMBHMX i BiNbll TOYHWUX METOZAiB OOCMIMKEHHS (ciano-
cumHTUrpadis, cianometpis, cianorpadist Ta/ado MPT crimHHIX
3aro3). 3ayBaxumo, L0 B OCHOBY 3anponOHOBAHOMO anroputMy
MOKMaZeHo camMe KiHiYHY AiarHOCTUKY, sika € JOCTYMHOK Ans
nepeBaxHOoi BiNbLLOCTi CTOMaTONOB-NPaKTUKIB, Ta OLiHIOBAHHS
OCHOBHWUX KITIHIYHUX CUMMTOMIB, LLIO MOXYTb ByTV Nerko BUSiBMeHi
Ta OQHO3HaYHO BU3HAYEHI 32 TUMAMW, XapaKTePW3YIoTb BiAMOBIaH
KpuTepii 3 HeOOXIAHOK TOUHICTHO.

OcobnuBicTb po3pobreHoro KOMANEKCY NiKyBanbHVX 3axoais
— BUKOPUCTaHHS (3a BIOMNOBIOHMMM MOKa3aHHAMM) npenaparis
rpynu NPONOHrOBAHWX FTIFOKOKOPTMKOILIB, iHriBITOPIB NpoTeoniay,
BHYTPILLHLONPOTOKOBOIO BBEAEHHS MPOTEONITUYHIUX (DEPMEHTIB
Ta 3aCTOCYBaHHs CianoeHA0CKoNii Ans YyCyHEeHHs pybLeByX 3MiH
i CTi/KOi CTPUKTYPY BUBIZHWX MPOTOKIB MPMBYLLHMX Ta/abo niaLe-
nenHmx 3ano3. Lli meToau okpemo onvcai B haxoBivi nitepatypi,
i iX BU3HAYalOTb SIK NEPCMEKTUBHI HAaNPsSMKU NaTOreHeTUYHOro
BMIMBY B NMaLEHTIB i3 NPOMEHEBUMM YPAXKEHHAMM CITMHHWX 325103
[17,18,19,20]. MpUHLMNOBO HOBWM € iX NOEAHAHE 3aCTOCYBaHHS!
Ta AnchepeHLiioBaHuii nigxia 4o BubOpY nokasaHb, L0 FPyHTY-
€TbCA Ha OLHIOBaHHI BUPaXEHOCTi (OYHKLOHAmNbHNX NOpPYLLEHb
3a wkanoto PC3.

[ocnimkeHHs 3acBigumnu, Lo 3anponoHoBaHUI niaxig 4as
3MOry BipOrigHO MOKpaLLWUTW pesynbTaTit NikyBaHHS MOPIBHSHO
3 TpaguLiiHMMK MeTopamu. Tak, 3aCToCyBaHHS po3pobreHoro
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KOMMMeKCy NikyBanbHUX 3axogiB 4ano 3Mory B TepMiH o 12
MicALiB Nicnst TpaBMM JOCATHYTY MOBHOTO 3HWUKHEHHS abo Mi-
HiMi3aLii KniHiYHWX NPOSBIB 3aXBOPIOBaHHS Yy 73,3 % XBOPUX (Y
KOHTpOnbHiIN rpyni — 33,3 %), yacTkosoro nokpateHHs —y 20,0 %
BUNaZKiB (y KOHTPOMbHIN rpyni — 46,0 %).

Xoua B 060x rpynax 3HWxeHHs iHgekcis PC3 BusHayanm
BXe Yepes 3 MicsLli Big noYaTky iKyBaHHs, NO3UTVUBHA AyHaMika
30epiranacs 4o 12 micsius, a KniHiYHWIA ehekT po3BMBABCS MOCTY-
noBo. Lle ¢Bigumno npo HeobXigHICTb TPUBANOro 3aCTOCyBaHHS
obpaHoi NikyBanbHoi cTparerii Ta nigTpumMyBanbHoOi Tepanii Ans
JOCsArHeHHs 6axaHoro pesynsraty. OcobnmBoro 3HaYeHHs A4S
LIbOr0 KOHTUHIEHTY XBOpPUX HalyBarno AucnaHcepHe crocTepe-
KEHHS Ta BXWUTTA NpoinakTUYHMX 3axofiB, CNPSMOBaHNX Ha
3anobiraHHs pO3BUTKY Ta MPOrpeCyBaHHs 3aXBOPHOBaHb CMM30BOI
060MOHKI NOPOXHUHM poTa, 3yBiB | NapooHTa.

Mig yac nikyBaHHA NopyLUeHi QyHKLii BiZHOBMOBANMChL
HepiBHOMIpHO. HaliedhekTuBHille NPOTAroM 3acTOCYyBaHHS
po3pobneHoro Migxody KoperyBanuchb MOPYLEHHS BigTOKY
CMVHW Ta MPOsiBM 3ananbHoro npouecy. oo ycyHeHHs sBuLy
peTeHLji CNMHM Ta NPOSIBIB 3ananeHHs, To pesynsraTi, AOCSTHyTI
B OCHOBHIl4 rpyni, BiporigHO KpalLLi, HiX Y KOHTPOMbHiN (X2 = 6,20,
p < 0,05 Ta x2 = 6,67, p < 0,05). MopyLieHHs CEKPETOPHOI
(yHKUii KOperyBanuch ripwe, 0cobnmMBO Ha Mi3HiX CTagisx
3aXBOPIOBAHHS, L0 acoLioBaHi 3 pybLtOBaHHAM MapeHXiMu,
3MEHLLEHHAM KifIbKOCTi aLMHapHKUX KNITUH i BTPATOK (PYHKLO-
HarnbHUX pe3epsis. [ig Yyac JocnimXeHHs nikyBanbHWA edekT
He 3adikcyBanu B 6,7 % xBopux 3 ocHoBHoi rpynu Ta 20,0 %
MavuieHTiB KOHTPOMBHOT rPYNH, O BCTAHOBUIU NEPEBAXHO 3a
Pi3KUM NPUrHIYeHHsIM abo BTPATOK CEKPETOPHOI (hyHKLT, po3-
BUTKOM kcepocTomii |I-Ill cTyneHiB; Le BU3Ha4ano HamoinbLy
PE3UCTEHTHICTb A0 NPU3HaYeHOT Tepanii.

MopiOHi pesyneratn opgepxkanm X. Li et al. Ta G. Sunavala-
Dossabhoy et al. [8,10]. 3a pesynsratamu ixHix OCHILKEHS,
3aCTOCyBaHHS CianoeHAocKonii Ta npoTu3anarnbHUX npenaparis
€ NepCnekTUBHUM Y NiKyBaHHi paHHiX yCknafHeHb pagioioare-
panii. BTiM, KO AiarHOCTYIOTb BUPaXEHY KCEPOCTOMIO, iXHS!
e(eKTUBHICTb HM3bKa, a AOLIMBHICTb BUKOPUCTAHHS CyMHIBHA.
Lle cBigunTb NpO NPIOPUTETHICTb NPU3HAYEHHS 3amiCHOI Tepanii
Ta NPoMiNaKTUKM IHEKLiH1X NPoLeCiB y LMX Bunagkax. Kpim
TOro, aBTOPY 3p0BKIIM BUCHOBOK, LU0 PaHHE BUSIBNIEHHS Ta Miky-
BaHHs kcepocTomii (GaxaHo B CyBKMiHiYHMX dopmax) CyTTEBO
nokpalLLlye pesynstaTut i BinganeHuin nporHos [13].

BucHoBKH

1. Po3pobneHuii MeToq iHAEKCHOMO OLHKOBAHHS TSHKKOCTI
KMiHIYHMX NPOSIBIB XPOHIYHOrO MPOMEHEBOTO CianoafeHiTy, Lo
I'PYHTYETBLCS HA BU3HAYEHHI XapaKTepy Ta BUPa3HOCTi OCHOBHIX
MaHOK MaToreHesy LibOro 3axBOPIOBaHHS: peTeHLi crnnHm (P),
3HUKEHHS CeKpeTopHOi yHKLii (C) 3anosn Ta BUpasHOCTi 3a-
nanbHoro npouecy (3), — ocHoBa Ans AndepeHLiioBaHOro Npu-
3HaYeHHS NikyBarnbHUX 3acobiB NAaTOreHETUYHOO CIPSIMYBAHHS
Ta 06’ EKTVBHOTO BU3HAYEHHS eheKTUBHOCTI KOMMIEKCHOI Tepanii
B NaLieHTIB, SiKi OTPUMYBanu Tepanito pagioakTyBHUM NOLOM.

2. [udepeHuiioBaHe 3acTocyBaHHs po3pobrieHoro narto-
FEHETUYHO OPIEHTOBAHOTO JTiKYBanbHOrO KOMMEKCY Ha OCHOBI
BUKOPWUCTAHHS NMPOIIOHrOBaHMX TIHOKOKOPTUKOIAIB, iHriGiTopiB

nNpOoTEONi3y, BHYTPILLUHLOMPOTOKOBOIO BBEAEHHS MPOTEOMITUMHUX
(hepmeHTiB Ta CianoeH[oCKONii 4ano 3Mory BipOriaHO NOKpaLLUTy
CTaH XBOPYX i3 XPOHIYHUMM MPOMEHEBUMMU CianoafeHiTaMn B Tep-
MiH CrOCTEPEXEHHS 0 1 POKY, @ TaKOX BUSIBUNOCH [OCTOBIPHO
€(eKTUBHILLMM 3a TpaauLliiHi 3acob1 CUMNTOMATUYHOIT KOpEKLi
LLOAO YCYHEHHs! siBULL peTeHuii cnvhm (x2 = 6,67, p < 0,05) i
nposBiB 3ananeHHs (x? = 6,20, p < 0,05).

3. Y TepMmiH o 12 micauiB nicns TpaBMK 3aBAsiKM 3acTo-
CyBaHHIO KOMMMEKCY MiKyBanbHWX 3ax0fiB [OCAMIM NOBHOMO
3HUKHEHHS ab0 MiHiMi3aLjii KNMiHIYHWX NPOSIBIB 3aXBOPHOBAHHS
y 73,3 % xBOpuX (y KOHTPOMbHIN rpyni —y 33,3 %), 4aCcTKOBOro
nokpatueHHs —y 20,0 % Bunagkis (y KoHTponbHin rpyni—46,0 %).
Y 6,7 % xBopux 0cHOBHOI rpyru i 20,0 % naLlieHTiB KOHTPOMBHOI
rPynW He crocTepiranit NikyBanbHOro eekTy, L0 BCTAHOBUH
nepenyciM 3a PiskiM NPUrHiYeHHAM abo BTPaTOK CEKPETOPHOI
thyHKUii, possuTkOM KcepocTomii II-Ill cTyneHis; Le B13Hayano
HamnbINbLLy Pe3nNCTEHTHICTb A0 OAEPXaHoi Tepani.

4. [locsirHeHHst BaxaHoro KIiHiYHOMo pesynstary Ta CTikol
PeMICii KMiHIYHWMX NPOSIBIB Y MALEHTIB i3 XPOHIYHAMM NMPOMEHE-
BMMMU CianoafeHiTamn notpebyBano npuaHaveHHs MikyBanbHNX
3axofiB NpoTAroM TpuBanoro Yacy (ao 1 poky). Micna uboro
nauieHT Manu YiTko JOTPUMYBaTUChL PeKOMeHZaLin Wwomo
BMKOPUCTaHHS CIMHOTIHHWX 3acobiB, pexxumy xap4yBaHHS Ta
NpUIAOMY PiaVMHK, Macaxy CIMHHUX 3an03, Ta NiATPUMKY FifieHn
MOPOXHUHU poTa.

MepcnekTBM noganblumx AocnimkeHb. OTpuMaHi AaHi
CBiYaTb NPO MOXIMBICTL €CDEKTUBHOTO 3aCTOCYBaHHS nNaTore-
HETMYHO OPIEHTOBAHOIO NiKYBarbHOMO KOMMEKCY B MALiEHTIB i3
XPOHIYHMMM MPOMEHEBMMM CianoaeHiTaM1 Ha Thi 3aCTOCYBaHHS
Tepanii pagioakTBHAM MogoM. HeobxigHe MiaTBEpMKEHHs BU-
SIBMEHUX 3aKOHOMIPHOCTEN Y NPOCMEKTUBHNX HaraToLEHTPOBKX
JOCTIMKEHHSX i3 3a/TyYeHHSIM BENMWKOI KifbKOCTi NaLjieHTiB,
BMBYEHHS BMMBY 3aCTOCOBAHMX METOZB NiKyBaHHS Ha CTaH
CTOMATONOrYHOTO 300POB’S XBOPKX Ta OLHIOBaHHS! CTabINbHOCTI
OTPUMaHUX pe3ynbTaTiB y TEPMIH COCTEPEXeHHs BinbLue Hix 1
pik. Kpim Toro, HeobxigHO NpoAOBXYBaTH MOLLYK €OEKTUBHILLMX
3acobiB BigHOBMEHHS CEKPETOPHOI (DYHKLi CIMHHUX 3amo3 i
3aMicHoi Tepanii (y pasi NOBHOI BTpaTW CEKPETOPHOI 30aTHOCTI).
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Fetal growth restriction (FGR) is one of the most studied topics in the medicine of the mother and fetus. However,
not identified antenatally FGR can have an increased risk of both perinatal morbidity and mortality, as well as
adverse long-term consequences. The identification of FGR during pregnancy will contribute to the reduction of
both perinatal morbidity and perinatal mortality.

Aim. Based on a retrospective analysis, assess the obstetric and perinatal consequences of childbirth in women
with antenatally undiagnosed fetal growth restriction.

Materials and methods. An analysis of 488 cases of childbirth in women with singleton pregnancy, who gave
birth to a live child, was conducted. In all cases, the gestational age was 222 weeks with a fetal weight less than
the 10™ percentile for the corresponding gestational age. Depending on the antenatally established diagnosis
of FGR, two study groups were formed: group | consisted of 204 (41.8 %) cases with antenatally diagnosed
FGR, group Il — 284 (58.2 %) cases in which signs of FGR were identified after the birth of the child. Maternal
characteristics, neonatal outcomes, and evaluation of short-term infant outcomes were analyzed.

Results. Both groups were dominated by women with first births, the number of which was almost the same.
Somatic pathology was almost 2 times more common in women of group |, 17.2 %, compared to 9.2 % of women
in group Il (p < 0.01), this indicates that the majority of women who were not diagnosed with FGR during preg-
nancy belong to the low-risk group. Fetuses with impaired blood flow in the umbilical cord arteries were twice
as common in group |, 49.5 % versus 23.9 % in group Il (p < 0.0001), and the frequency of absent/reversible
end flow in the umbilical arteries in group | compared to group Il, prevailed 3 times (p < 0.0001), indicating more
serious lesions of the placenta and, as a result, early manifestation of the fetal condition disorder. The frequency
of premature abdominal delivery was 3.75 times higher in group | compared to group Il. The most frequent indi-
cation for cesarean delivery in both groups was signs of fetal distress syndrome. Analysis of neonatal outcomes
showed that the average birth weight was significantly lower in group | and was 2180 + 55 g against 2420 + 61 g
in group Il (p < 0.0001). The need for hospitalization of newborns in the intensive care unit had no statistical
difference between the groups (p > 0.05). However, the complications of the early neonatal period and the total
length of stay in the hospital were greater in children of the | group, compared to the Il group (p < 0.0001).

Conclusions. The results of the conducted research indicate a low level of prenatal diagnosis of fetal growth
restriction. Most pregnant women with antenatally undiagnosed fetal growth restriction belong to the group of low
perinatal risk. The most frequent indication for cesarean section operation, regardless of the date of delivery, in
both groups were signs of fetal distress, the frequency of which was 1.5 times higher in the antenatally diagnosed
fetal growth retardation group. Newborns with an undetected growth anomaly before delivery have an increased
risk of fetal distress, the severity of which is determined by the degree of deterioration of fetal oxygenation, and
not by weight percentile, which requires more careful observation of fetuses with signs of growth restriction.
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AKyLwiepcbKi Ta nepuHaTaAbHi HAaCAIAKH NMOAOTIB Y XIHOK
3 aHTeHaTaAbHO He AlarHOCTOBaHOI0 3aTPUMKOIO POCTY NAOAQ

B. A. Myukos., M. I. MaBAtoueHko, O. A. BoromonoBa

3atpumka pocty nnogy (3PIM) — oaHa 3 HalikpalLe BUBYEHUX TEM y MeQULVHI MaTepi Ta nnoga. Ane He igeHTu-
hikoBaHa aHTeHaTanbHO 3Pl CNpUUMHSIE NiABULLEHWI PU3NK NepUHATaNbHOI 3aXBOPIOBAHOCTI Ta CMEPTHOCTI,
a TaKoX HECNPUATNMBI BigaaneHi Hacnigku. BuasnenHs 3PI1 nig yac BariTHOCTi CNPUATAME 3HWXEHHIO NepuHa-
TarnbHOI | 3aXBOPIOBAHOCTI, 1 CMEPTHOCTI.

MeTa po60Tu — Ha NiACcTaBi PETPOCNEKTUBHOMO aHani3y 3AiNCHUTY OLIHIOBAHHS aKyLLEPCHKMX i NepUHaTamnbHUX
HaCnifKiB PO3POMKEHHS XKIHOK 3 aHTEHaTanbHO He AiarHOCTOBAHO0 3aTPUMKOI0 POCTY NoAa.

Marepianu Ta metoaum. MpoaHanisysanu 488 BunazkiB NOMOriB y XIHOK 3 OLHONMIZHOK BariTHICTIO, SIKi HApo-
OWUNK XMBY OUTUHY. B ycix BUnagkax TepMiH BariTHOCTI CTAHOBMB 222 TWXHI 3 Macoto nnoaa, LWwo MeHwa 3a 10
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nepueHTUNb ANs BiANOBIAHOMO TepMiHy rectauii. 3anexHo Bif aHTeHaTanbHO BCTaHOBNEHOro AiarHosy 3P,
copmysanu Asi rpynu gocnimkerns: | — 204 (41,8 %) sunagku 3 aHTeHaTansHo AiarHoctoBaHoto 3PI; Il —
284 (58,2 %) Bunagku, korm o3Haku 3P ineHTudikoBaHo NiCns HapOMKEHHS ANTUHW. BUBYMIM MaTepUHCHKI
XapaKTepuCTUKW, HeOHaTarbHi pe3ynbraTy, OLHUI KOPOTKOCTPOKOBI pesynbTaTy NikyBaHHS HEMOBIIST.

PesynbraTtu. B 0box rpynax nepeBaxanu XiHKu 3 NepLuMMy nornoramu, KinbKiCTb SiKMX B rpynax 3icTaBHa.
ComatnyHy natonorito Maibxe BABIMi YacTille AjarHocTysanm B iHOK | rpynm (17,2 %) nopisHsHo 3 11 (9,2 %)
(p<0,01). Le cBiguuTb, L0 GinbLUiCTb XIHOK, Y SIKMX NiA Yac BariTHoOCTi He 6yno giarHocTtoBaHo 3P, HanexaTb
[0 PYNW HU3LKOTO PU3KKY. MNopyLLEHHs KPOBOTOKY B apTepisix NynoBUHW BABIYI YacTille cikcysanu B nrogais |
rpynu (49,5 %) wopo 11 (23,9 %) (p < 0,0001). Yactota HynboBOrO / peBEPCUBHOMO KPOBOTOKY B apTepisiX MyMoBUHM
BTpUi nepeBaxana B | rpyni nopisHsHO 3 11 (p < 0,0001). Lie cBigumno npo cknagHili ypakeHHs nnaleHTy, a
OTKe W paHHI0 MaHidhecTaLjito MopyLLEeHHs CTaHy nnoa. YactoTa JOCTPOKOBOro abaoMiHanbHOr0 PO3pOMKEHHS
B 3,75 pa3a Buwa B | rpyni. HanyacTille nokasaHHs A0 KecapeBoro po3TiHy B 060X rpynax — 03HaKu AnUCTpec
CvHApoMy nnoaa. AHani3 HeoHaTarbHKUX HaCcriaKiB NOKa3aB: CepefHa Maca Npu HapOMKEHHI BIPOTiAHO MeHLa
B | rpyni, ctaHoBNTb 2180 £ 551, y 11— 2420 £ 61 (p < 0,0001). He BUSIBUNM CTATUCTUYHO 3HAYYLLOI Pi3HML MixX
rpynamu 3a HeoOXigHICTIO rocniTanidawii HOBOHApOMKEHMX Y BifAiNeHHs iHTeHcuBHOI Tepanii (p > 0,05). Brim,
yacToTa ycknaZHeHb PaHHbOrO HeOHaTanbLHOro Mepiody Ta 3ararnbHa TpuBanicTb nepedyBaHHs B CTaLlioHapi
6inbLi B aitei | rpynn nopieusHo Il (p < 0,0001).

BucHoBKuM. Pe3ynbraTii AOCTIMKEHHS CBIiAYaTh NPO HWU3bKIIA PiBEHb JOMOMOrOBOI AiarHOCTMKM 3aTPUMKM POCTY
nnopa. binbLwiCTb BariTHUX 3 aHTeHaTanbHO He AiarHOCTOBAHOKO 3aTPUMKOKO POCTa NMoAa Hanexarb 4o rpynu
HWU3bKOrO NepUHaTanbHOro pU3nKy. HamyacTille nokasaHHs 4o onepaLlii kecapeBoro po3TuHy (He3anexHo Big
TepMiHy po3pomkeHHs1) B 060X rpynax — 03Hak1 AUCTPeCy nnoga, Yactota skoro B 1,5 pasa 6Ginblua B rpyni
aHTeHaTanbHO AiarHOCTOBaHOI 3aTPUMKM poCTy Nnoaa. HOBOHAPOMKEH 3 HE BUSIBNIEHO0 Nepea NOoramm aHo-
Marnieto poCTy MakoThb MiABULLEHWIA PU3UK ANCTPECY M0AA, TSXKKICTb AKOTO BUSHAYAETLCS CTYNEHEM NOTipLUEHHS
oKcureHalii, a He npoLeHTUneM macu. Lie 3ymoBIioe HeoOXigHICTb PETENbHILLOTO CNOCTEPEXEHHS 3a NNogaMu

3 03HAKaMU 3aTPUMKI POCTY.

CyuacHi meanuHi TexHonorii. 2023. Ne 4(59). C. 21-26

Fetal growth restriction (FGR) is one of the most studied topics
in the medicine of the mother and fetus. This is due not only to the
relationship between the FGR and the postnatal consequences
for the newborn but also to unresolved issues concerning the
diagnosis and treatment of this pathology [1,2]. Over the past 40
years, a considerable amount of evidence has been obtained to
clarify the clinical condition of the fetus with a suspected FGR
and the role of fetal care parameters, both for predicting the
clinical course and evaluating its condition during observation.
However, there are significant differences in the recommended
guidelines for fetus management with suspected FGR [3,4,5].
Today, there are still some differences both in diagnostic criteria
and in the tactics of management. FGR is a complex problem
of modern obstetrics that the American College of Obstetricians
and Gynaecologists (ACOG 2021) considers “the most relevant
and difficult problem of modern obstetrics” [6]. Despite the
various causes of FGR, it is a pathological condition that occurs
because of placental vascular disorders, namely chronic oxygen
deficiency and nutrients for the fetus due to impaired fetal-mother
circulation [7,8,9].

Despite extensive studies, and public health policy aimed
at reducing the number of infants with low body weight, the
prevalence of FGR remains unacceptably high [10]. At the same
time, not identified antenatally FGR can have an increased risk
of both perinatal morbidity and mortality, as well as adverse long-
term consequences of the cardiovascular system, and cognitive
disorders in adulthood [11,12]. Also, the FGR is associated with
12 % mortality in antenatal and 8 % in neonatal periods [13].

One of the attempts to improve the prevention of stillbirth
is the best detection of FGR during pregnancy. However, the
monitoring of fetal growth is an insurmountable obstacle to

prenatal observation [4,5,6]. Despite the consensus on the
importance of screening, the current practice of pregnancy
monitoring is heterogeneous and antenatally from 10 % to 36 %
of infants with weight at birth <10 percentile [14,15]. Therefore,
the diagnosis of FGR during pregnancy and the optimization
of delivery dates contribute to the reduction of both perinatal
morbidity and perinatal mortality [16,17].

Aim
Based on a retrospective analysis, assess the obstetric and

perinatal consequences of childbirth in women with antenatally
undiagnosed fetal growth restriction.

Materials and methods

An analysis of 488 cases of childbirth in women with a
singleton pregnancy who gave birth to a living baby from 2018
to 2021 in Zaporizhzhia was done. In all cases, pregnancy was
222 weeks with a fetus weight less than the 10" percentile for the
appropriate gestation period. FGR was determined by the criteria
for diagnosis of according to the current order of the Ministry of
Health of Ukraine dated 02.10.2023 No. 1718 and guidelines of
the European Society of Ultrasound in Obstetrics and Gynecology
(ISUOG)[18,19]. The estimated weight of the fetus was designed
by the formula of the Hodlock (HC-AC-FL). For interpretation
of the percentage of newborn weight, reference data from the
INTERGROWTH-21%t was used [20].

Growth restriction in newborns was defined according to
the criteria of the Consensus Definition (2018), which includes:
birth weight of the child <3 percentile, or a combination of
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Table 1. Maternal characteristics in the studied groups

Indexes I group, n =204 Il group, n = 284 p
Average pre-pregnancy weight, kg 61.1+9.7 582+ 11.0 0.0310
BMI 219+28 206+27 <0.0001
Parity

1 childbirth 51.9% 59.2 % 0.1144
Extragenital pathology 17.2% 92% 0.0083

three criteria: birth weight <10™ percentile; head circumference
<10" percentile; prenatal diagnosis of FGR; prenatal risk factors
associated with FGR [21].

Following the aim of the study, depending on the antenatally
established diagnosis of FGR, two study groups were formed:
group | consisted of 204 (41.8 %) cases with antenatally
diagnosed FGR, Il group — 284 (58.2 %) cases with signs of FGR
identified after the birth of the child. The average age of pregnant
women was 28.1+ 3.1in group | and 29.5 £ 2.4 years in group Il.
The study analyzed maternal characteristics, weight gain during
pregnancy, and the onset of any obstetric complications. Dates
and method of delivery, birth weight of infants, and Apgar score
at 1 and 5 minutes after birth were collected and recorded [22].
Also, an evaluation of the short-term results of the treatment of
infants was carried out, namely: the need for hospitalization in
the neonatal intensive care unit, artificial ventilation of the lungs
for more than 24 hours, and the main neonatal complications
(respiratory distress syndrome (RDS) of the newborn, necrotizing
enterocolitis (NEC), intraventricular hemorrhage (IVH)), sepsis,
accesses, and days of hospitalization in neonatal intensive care
unit).

The research was conducted by the modern requirements
of moral and ethical norms regarding the rules of ICH/GCP, the
Declaration of Helsinki (1964), the Conference of the Council
of Europe on Human Rights and Biomedicine, as well as the
provisions of legislative acts of Ukraine.

Statistical processing of the results was conducted using
licensed standard packages of multivariate statistical analysis
application programs Statistica for Windows 13 (StatSoft Inc.,
No. JPZ8041382130ARCN10-J). Data are presented as M + SD
(mean * standard deviation) or n (%). Testing of the hypothesis
about the presence of discrepancies was conducted using the
Student's test. Differences were considered statistically significant
at p < 0.05. The correlation between the term of pregnancy and
manifestations of distress of fetuses of different groups was
evaluated by the Pearson correlation coefficient.

Results

The analysis of maternal characteristics showed that the
average pregnancy weight and body mass index (BMI) of women
of group | were significantly higher compared to women of group
Il (p <0.001) (Table 1).

The number of women with their first birth in both groups was
almost the same: 51.9 % (106/204) in group |, against 59.2 %
(168/284) in group Il (p > 0.05). Somatic pathology was almost

2 times more common in women of group |, 17.2 % (35/204),
compared t0 9.2 % (26/284) of women in group Il (p < 0.01).
Hypertensive disorders during pregnancy predominated among
somatic pathologies, the frequency of which was 3.5 times higher
ingroup 1, 19.6 % (40/204) compared to 5.6 % (16/284)in group Il.

Characterizing the condition of the fetus during pregnancy
(Fig. 1), it should be noted that in both groups there was a
predominance of fetuses with a late form of FGR, however, in
group | the frequency in the early form of FGR was 3.5 times
higher compared to group Il (p < 0.0001). Fetuses with impaired
blood flow in the arteries of the umbilical cord (pulsatility index
(PI)> 95 %) were twice as common in group | versus in group
I (p <0.0001), and the frequency of absent end-diastolic flow in
the umbilical arteries in group | compared to group Il prevailed
3 times (p < 0.0001).

Peculiarities of the course of labour in the study groups
showed that the average term of labour was significantly shorter
in group | and was 37.4 £ 2.6 weeks against 38.2 + 2.1 weeks
in group Il (p = 0.0004). The frequency of premature birth in
both groups had no statistical difference, and in group | was
5.9 % (12/204) against 6.0 % (17/284) in group Il (p = 0.1376).
However, the frequency of preterm abdominal delivery was 3.75
times higher in group | compared to group Il, 22.5 % (46/204)
and 6.0 % (17/284), respectively (p < 0.0001). The percentage
of cesarean sections prevailed in women of the | group, 52.0 %
(106/204) compared to group Il, 38.4 % (109/284) (p = 0.0029).

The most frequent indication for cesarean section in both
groups were signs of fetal distress syndrome, however, in women
of the | group, this indicator was 43.6 % (89/204), and in group
I, respectively, 23.2 % (66/284) (p = 0.0014). It should be noted
that a positive correlation of moderate strength was established
between the term of pregnancy and manifestations of fetal
distress in group | (r = 0.318) (p < 0.001), in contrast to group
I, where the corresponding correlation was absent (r = 0.125)
(p > 0.05). The frequency of vacuum extraction of the fetus
was higher in women of group Il, 4.9 % (14/284), against 1.5 %
(3/204), respectively, in group | (p = 0.041). The frequency of
placental abruption was not significantly different between the
groups and was 0.5 % (1/204) in the | and 2.1 % (6/284) in group
Il (p=0.1422).

Analysis of neonatal outcomes showed that the average birth
weight was significantly lower in group | and was 2180 + 55 g
against 2420 + 61 g in group Il (p < 0.0001). It should be noted
that the proportion of newborns weighing up to 1000.0 and 1000-
2000.0 prevailed in group | compared to group Il (p = 0.011). The
number of newborns with weight from 2000.0 to 2500.0 did not
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Fig. 1. The condition of the fetus during pregnancy in the study groups.

statistically differ in groups and was 47.6 % (97/204) in group | and
44.0 % (125/284) in group Il, respectively (p = 0.4373). However,
the percentage of children weighing more than 2500 g prevailed
in group Il, 46.5 % (132/284), compared to 27.5 % (56/204) in
group | (p < 0.0001). Such features were also reflected in the
average percentile of the weight of the newborn, which was also
significantly lower in the children of the | group, 2.8 £ 0.9 compared
to 3.7 £ 1.2 in the children of group Il (p < 0.0001).

There was no statistical difference in the gender of newborns
between the groups: 45.1 % (92/204) in group |, against 41.9 %
(119/284) in group Il (p = 0.4816).

The number of children with an Apgar score <7 points at 1
minute in group | was greater and amounted to 18.8 % (38/204)in
comparison with group Il where this indicator was equal to 8.1 %
(23/284) (p <0.0001). At 5 minutes, the score on the Apgar scale
was <7 points in children in group | in 2.9 % (6/204), and no case
in the children in group I1.

The need for hospitalization of newborns in the neonatal
intensive care unit was 15.7 % (32/204) in group | and 10.2 %
(29/284)in group Il and had no statistical difference (p = 0.1084).
The analysis of complications of the early neonatal period showed
that their frequency (RDS 10.8 % and 1.8 %; IVH IlI-IV grade,
2.0% and 0.0 %; NEC 2.5 % and 0.4 %; sepsis 3.4 % and 0.4 %;
the need for inotropic support 3.4 %; and 0.0 %, respectively, in
groups | and Il) was greater in children of group | compared to
group Il (p < 0.0001). Intranatal death of the fetus was only in 1
case, 0.5 % (1/204) in the group | (p = 0.0386). The duration of
hospitalization in the intensive care unit was statistically longer
in the children of the | group, 10.7 £ 2.3 days, against 5.2 + 1.9
days in group Il (p < 0.0001). The total duration of hospitalization
in the hospital was also significantly longer in children of the |
group compared to group 11 (19.5 £ 4.8 days vs. 9.7 + 3.1 days,
respectively) (p < 0.0001).

Discussion

Abnormal fetal growth, the clinical manifestation of FGR,
increases the risk of adverse perinatal outcomes, therefore
correct prenatal identification of these fetuses is important
[14,15,23]. Although there is an agreement among the specialists

of international associations regarding the clinical observation
of early and late forms of FGR [1,3], diagnosis of FGR remains
an unsolved problem.

Even though in our country, ultrasound examination in the
third trimester of pregnancy is a common practice — the result of
the conducted study found that before delivery, the diagnosis of
FGR was established in 41.8 % of cases, which coincides with
the data obtained in France 36.2 % [15], but significantly lower
than the results of a recent study in ltaly of 75.3 % [16]. Analysis
of maternal characteristics did not reveal a significant difference
in mean age between the groups, but the mean pregnancy weight
and BMI in women of group | was greater compared to group
I, in contrast to the data of the European study, where women
in the group with FGR identified during pregnancy were more
deficient body weight [16]. In the conducted study, both groups
were dominated by women giving birth for the first time, but
there was no statistical difference between the groups (p > 0.05).
Extragenital pathology in women of group Il was found in only
every tenth woman. As for hypertensive disorders, in pregnant
women diagnosed with FGR during pregnancy, attention is drawn
to a lower frequency of their occurrence (19.6 %), compared to
33.0 % in a European study [16]. These data indicate that the
majority of women who were not diagnosed with FGR during
pregnancy belong to the low-risk group.

The analysis of the distribution by the period of onset of FGR
by group showed a higher percentage of the early form in group
| compared to the fetuses of group Il (p < 0.0001). Similarly, in
group |, the proportion of blood flow disorders in the umbilical
cord arteries prevailed more than twice (49.5 %) (Rl > 95 %),
compared to group Il (p <0.0001). At the same time, critical blood
flow in the arteries of the umbilical cord in group | was detected 3
times more often compared to group Il. Such data may indicate
more serious damage to the placenta and, as a result, an early
manifestation of fetal impairment.

As expected, cesarean section prevailed in women of group
[, and in most cases, the indications for operative delivery were
precisely signs of fetal distress. Regarding the average birth
weight, it was lower in group | compared to group II, which is
consistent with the data of European studies [15,16], but the
average weight percentile, according to these researchers, was
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higher and was 5.0 percentiles, against 2.8 and 3.7 percentiles in
the I and Il group, respectively. Although the number of children
with an Apgar score <7 at 1 and 5 minutes prevailed in children
of the | group, the need for hospitalization in the intensive care
unit was not significantly different between the groups.

The frequency of early neonatal complications, the length
of stay in the intensive care unit, and the total duration of
hospitalization were statistically higher in women with antenatally
diagnosed FGR (p < 0.0001).

Conclusions

1. The results of the conducted research indicate a low
level of prenatal diagnosis of fetal growth restriction (41.8 %). It
should be noted that among pregnant women with antenatally
undiagnosed fetal growth restriction, a low percentage of somatic
pathology (9.2 %) and hypertensive disorders during pregnancy
(5.6 %) was established, compared to the group of women with
antenatally identified fetal growth restriction (17.2 % and 19.6 %,
respectively).

2. Based on the results of childbirth, it was established that
among pregnant women with antenatally diagnosed fetal growth
restriction, the frequency of its early form was 16.7 %, which was
3.5 times higher than the corresponding indicator in the group
with antenatally undiagnosed fetal growth restriction.

3. The most frequent indication for cesarean section
operation, regardless of the date of delivery, in both groups were
signs of fetal distress, the frequency of which was 1.5 times higher
in the antenatally diagnosed fetal growth restriction group.

4. Analysis of the frequency of premature births in the study
groups had no statistical difference, however, the increase in the
percentage of premature babies in the group with antenatally
diagnosed fetal growth restriction (22.5 % compared t0 6.0 % in
the group with antenatally undiagnosed fetal growth restriction)
is due to premature birth due to signs of fetal distress.

5. Perinatal consequences after delivery in the group with
antenatally diagnosed fetal growth restriction are characterized
by a significantly higher percentage of neonatal complications
(p<0.0001), in contrast to the group with antenatally undiagnosed
fetal growth restriction, where the gestational age at delivery
and birth weight have affected the frequency of early neonatal
complications and duration of hospitalization in the neonatal
intensive care unit and the hospital.

6. Newborns with undetected growth restriction before
delivery have an increased risk of fetal distress, the severity
of which is determined by the degree of deterioration of fetal
oxygenation, and not by weight percentile, which requires more
careful monitoring of fetuses with signs of impaired growth rates
in the third trimester of pregnancy.
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HeoHatanbHa octeonenis (KB 61.3 3a MKX-11) — nowwupeHe NopyLIEHHs MiHEpanbHOro 06MiHy KiCTKOBOI
TkaHuHu (KT) B HegoHoweHux aiten (HO). MporHosyBaHHSA Ta BUSIBMEHHS OCTEONEHIT — KoY Ao i yeniluHoro
KOHTPOMIOBAHHS.

MeTa po60TH — BU3HAUNTK (haKTOPM PU3VIKY, LLIO BMIIMBAKOTL Ha hOPMYBaHHS! HeOHaTanbHOI ocTeoneHii B H,
NP HApOLKEHHi Ta NPOTArOM TEPMiHy IHTEHCUBHOTO TiKyBaHHS / MOCTIHTEHCUBHOTO BUXOKYBaHHS.

Marepianu Ta metoau. YnerpassykoBum geHcutometpom Sunlight Omnisense 9000 BumiptoBany LWBMAKICTb
nowwpeHHs ynetpa3eyky B KT (SOS, m/c) 3 ouiHtoBaHHAM Z-score (SD) BignoBigHO [0 reCTauiiHoro Biky B
56 HL i 20 pOHOLIEHMX HOBOHAPOMKEHWX (KOHTPOMbHA rpyna) B paHHbOMY HeoHaTanbHoMy Bili. OcTeoneito
BepudikyBanm 3rigHo 3 HactaHoBamu BOO3 ans npoMeHeByx METOAIB 3@ MOKa3HNKOM Z-SCOre, Lo MEHLLWIA 3a
-1,0 SD. OuiHky Z-score, wo ctaHoBuna -2,0 SD i Huk4e, BU3HauUnu sik HagHU3bKi NOKa3HUKK. Bus4nnn xapak-
TEPUCTKM aKyLLIEPCbKO-TIHEKOMOTYHOr0, COMaTUYHOrO aHamMHe3y Ta nepebiry BariTHOCTi MaTepiB HELOHOLLIEHNX
aiTei, hakTopy IXHbOro NOCTHATANbHOM BUXOMKYBAHHS, L0 BNNMBAKOTL HA hopmyBaHHs KT.

Pesynbtatu. [liTn, HapomkeHi B 33 TVxkHI Ta paHille, MarTb Y 3,23 pa3a BULL WaHCK BUHUKHEHHS HeAOCTaT-
HbOI MiHepanisauii KT go signosigHoro TepmiHy HapogxenHs (OR = 3,23; [l 95 % [1,08; 9,70]), Hix iHwi HJ.
LLlaHcy HagHmsbkix nokasHukie SOS 3a Z-score y 14,22 pasa suwi (OR = 14,22; [l 95 % [3,29; 61,57]) y HA,
AKi HapomKeHi B 32 TWkHI rectauii Ta paHiwe. EkcTpareHitanbHi 3aXxBOproBaHHS, KNiHIYHI 03HaKK gediunTy
Kanbljito B MaTepis, CNOXWBaHHA XiHkaMu Karbljilo Ta BiTamiHy D, nia yac BariTHOCTI He Manu CTaTUCTU4YHO
3HauyLwoi pisHuui (p > 0,05) y rpynax HA i koHTponio. WaHen HegocTtaTHeoi MiHepanisayii KT nigsuilye Hass-
HiCTb Npeeknamncii B matepi —y 5,47 pasa (OR = 5,47; [11 95 % [1,07; 27,93]), apyra 3a napuTeTOM BariTHICTb
(i HacTynHi) —y 4,51 pasa (OR =4,51; 1l 95 % [1,38; 14,80]). CniBBigHOLIEHHS TPMBANOCTI LITYYHOI BEHTUNALT
nerexb (LLIBIN) Ta 3aranbHoi TprBanocTi nikyBaHHa HI, TpuBanicTb napeHTepanbHOro BUrOAOBYBAHHS MakTh
3BOPOTHUIA KOpENnsALLiHWIA 38'A30K (MoMipHWN (r = -0,42, p < 0,05) i nomiTHwiA (r =-0,51, p < 0,05) BignoBigHo) 3i
3HMKeHHIM SOS 0 HU3bKMX 3a Z-score.

BucHoBku. Y HJI, HapomkeHnx y 32 TWXHI recTauii Ta paHilue, LuaHcu HagHn3bkinx nokasHukie SOS 3a Z-score
B 14,22 pa3a Buwi (OR = 14,22; [11 95 % [3,29; 61,57]). HenocTatHio MiHepanisauito KT 3a nokasHukamu SOS
(3a oujHKoW0 Z-score) MporHo3ye HapomkeHHs HI Big Apyroi 3a napuTeToM BariTHOCTI (Ta HACTYNHWX), HasiB-
HiCTb Npeeknamncii B MaTepi, napeHTepansHe BUronoByBaHHs H TpueanicTio noHag 8 fi6 (Se = 75,00 %,
Sp=71,87 %, p<0,0001), Tpueanictb LLBJ, binbLua 3a 6,48 % Big 3aransHoro Yacy nikysaHHs HL (Se = 86,67 %,
Sp =59,38 %, p < 0,046).

CyuacHi meauuHi TexHonorii. 2023. Ne 4(59). C. 27-36

Assessment of risk factors for osteopenia development in premature babies
A. Yu. Tsymbal, Yu. V. Kotlova

Neonatal osteopenia (KB 61.3 (ICD-11)) — violation of mineral exchange of bone tissue (BT) of premature babies
(PB). Predicting and detection of osteopenia is the key to its successful control.

Aim. The aim of the article was to determine risk factors influencing the formation of neonatal osteopenia of PB
and during the term of intensive care / postintensive nursing.

Materials and methods. Ultrasound densitometer Sunlight Omnisense 9000 was used to measure the ultrasound
speed in BT (SOS, m/s) with estimation Z-score (SD) according to gestational age of 56 PB and 20 mature
babies (control group) in the early neonatal age. Verification of osteopenia was carried out under the WHO
guidelines for radiation methods by Z-score indicator less than SD by -1.0. Estimation of Z-score -2.0 SD and
less was attributed to ultra-low indicators. The characteristics of obstetric and gynecological, somatic anamnesis
and pregnancy course of premature babies’ mothers, factors of PB postnatal development that influence the
formation of BT were studied.
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Results. Children born at 33 weeks or earlier are 3.23 times more likely (OR = 3.23; Cl 95 % [1.08; 9.70]) to
develop BT demineralization by the corresponding term of birth than other PB. The chances of ultra-low SOS
by Z-score are 14.22 times higher (OR = 14.22; Cl 95 % [3.29; 61.57]) in PB born at 32 weeks of gestation and
earlier. Extragenital diseases, clinical signs of calcium deficiency in mothers, and women'’s intake of calcium and
vitamin D3 during pregnancy did not have a statistically significant difference (p > 0.05) in the studied PB and
control group. The mother’s preeclampsia increases the chances of insufficient BT mineralization by 5.47 times
(OR=5.47; Cl 95 % [1.07; 27.93]), second parity pregnancy (and subsequent ones) — by 4.51 times (OR = 4.51,
Cl195 % [1.38; 14.80]). The factors of the ratio of the duration of mechanical ventilation relative to the total time
of PB treatment, the duration of parenteral feeding have an inverse correlation (moderate (r = -0.42, p < 0.05)
and significant (r = -0.51, p < 0.05) respectively) with a decrease in SOS to low Z-score.

Conclusions. In PB born at 32 weeks of gestation and earlier, the chances of ultra-low SOS indicators by
Z-score are 14.22 times higher (OR = 14.22; Cl 95 % [3.29; 61.57]). The following factors predicts insufficient
mineralization of BT according to SOS indicators according to the Z-score: mother’s second parity pregnancy (and
subsequent ones), preeclampsia, parenteral feeding of PB for more than 8 days (Se = 75.00 %, Sp = 71.87 %,
p < 0.0001), duration of mechanical ventilation, which is more than 6.48 % of the total time of PB treatment

(Se = 86.67 %, Sp =59.38 %, p < 0.046).
Modern medical technology. 2023;(4):27-36

MepLLi NOBiBOMIEHHS Ta HAYKOBI 3BiTW NPO OCOONMBI 3MiHM
KICTKOBOI TKAHWHW MIOAVHM, WO BEpPUEIKOBaHI Sk OCTEONEHIS,
3ABUANCS Ha noyaTky Ta B cepeauHi XX cronitta [1]. HuHi uen
naTonoriYHuii CTaH BKIYeHo Ao MixHapoaHoi knacudikaii
xBopob 11 nepernsgy, B Kii BpaxoBaHO Cy4YacHi MeAUYHI npo-
onemu XXI cToniTTA Ta HABEAEHO HaWBAXNMBILLI AOCATHEHHS
HayKu Ta NpaKTUKK.

OcTaHHIMM OecaTupiy4smMmn CnocTepiraeMo 3aLlikaBrneHicTb
HayKOBLIB Yy BMBYEHHI NPUYMH POPMyBaHHS, 0CcOBNMBOCTEN
JiarHOCTUKI, CMOCTEPEXEHHS 32 HOBOHAPOMKEHNMU 3 HEOHA-
TansHoto octeoneHieto (KB 61.3 3a MKX-11), ogHak 3anuwiaeTsbes
Barato A1CKyCiHMX MUTaHb, OCKINbKMW 3aranbHOMPUIHATIX KpUTe-
piiB BU3HAYEHHS LIbOro CTaHy AOCi HEMae, @ YacToTa BUSIBMIEHHS!
3aXBOPHOBAHHS 3HAYHO Pi3HNTLCA [2].

HeoHaTtanbHy 0CTeoneHito (CMHOHIM — MeTabonivHa XBopo-
6a kictok (MXK)), 3rigHo 3 unHHMM Hakaszom MO3 Ykpainu Big
16.04.2022 p. Ne 650 Ta BignoBigHot «KniHiYHOK HACTaHOBOH,
3aCHOBaHOI0 Ha [0Ka3ax», BU3HAYaloTb 3@ HEMOBHOK MiHepa-
nisauieto octeoiga. Matonoria Moxe matu nerkvin nepebir 6es
KMNiHIYHWX 03HaK, | TOi il AiarHOCTYHOTb NMLLE 3@ HAsIBHICTHO OC-
TEOMNeHii; THKKMIA Nepedir CynpoBOMKYETHCS NEPENOMaMM KICTOK
Mig Yac pocTy HOBOHapomKeHuX [3]. EBontouis KniHiYHKMX NposiBiB
| TAXKICTb YpaXKEHHS KICTOK 3aneaThb Bif Mipy AemiHepanisauil
KicTOK [4]. [lo rpynu puaunky Hanexarb Hacamnepes HeQOHOLLEHI
OiTW, IKi no36aBneHi nepiogy HanbinbLw ePeKTUBHOTO BKITHOYEH-
HS MOXVBHWX PEYOBMH [0 KICTKOBOTO MaTpHKCY; Lie CIPUYMHSIE
yacTkoBy abo NOBHY BTpaTy ONTUMAsBHOTO eTany opMyBaHHS
MiHeparbHUX pe3epsiB [5]. Tomy Taki 4iTv BinbLU CXUMBHI 4O No-
PYLLEHHs MiHepanisaLlii KICTOK, SiKy BU3Ha4atoTb K HEOHaTarbHY
ocTeoneHito [2,6,7].

Y BCbOMY CBITi BU3HAYalOTb TEHAEHL0 [0 HAPOMKEHHS
JiTel parilwe 3a nepenbavyBaHi TEPMIHW recTauii, @ Takox ix
eeKTUBHOTO BUXOMKYBaHHS. B YkpaiHi 3-noMix HOBOHapoaxe-
HUX Maike 5,24 % — HeJOHOLLEHI AiTW. BUXnBaHHS HEMOBNAT i3
Macoo Tina npu HapomkeHHi 500-999 r 36inbLuMnocs B 2,6 pasa,
3 Macoto Tina 1000-1999 r — Ha 4,85 % [8]. 3axBoproBaHiCTb Ha
HeoHartanbHy ocTeoneHito konueaeTbes Big 20-30 % ao 50-60 %
3anexHo Bi Macy Tina Ta rectawiiHoro Biky HapOZXeHHs! AiTen
[5,7]. Barato gocnigHUKiB NiATBEPIKYIOTL 3aranbHy 3BOPOTHY

3aKOHOMIPHICTb: YAM MEHLLINA reCTaLiiHWiA BiK NPY HAPOMKEHHI,
TM GinbLUa NOLLMPEHICTb HeoHaTanbHOI ocTeoneHii [9].

BviByatoThb BNnmMB iHWMX hakTopis pu3anky possutky MXK'y
HOBOHAPOKEHNX: CUHAPOMY ManbabcopbLji, HEKPOTU3YHYOro
enTepokonity (HEK), 3axBoproBaHb neviHku, HUpOK, BpoHxonere-
HeBoi aucnnasii (BI1[), NOBHOro NnapeHTepansHOro XapyyBaHHs,
— a TaKoX BNIMBY MEAUKAMEHTO3HOIO NiKyBaHHS [iypeTUYHUMM,
FMOKOKOPTUKOCTEPOIAHUMI Npenapatamm Ta TpUBanoi Hepyxo-
MOCTi HE[JOHOLLEHMX HeMOBNAT Towo [7,9,10].

Uepes BigCYTHICTb yBaru 4O CTaHy MiHeparnbHOi LWiNbHOCTI
KICTOK y HEJOHOLLEHMX AiTEN, BifCYTHICTb CBOEYACHOTO ANHAMIY-
HOrO CMOCTEPEXEHHS 3@ XapakTepUCTUKaMM MILLHOCTi KICTKOBOI
TKaHWHW Mg Yac POCTYy MantoKiB Ta KOPEeKLUil Lmx nopyLeHb
iMOBIPHI NPOSIBM YCKNaZAHEHb, 30KpeMa CIOHTaHHWX NepenoMmiB,
He NnuLe BMPOAOBX MepLUMX 2 poKiB, ane N NpoTAroM YCbOoro
xutTa [3,6,7].

BumiptoBaHHS KiCTKOBOI Macy y Aitel Mae yumano obme-
XeHb, Ha BigMiHy Big gopocnux [11]. MposigHuMK 3acobamm
OLiHIOBaHHS! CTaHy KiCTKOBOI TKAHWUHW Y HOBOHAPOMKEHNX AiTen
€ MPOMEHEBI — PEHTTEHOIONYHI, YNbTPa3ByKoBi. Pesynbratit fo-
CrigkeHb 3aCBiguMnK, WO NPUCTPOI ANS KirbKiCHOTO YrbTpassy-
KOBOFO [OCiMKEeHHS KICTKOBOI TKaHUHM 3 A0BiAKOBO 623010 Ar1s
HOBOHaPOKEHUX AITEN TaK Camo HafiliHi, SK | ABOEHepreTnyHa
peHTreHiBcbka abcopbuiometpis [12].

3rigHo 3 pekomeHaaLieto MixkHapoaHOro ToBapucTBa 3 KiiHiy-
Hoi geHcuTomertpii (ISCD) (2019), ANst CKPUHIHTY Ta AMHaMIYHOTO
CMOCTEPEXEHHSI CaMe HeLOHOLIEHNX AiTen Binbly Ge3neyHum
Ta yHIBEPCAIbHUM € BUKOPVCTaHHS KiMbKICHWX YNbTPa3ByKoOBUX
MeTofiB JoCnimxeHHs. [Ans ynsTpa3BykoBUX AEHCUTOMETPIB
CKnafgeHo eTanoHHi nepiaTpuyHi 6asn JaHWX NOLMPEHHS
LUBMAKOCTi YNbTPa3ByKy B CTAHAAPTU30BAHNX JTOKyCaXx KiCTKOBOI
TKaHWHW HELOHOLIEHUX AiTeN Pi3HUX recTaLinHUX TEPMIHIB npu
HapPOMKEHHI, CTBOPEHO KanibpyBanbHi haHTOMM, NporpamHe
3abe3neyeHHs. Lie ae amory HagifHo Bi3HAYaTW y HELOHOLIEHMX
HOBOHAPOIXXEHUX OiTEN XapakTepucTukn SediluTy KicTKOBOI
TkaHuHu [1,9,10,13].

BaxnnBo posymiTu hakTopn pusuKy, IO BNAMBAKTL Ha
MILHICTb KICTOK Y HEOHOLLEHWX HOBOHAPOMKEHWX SIK CBOEPIAHUIA
Mapkep, Sk akTyaniaye CTBOPEHHS NpoinakTuyHUX cTparterin
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MpOTX OCTEOMOPOTUYHUX MEPENOMIB A1 MaWbyTHIX NOKOMiHb,
apKe Taki nepenoMn € Cepro3HUM CcoLlianbHUM i iHaHCOBUM
TArapem ans cycninscrea [14,15].

Merta po6otu

Bu3sHaumT chakTopm puaiKy, LU0 BMBaOTb HA hOPMYyBaHHS!
HeoHaTarbHOI OCTEONeHil B HEAOHOLIEHUX iTeN NPy HAPOMKEHHI
Ta NPOTSIOM TEPMIHY IHTEHCUBHOTO MiKyBaHHS1 / MOCTIHTEHCUBHOTO
BUXOLKYBaHHS.

Marepiaau i meToAn AOCAIAKEHHA

JocnimkeHHs cnnaHoBaHO Sk aHaniTMYHe, KOropTHe, Noro-
[PKEHO KoMicieto 3 6ioeTnkm 3anopiabkoro AepXaBHOMO MEANYHOTO
yHiBepcuTeTy. CnocTepexeHHs 3a aitbmu aaincHuni 301.12.2019
00 31.12.2021 p. y BigAineHHi peaimaLlii Ta iHTEHCUBHOI Tepa-
nil HOBOHAPOKEHWX | BiAAINEHHI NOCTIHTEHCUBHOTO JOrnsay
Ta BUXOMXYBaHHS! HEJOHOLIEHNX | XBOPUX HOBOHAPOMKEHUX B
KHIM «O6nacHuin nepunatanbHuin LueHTp» 30P, M. 3anopiioks
(ampekTop — O. [. Kupuniok).

[o rpynv gocnimKeHHs 3amy4eHo HEAOHOLLEHUX HAPOKEHUX
piteny rectauinHomy Billi (MB) Big 28 TvixHiB 0/7 aHiB 10 36 TKHIB
6/7 nHiB 32 NMCLMOBOI 3rOAM Ha Y4acTb Y JOCHIMKEHHI 6aTbkiB
nauieHTis. [1o AOCTIMKEHHS HE 3anyvanu AiTen i3 NaTonorieto
€HAOKPWHHIX 3an03, Bagamu po3BUTKY OpraHiB, acikciero npu
HapOIXeHHI Ta 3a HasIBHOCTi CyAOMHOTO CUHLPOMY, HEKPOTU3Y-
t04OTO EHTEPOKONITY, CMHAPOMY Marnbabcopbuii, 3axBoproBaHb
neviHky, rinepBinipybiHemii (200 Mkmonb/n Ta BinbLUe); AKLLO fia-
THOCTOBAHO 3aTPUMKY BHYTPILLHEOYTPOGHOMO PO3BUTKY NNOAA, @ B
aHaMHesi MaTepiB € aBTOIMYHHI 3aXBOPHOBaHHS1, EHAOKpMHONATIl,
3aXBOPHOBaHHS OMOPHO-KICTKOBOTO anapary; npu Hearogj 6aTbkis
naujeHTa 6pati yqacTb y AOCRigXeHH 3 6yab-AKoi NpuunHM.
[lo rpynn KOHTPOSKO 3arnyvyeHo COMaTUYHO 300POBUX AiTEN, SKi
Hapoaunucs B I'B 37-40 TuxHis. OTxe, 00 AOCHMKEHHs 3any-
yeHo 56 (100 %) HepoHoLeHux aiteit: 29 (51,8 %) HemoBnAT i3
['B HapomKeHHS, LLO MEHLLNA 3a 34 TWxkHI, Ta 27 (48,2 %) niaHix
nepeaYacHo HapOMKEHUX HEMOBMAT.

HapaHHs fonoMoryt HeAOHOLLIEHVIM HOBOHAPOMKEHWM 34jiAC-
HUIK 38 YMHHUMK Hakasamu MO3 Ykpaitu Big 29.08.2006 p.
Ne 584, Big 16.04.2022 p. Ne 650. 3rigHo 3 Hakasamu, eHTepansHe
roflyBaHHS NOYMHANM 3 NEPLLOTO AHS XWTTS MOMOKOM MaTepi Ta/
ab0o afanToBaHO CyMILLLLIO AMst HELOHOLIEHUX AiTel B 00'emax,
L0 36inbLUyBanucs; 3a noTpebu npusHayanm noBHe / YacTkose
napeHTeparibHe xap4yBaHHS B PErMTaMEHTOBaAHMX BiKOBYX [103aX
Ans 3a0e3neyeHHs LWoAeHHNX NoTpeb HEMOBNAT Y Makpo-, Mi-
KPOHYTpieHTaX, kopekLii 4oBoBMX 403 Kanito, HaTpito, KanbLito.
Y BigAineHHi iHTEHCVBHOI Tepanil opraHi30BaHO HagaHHS HeiHBa-
3uBHOI / iHBasueHoi (LLIBJT) pecnipaTopHoi nigTpyMku, po3noym-
Hanu NoBHE NapeHTeparnbHE BUrOA0BYBaHHS HOBOHAPOMKEHNX
3a yyacTi MatepiB y fornsgi 3a AitbMu. [icns crabinisawii cray
NiKyBaHHS1 CNOCTEPEXEHHS 38 HOBOHAPOMKEHUMM, Y TOMY YMCTIi
4acTKoBe napeHTepanbHe BuUrogosyeaHHs (UMNB), nponoBxeHo
Y BiAiNeHHi NOCTIHTEHCUBHOTO CMOCTEPEXEHHS MPU CMNbHOMY
nepebyBaHHi 3 MaTepsaMu.

[ocnimkeHHst BUKOHANM ynbTpa3sByKOBUM AEHCUTOMETPOM
Sunlight Omnisense 9000 (Tenb-ABis, I3painb), skuit 3aTBep-

oxeHuin FDA CLUA Ta cepTudbikoBaHUn AN BUKOPUCTAHHS
B Ykpaini (UA 1.001.020758-19). lNporpamHe 3abe3neyeHHs
anaparta BKMi4ae [0BigkoBy 0asy gaHux Ans neBHWX dins-
HOK CKeneTa fiTel i3 Pi3HMX eTHIYHKX i BIKOBUX rpyn, y TOMY
Yyucni HOBOHAPOMKEHWX AiTEN i3 TEPMIHOM HAPOMKEHHS Big
25 [0 43 TuxHiB. PesynbtaT BUMIptOBanu Ha MediasibHOMY
Ooui cepenHbOi YacTuHK Aiadiza BENMKOrOMINKOBOI KIiCTKM.
BnaHauunm nokasHuK LWBMAKOCTI MOLMPEHHS YNbTPa3ByKy B
KicTkoBIi TkaHuHi (SOS, m/c) pa3om i3 Z-kputepiem (Z-score)
— cepeaHbOKBaApaTUYHUM BigxuneHHsm (standard deviation
(SD)) nokasHuka SOS Bif, KOHTPONBHOT NONYISLLT, BPAXOBYHOYM
BiK, CTaTb Ta ETHIYHY HANEXHICTb.

3rigHo 3 HactaHoBoto BOO3 (1994), HopmanbHi nokasHuku
CTaHy MiHepanbHOI LLiNbHOCTI KICTKOBOI TKaHWHK BiAMOBIgaTb
3HayeHH0 Z-score Big -1,0 Ta GinbLue, octeoneHito Bepudiky-
t0Tb, SIKLLIO Z-score cTaHOBUTL Bif -1,1 Ao -2,5 SD, ocTeonopos
— Hk4e 3a -2,5 SD [16]. ¥ cyyacHux HacTaHosax ISCD (2019)
ANs nefiaTpiB akueHT 3pobneHo Ha nokasHuky Z-score -2,0 SD
Ta MeHLUe, SIKUA BU3HAYaoThb SK «Aianas3oH, HUXYMIA 33 OdiKy-
BaHW 4151 BIiAMOBIAHOTO BiKY», i MMLIE 3a HASIBHOCTI AEKiNbKOX
HEEHepreTUYHX NePEromiB PEKOMEHZOBAHO BXMBAHHS TEPMiHA
«OCTEOMOPO3» Y ANTAYOMY BiLji. Pazom i3 Tum, caxisui ISCD He
BMKMKOYaOTb HAiBHOCTI 3MiH MiHeparbHOT LWiNbHOCTI KICTOK Npu
3HaueHHsx Z-score GinbLumx 3a -2,0 [17,27].

BipgnosigHo, y Hawwomy gocnimkenHi Z-score SOS ouiHoBanu
K CepenHil (HopmanbHMIA) Npu 3HaveHHi noHag -1,0 SD, Hu3bkuin
—Bin-1,1 SD 00 -2,0 SD, HagHU3bKWIA, — KON 3HAYEHHS MEHLLIE
yn gopisHioBano -2,0 SD.

lMeplie AOCRigXeHHs WBWUAKOCTI yNbTPa3ByKy KiCTKOBOI
TkaHnHK (SOS,) y HOBOHAPOKEHIX 3OICHMA B HANBIVXKUMIA
TEpMiH nicns HapomkeHHs (3,7 + 1,8 gobu xuTTs) Ans xapak-
TEPUCTUKMN BHYTPILLHBbOYTPOOHOrO hOpMYBaHHS KICTKOBOI MacH.
HactynHi gocnimkents (SOS,, Z,) spiicHnmM Ha yeTepToMy
TWXHI XUTTS (24,6 £ 3,1 40O XNTTS) MarntokiB.

Y pesynbTari OLiHIOBaHHS! LBUOKOCTI YNLTPa3ByKy KiCTKOBOT
TKaHWHW LiTel Npy HapOMKEHHI NOZIUM Ha rpyni BiBNOBIgHO
[0 nokasHukia Z-score. [pyna cnoctepexeHHs A — 25 Mantokis
3i Z-score Big -1,0 SD i Ginblue; AT 3 HEQOCTATHLOK MiHepari-
3aLlieto KICTKOBOT TKaHUHW 3anyyeHi o rpynu B — 16 navieHTis 3i
Z-score Bif -1,1 0o -2,0 SD; go rpynu C — 15 mantokis, ski Manm
SOS 3i Z-score Big -2,0 SD Ta MeHLLe.

[NpoaHanisyBany aHaMHeCTUYHI AaHi aHTeHaTanbHOro Nepio-
Jy po3BuUTKy (mabs. 1), TeXHONOriA NOCTHATANbHOrO BUXOMKY-
BaHHSA Ta NiKyBaHHS, BKMOYaOUYM CRiBBIOHOLLEHHS TPUBANOCTi
LUBJT wono 3araneHoi TpusanocTi nikysaHHa (3T1), kypcoBux
[03 [TIIOKOKOPTUKOCTEPOIAHNX (MT/KT), AiyPETUYHMX npenapariB
(mr/kr). BrB4anu Buau BUrofioByBaHHs1, TPUBAriCTb NapeHTepans-
Horo BurogoByBaHHst (TT1B), no6oBe BBEAEHHS Ta CNIOXKMBAHHS!
KarbLito, ocopy eHTepansHO i NapeHTepanbHo.

CratucTnyHo pesynbraTv onpawioBanu, 3aCTOCyBaBLUM
nporpamHe 3abe3neveHHs Statistica 13.0 (Stat Soft Inc., Ne
JPZ8041382130ARCN10-J) HenapameTpuyHUMK METOAAMM:
OM1COBUM (YnCenbHi AaHi HaBeAeHo K MediaHa (Me), mexi
kBapTenbHux Bigpiskie [Q25 %; Q75 %]; kaTeropianbHi 3MiHHi
— sk abCcontoTHa KinbkicTb BWNAAKiB (n) y rpyni Ta yactoTa y
BigcoTkax (%)); NOPIBHAHHAM KiNbKICHWX 03HAK Y HE3B'S3aHNX
BMbipkax 3a gonomoroto kputepito Mann-Whitney U Test; ne-
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Tabauus 1. XapakrepucTika akyLIepCbKo-TiHEKOAOTIYHOT0, COMaTUYHOTO aHaMHe3y Ta nepebiry BariTHOCTI MatepiB HEAOHOLLEHNX | AOHOLLIEHMX

HOBOHAPOAXEHNX
MpeHatanbHi chakTopu lecTauinHuUM BiK, TMXHI
28-33 (n=29) 34-36 (n=27) 37-40 (n = 20)
n % n % n %
Bik matepi 6inbLue Hix 30 pokis 22%" 75,9 12¢ 444 5 25,0
[HTepBan Mix BariTHOCTSIMU He GinbLue HiX 2 poku 13 448 8 29,6 5 25,0
BaritHicTb gpyra Ta binbLue 22 75,9 15 55,6 12 60,0
deTonnaueHTapHa HeLOCTaTHICTb 9 31,0 10" 37,0 1" 5,0
[Mpeeknamncis 10" 345 3 111 1" 5,0
Kapiec 7 24,1 4 14,8 10 50,0
Kicho-ckonioTuyHi nopyLueHHs noctasm (1-2 cTyneHis) 4 13,8 5 18,5 1 50
Cynomm B NNTKOBKX M’si3ax Nig Yac BariTHOCTi 10 345 10 37,0 9 45,0
EkcTpareHiTanbHi 3aXxBOprOBaHHS MaTepis: 14 48,3 12 444 6 30,0
1. XpoHiyHi 3axBoptoaHHs LUKT 2 6,9 4 14,8 1 5,0
2. CepLeBo-CyanHHI 3aXBOPHOBaHHS 4 13,8 3 1,1 2 10,0
3. AHemis 5 17,2 6 22,2 2 10,0
MpuitmanHa maTepsimm sitamity D, 15 51,7 20 741 15 75,0
[MpuiMaHHa MaTepsMy Npenapartis KasnbLijio 19 65,5 21 77,8 14 70,0

*: 1OCTOBIpHA PI3HMLA MiXk NOKa3HUKaMM HegoHoLLeHuX, p < 0,05;

A: BiporigHa pisHULS MiX NOKa3HWKaM1 HEQOHOLLEHMX | BOHOLEHNX AaiTel (37-40 TuxHis), p < 0,05.

PEBIPKOI0 CTATUCTUYHUX FiNOTe3 (HenapaMeTPUYHUM KpUTEpIEM
Pearson’s chi-squared test (x?) Ta TouHUM kpuTtepiem Fisher);
OLiHIOBaHHSIM B3aEMO3B'A3KIB MiXK MOKa3HWkamu (paHroBa Ko-
pensuis Spearman Rank Order Correlations (p)). 3a wkanoto
Cheddoke cuny 38’a3Ky Mix ABOMa napameTpamm OLjiHtoBanm
K BUCOKy npu R/p, wo nepesuwysana 0,7, nomitHy — 0,5-0,7,
nomipHy — 0,3-0,5, cnabky — 0,1-0,3. [ins ouiHi0BaHHS AjarHoc-
TWUYHOTO 3HAYEHHS KiNIbKICHUX (haKTopiB (hOpMYBaHHS OCTEOMNEHii
BukopuctaHo ROC-aHania i3 nobyaosot ROC-kpuBwx Ans pos-
paxyHKy nokaaHwka nnoui nig ROC-kpusoto (Area Under Curve
(AUC)) 3i ctaHpapTHoto noxubkoto (S + SE), 95 % fosipunm
iHTepBanom. IHTepnpeTauito ROC-AUC 3aiiicH1nm BianoBiaHo
[o pekomenpauii: 0,9-1,0 — BigminHa mogens; 0,8-0,9 — ayxe
nobpa; 0,7-0,8 — nobpa; 0,6-0,7 — 3aposinbHa; 0,5-0,6 — He-
3afoBinbHa [18]. BusHayeHo «rpaHUYHy TOUKY BifcikaHHs»
(3HayeHHs cut-off) KinbkicHUX 03HaK Y HEAOHOLIEHWX AiTen i3/
©es octeoneii 3i Z-score nokasHuka SOS BinbLue Hix -1,0 SD,
MeHLwe Hix -1,0 SD Ta meHwe Hix -2,0 SD; pospaxoBaHo YyT-
nueicTb (Sensitivity (Se)) Ta cneumdivHicTs (Specificity (Sp))
MOKa3HUKIB. Y BCIX poO3paxyHkax CTaTUCTUYHO JOCTOBIPHUMM
BBaxanu eigmiHHocTi npyu p < 0,05.

Pesyabtat

AHarnia aHaMHECTUYHNX AaHX LLoAo ocobnmeocTei nepediry
BariTHOCTEN y MarTepiB iTel i3 rpyn 0bCTEXEHHS He Noka3aB
HasBHICTb CTATUCTMYHO 3HauyLwoi pisHui (p > 0,05) mix ono-
cepefKoBaHUMM CUMMTOMaMU MOXIIMBOMO AediluTy KanbLito

Y XKIHOK Mig 4ac BariTHOCTi Ta 3MiHOK MiHEpPanbHOI LWifbHOCTI
KICTOK iXHiX HOBOHaPOMKEHVX AiTeN (mabr. 2). EkcTpareHiTanbHi
3aXBOPHOBAHHS (HanyacTille [iarHOCTyBanu CEpLEBO-CYANHHI
3aXBOPIOBAHHS, XPOHiYHI 3aXBOPIOBAHHS TPABHOMO TPaKTy Ta
aHeMilo) He Manu CTaTUCTUYHO 3HauyLwoi pisHnui (p > 0,05) 3a
4acTOTOH BUSIBIIEHHS B MaTEPIB AiTel i3 pisHuX rpyn. Y pesynb-
TaTi BUBYEHHS CMIOXMBAHHS XiHkamu karbujto, itamiHy D, He
BMSIBUNMW CTATUCTUYHO JOCTOBIPHOI pisHnLi (p > 0,05) y rpynax,
He BW3HauMnm BnuBy Ha pisHuuio SOS y Aaitei 3 ycix rpyn, siki
MOpiBHIOBaANN.

AHani3 rpyn AocnimkeHHs 3acBiguye, WO MaTtepi HeQoHO-
LUEeHMX AiTei cTaTUCTYHO BiporigHo (p < 0,05) vacriwe Bynm
crapLui 3a 30 pokiB. Bik MaTepiB HEOHOLLIEHUX AiTei CTAaTUCTUYHO
[0CTOBIpHO (p < 0,05) BinbLUKIA, HiX Bik MaTepIB, sk HApOLUH
AiTen y TepmiHv goHoweHoi BaritHocTi (31,0 [27,0; 34,0] Ta 28,0
[25,0; 29,0] BignosigHo).

Matepi HeJOHOLLEHWX AiTel i3 HU3bKUMU Ta HagHWU3bKUMK
nokasHuKamu Z-score YacTille Manu YCKIagHEeHHS BariTHOCTI
(npeeknamncito, heTonnaLeHTapHy HeLOCTaTHICTb) MOPIBHSHO
3 MaTepsMu JOHOLLEHNX AiTen (mabrn. 2).

Y BCiX AiTeit 3 HeAOCTaTHLOK MiHEpani3aLito KICTKOBOI Tka-
HWHW [0 recTauinHoro Biky HapomkeHHs (rpynu B + C pasom i3
Z <-1,0 SD) Taki hakTopm, Ik HAPOMKEHHS ANTWHM Bif PYroi 3a
MapuTETOM BariTHOCT (411 HACTYMHWX) Ta HASIBHICTb YCKNaAHEHHS!
BariTHOCTI (Mpeeknamncii), BUSIBNSIN CTAaTUCTAYHO JOCTOBIPHO
(p < 0,05) vacriwe (mabn. 2). CtatucTnyHo BiporigHo (p < 0,05)
yacTilue i hakTopm NoB’si3aHi 3 HagHU3bKMMK MokasHukamm SOS
3a Z-kputepiem <-2,0 SD.
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Tabauusa 2. XapakTepucTuka akyLLIEPCbKO-TIHEKOAOTYHOTO, COMATUYHOMO aHaMHe3y Ta nepebiry BariTHOCTI MaTepiB y rpynax Aiter

MpeHatanbHi chakTopu Mpyna A, lpynu B + C, lpyna B, lpyna C, [loHowweHi gjiTtw,
Z>-1,0 SD, Z<-1,0 SD, Z Big <-1,0 Z<-2,0 SD, Z>-1,0 SD,
n=25 n=31 0o >-2,0 SD, n=15 n=20

n=16
n % n % n % n % n %

Bik matepi GinbLue Hix 30 pokis 12 48,0 220 71,0 127 75,0 10" 66,7 50 25,0

[HTepBan Mix BariTHOCTSIMM He NOHaZ, 2 Poky 7 28,0 14 452 |6 375 |8 533 |5 25,0

[pyra 3a napuTeTom BariTHICTb (Ta HAaCTYMHi) 12'# 48,0 25* 80,6 12 75,0 13 86,7 12 60,0

lecTauiiiHWi TepMIH HAapOMKEHHS! 33 TUXHI g*# 36,0 20% 64,5 8 50,0 12* 80,0 0 0

Ta MeHLUe

detonnaueHTapHa HeLoCTaTHICTb 8 32,0 17 35,5 4 25,0 7 46,7 1” 5,0

IMpeeknamncis 2% 8,0 11#A 35,5 5 31,3 61 40,0 1A 5,0

Kapiec y matepi 4 16,0 7 22,6 1 6,3 6 40,0 10 50,0

Kicho-ckonioTuyHi NopyLLEeHHs nocTasu 2 8,0 7 22,6 3 18,8 4 26,7 1 5,0

(1-2 cTyneHs) B matepi

Cypomu B IUTKOBWX M's13aX Mif 4Yac BariTHOCTI 7 28,0 13 41,9 4 25,0 9 60,0 9 45,0

EkcTpareHiTanbHi 3aXxBoptoBaHHs MaTepis: 15 60,0 " 354 |6 375 |5 333 |6 30,0

1. XpoHiuHi 3axeoptoBaHHs LLKT 4 16,0 2 6,4 1 6,3 1 6,7 1 5,0
2. CepLeBO-CyaAnHHI 3aXBOPHOBAHHS! 5 20,0 2 6,4 1 6,3 1 6,7 2 10,0
3. Axewis 4 16,0 7 22,6 4 25,0 3 20,0 2 10,0
MpuiimanHs BitamiHy D, 16 64,0 19 61,2 12 75,0 7 46,7 15 75,0
[MpuiimaHHsa Npenaparis KanbLito 19 76,0 21 67,7 13 81,3 8 53,3 14 70,0
#: CTATUCTMYHO JOCTOBIPHA PI3HULIS Mix rpynamu focnimkeHHs B + C nopisHsiHO 3 rpynoto A, p < 0,05;
*! CTaTUCTWYHO BipOrigHa Pi3HMLSA MiX rpynoto focnimpxeHHs C nopisHsHO 3 rpynoto A, p < 0,05;
A CTATUCTUYHO AOCTOBIPHA PisHULA MiX rpynamu gocnimkerHs A, B, C, B + C i goHowweHumn aitbmu, p < 0,05.
Tabaunua 3. AHani3 3anexHocTi Z-score SOS Bia rectaLiiiHoro Biky HapoakeHHs 3a ROC-aHanizom

dakTopu Xapaktepuctuka ROC-kpuBoi Z-score <-1,0 Z -score <-2,0

nocTHaTanbHoro

pjornsgy

lectauinHmn Bik | AUC (S £ SE), 95 % [gosipunin iHTepBan]

0,7900 + 0,0590 [0,661; 0,888]

0,8720 £ 0,0555 [0,755; 0,946]

HAPOXEHHA <0,0001 <0,0001
IHpekc KOneHa 0,477 0,672
lpaHn4Ha ToYKa BiACiKaHHA 3a rectauinium Bikom (%) <33 <32
Se (%) 67,74 86,67
Sp (%) 80,00 80,49

Mpn nepegyacHOMy HapOZXKeHHI AUTUHW Big ApYroi 3a
napuTeTOM BariTHOCTI (Y4 HACTYMHWX) LUAHCW MaTW HEQOCTATHIO
MiHepaniaaLito KiCTKOBOI TKaHUHW O BiAMNOBIAHOMO TEPMiHY Ha-
pomkeHHs B 4,51 pasa BULL; BiMIHHICTb LIAHCIB CTAaTUCTUYHO
3Hauywa (OR = 4,51; 01 95 % [1,38; 14,80]). Axwo y marepi
BWSIBMANM YCKNAOHEHHs BariTHOCTI (Mpeeknamncito), TO LuaHcK
MaTy HeLOCTaTHIO MiHepani3aLito KiCTKOBOI TKaHWHM [0 BignoBia-
HOro TepMiHy HapomkeHHs B 5,47 pa3a BULL; BIAMIHHICTb LUAHCIB
cratucTiyHo BiporigHa (OR = 5,47; [11 95 % [1,07; 27,93]).

3miHn SOS 3a ouiHkoto Z-score 3adpikcysarmy 31 (55,4 %) i3
56 HeOHOLLIEHMX AiTel pi3HOTO reCTauiHOro Biky. 3a JONOMOroH
ROC-aHanisy BM3HauMnM 3anexHicTb Z-score Bif rectauiinHoro
TEPMIHY HapomKkeHHs (mabs. 3).

Haikpalli knacudikauinHi xapaktepuctukun ROC-kpuBoi
BW3HAYMIN Y HEQOHOLLEHUX AiTel i3 HagHN3bkumm Z-score SOS
(puc. 1).

[MoporoBe 3HaYeHHs! MOrCTUYHOT doyHKUii Py Touui cut-off
(HamBULLE 3HaYeHHs iHOekcy KOpeHa) popieHioe 0,672, Bigno-
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Bigae BiKy 32 Ta MeHLLe TWXHIB rectawii npu HapomKeHHi, Konm
[OCTOBIPHiLLIE MPOrHO3yEMO HaaHU3bki nokasHuku SOS. YyTin-
BiCTb MeTogy — 86,67 %, cneupndivnicTs — 80,49 %.

Y rpynax HeOHOLLEHVX AiTel 3 HeAOCTaTHLOK MiHepanisa-
Liito KicTkoBOi TKaHUHY (rpymu B + C pasomiz Z <-1,0 SD; rpyna C
i3Z <-2,0 SD) cratuctuyHo goctoBipHo (p < 0,05) yacTille TepMiH
HapPOIKEeHHS CTaHOBMB 33 TWXXHi Ta MeHLLe. Npu nepegyacHoMy
HapPOMKEHHI ANTUHYM B 33 TWXKHI Ta paHilLie LiaHCK MaTh HegocTarT-
HI0 MiHepanisaLlito KICTKOBOI TKaHUHM [0 BigMOBIAHOTO TEPMIHY
HapomkeHHs B 3,23 pa3a BULL, HiX B iHLUMX HEAOHOLIEHWX AiTen
— HapHM3bki nokasHuku SOS 3a Z-kputepieM y 32 TWKHI recTauii
B 14,22 pa3a BYLLi; BIGMIHHICTb LIAHCIB CTAaTUCTUYHO 3HavyLLa
(OR=3,23; 11 95 % [1,08; 9,70] Ta OR = 14,22; 1 95 % [3,29;
61,57] BignoBigHo).

[NpoaHanisyBanum TeXHOMOrii MOCTHATasbHOIrO BUXOZKYBaHHS!
HEOOHOLLEHWX AiTeN, SKi Marnu BiporigHWiA BNAMB Ha MiHepasibHy
LWiNbHICTb KICTKOBOI TKAHWHWN HOBOHAPOMKEHNX (mabri. 4).

CratcTyHO 3Havywy pisHuuto (p < 0,05) mix rpynamu
BW3HAYMNM 3a CiBBiHOWEHHAM TpyBanocTi LB/ Ta 3aranbHoi
TpuBanocTi nikyBaHHs (%), a TakoX MiX TPMBAIMICTHO MOBHO-
ro / YaCTKOBOrO MapeHTEpParnbHOrO BUrOAOBYBAHHS HEMOBNAT i

2
100
80
£ 60 u
= L
= -
e[
T 40
20
L AUC = 0,666
P p=0,046
O v 1 v v v
0 20 40 60 80 100

100-CneumdiyricTb

Puc. 1. ROC-kp1Ba 3aneXHOCTi HAAHM3bKWX MOKa3HUKIB Z-score
SOS BiA rectawiHoro Biky HapOAXEHHS.

Puc. 2. ROC-kprBa 3aneXHOCTi HAAHWU3bKMX MOKa3HUKIB Z-score
SOS Bip nokasHuka IT/MIB (%).

Puc. 3. ROC-kp1Ba 3aA€XHOCTI HAAHU3bKMX MOKA3HWKIB Z-score
SOS Bip nokasHuka TIMB (aoba).

XapaKTEPUCTMKaMMU, L0 MOB's3aHi 3 TPUBANICTHO NiKyBaHHS, SIK-0T
3aranbHOI0 103010 Kanbliito Y CKnagi YacTKOBOrO EHTEpParnbHOro
BMIOLOBYBaAHHSI.

Mig Yac aHanisy gaHux MeHemKMEHTY NocTHaTasbHOMo
JOrnsay nepenyacHo HapOMKEHX AiTei BUSIBUNM CTATUCTUYHO
3HauyLLi Bif €MHi KOpensLiiHi 3B'3KM1 3i 3MiHaMW 3a Z-KpuTepiem
SOS nokasHukiB HemoBnAT (mabn. 5).

3a ponomoroto ROC-aHanisy BU3HauUIv 3anexHictb Z-score
pisHux cTyneHiB (<-1,0, <-2,0) Big hakTopiB NOCTHaTanNbLHOro
JOrmsay 3a HeJoHOLWEHUMM fiTbMu (mabn. 6, puc. 2, 3).

ROC-aHani3 gaB 3Mory mopiBHATW Ta BU3HAYNUTK OinbLu
nepenbavyBanbHy 3aaTHicTb Mogenen. CniBeigHOLLEHHS TpuBa-
nocti LWBJT ta 3aranbHoi TpMBanocTi NikyBaHHS HEJOHOLIEHUX
diTen GinbLue 3a 6,48 % nporHosysano HassHicTb SOS, MeH-
woro 3a -2,0 Z-score; 3a nokasHukamm AUC (S + SE) mogenb
€ 3a70BIiNbHOM. «[paHM4Ha TOuKa BiAcCikaHHS» ANs TpuUBano-
CTi NapeHTepanbHOro MOBHOTO / YaCTKOBOTO BUrO4OBYBaHHS!
[OpiBHIOBana TepMiHy, Lo Ginbwnii 3a 8 Aib, Ans NokasHUKiB
SOS, meHwmx 3a -2,0 Z-score; 3a nokasHukamn AUC (S £ SE)
mMozenb € Aobpoto.
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TabAuusa 4. XapakrepucTvka NoCTHATAAbHOTO BUXOAXYBAHHS Y HEAOHOLLEHHX AITEN i3 rpyn AOCAIAXEHHS!

Moka3HWK, OAUHNMLI BUMiIpIOBaHHSA Mpyna A lpyna B lpyna C
CnisBigHoLueHHs TpueanocTi LB/ ta 3aranbHoi TpuBanocTi nikyaHHs, % 13,1[11,5; 33,3]* 13,6 [5,6; 35,8]~ 22,4110,8; 28,0~
TpweanicTb LB/, gobw 3,0[2,0;9,0] 5,0[1,0;9,0] 6,0 [4,0; 7,0]
KypcoBa 803a rmioKoKopTUKOCTEPOIAHMX Npenapartis (8/8), Mr/kr 3,0[3,0; 3,0] 2,2[1,5;2,5] 2,8[2,5;4,0]
KypcoBa posa kodheiny umtpary, mMr/kr 74,5[70,0; 87,0] 77,5 [69,5; 82,5] 77,0 [75,0; 100,0]
KypcoBa no3a aiypeTnyHux npenaparis, Mr/kr 0,410,2; 1,3]% 1,3[1,0; 1,5]® 1,210,6; 1,5]
TpwBanicTb NOBHOrO / YaCTKOBOrO NAapeHTeparbHOro BUrofoBYBaHHs, 106w 5,0[1,0;9,0] 5,0 [4,0; 11,0] 11,0 [5,5; 18,5]
KypcoBa po3a kanbLiito y cknagi rmioKoHaTy KanbLiito JOBEHHOTO, /KT 0,410,29; 0,58] 0,42[0,33;0,76] 0,51[0,42; 0,62]
KypcoBa fo3a KarnbLito B Ckilagi YaCTKOBOTO eHTepanbHOro BuropoByBaHHs, rkr | 0,5 [0,3; 0,8] 0,4[0,2;0,9] 1,0[0,6; 1,9]*
KypcoBa f03a chocchopy y ckragi YaCTKoBOro eHTepanbHoro BurofoByBanHs, r/kr | 0,3 [0,1; 0,6] 0,3[0,1;0,5] 0,6[0,3;1,0]
KypcoBa fo3a kanbLito y cknafi eHTepansbHOro BUro#0BYBaHHS, /KT 3,6[2,7;4,9] 4,3[1,9; 6,8] 4914,0;6,6]
KypcoBa po3a docdopy y cknapi eHTepanbHOro BUrOA0BYBaHHS, /KT 2,0[1,5;2,9] 24111, 39 2,782,2; 3,8]

& nocToBipHa pi3HULA Mix nokasHukamu giteii rpyn B 1a A p < 0,05;

*: JOCTOBIpHA Pi3HMLA Mix nokasHukamu aiten rpyn C 1a A p < 0,05;

1 AOCTOBIpHA pi3HULIA M nokasHukamu giteii rpyn B 1a C p < 0,05.

Tabauua 5. PeayabTati KOPeAALIIHOMO aHaAi3y GaKTopie NOCTHATAABHOMO AOTASIAY 38 HEAOHOLIEHUMM AITbMM Ta Z-KpHUTEpito

nokasHukis SOS
Moka3HuK, XapakTepucTika KopensiliiHoro 3B’A3Ky
OAVHMLI BUMipHOBaHHSA 0 Cuna se'saky o
CnisBigHoLueHHs TpueanocTi LB/ ta 3aranbHoi TpuBanocTi nikyaHHs, % -0,42 nomipHa <0,05
TpvBanicTb NOBHOTO / YaCTKOBOIO NapeHTeparbHOTO BUrOLOBYBaHHS, 106u -0,51 NoMiTHa <0,05

Tabauusa 6. Ananis 3anexHocTi Z-score SOS Bip, GaKTopiB NOCTHATAABHOTO AOTAAAY 38 HEAOHOLLIEHUMU AiTbMM 38 ROC-aHaAizom

®akTopm XapakTtepucTtuka Z-score <-1,0 Z -score <-2,0
nocTHaTanbHoro Aornsaay ROC-kpuBoi
CnisBigHoLueHHs TpueanocTi LLUBJ AUC (S £ SE), 0,677 + 0,082 0,666 + 0,083
Ta 3aranbHoi TPUBaNOCTi MikyBaHHS 95 % [noBipuuii iHTepBan| [0,527; 0,809] [0,515; 0,795]
p <0,031 <0,046
IHpekc KOpeHa 0,406 0,672
lpaHn4Ha ToYka BiACiKaHHS >0,1 >6,48
3a nokasHukom LLUBN/3TN, %
Se (%) 85,19 86,67
Sp (%) 57,14 59,38
TpuBanicTb NOBHOIO / YaCTKOBOIO AUC (S £ SE), 0,710+ 0,074 0,795 + 0,066
napeHTepanbHOro BUrofoByBaHHA 95% [moBipuwit iHTepBan) [0,561; 0,832] [0,654; 0,898]
p <0,0048 <0,0001
IHpekc FOpeHa 0,3280 0,469
lpaHn4Ha ToYka BiACiKaHHS >9 >8
3a TpuBanictio YrMB, %
Se (%) 51,85 75,00
Sp (%) 80,95 71,87
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06roBopeHHA

YROCKOHaneHHs 3HaHb y cdhepi iHTEHCWMBHOI Tepanii He-
[IOHOLLEHMX AiTet 3a6e3ne4nno 3HMKEHHS IXHbOI CMEePTHOCTI,
OfHaK PU3VK MiABULLEHHS 3aXBOPIOBAHOCTI Y BifAaneHi TepMiHm
3anuwmecs. MeTtaboniyHa xBopoba KiCTOK € OHWUM i3 Takux
3aXBOPIOBaHb.

MXK 'y He[OHOLEHNX AiTeN 3anexuTb Big 6aratbox ak-
TopiB. MepeBaxHa OiNbLUICTb AiTEN HE MAE SIBHUX KITiHIYHUX
cumnToMiB. [liarHOCTUKa 3aXBOPIOBaHHS 3anexuTb nepeaycim
BiZ, PAHHLOTO KNIHIYHOMO CKPUHIHIY Ta MOHITOPUHIY, TOMY CKIaj-
HUM 3aBAaHHAM € BUBIp ONTUManbHOMO METOdY CKPUWHIHTY Y
BignoBigHUIA Yac [19].

3a gonomorot HagiHoro, 6eaneyHoro, 6esbonicHoro
METOoAY LOCHIIKEHHS HeLOHOLLEHNX HOBOHAPOXKEHUX — Kiflb-
KiCHOI ynbTpa3ByKOBOT feHCMTOMETPIT (aeHcuTomeTp Sunlight
Omnisense 9000) — BM3HA4YMNM CTaH KiCTKOBOI TKaHUHU 3a
nokasHukom SOS (m/c). Voro ouiHnmn 3a cepeaHboKBaapa-
TUYHUM BiAXMIEHHAM Bif BiANOBIAHOI BIKOBOT HOPMU 3aBASIKM
HasIBHOCTi €TanoHHOI negiatpuyHoi 6asu ganux SOS (m/c) y
CTaHOAPTW30BaHWX NTOKYcax KiCTKOBOI TKAHWMHW HEJOHOLLEHNX
aiten. 3minn SOS 3a ouiHkoto Z-score MeHLue 3a-1,0 SD cno-
crepiranu y 31 (55,4 %) Bunagky 3 56 (100 %) HegoOHOLIEHNX
LiTEN Pi3HOTO recTauiiHoro Biky; y Maibke MOMOBUHU 3 HUX
(15 (48,4 %) i3 31) nokasHWK Z-score HagHU3bKWIA, CTAHOBMB
-2,0 SD Ta meHLe.

Y nonepeaHix AOCAimKEHHSIX BCTAHOBIEHO, LLO MOLUMPEHICTb
MXK obepHeHo nponopuiiiHa o rectauiiHoro Biky [20]. 3a go-
nomoroto ROC-aHaniay nigTBepmkeHO Lii BUCHOBKM Ta BCTAHOB-
NEHO, WO AiTW, HapomKeHi B 33 TVXKHI Ta paHiLLe, MatoTb LaHCK
PO3BUTKY HE4OCTATHBOI MiHepanisaLii KICTKOBOI TKaHWHW A0 Bif-
MOBIAHOIO TEPMiHY HapomKeHHs B 3,23 pasa Buwi (OR = 3,23; I
95 % [1,08; 9,70]), Hix iHLWi HeooHOLEHi AT, LaHeu HagHN3bKKX
nokasHukie SOS 3a Z-score B 14,22 pasa suwi (OR = 14,22; [1l
95 % [3,29; 61,57]) B HEMOBRAT, HAPOMKEHNX Y 32 TURKHI recTaii
Ta paHiLue.

3a paHnmy gocnigHukis, Oyab-sKUA CTaH, Lo NopyLlye
(pyHKLO NNaLeHTM Ta nepegady HyTPIEHTIB, MOXe NPU3BECTU A0
nigeuLLieHoro puanky octeonenii [20]. Chin L. K. et al. gosenu, wo
npeeknamncis Ta XOPioOaMHIOHIT CMIPUYNHAIOTL 3MiHM MIaLEHTH
Ta NOPYLLYIOTb BHYTPILUHBOYTPOOHWIA MiHEPaNbHWIA 0OMIH; TOMY
Ui hakTopy OLHMMN SK 3HAYYLL AN BUHUKHEHHSI OCTEOMeHii
y nepeayacHo HapomkeHux aiten [5]. 3a HawWmMn gaHumm, sk
CTaTUCTUYHO 3HaYYLLi (haKTOPMK, LLIO 3yMOBHOKOTb PO3BUTOK HEAO-
CTaTHLOI MiHepani3allji KICTKOBOI TKaHWHW B HEAOHOLLEHWX AiTel
NPy HaPOIKEHHI, MOXHA BU3HAYUTK YCKMALHEHHS BariTHOCTI
(Npeeknamncito) Ta HasiBHICTb y MaTepi nonepeaHix BariTHOCTEN
(opHieT um GinbLue).

CyyacHi TexHonorii BUXO4KyBaHHS HEAOHOLLEHUX HOBOHa-
POKEHMX NPOTEKTYHOTb (PYHKLIOHYBAHHS BaraTbox C1CTEM Opra-
HiaMy 415 3abesneyeHHs NoTped HEMOBMAT Ta aaanTyoOTh iX 40
no3ayTpoBHOro XMUTTS. IHBa3VBHA Ta HeiHBa3VBHA pecripaTopHa
MiATPMUMKA, NOBHE Ta YaCTKOBE NapeHTeparibHe BUrOLOBYBaHHS,
BOMEMiYHa Ta CUMMATUKOTOHIYHA Tepanis 3anexarb Bif iHAvBIaY-
arnbHWX NoTped HEMOBNAT BiAMOBIAHO A0 TXHBLOTO recTaLiiHoOro
BiKY, 3aXBOPtOBaHb i KOMOpOigHMX cTaHiB. [JoBeaeHo, Lo cniBsip-
HoLeHHs TpuanocTi LUBJ1 ta 3aranbHoT TpUBanocTi nikyBaHHS

HEeJOHOLLEHUX | TpUBaNICTb NapeHTepanbHOro BUroAOBYBaHHS!
€ (hakTopamMu pu3nKy HEOOCTaTHLOI MiHepanisauii KicTKOBOI
TKaHWHW NepeayacHo HapomkeHnx aiten [21,22,23].

Y Hawomy AOCRiDKEHHI BU3HAYEHO NOMipHUMI (r = -0,42,
p <0,05) i nomiTHuii (r=-0,51, p < 0,05) 3BOPOTHI KOpEnALiiHi
3B'A3KM LMX (haKTOPIB i3 HU3bKUMU NOKa3HUKaMKU Z-KpUTepito
SOS. 3a pesynsratam ROC-aHanisy CTBOPEHO 3a00BiNbHY
Mofenb NporHo3dyBaHHs 3MiH SOS o Z-score -2,0 i MeHLe
3a unm caktopom. CnieeigHowweHHs TpueanocTi LWBJ1 Ta 3a-
ranbHoOi TPUBANOCTi MiKyBaHHS HEQOHOLLUEHMX, LLO JOPIBHIOE
6,48 %, — NoKa3HMK, acoLinoBaHMI i3 HEAOCTATHLO MiHepani-
3aLieto KiCTKOBOI TkaHWHW aiTen (Se = 86,67 %, Sp = 59,38%,
p < 0,046).

JlikyBaHHS HEJOHOLLIEHWX AiTeil B YMOBaX Bi4ifieHHs! iHTEH-
CVBHOI Tepanii acouitoeTbCs 3 iHBA3UBHUMM TEXHOMOMIAMMU, SiKi
He TifbKW CBOEYaCHO AiarHOCTYOTb, 34IACHIOKTb MOHITOPUHS i
KoperytoTb MeTabonivHi 3MiHW HEMOBNSAT, ane W TpUBano yTpu-
MYIOTb AiTelt y nacuBHin mobinidauii. 3a cnoctepexeHHsIMU
G. Torré-Ferrero et al., Lie Np13BOANTL [0 3HUKEHHS MiHEPaTbHOT
LLiNbHOCTI KICTKOBOIT TKaHUHW [24,25].

OpraHizaLis NOBHOMO Ta 4aCTKOBOTO MapeHTepanbHoro
BWrOQOBYBaHHS acouiioBaHa 3 TPyAHOLLAMW MOZESOBaHHS
BHYTPILUHBOYTPOBOHNX TEMNMIB HAAXOMKEHHS HYTPIEHTIB Ta €Nek-
TponiTie. BHYTPiLLHLOYTPOGHO LUBUAKICTE NPUPOCTY KanbLiio Y
Mnroga npoTsroM 0CTaHHBLOTO TPUMECTPY CTaHOBUTL 140 mr/kr/
[o6y, docdhartie — 75 mr/kr/noby. Bucoky metaboniyny notpeby
CKMagHo BiZTBOPUTM Ta 3a6€3Ne4nTH Bif HAPOSKEHHS HEAOHO-
LUEHI UTWHI | Npy NOBHOMY, i PY YaCTKOBOMY NapeHTepanbHo-
My BUrofoByBaHHi. [opyLueHHs 6anaHcy hopMyBaHHS KiCTKOBOI
TKQHWHW Y HEJOHOWEHWUX HEMOBIIAT CRPUYMHEHI HE3PINICTO
IXHBOrO KWLLKIBHWKA, OOMEXEHOI0 KiNMbKICTIO HYTPIEHTIB i MiHe-
panis, O MOXHa HaJaBaTh MpW eHTEPanbHOMY XapyyBaHHi,
LOCTYMHICTIO B YKpaiHi nuLle eHTepanbHOro CnoXuBaHHS oc-
baTiB y cknagi cnewianbH1X MOMOYHUX CyMiLLIei | noCuIoBaviB
rpygHoro Monoka [3,6].

3a panumun ROC-aHanisy cTBopunv Moaerb, 3a SIKOK BU3Ha-
YWnW TPYBANICTb NAPEHTEPANbHOMO BATOA0BYBaHHS (BinbLue Hix
8 0i6), L0 acouinoBaHWi i3 HAZHW3bKUMM NMOKa3HUKamu Z-score
(Se =75,00 %, Sp = 71,87 %, p < 0,0001) [26].

OTxe, 3a gaHUMK yNbTPa3ByKOBOI LEHCUTOMETPIl BCTAHOB-
NEHO, XTO 3 HEAOHOLLIEHWX [iTell Mae HeJOCTaTHIO MiHepanisaLlito
KICTKOBOI TKQHMHM NPW HAPOMKEHHI Ta B AWHAMIL IHTEHCUBHOT
Tepanii, NOCTIHTEHCUBHOTO LOMMAAY, BUSHAYEHO NPOBIAHI dhak-
TOpM Ti hOpMyBaHHS.

BucHOBKH

1. [itn, HapomxeHi B 33 TWXKHI Ta paHilLie, MatoTb LIAHCK pO3-
BUTKY HEQOCTaTHBOI MiHepaniaaLlii KICTKOBOI TKaHWHM 10 BiMOBIa-
HOrO TEPMIHY HapOmKeHHS, Lo B 3,23 pasa Bui (OR = 3,23; [
95 % [1,08; 9,70]), Hix iHWi HegoHOLEHi AT, LLaHeK HagHN3bKIX
nokasHukis SOS 3a Z-score B 14,22 pasa Buwi (OR = 14,22; [
95 % [3,29; 61,57]) y HEMOBRAT, HAPOMKEHUX Y 32 TUOKHI recTaLlii
Ta paHiLle.

2. BuaHaunnm CTaTMCTUYHO 3HaYyLLi (hakTopw, WO crpu-
YMHSIIOTb PO3BUTOK HEAOCTATHbOI MiHepanisauii KiCTKOBOI
TKaHWHU B HEJOHOLLEHUX AiTe Npu HAPOMKEHHI: HAasBHICTb Y
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martepi npeeknamncii nigsuwye wacu B 5,47 pasa (OR =5,47;
0195 % [1,07; 27,93]), HapomKeHHS Bif APYroi 3a napnTeTom
BariTHOCTI (41 HacTynHux) —y 4,51 pasa (OR = 4,51; 11 95 %
[1,38; 14,80]).

3. CnissigHowerHs TpusanocTi LWUBJ1 Ta saranbHoi TpuBa-
NOCTi NiKyBaHHS HEQOHOLLEHWX, TPVUBAIICTb iXHBOrO MapeHTe-
paribHOMo BUrO[OBYBaHHS — (hakTopy pusnky 3HimkeHHs SOS
[0 HW3bKVX 3a Z-Score 3i 3BOPOTHUM KOPENALNHUM 3B’S3KOM
nokaaHwkiB (nomipHum (r = -0,42, p < 0,05) Ta nomitHum (r =-0,51,
p < 0,05) BignoBigHo).

4. Ha dopmyBaHHs SOS, meHLuoro 3a -2,0 Z-score, y He-
[OHOLLIEHMNX [iTeil Mae BMVB CMiBBigHOLWEHHS TpyuBanocTi LB
Ta 3aranbHOi TPUBANOCTI MikyBaHHs, Lo Binbwmni 3a 6,48 %
(Se = 86,67 %, Sp = 59,38 %, p < 0,046), a Takox napeHTe-
parnbHe BUrofoByBaHHs TpuBanicTto noHag 8 fib (Se = 75,00 %,
Sp =71,87 %, p < 0,0001).

MepcneKTMBYM NOAAABLUMX AOCAIAKEHD NepeabavatoTh aHania
BiOXiMiYHMX 3MiH NPW OCTEONEHiIT 3 HU3bKUMM Ta HAZHWU3bKUMM
nokasHukamu Z-score SOS, L0 BCTAHOBEHI Mif Yac KinbKiCHOI
YNbTPa3BYKOBOI AEHCUTOMETPII, AN PO3POBNeHHs anropuTMis
[jarHoCTUKY, NikyBaHHS Ta NPOGiNakTUKA MeTabomiuHMX nopy-
LLIeHb KICTKOBOI TKAHWHW LMX OiTeN.
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The aim of this study is to scientifically substantiate the possibilities of complex use of cycle- and power-ergometry
in determining aerobic and anaerobic-aerobic performance of power nature.

Materials and methods. Young athletes (boys) aged 15-16 (n = 91) of the Brovary Higher School of Physical
Education (Kyiv region) (experimental group), who participated in the study, were divided into two groups. Group
A (n = 47) — speed-power sports (boxing, freestyle wrestling); group B (n = 44) — endurance sports (track and
field athletics: 800, 1500, 3000 and 5000-meters race, bicycle racing 50 and 75 km). Sports experience was 3-5
years and more. The control group (group K) consisted of students aged 15-16, who did not play sports (n = 25).
Physical working capacity was determined using two methods: submaximal cycle ergometric test PWC, . and
submaximal power ergometric test PWC, .. Method of power ergometry (patent of Ukraine No 49417) has no
analogues in countries of near and far abroad.

Results. The fact of the specific influence of different kinds of dosed physical exercises (strength and power
exercises) on PWC, , indicators was established. Thus, no probable differences in aerobic performance indicators
were found in wrestlers and boxers during the cycle ergometric test. And conversely, under the conditions of power
ergometric testing, we find a significant increase in their PWC, indicators in relation to athletes of endurance
sports. The opposite character of changes was observed when testing the track and field athletes and bike
riders. According to the results of the conducted cycle ergometry, these athletes had a significant increase in
aerobic performance indicators in comparison with the athletes of speed-power sports. However, the changes
of anaerobic-aerobic performance were not significant. It was observed that the adolescents, who did not play
sports, had statistically insignificant changes in PWC,, indicators both in the conditions of cycle ergometric and
power ergometric testing.

Conclusions. The fact of specific influence of different types of training exercises on the body functions
of adolescents was confirmed. The possibility of introducing the methods of complex use of aerobic (cycle
ergometry) and anaerobic-aerobic loads (power-ergometry) into the practice of medico-biological control of
young athletes is shown. Diagnostics of various types of physical working capacity (PWC,,) will provide the
coach with operational information about the functional state of the athletes’ body, which will allow to effectively
manage a training process.

Modern medical technology. 2023;(4):37-44

KoMnaeKkcHe BUKOPUCTAHHA BEAO- | power-epromeTpii
Y BU3HaueHHi $i3nuHoOi npaLe3AaTHOCTi KOHMX CNOPTCMEHIB

M. ®. Xopowyxa, M. M. ®iainnos, A. |. BoceHko, €. \. Muxantok, O. 0. Bypsk

MeTa po60oTu — HaykoBO 0OrPYHTYBaTU MOXIMBOCTI KOMMIEKCHOTO BUKOPUCTAHHS BEMO- | POWEr-eproMeTpii y
BW3Ha4eHHi aepobHOi Ta aHaepoBbHO-aepobHOI NpaLe3naTHOCTi CUIIOBOTO XapakTepy.

Matepianu Ta MmeToau. Y fOCRigKeHHI B3ANMM y4acTb toHi cnopTcMenm (xnonLi) Bikom 1516 pokis (n = 91) Bpo-
BapCbKOro BULLOTO yuunuLa disnyHoi kynbtypu (KuiBcbka obnactb) (ekcnepumeHTansHa rpyna). O6cTexeHnx
noAinunu Ha Agi rpynu: A (n = 47) — wsmAakicHo-cunoBi Buam cnopty (6okc, BinbHa 6opots6a); b (n = 44) — Buan
CnopTy Ha BUTpMBanicTb (nerka atnetuka: 6ir Ha 800 m, 1500 m, 3000 m i 5000 M, Benocnopt 50 km i 75 km).
CnopTuBHWIA CTax cTaHoBMB 35 pokiB i binbLue. Y koHTponbHy rpyny (K) 3anyuunu yuHis Bikom 15-16 pokis, siki
He 3aimanmcs cnoptom (n = 25). ®isnyHy npaue3naTHICTb BU3HAYany, BUKOPUCTOBYHOUM 1Ba METOAM: CybMak-
cumarbHuin BenoepromeTpudkmin Tect PWC, . i cybmakcumarbHmil power-epromeTpudtmid tect PWC, . - Metoa
power-epromeTpii (nateHT Ykpainu Ne 49417) He mae aHanoris y kpaiHax 6nm3bkoro Ta fanekoro 3apybixoks.

Pesynsratu. Bussunu cneundivHuin BNAMB JO30BaHNX (i3NYHMX HaBaHTaXeHb Pi3HOTO XapakTepy (Ha cuny
Ta BUTPUBANICTb) Ha nokasHuk PWC, . . Tak, y 6opuis i 6okcepis nia Yac BenoeproMeTpuHOro SOCIMKEHHS
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He BW3Ha4WnKX BIPOriAHMX BiOMIHHOCTEN 3a MokasHukamu aepobHoi nNpauesnaTHocTi. Pasom i3 Tum, nig vac
POWer-eproMeTpUHOTO TECTYBAHHS BCTAHOBUMN Y HUX CYTTEBE 36iNbLUeHHs nokasHukis PWC, . MOpIiBHAHO 3i
CnopTCMeHaMuW BUAIB COPTY Ha BUTPUBANICTb. pOTUNEXHWIA XxapakTep 3MiH BUSIBUMM BNPOAOBX TECTYBaHHS
nerkoaTtneTis i BenocuneaucTie. 3a pesynsratamu BENOEProMeTpii, y LUMX COPTCMEHIB 3apeecTpoBaHO 3Ha-
YHMIA NPUPICT NOKa3HMKIB aepobHOI NpaLe3aaTHOCT (Ha BigMiHY Bif CNOPTCMEHIB LIBMAKICHO-CUINOBUX BUAIB).
3MiHu aHaepobHo-aepobHOT NpaLle3aaTHoCTi He Manu 3HauyLLmMX BiMIHHOCTEN. Y nigniTkis, siki He 3aimanucs
CMOPTOM, BCTAHOBWIN CTATUCTUYHO HEAOCTOBIPHI 3MiHU nokasHukis PWC . nifg yac i BeNOeproMeTpusHmx, i
power-eproMeTpUYHNX TeCTyBaHb.

BucHoBku. MNigTBepaxeHo cneumdiyHuin BNIUB TPeHyBarbHUX HABAHTaXeHb Pi3HOT CIPSMOBAHOCTI Ha (OYHKLLT
opraHiaMy nigniTkie. MokasaHa MOXNWBICTb BNPOBAKEHHS B MPaKTUKy MeAMKO-BioNnoriyHOro KOHTpOr 3a
IOHUMU CTIOPTCMEHAMM METOAMKU KOMMIEKCHOTO BUKOPUCTAHHS HaBaHTaXeHb aepobHOro (BenoepromeTpisi)
Ta aHaepobHo-aepoBHOro xapakTepy (power-epromeTpis). [liarHocTuka pisHux BB Gisn4HOi NpaLe3naTHoCTi
(PWC,,,) HanaBaTme TpeHepy onepaTuBHy iHhOpMaLito MPO (OYHKLIOHAMBHMA CTaH opraHiaMy CriopTCMeHiB;
Lie cnpusTuMe epeKTUBHOMY YNpaBniHHI0 HaBYarbHO-TPEHYBAMbHIM MPOLIECOM.

CyuacHi meanuHi TexHonorii. 2023. Ne 4(59). C. 37-44

Determining the physical working capacity of people of dif-
ferent ages, sexes, professional employment, as an important
component of somatic health, is an urgent problem and occu-
pies the important place in the practice of physical education
and sports, clinical and sports medicine, physical rehabilitation
[1,2,3]. Despite the fact that a large number of scientific works
and developments of leading specialists is devoted to this prob-
lem, the peculiarities of the specific influence of different types
of training exercises in determining a physical working capacity
are insufficiently taken into account until today [4,5]. All the above
significantly complicates the work of a sports doctor, a rehabili-
tator, and a trainer in determining the functional state, creating a
rehabilitation program and managing the educational and training
process of young athletes.

It is well known that the physical working capacity, as a per-
son’s potential ability to exert maximum physical effort in a static,
dynamic, or mixed work, is assessed using many functional tests,
among them: cycle, treadmill, and step ergometric tests PWC. .
There are also many methodological approaches to determine
both physical working capacity in terms of PWC,_ and its com-
ponents [6]. Physical loads of dynamic character are mainly
used in the above-mentioned tests. Conducting the research of
such kind allows receiving general information about the state of
aerobic capabilities of athletes’ body. However, for obtaining an
objective information about the athlete’s functional capabilities,
it is expedient to use indicators of aerobic and anaerobic fitness
in a complex manner. This will allow to separately describe the
contribution of aerobic and anaerobic potential to the general
system of energy supply, to identify strong and weak links in the
functioning of athletes’ body, etc.

For the determination of anaerobic performance in the prac-
tice of sports and rehabilitation, there are a number of functional
tests: the Wingate test of anaerobic power on cycle ergometer
[7,8,9], the Margaria test [10], speed-strength tests [11]. To
measure anaerobic power according to the Wingate test, the
cycle ergometers of both the old generation (Monark type) and
the new one, such as Lode Excalibur Sport, are widely used. The
last cycle ergometer correlates well with the previously known
ergometer “Monark” [12].

The mentioned tests with high accuracy allow determining
the maximum mechanical power of work that the subjects can

achieve during ergometric testing. However, they cannot diagnose
physical working capacity by the value of PWC, , . Some of them,
for example the Margaria test (it involves running up the stairs at
maximum speed) requires certain practical skills from the sub-
jects. Therefore, it cannot be used without a preliminary training
of the subjects (especially children) for its implementation. In ad-
dition, in our opinion, it is not an absolutely atraumatic procedure.

In recent years, the methods of determining physical working
capacity (PWC,,), carried out in the conditions of sports training
or in the so called “field conditions”, have been widely used in
the practice of sports medicine and sports. These methods are
based on the use of the loads specific to particular sports. These
include tests using track and field running, cross country skiing,
swimming, dosed sports walking, rowing, speed skating, cycling,
as well as a barbell test. An example can be the research by Helmi
Chaabene, et al. [13]. They developed the new tests and revised
existing tests for scientific authenticity (stability, objectivity, validity)
in the assessment of special physical performance of martial
arts athletes. The physical working capacity (PWC, . ) of athletes
using cyclic loads is determined by the locomotive speed (m/s)
upon reaching a heart rate of 170 bpm. Accordingly, when using
acyclic loads — according to the indicator of the actually performed
mechanical work per unit of time (Wt) and work power (W). These
tests are a necessary condition for assessing special physical
performance in the chosen sport as one of the components of
athletes’ training. We developed a power-ergometry method for
determining the physical working capacity of athletes based on
PWC,,, [14]. However, in comparison with the above-mentioned
methods, our development can be used both in «field» conditions,
and in the laboratory. There are the data indicating the possibility
of using the submaximal power-ergometry test in the educational
process of students of the faculties of health, physical education
and sports of higher educational institutions as one of the technical
means in conducting a practical training in the course of medical
and biological disciplines [15,16].

Inthe case of conducting functional tests to determine physical
performance in laboratory conditions, the method of testing is of
great importance. After all, it is known that the nature of training
(for example, the predominant effect of physical exertion on the
muscles of upper or lower extremities) is reflected in different ways
on the indicators of the energy supply of body functions [17,18].
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From the research of Mathew Hill, et al. [19] we find the following:
cardiorespiratory support of ergometric work of equal power was
differentin men; it was less stressful when using a cycle ergometer,
than a manual ergometer. In the opinion of the researchers, this
is due to the fact that the participants performed more work with
their lower extremities than with their upper extremities in everyday
life. In our opinion, the information from those tests that involve a
comprehensive evaluation of both aerobic and anaerobic-aerobic
performance (PWC,, ) [10] can also be important.

The above mentioned will make it possible to quantitatively (in
W or kgm x min') assess the adaptive capabilities of the organism
to work of different orientations (for strength, speed or endurance).

At the same time, we have not found any fundamental
scientific works, in which when determining a physical working
capacity of athletes, the physical loads of different orientation were
harmoniously combined. In this regard there is a need to introduce
into the practice of medical and biological control the testing for
the diagnostics of aerobic (submaximal cycle ergometric test
PWC,,,) and anaerobic-aerobic (submaximal power ergometric
test PWC, . ) performance of athletes.

The complex use of aerobic and anaerobic loads in laboratory
conditions will allow diagnosing various types of physical perfor-
mance, determining strong and weak links in the functioning of the
body, etc. And on this basis to objectively manage the educational
and training process of young athletes.

Aim
The aim of this study is to scientifically substantiate the
possibilities of complex use of cycle- and power-ergometry in

determining aerobic and anaerobic-aerobic performance of
power nature.

Materials and methods

Young athletes (boys) aged 15-16 (n = 91) of the Brovary
Higher School of Physical Education (Kyiv region) participated
in the study (experimental group). They were divided into two
groups: group A (n = 47) - speed-power sports (boxing, freestyle
wrestling) (average age — 15.50 £ 0.23 years); group B (n = 44)
— endurance sports (track and field athletics: 800, 1500, 3000
and 5000-meters race, cycling: 50 and 75 km) (average age —
15.50 ¢ 0.29 years). Sports experience was 3-5 years and more.
Control group of the subjects (group K) consisted of students
aged 15-16, who did not play sports (n = 25) (average age —
15.50 £ 0.80 years). Physical working capacity was determined
with the help of two methods: submaximal cycloergometric test
PWC,,, and submaximal power-ergometry test PWC_ .

Method of conducting cycle ergometry research. The
subjects successively performed two loads of moderate intensity
lasting 5 minutes with a rest interval of 3 minutes between them on
a bicycle ergometer of the mechanical type “Monark” (Sweden).
The power of the first load was 75 W, respectively, the second
— 150 W. The frequency of pedaling was 50-55 revolutions per
minute. The speed of pedaling in both cases was constant and
made up 20 km/h. Before testing, the saddle height of the bicycle
ergometer was adjusted individually for each subject. A saddle

height where the angle of knee bending with the position of leg
in its lower point makes up 170-175 degrees is optimal.

In case of performing the first load, the force of mechanical
brake (on scale) was 1.5 kg. One revolution corresponded to 6m
of “path travelled”. Accordingly, the mechanical work (W) of one
revolution is equal to 9 kgm (1.5 x 6). ~ 250 revolutions were
made for 5 minutes of work. Similarly, the work done for 5 minutes
was equal to 2250 kgm (9 x 250) or 22065 J (2250 x 9.8066), or
22.1 kJ. The power (W) of the first load made up 450 kgm/min
(2250 / 5) or 75 W (450 / 6). Accordingly, when performing the
second load, the force of the mechanical brake made up 3 kg,
and the power of work — 900 kgm/min or 150 W. The frequency
of pedaling remained the same as in the first version. The relative
power of the firstload was on average 1.0-1.2 W x kg, the power
of other one - 2.0-2.4 W x kg''. At the end of each load (for the
last 30 seconds) the heart rate was recorded with the help of a
single-channel electrocardiograph. The tape speed was 25 mm/s.
PWC,,, was calculated using the formula of V. L. Karpman.

Method of conducting power-ergometry research.
Submaximal power-ergometry test PWC,. (power-ergometry
method) is based on the use of static and dynamic loads of power
nature — pulling up vertically on a crossbar with a straight medium
grip. Quantitative determination (in J) of mechanical work actually
performed was carried out using a power ergometer designed
by M. F. Khoroshukha [14]. The method has no analogues in
countries of near and far abroad.

The research methodology is relatively simple. A subject
was offered (without initial warming up) to perform a physical
work consisting of two series of loads lasting 4-5 minutes with a
5-minute rest interval between them. The first load consisted of
15 pull-ups, which were made in the mode of one pull-up during
20 s (3-4 s were given for ascent and descent, 16-17 s for rest,
while standing on the floor). The second load included 25-30
pull-ups, which, respectively, were performed in the mode of one
pull-up during 10 s (3—4 s were given for ascent and descent,
6-7 s for rest). The exercises were performed on a suspended
crossbar, which was fixed to the gymnastic wall at the height of
the subject’s hands raised from the floor.

The power of the first load was 0.6-0.8 W x kg, respectively,
the second one ~ 1.5 W-kg"'. At the end of each load (for the last
30 s) the heart rhythm was recorded using an electrocardiograph.
Tachycardia at the end of the first load was 100-120 1, at the end
of the second one - 140-160 f_ (the average difference made
up 40 f.). The work was performed under a sound metronome.
A teenager was offered to pull himself up to such position that
his chin was above the crossbar. In case of muscular fatigue, he
could pull himself to a lower height.

The mechanical work was determined using the formula:

W=PxSxK,

where W —work performed for an hour t (J),

P — body weight (kg),

S - height of lifting (indicator of the electronic counter of the
ergometer) (m),

K - a correction factor that considers the physical expenses
(“negative work”), which are associated with the descent from the
crossbar. According to the data of our research it is equal to 1.50.
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The average work power was determined using the formula:
W=w/t,

where W — work power (W),

W — performed work (J),

t — time of performing work (min).

Physical working capacity PWC,_, as in the case of cycle
ergometric studies, was calculated using the well-known formula
of V. L. Karpman [7].

The evaluation of the research results was carried out accord-
ing to the data of the comparative analysis of the first and second
(after 6 months) stages of examination of athletes according to
the following scheme:

1) separately for each athletic discipline;

2) separately for groups of athletes;

3) carrying out a comparative analysis with a control group.

Athletes were examined in the middle of the preparatory and
pre-competition periods, students in October (the first study) and
in April - for a second time (the second research). Altogether
there were 227 human studies conducted.

Examinations were conducted in the first half of the day
from 9:00 till 13:00, that corresponds to the periods of the
increased efficiency of the human body. The day before the
study the athletes did not train in the second half of the day.
The air temperature during laboratory testing was in the range
from +18 °C till +23 °C.

The results of the conducted research were statistically
processed using the package of the standard computer program
Statistica 10. Arithmetic mean (X), mean square deviation (SD)
and error of the mean (m) were calculated. The significance of
group differences between values (p) was assessed by the para-
metric Student’s t-test. The difference was considered statistically
significant at the 5 % level of significance (at p < 0.05).

Results

Table 1 shows the values of PWC,, estimating physical
working capacity in adolescents who play speed-power sports
(wrestlers, boxers). The research was conducted using two
alternative methods of testing: cycle ergometry (in determining
aerobic work capacity) and power-ergometry (respectively, an-
aerobic-aerobic work capacity of power nature).

The fact of the specific influence of training loads of different
orientation (in this case, mainly on strength and speed) on the
nature of changes (in dynamics) of physical performance values
comes to the front. In wrestlers and boxers, during the cycle
ergometry study, no significant differences were found in indica-
tors of both absolute and relative aerobic capacity (p > 0.05 in
both cases). While in the conditions of power-ergometry testing,
a significant increase (at p < 0.001) in both above-mentioned
indicators of static and dynamic work was found.

The opposite nature of changes was observed when testing
representative of endurance sports (track and field athletes,
cyclists) (Table 2).

Thus, a significant increase (in dynamics) of the absolute
and relative values of the aerobic capacity was recorded in these
athletes when conducting cycle ergometry (in all cases p <0.001).

While the changes in their working capacity of power nature were
insignificant (p > 0.05).

In adolescents who did not play sports (control group), sta-
istically insignificant (p > 0,05) changes in absolute and relative
indicators of PWC, . were predictably observed in conditions of
cycle- and power-ergometry testing (Table 3).

The next stage of experimental research was to conduct a
comparative analysis of the physical performance indicators in
young athletes who. according to the classification of sports by
A. G. Dembo, were united in two large groups: group A — sports
that mainly developed speed and strength qualities (wrestlers.
boxers) and group B —endurance sports (track and field athletes,
cyclists) (Tables 4, 5).

From the materials of Table 4 we find the following:

—there was a statistically significant increase in absolute and
relative values of PWC, . in athletes of group B noted under the
conditions of conducting cycle ergometry studies in comparison
with athletes of group A and representatives of the control group
(p <0.001 in all cases);

—significantly higher values of absolute and relative indicators
of PWC,,, were also observed in adolescents playing speed-po-
wer sports in comparison with the students who did not play sports
(p <0.05in both cases).

The opposite nature of changes in the physical performance
of young athletes was observed when conducting a power-er-
gometry test.

Thus, the representatives of group Ahad a significantincrease
(at p <0.001) in both absolute and relative values of PWC,,  in
comparison with their peers-athletes who mainly developed the
quality of endurance (Group B), and non-athlete students (Group
K). Paradoxically, no statistically significant differences were found
in the absolute and relative indicators of PWC,,, which were
registered among athletes of group B and students of group K
(p>0.05 in both cases).

Repeated (after 6 months) dynamic examinations (Table 5)
did not reveal any differences in the nature of changes in PWC, .
indicators that had been registered in previous studies (Table 4).
Thus, the indicators of relative and absolute values of physical
working capacity in representatives of speed-power sports (Group
A) were during conducting power-ergometry test, significantly
higher compared to athletes of group B and non-athlete students
(p < 0.001 in both cases). And conversely, the data of cycle
ergometry studies show that the highest values of indicators of
aerobic performance are registered in track and field athletes and
cyclists compared to other subjects (p < 0.001 in all cases). It
should be noted that the endurance is the dominant motor quality
for athletes of group B, and for cyclists, among other things, the
work on a bicycle ergometer is also a specific load.

From a practical point of view, it was interesting to determine
the relationship between the results obtained and the success
of the surveyed athletes at the Championships of Ukraine in the
selected sports. By means of a survey, according to groups,
young athletes who successfully performed at competitions and
justified the forecasts of specialists (strong group) were identi-
fied. Similarly, athletes who, according to objective results and
coaches’ opinions, performed unsatisfactorily were identified
(weak group) (Tables 6, 7).
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Table 1. Dynamics of values of PWC,, estimating physical working capacity in adolescents aged 15-16 who play speed-power sports (Group A),
according to the data of cycle- and power-ergometry testing (n =92), X+ m

Stages of research n Cycle ergometry method Power-ergometry method
PWC ., W PWC,.., Wx kg PWC,_, W PWC,, W x kg

Wrestlers

First 24 169.70 £ 3.28 2.60+0.03 79.002.25 1.20£0.03

Second 22 174.80 £ 3.11 2.70+0.04 97.30 £ 2.46 1.40 £0.04
Significance of difference >0.05 >0.05 <0.001 <0.001
Boxers

First 23 173.80£3.13 2.65+0.04 77.50 £ 2.02 1.10£0.04

Second 23 177.20 £ 3.45 2.73+0.05 96.40 +2.13 1.40+£0.04
Significance of difference >0.05 >0.05 <0.001 <0.001

Table 2. Dynamics of values of PWC, . estimating physical working capacity in adolescents aged 15-16 who played endurance sports (Group B),
according to the data of cycle ergometry and power-ergometry test (n = 87), X £ m

Stages of research n Cycle ergometry method Power-ergometry method

PWC ., W PWC,.., W x kg PWC,_, W PWC, ., W x kg
Track and field athletes
First 23 194.20 £ 2.06 2.90+0.03 51.90+2.39 0.80 £0,03
Second 22 212.80+3.18 3.10£0.05 54.40 +2.80 0.80+0.03
Significance of difference <0.001 <0.001 >0.05 >0.05
Cyclists
First 21 204.60 £2.34 3.00£0.03 55.20 £ 2.03 0.80+0.03
Second 21 221.60 £3.29 3.20+0.04 57.10£2.49 0.80 £0.03
Significance of difference <0.001 <0.001 >0.05 >0.05

Table 3. Dynamics of values of PWC,, ' test estimating physical working capacity in adolescents aged 15-16 who did not play sports (Group K),
according to the data of cycle-and power-ergometry testing (n = 48), X+ m

Stages of research n Cycle ergometry method Power-ergometry method

PWC,_., W PWC,.,, W x kg PWC,., W PWC, ., W x kg
First 25 133.90 + 3.04 2.30£0.03 52.00 + 3.53 0.70+0.03
Second 23 136.70 £ 3.35 2.30£0.03 54.20 + 4.31 0.80£0.04
Significance of difference >0.05 >0.05 >0.05 >0.05

Table 4. Comparative analysis of values of PWC,, estimating physical working capacity in adolescents aged 15-16, according to the data of the
first stage of research (n = 116), X+ m

Group n Cycle ergometry method Power-ergometry method
PWC ., W PWC,., Wx kg* PWC,_, W PWC,_, W x kg

Group A 47 171.70£3.20 2.60+0.04 78.30 £ 2.13 1.20 £ 0.04
Group B 44 199.40 +2.20 2.90+0.03 53.60 + 2.21 0.80+0.03
Group K 25 133.90 + 3.04 2.30£0.03 52.00 + 3.53 0.70+0.03
Significance of difference p1-p2 <0.001 <0.001 <0.001 <0.001

p1-p3 <0.001 <0.001 <0.001 <0.001

p2-p3 <0.001 <0.001 >0.05 >0.05
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Table 5. Comparative analysis of values of PWC,, estimating physical working capacity in adolescents aged 15-16 according to the data of the

second stage of research (n =111), X+ m

Group n Cycle ergometry method Power-ergometry method
PWC,_, W PWC,.., Wx kg’ PWC,_, W PWC,.., W x kg

Group A 45 176.00 £ 3.28 2.70+0.05 96.80 +2.30 1.40£0.04
Group B 43 217.20+£3.23 3.20+0.05 55.80 + 2.65 0.80 £0.03
Group K 23 136.70 £ 3.35 2.3010.03 54.20 + 4.31 0.80 £ 0.04
Significance of difference p1-p2 <0.001 <0.001 <0.001 <0.001

p1-p3 <0.001 <0.001 <0.001 <0.001

p2-p3 <0.001 <0.001 >0.05 >0.05

Table 6. Indicators of physical performance of PWC

170

young sportsmen of 15-16 years old, representatives of high-speed and power sports who

performed successfully (strong group) and unsuccessfully (weak group) at competitions (n = 47), X+ m

Group n Cycling ergometry method Power-ergometry method

PWC,,, W PWC,., W x kg PWC_, W PWC, .., W x kg
Strong 10 179.90 £ 3.24 2.80+0.04 98.50 £2.24 1.40 £ 0.04
Weak 37 172.80 £ 3.42 2.70+0.05 90.20+2.33 1.30 £0.03
Significance of difference (p) >0.05 >0.05 <0.01 <0.001

Table 7. Indicators of physical performance PWC, |

of young sportsmen of 15-16 years old, representatives of endurance sports, who performed

successfully (strong group) and unsuccessfully (weak group) at competitions (n = 44), X+ m

Groups n Cycling ergometry method Power-ergometry method
PWC,,,, W PWC,,, W x kg" PWC,,,, W PWC,,, W x kg
Strong 10 226.70 £ 3.41 3.30+0.04 56.70 £ 2.73 0.80 £0.03
Weak 34 207.80 £ 3.47 3.00£0.05 54.20 + 2.44 0.80 £0.03
Significance of difference (p) <0.01 <0.001 >0.05 >0.05
The data of Table 6 show that 10 sportsmen of group A (5 Discussion

boxers and 5 wrestlers) who performed well at competitions
and took prizes, according to the results of power-ergometric
researches, had significantly better absolute (p < 0.01) and rela-
tive (p < 0.001) values of anaerobic-aerobic work capacity than
those persons (n = 37) who did not take prizes. It should be noted
that there were no significant differences in aerobic performance
(cycling ergometry method) between PWC._ athletes of strong
and weak groups (p > 0.05).

Accordingly, Table 7 presents the results of the comparative
analysis of physical performance of 10 best sportsmen of 15-16
years old of group B (endurance sports) who got prize places at
competitions (strong group) and their peers (n = 34) who performed
unsuccessfully (weak group). The data of this table indicate that
the athletes-winners of group B (4 runners and 6 cyclists) had
significantly better absolute (p < 0.01) and relative (p < 0.001)
values of aerobic performance (cycling ergometry method) in
comparison with other (n = 34) athletes of this group who performed
unsuccessfully at the competitions. However, in the values of
anaerobic-aerobic performance by power-ergometry there were
no statistically significant differences between representatives of
strong and weak groups of endurance sports (p > 0.05).

Assessment of physical performance occupies one of the
leading places in functional diagnostics and is the basis for mana-
ging the educational and training process in both sports and rec-
reational physical education. Despite the fact that a large number
of scientific papers and developments by leading specialists are
devoted to this problem, the specific impact of different types of
training exercises on the determination of physical performance
is sill not sufficiently taken into account [1,2,3,4,5]. This substan-
tiates the relevance, theoretical and practical significance of the
chosen direction of study on the search and development of the
latest technologies of functional diagnostics [13]. After all, today
in Ukraine there are acute issues of selection and recruitment of
national teams of different levels and sports. A number of sports
cultivated in Ukraine still lag behind the world level [23,25].

Experts emphasise the need to take into account not only
age and gender characteristics or physical development, but also
the characteristics of physical performance and energy supply
mechanisms [23]. To solve such problems, knowledge of indivi-
dual characteristics of physical and functional fitness depending
on the specialisation or role of the athlete [5,6,23]. Teachers and
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coaches also need feedback on the impact of the applied means,
in particular physical exercises, on individual systems and the
athletes’ body [16,19,20,25].

The results of our researches which provided complex use of
aerobic and anaerobic-aerobic activities in diagnostics of physical
work capacity of young sportsmen, testify to the double nature of
changes of PWC, ,  indicators. The opposite nature of the above
changes depends on the following two factors. The first factor is
the predominant orientation of the training process. The second
factor is the type of dosed physical activity, namely:

1) anaerobic-aerobic power activities during power ergometric
tests;

2) aerobic activities, respectively, during cycling ergometric
tests.

According to the results of our studies, the most widespread
for high-speed and power sports (group A) was a statistically sig-
nificantincrease in dynamics of absolute and relative indicators of
anaerobic-aerobic work capacity, according to power-ergometry
(p<0.001) and insignificant changes of aerobic work capacity at
cycling ergometry (p > 0.05). For endurance sports (group B) there
was a significant increase (p < 0.001) in aerobic performance and
a slight increase (p > 0.05) in anaerobic-aerobic performance.
As expected, the representatives of the control group (group K)
showed insignificant nature of changes (p > 0.05) in both aerobic
and anaerobic-aerobic performance. The above is indisputable
evidence of the specific impact of physical activity on body func-
tions (including physical performance) of people of different ages
and occupations [3,6,8,20,21,22]. The result of this impact is the
improvement of some and deterioration of other body functions.

This can be confirmed by the results of comparative analysis
of physical performance data obtained by different methods of
sportsmen-winners with those who failed to perform at high-level
competitions. On the basis of the conducted researches it was
found that the sportsmen-winners of group A had significantly
better indicators of anaerobic-aerobic productivity (p < 0.01)
(power-ergometry method), than the rest of the group. Accord-
ingly, there were no significant differences (p > 0.05) in aerobic
power (cycling ergometry) between the athletes of this group.
On the contrary, the athletes-winners of group B had significantly
better (p < 0.01) values of aerobic capabilities compared to other
representatives of this group.

Therefore, the complex use of cycle- and power-ergometry
methods in laboratory conditions in determining aerobic and aero-
bic-anaerobic performance can be a component of the medical
and pedagogical examination of athletes. The purpose of such
examinations is to adjust the educational process in relation to
specific pedagogical tasks. These tasks include:

1) transition to another state of fithess of an athlete;

2) assessment of the state of fitness;

3) resolving issues related to changes in activities in the
training cycle, etc.

In the process of mass examinations of athletes in order to
save time we suggest using only one dosed power-ergometric
load of submaximal power. Physical capacity in this case is cal-
culated according to the formula L. |. Abrosimova [14].

The sequence of complex testing in determining the physical
performance of athletes is as follows. First, static-dynamic work

of a power nature (power-ergometry method) is performed, then
(after 5 minutes of rest) — dynamic work of an aerobic orientation
(cycling ergometry method).

Note. For trained athletes for whom pull-ups are one of the
specific activities (gymnasts, climbers, wrestlers, workouters,
etc.), you can offer 50 (60) pull-ups. Under these conditions,
one pull-up is performed for 6 (5) s (respectively, 3—4 (2-3) s are
allocated for ascent and descent, and 2-3 s for rest). For young
athletes of 10-12 years old, the senior lecturer of the Department
of Physical Therapy and Ergotherapy, co-author of this article,
O. Y. Buriak suggests power loads of 10 pull-ups (one pull-up is
performed for 30 s; 3—4 s are allocated for ascent and descent,
26-27 s for rest, standing on the floor).

Conclusions

1. The fact of specific influence of various training loads
on the body functions of adolescents has been confirmed. The
possibility of introducing into the practice of medical-biological
control over the young athletes the methods of complex use
of aerobic (cycle ergometry) and anaerobic-aerobic (power-er-
gometry) loads is shown. The diagnostics of various types of
physical working capacity (PWC,, ) will provide the coach with
operational information about the functional state of the body of
athletes, which will allow to effectively manage the educational
and training process.

2. In case of mass health examination with complex testing
of aerobic and anaerobic-aerobic performance (for example,
during the annual medical check-up of athletes), for the purpose
of saving time, it is expedient to use only one dosed cycle- and
power-ergometry load of submaximal power.

Prospects for further research is to scientifically substanti-
ate the possibilities of complex use of cycle-and power-ergometry
in determining the physical capacity of athletes with disorders of
the musculoskeletal system.
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Aim. The aim of the study was to establish the changes in nitric oxide production and metabolism in rat heart
during combined influence of organism stimulation with bacterial lipopolysaccharide (LPS) and modeling of
metabolic syndrome (MetS).

Materials and methods. The study was conducted on 24 mature male Wistar rats weighing 200-260 g. Ex-
periment lasted 60 days. The animals were divided into 4 groups of 6 animals each: control group, MetS group,
LPS stimulation group, LPS + MetS group. MetS was reproduced by using a 20 % fructose solution as the only
source of drinking water. LPS of Salmonella typhi was administered at a dose of 0.4 pg/kg intraperitoneally.
Animals from LPS + MetS group received a 20 % fructose solution as the only source of drinking water and were
administered LPS. In 10 % tissue homogenate of rat heart we studied: total activity of NO-synthases (NOS),
activity of constitutive (cNOS) and inducible (iNOS) isoforms, activity of nitrate (NaR) and nitrite (NiR) reductases,
concentration of peroxynitrites (ONOQO"), nitrites, nitrosothiols and hydrogen sulfide.

Results. Combination of MetS and stimulation of organism with LPS led to increase in total NOS activity by
32.72 % compared to control group. Activity of cNOS did not change compared to control group. Activity of INOS
increased by 33.76 %. Arginase activity decreased by 23.53 %. NaR activity and NiR activity were increased
by 86.67 % and by 149.29 %, respectively. Combination of MetS and stimulation of organism with LPS led to
decrease in nitrite and nitrosothiols concentration by 38.73 % and by 54.79 %, respectively. Under these condi-
tions concentration of ONOO- elevated by 398.0 % compared to control group. Concentration of H,S decreased
by 27.56 %.

Conclusions. Combination of metabolic syndrome and stimulation of organism with bacterial lipopolysaccharide
leads to prevalence of peroxynitrite formation during increased nitric oxide production NO-synthase-dependent
and nitrate-nitrite-NO pathways in rat heart.

Modern medical technology. 2023;(4):45-50

BnauB cTumyasiLji opraHismy 6akrepiaanbHUM AinonoAicaxapMaom Ha NPOAYKLO
Ta MeTaboAi3m OKCHAY @30Ty B cepui LiypiB 3a yMoB MeTaboAiuHOro CUHAPOMY

0. €. AkimoB, A. 0. MukuteHko, B. 0. KocTeHko

MeTa po60TH — BCTaHOBMEHHS 3MiH NpOayKLii Ta MeTaboniamy okcuay asoTy B cepLi LypiB nif vac koMGiHOBaHOTO
BNMMBY Ha OpraHiam ctumynsuii 6akrepiansHM ninononicaxapuaom (JMC) Ta MogentoBaHHs MeTaboniyHoro
cuHgpomy (MetC).

Marepianu Ta metogu. [locnimKkeHHs 30INCHUNMM Ha 24 CTaTeBO3PINMX camusx LypiB MiHii Bictap macoto
200-260 r. ExcnepumeHT TpuBaB 60 AHiB. TBapuH noginunm Ha 4 rpynu no 6 0Co6MH: KOHTPONbHA rpyna, rpyna
MetC, rpyna ctumynsuiji [MC, rpyna JINC + MetC. MeTC BiaTBOpeH™Uit i3 BukopuctaHHam 20 % posunHy dpyk-
TO3M K eguHoro mxepena nutHoi Bogu. JINC Salmonella typhi BBogunm iHTponeputoHeansHo B f03i 0,4 MKI/KT.
Teapunu 3 rpynu JINC + MetC otpumysanu 20 % po3unH dpyKTO3W SK EANHE LKEPEeno NUTHOI BOAW, a Takox
im Beogunn JINC. Y 10 % TkaHMHHOMY roMoreHaTi CepLis LLypiB AOCTIMLKyBanu CymapHy aktneHicTb NO-cuHTa3
(NOS), aktusHicTb koHcTUTYTUBHOI (CNOS) Ta iHayumbensHoi (INOS) isochopm, akTveHiCTb HiTpaT (NaR) i HiTpuT
(NIR) pepykTas, koHueHTpaujto nepokcuHiTputie (ONOO"), HiTpuMTIB, HITPO30TIONIB i rigpOreH Cynbaiay.

Pesynbratu. MoegHanHs MetC i ctumynsuii opraniamy JINMC npuseeno go 30inbLUeHHst CyMapHOi akTUBHOCTI
NOS Ha 32,72 % nopiBHSHO 3 KOHTPOMbHOO rpynot. AKTUBHICTE CNOS NOPIBHAHO 3 KOHTPOMBHOI rPYNO He
3mMiHunace. AktueHicTb INOS 3pocna Ha 33,76 %. AKTUBHICTb apriHasu 3Huaunacs Ha 23,53 %. AktusHictb NaR
i NiR 3pocna Ha 86,67 % Ta 149,29 % signosiaHo. MoeaHaHHa MetC i ctumynsuii opraniamy JIMNC cnpuunHuno
3HUKEHHS KOHLEHTpALLiT HiTpuTiB i HiTpo3oTioni Ha 38,73 % i 54,79 % BignosigHO. 3a LMX YMOB KOHLEHTpaLlis
ONOO- nigsuwmnacs Ha 398,0 % NOpiBHSAHO 3 KOHTPOMBHOKO rPyroto. KoHueHTpauia H,S ameHwwmnacs Ha 27,56 %.
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BucHoBku. MoegHaHHs MeTaboniyHOro CMHAPOMY Ta CTUMYNSILT opraHiamy BakTepianbHiM ninonornicaxapunom
NPU3BOANTbL 0 NepeBaXaHHs YTBOPEHHSI NEPOKCUHITPUTY Mif Yac NiABULLEHOrO YTBOPEHHS OKCUAY a30Ty Bif
NO-cuHTaso3anexHoro ta HiTpat-HITpuT-NO LnsxiB y cepui Wwypis.

CyuacHi meauuHi TexHonorii. 2023. Ne 4(59). C. 45-50

Nitric oxide (NO) is an important regulator of vascular tonus,
as well as a signal molecule. Its function in heart is rather well
established [1]. However, besides signaling and vascular tonus
control functions NO can affect redox homeostasis and lead to
development of oxidative and nitrosative damage to cells and tis-
sues [2,3]. In mammalian cells NO is predominantly produced by
specific enzymes, namely, nitric oxide synthases (EC 1.14.13.39,
NOS). NOS can produce nitric oxide by transformation of L-ar-
ginine to L-citrulline in presence of electron donor (NADPH + H)
and oxygen.

In the case of hypoxia or lack of substrate for NOS function
another pathway of nitric oxide production exists. Nitric oxide
can be formed from nitrates and nitrites by their enzymatic and
non-enzymatic reduction [4]. Enzymes responsible for reduction
of nitrates and nitrites to nitric oxide work in tandem and are
called nitrate (NaR) and nitrite (NiR) reductases. They act like a
backup system to ensure sufficient production of nitric oxide even
under hypoxic conditions or other cases of NOS-dependent NO
production impairment. This reductive pathway of NO synthesis
is used for treatment of heart failure for many years [5].

Metabolic syndrome (MetS) is well known for its ability to
cause heart failure and other cardiac diseases [6]. One of the
mechanisms underlying cardiac complications of MetS is dis-
ruption of NO synthesis and utilization [7,8]. On the other hand,
bacterial lipopolysaccharide (LPS), which can enter blood during
sepsis may also lead to impaired NO synthesis, and endothelial
dysfunction [9]. Taking into account, that patients with MetS are
more prone to bacterial invasions, simultaneous influence of
LPS and MetS on organism cannot be excluded [10]. Scientific
literature provides limited amount of data about combined effect
of LPS and MetS on production and utilization of NO in heart.

Aim
The aim of the study was to establish the changes in nitric
oxide production and metabolism in rat heart during combined

influence of organism stimulation with bacterial lipopolysaccharide
and modeling of metabolic syndrome.

Materials and methods

The study was conducted on 24 mature male Wistar rats
weighing 200-260 g. The animals were divided into 4 groups
of 6 animals each: control group, MetS group, LPS stimulation
group, LPS + MetS group. MetS was reproduced by using a 20 %
fructose solution as the only source of drinking water for 60 days
[11]. Stimulation of the organism with the bacterial LPS of Salmo-
nella typhi (S. typhi) was carried out according to the following
scheme: in the first week, animals were administered LPS at a
dose of 0.4 ug/kg intraperitoneally three times a week, then LPS
was administered at a dose of 0.4 pg/kg intraperitoneally once

a week throughout the experiment (60 days) [12]. Animals from
LPS + MetS group received a 20 % fructose solution as the only
source of drinking water and were administered LPS according
to the scheme of LPS stimulation group.

The animals were kept in the vivarium of the Poltava State
Medical University under standard conditions. We worked with
laboratory animals according to “European Convention for the
Protection of Vertebrate Animals Used for Research and Other
Scientific Purposes”. The withdrawal of animals from the ex-
periment was carried out under thiopental anesthesia by taking
blood from the right ventricle of the heart. All manipulations with
laboratory animals were approved by the Bioethics Commission
of the Poltava State Medical University (Record No. 206 from
24.06.2022).

The object of the study was a 10 % homogenate of rat heart.
Tissue homogenate was prepared on Tris-HCI buffer solution
(0.2 M, pH = 7.4) by homogenization of 1 g of tissue in 9 ml of
Tris-HClI buffer. Total NOS activity was evaluated by increase in
nitrite (NO,) concentration after incubation homogenated tissue
samples for 30 min at temperature 37 °C in the incubation solu-
tion (3.1 ml) containing: 2.5 ml of 161 mM Tris-buffer (pH = 7.4),
0.3 ml of 31 mM L-arginine, 0.1 ml 32 yM NADPH and 0.2 ml of
10 % tissue homogenate [13].

In order to evaluate the activity of constitutive isoforms of
NO-synthase (cNOS) we used following procedure: 0.2 ml of 10 %
tissue homogenate was taken for analysis and was incubated for
60 min att= 37 °C in incubation solution (3.3 ml) containing: 2.5 ml
of 152 mM Tris-buffer (pH = 7.4), 0.3 ml of 29 mM L-arginine, 0.2
ml of 545 uM aminoguanidine hydrochloride and 0.1 ml of 30 yM
NADPH. Activity of inducible isoform of NO-synthase (iNOS)
was calculated by formula: INOS = NOS-cNOS (pmol/min per
g of protein) [12,13]. We used Griess-llosvay reagent for nitrite
estimation (1 % sulfanilic acid in 30 % acetic acid and 0.1 %
1-naphtylamine in the same solvent) [12].

Total activity of arginases was assessed by difference of
L-ornithine concentration before and after incubation of 0.1 ml of
10 % tissue homogenate in incubation solution (0.8 ml) containing
0.5 ml of 125 mM phosphate buffer (pH = 7.0), 0.2 ml of 6 mM
L-arginine [13]. Evaluation of L-ornithine was performed after
addition 0.1 ml of modified Chinard’s reactive (2.5 % ninhydrin
on acidic mixture consisting from 2:3 60 % orthophosphoric and
ice acetic acids mixed at ratio 6:4 with water) and 1.0 ml of ice
acetic acid [12].

Nitrite reductase (NiR) activity was assessed by decrease
in nitrite content after 60 min at t = 37 °C incubation of 0.2 ml of
10 % tissue homogenate in incubation medium (2.3 ml) consisting
of: 1 ml of 87 mM phosphate buffer (pH = 7.0), 1 ml of 4.35 mM
sodium nitrite, and 0.1 ml of 61 yM NADH. Nitrites content was
measured before and after incubation [12,13].

Nitrate reductase (NaR) activity was assessed by decrease
in nitrate content after 60 min at t = 37 °C incubation of 0.2 ml of
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Table 1. Production and metabolism of nitric oxide in rat heart under conditions of metabolic syndrome and stimulation of the organism with

bacterial lipopolysaccharide (M + SE)

Parameter, Groups
units of measurement Control, MetS, LPS stimulation, | LPS + MetS,
n=6 n=6 n=6 n=6
NOS activity, Total 1.62 £0.02 2.38 £0.03 2.30£0.02 2.15£0.02%#A
pmolimin per g of protein | o 0.0530£0.0002  |0.0470+00003* [0.0930 £0.0008" |0.0530 £ 0.0003%
iNOS 1.57 £0.02 2.34 £0.03* 2.21£0.02%# 2.10 £0.02%#A
Arginase activity, ymol/min per g of protein 221+£0.03 2.87+£0.02 0.77 £0.02 *# 1.69 £ 0.03*#A
Nitrate reductase activity, umol/min per g of protein 5.27+0.28 6.74 £ 0.67" 5.18+0.17% 9.89 £ 0.33*#A
Nitrite reductase activity, umol/min per g of protein 424 +0.18 10.85 £ 0.35* 13.47 £ 0.54*# 10.57 £ 0.10**
Nitrite concentration, nmol/l 7.85+0.12 3.14+0.27* 11.10 £ 0.23*# 4.8110.18*#A
ONOO- concentration, pmol/g 0.50 £0.03 2.10 £ 0.05* 0.53 +0.02* 2.49 +0.03*#A
Concentration of nitrosothiols, pmol/g 0.73+0.03 0.57 £0.03* 1.15+0.03** 0.33 +0.03*#A
Concentration of H,S, umol/g 10.34 £ 0.21 12.05+0.37" 523 +0.37*# 7.49 £0.18*#A

*; significant difference compared to control group (p < 0.05); * significant difference compared to experimental metabolic syndrome group
(p < 0.05); ™ significant difference compared to the group of the organism stimulation by bacterial lipopolysaccharide (p < 0.05).

10 % tissue homogenate in incubation medium (2.3 ml) consisting
of: 1 ml of 87 mM phosphate buffer (pH = 7.0), 1 ml of 4.35 mM
sodium nitrate, and 0.1 ml of 61 uM NADH [12,13].

Concentration of peroxynitrites of alkali (Na*, K*) and alka-
li-earth (Ca?") metals was measured by using its reaction with
potassium iodide under pH = 7.0 in 0.2 M phosphate buffer
with the same pH [13]. Concentration of low molecular weight
S-nitrosothiols (S-NO) was determined by increase in nitrite
concentration after 30 min incubation of 0.2 ml of 10 % tissue
homogenate in incubation solution (2.6 ml) containing: 2.0 ml of
154 mM phosphate buffer (pH = 7.0), 0.1 ml of 923 uM sodium
fluoride, and 854 uM mercury chloride [13].

Concentration of H,S was estimated by amount of a color dye
formed in reaction of H,S with specific sulfide coloring reagent
(0.4 g of N,N-dimethyl-p-phenylenediamin and 0.6 g of iron (Ill)
chloride (FeCl,*6H,0) dissolved in 100 ml of 6 M HCI) [14].

The statistical significance of the difference between groups
was determined using the non-parametric analysis of variance
by Kruskal-Wallis method, followed by pairwise comparisons
using the Mann-Whitney U-test. The difference was considered
statistically significant at p < 0.05.

Results

We established in our previous work, that addition of 20 %
fructose solution as the only source of drinking water to standard
ration of rats leads to development of features characteristic to
metabolic syndrome [13].

Modeling of MetS led to increase in total NOS activity by
46.91 % compared to control group (Table 1). Activity of ctNOS
decreased by 11.32 % compared to control group. Activity of INOS
increased by 48.04 %. Arginase activity elevated by 29.86 %.
NaR activity and NiR activity were increased by 27.89 % and
by 155.90 %, respectively. MetS led to decrease in nitrite and

nitrosothiols concentration by 60.00 % and by 21.92 %, respec-
tively. Under MetS conditions concentration of ONOO- elevated
by 320.0 % compared to control group. Concentration of H,S
increased by 16.54 %. Therefore, MetS leads to overproduction
of NO by NOS-dependent mechanism (due to increased iINOS
activity) and by nitrate-nitrite-NO pathway. Simultaneously MetS
elevates intensity of highly toxic reactive nitrogen species (per-
oxynitrites) formation, while decreasing formation of excretory
(nitrites) and deposited (nitrosothiols) forms of NO in rat heart.

Stimulation of organism with LPS led to increase in total NOS
activity by 41.98 % compared to control group (Table 1). Activity of
cNOS increased by 75.47 % compared to control group. Activity
of iINOS increased by 40.76 %. Arginase activity decreased by
65.16 %. NaR activity did not changed statistically significantly.
NiR activity increased by 217.69 %. Stimulation of organism with
LPS led to increase in nitrite and nitrosothiols concentration by
41.40 % and by 57.53 %, respectively. Under these conditions
concentration of ONOO- did not changed statistically significantly
compared to control group. Concentration of H,S decreased by
49.42 %. Therefore, stimulation of organism with LPS leads to
overproduction of NO by NOS-dependent mechanism and by
nitrate-nitrite-NO pathway. However, stimulation of organism
with LPS does not change the intensity of highly toxic reactive
nitrogen species (peroxynitrites) formation, and increases for-
mation of excretory (nitrites) and deposited (nitrosothiols) forms
of NO in rat heart.

Comparing influence of stimulation of organism with LPS
with MetS we can state that total NOS activity did not change
compared to MetS group (Table 1). Activity of cNOS increased by
97.87 % compared to MetS group. Activity of INOS decreased by
5.56 %. Arginase activity decreased by 73.17 %. NaR activity de-
creased by 23.15 %. NiR activity increased by 24.15 %. Stimula-
tion of organism with LPS led to increase in nitrite and nitrosothiols
concentration by 253.50 % and by 101.75 %, respectively. Under
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these conditions concentration of ONOO- decreased by 74.76 %
compared to MetS group. Concentration of H,S decreased by
56.60 % compared to MetS group.

Combination of MetS and stimulation of organism with LPS
led to increase in total NOS activity by 32.72 % compared to
control group (Table 7). Activity of cNOS did not change compared
to control group. Activity of INOS increased by 33.76 %. Arginase
activity decreased by 23.53 %. NaR activity and NiR activity were
increased by 86.67 % and by 149.29 %, respectively. Combination
of MetS and stimulation of organism with LPS led to decrease in
nitrite and nitrosothiols concentration by 38.73 % and by 54.79 %,
respectively. Under these conditions concentration of ONOO- ele-
vated by 398.0% compared to control group. Concentration of
H,S decreased by 27.56 %.

Comparing combined influence of stimulation of organism
with LPS and MetS with results in MetS group we can state that
total NOS activity decreased by 9.66 % compared to MetS group
(Table 1). Activity of cNOS decreased by 12.77 % compared to
MetS group. Activity of INOS decreased by 10.26 %. Arginase
activity decreased by 41.11 %. NaR activity increased by 46.74 %.
NiR activity did not change. Combined influence of stimulation
of organism with LPS and MetS led to increase in nitrite concen-
tration by 53.18 %, but decreased nitrosothiols concentration
by 42.11 %. Under these conditions concentration of ONOO:- in-
creased by 18.57 % compared to MetS group. Concentration of
H,S decreased by 37.84 % compared to MetS group.

Comparing combined influence of stimulation of organism
with LPS and MetS with results in LPS stimulation group we can
state, that total NOS activity decreased by 6.52 % compared to
LPS stimulation group (Table 1). Activity of cNOS decreased by
43.01 % compared to LPS stimulation group. Activity of INOS
decreased by 4.98 %. Arginase activity increased by 119.48 %.
NaR activity increased by 90.93 %. NiR activity decreased by
21.53 %. Combined influence of stimulation of organism with LPS
and MetS led to decrease in nitrite and nitrosothiols concentration
by 56.67 % and 71.30 %, respectively. Under these conditions
concentration of ONOO- increased by 369.81 % compared to LPS
stimulation group. Concentration of H,S increased by 43.21 %
compared to LPS stimulation group.

Discussion

MetS and stimulation of organism with bacterial LPS have
opposite effects on activity of cNOS. During combination of MetS
and stimulation of organism with bacterial LPS inhibitory effect of
MetS is dominant. Inhibitory effect of MetS on endothelial NOS
(eNOS) activity is one of characteristic features of MetS and di-
abetes mellitus, and this is the cause of endothelial dysfunction
development during MetS [15]. Several mechanisms are involved
in decrease in eNOS activity during MetS. On the one hand,
we observed increase in arginase activity in MetS group, which
creates possibility for involvement of “arginine steal” mechanism
[16]. On the other hand, increased concentration of peroxyni-
trite can also lead to eNOS inhibition [17]. Besides inhibition of
eNOS activity peroxynitrite can cause eNOS uncoupling, which
will lead to formation of reactive oxygen species (ROS) derived
from eNOS electron transport chain [18]. We established that

stimulation of organism with LPS increased cNOS activity in rat
heart, which is different from effect of LPS on skeletal muscle
[13]. Several studies show, that during LPS-induced changes
in organism transcription of eNOS and neuronal NOS (nNOS)
genes are decreased [19,20]. However, there is an opinion, that
this effect may depend of dosage of LPS and targeted organ, as
it was shown in a study of Z. Peng et al. has showed, that LPS
treatment can increase eNOS expression [21].

Opposite effects of MetS and stimulation of organism with
bacterial LPS on arginase activity may be due to changes in
macrophage polarization caused by LPS [22]. Therefore, pre-
dominance of pro-inflammatory macrophages in LPS stimula-
tion group may explain decrease in arginase activity observed
in this group. Despite the ability of MetS to induce change in
macrophage polarization towards pro-inflammatory phenotype,
these metabolically activated macrophages have different energy
metabolism, which enables foam cell formation and increased
arginase activity in tissue or organ [23]. The exact mechanism
involved in obesity-induced arginase upregulation remains un-
clear but may be related to impaired secretion of adipokines [24].

MetS and stimulation of organism with bacterial LPS have
a potential for induction of nitrate-nitrite-NO pathway of nitric
oxide production. Reduction of nitrates to nitrites and nitrites
to nitric oxide both require one electron. This process can be
enzymatically controlled or non-enzymatically controlled. An
example of non-enzymatically controlled reduction of nitrates
to nitrites is donation of one electron derived from mitochondrial
complexes [25]. A potential core enzyme responsible for enzy-
matically controlled reduction of nitrates to nitrites and further to
nitrites to nitric oxide is xanthine oxidoreductase (EC 1.1.1.204
and EC 1.17.3.2, XOR), which consists from two main domains:
xanthine oxidase (EC 1.17.3.2, XO) and xanthine dehydroge-
nase (EC 1.1.1.204, XD). XOR is upregulated under conditions
of MetS, which explains an increase in NaR and NiR activities
observed in MetS group in our experiment [26]. During LPS
stimulation XOR can also be upregulated due to transition of
macrophages polarization towards predominance of pro-inflam-
matory phenotypes [27]. And increase in NiR activity observed
in LPS stimulation group may be related to adaptive reaction
aimed at stabilization of mitochondrial function [28].

Another important substance which controls mitochondrial
function and NO synthesis is hydrogen sulfide (H,S) [29]. H,S
can control mitochondrial functions via interaction with NO and
reactive oxygen species as well as by influencing activation of
redox-sensitive transcriptional factors like NF-kB, which play
crucial role in development of hyperproduction of NO during
various pathological conditions [30,31,32]. Hydrogen sulfide can
attenuate NF-kB activation both during MetS and stimulation of
organism with bacterial LPS [33,34]. This, in turn, can decrease
nitric oxide and ROS production [35,36]. Therefore, we can as-
sume, that increase in H,S concentration during MetS observed
in our study is beneficial event aimed at controlling of NF-kB
activation, while decrease in its concentration during stimulation
of organism with LPS evidences about inability of this mechanism
to compensate excessive stimulation of NF-kB activation.
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Conclusions

1. Metabolic syndrome increases production of NO in rat
heart by NO-synthase-dependent and nitrate-nitrite-NO pathways
resulting in excessive peroxynitrite formation.

2. Stimulation of organism with bacterial lipopolysaccharide
increases production of NO in rat heart by NO-synthase-depend-
ent and nitrate-nitrite-NO pathways resulting in accumulation of
nitrites and nitrosothiols, while omitting excessive peroxynitrite
formation.

3. Combination of metabolic syndrome and stimulation of
organism with bacterial lipopolysaccharide leads to prevalence
of peroxynitrite formation during increased nitric oxide production
NO-synthase-dependent and nitrate-nitrite-NO pathways in rat
heart.

Prospects for future scientific research: a viable approach
to further investigation of metabolic syndrome pathogenesis is to
study influence of specific inhibitors of NF-kB cascade activation
on production and metabolism of nitric oxide, development of
oxidative stress and degradation of connective tissue components
not only in heart, but in other organs and tissues. It is of interest
to further investigate the influence of changes in hydrogen sulfide
concentration on nitric oxide cycle in heart.
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Aim of the study was to characterize the locomotor and cognitive aspects of the behavior of experimental rats
under intracerebroventricular colchicine administration in the open field test and the 8-arm radial maze, as well
as identify a set of behavioral features of experimental animals that emerged during the study.

Materials and methods. The study was conducted in two stages on 20 male Wistar rats aged 10-11 months.
The first stage involved assessment of initial locomotor activity and cognitive functions in all intact rats. At the
next stage, the rats were divided into two experimental groups (n = 10): the first group with intracerebroventricular
injection of physiological NaCl solution, and the second group with intracerebroventricular injection of colchicine.
In 14 days after the surgery, repeated recording of locomotive and cognitive activity indicators was performed.

Results. The locomotor activity characteristics did not statistically differ between the animals before the surgical
procedures and the rats of the first group. However, in the second group, the activity indicators were significantly
higher than in the respective pre-surgery rats. In the intergroup comparison of the rats that entered the second
stage of the experiment, it was found that among all the investigated parameters, only the indicator of high
activity duration was significantly higher in the second group compared to the first group. At the same time, the
animals in the second group showed significant cognitive impairments compared to the first group, as indicated
by significantly lower memory index values, the number of correct entries into the maze arms, and a significantly
longer time to make the first correct entry into the maze arm.

Conclusions. Intracerebroventricular administration of colchicine to experimental rats is accompanied by in-
creased locomotor activity and impairment of cognitive functions. The administration of a physiological solution
is not accompanied by a statistically significant increase in locomotor activity, but it demonstrates a clear ten-
dency to increase, which may indicate a certain influence of the procedure itself. The applied pharmacological
model of neurodegeneration with subsequent comprehensive assessment of animal behavior in an open field
and an 8-arm radial maze is legitimate and can be used to study the early development of neuroinflammation,
neuroapoptosis, and synaptogenesis disorders in the experiment.

Modern medical technology. 2023;(4):51-58

CyyacHi KOMNAEKCHi NiAX0AU AO OLiHIOBaHHA ePEKTUBHOCTI €KCNEePUMEHTAAbHOI
MOAEAi HepoAereHepaTUBHUX NOPYLLEHDb 3i 3MiHAMM KOTHITUBHOTO CTaTyCy

M. B. AaHykano, t0. M. KonecHuk, O. B. TaHueBa

MeTa po6oTu — 0xapakTepu3yBaTi TOKOMOTOPHI Ta KOTHITUBHI aCneKTV NOBEHKN EKCNEPUMEHTaNbHMX LLYpiB
Ha TNi iHTpaLepebpOBEHTPUKYNSAPHOTO BBEAEHHS KOMXILWMHY Y TECTi «BiAKpWUTE Mone» Ta BOCbMUpPYKaBHOMY
nabipuHTi, a TaKoX BU3HAYUTM iXHi NOBEAIHKOBI 0COBNMBOCTI, LLO BUHWKIM Nif Yac AOCTIIKEHHS.

Matepianu Ta metoau. Ha 20 wypax camusx niii Wistar ikom 10—11 micsuis y 2 eTanu focnigunm nokomotop-
HY aKTUBHICTb Yy TECTi «BIKPUTE NOMe» Ta KOrHITUBHI (DyHKLL y BOCbMMPYKaBHOMY pagiansHomy nabipunTi. Ha
nepLIOMY eTani B YCiX iHTaKTHWX LLypiB 3adiikcyBanu BUXigHI MOKa3HWKW. Ha HacTynHoMy eTani LuypiB noginumm
Ha 2 eKCnepuMeHTanbHi rpynu: NepLua — 3 iHTpalepebpoBEHTPUKYNAPHAM BBEAEHHAM (Di3i0NOriYHOT0 PO34NHY
NaCl (n = 10); apyra — 3 iHTpaLepebpoBEHTPUKYNAPHAM BBeAEHHAM konxiumHy (n = 10). Yepes 14 gis nicns
0nepaTuBHOrO BTPYYaHHs MOBTOPHO (hiKCyBanu NMOKa3HUKK NTOKOMOTOPHOI Ta KOrHITUBHOI aKTUBHOCTEN.

Pesynbrati. XapakTepucTuku TOKOMOTOPHOI aKTUBHOCTI CTATUCTUYHO He BIfPI3HANNUCS Y TBAPWH 4O onepa-
TWUBHOTO BTPYYaHHs Ta LLypiB NepLIoi rpynu. HaTomicTb y TBApWH APYrol rpyni NOKa3HUKK aKTUBHOCTI BipOrigHO
nepeByLLyBany BiANOBIAHI NapaMeTpy LLypiB 4O OnepaTUBHOrO BTPYYaHHs. [py MiXrpynoBoMy NOPIBHSHHI LLYpIB,
LLO 3anyyeHi A0 Apyroro eTany eKCcrnepyuMeHTY, BCTAHOBWIN: 3-MOMiX YCiX MapameTpiB, L0 BUBYaANM, y TBapuH
Zpyroi rpynu BiporigHo Ginblunm ByB nuLLe NOKasHUK Yacy BMCOKOT aKTMBHOCTI NOPIBHSIHO 3i Lypamu nepLuoi
rpynu. Pa3om i3 TuM, y TBapuH Apyroi rpynv BUSIBUAW 3HAYHI KOTHITUBHI NOPYLUEHHS MOPIBHSHO 3 TBApUHaMMU
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nepLuoi rpynu. MNpo Lie cBigY1nM BiporigHO HIKYi NOKA3HMKY iHAEKCY Nam’[Ti Ta KiflbKOCTi npaBUbHUX BXOZIB A0
pykaBiB NabipuHTY, a TakoX BipOriZHO BiNbLUMIA Yac 3aTPUMKI NEPLLOTO MPaBUILHOTO BXOAY B pykaB NabipuHTy.

BucHoBKuW. IHTpaLepeOpOBEHTPUKYNSIPHE BBEAEHHS KOMXILMHY EKCNEPUMEHTATbHUM LLypam CyrnpOBOMKYETLCS
NiABULLEHHSIM JIOKOMOTOPHOT aKTUBHOCTI Ta MOMPLUEHHSM KOTHITUBHUX OYHKLIM. BBEAEHHS (Di3ionoriYHOro posumHy
He CYNpOBOKYETHCS CTATUCTUYHO 3HAYYLLM MIABULLEHHSAM NOKa3HMKIB NIOKOMOTOPHOI aKTUBHOCTI, NPOTE 1EMOH-
CTPYE YiTKy TEHAEHL,iK0 [0 iX 3pOCTaHHS; Lie MOXE CBIYMTI NP0 NEBHWIA BMNMWB BRacHe npoLieaypu. 3acTocoBaHa
thbapmakonoriyHa Mofenb HenlpoaereHepaLii 3 HaCTYMHUM KOMMEKCHUM OLHIOBAHHSM MOBEZIHKU TBapuHU Y
BiAKPUTOMY Mofi Ta BOCbMUPYKaBHOMY NabipuHTi € npuaaTHo, Moxe ByTu BUKOpUCTaHa Mg Yac AOCHIMKEHHS
PaHHBOTO PO3BMTKY NMPOLIECIB HEVpO3anarneHrHs, HelipoanonTo3y, NOPYLLEHb CUHAMNTOrEHe3y B EKCNEPUMEHTI.

CyuacHi MeauuHi TexHonorii. 2023. Ne 4(59). C. 51-58

Intracerebroventricular (ICV) administration of colchicine,
particularly into the lateral ventricles of the brain, is currently
considered as one of the methods for modeling neurodegenera-
tion in laboratory animals [1]. According to research, the primary
mechanisms leading to neuronal death involve irreversible axo-
nal transport blockade, accompanied by neuroinflammation,
mitochondrial dysfunction in neurons, impaired synaptogenesis,
and glial activation [2,3]. Additionally, it has been demonstrated
that the neurotoxic effect of colchicine is also realized through
alterations in the expression levels of neuropeptide genes in the
brains of rats [4].

It should be noted that in experiments, selective sensitivity of
neurons of various brain structures to colchicine introduced into
the lateral ventricles has been repeatedly demonstrated. Notably,
one of the most sensitive groups of neurons to colchicine toxic
effect are the cholinergic neurons in the basal brain region [5,6].
The latter play a crucial role in the formation of higher cognitive
functions, and their impairment is characteristic of the early stages
of Alzheimer’s disease [7]. Itis essential to emphasize that under
the mentioned method of neurotoxin administration, there was
a predominance of neurodegeneration in specific brain regions,
including the hippocampus, frontal cortex, amygdala, and stria-
tum. These structures are pivotal for cognitive function too [1].
These findings have led researchers to consider ICV colchicine
administration as one of the ways to model sporadic dementia
of Alzheimer’s type in animals [8,9].

The mentioned method of pharmacologically induced neu-
rodegeneration potentially offers several advantages over a
large number of corresponding genetically determined animal
models. Primarily, this is because in the latter case, it's chal-
lenging to track the initial stages of the disease and control
the extent of neuronal damage. In contrast, pharmacologically
induced neurodegenerative conditions allow for this, as there is
a “starting point” (the time of neurotoxin administration) and a
dose-dependent effect of colchicine-induced damage [8]. This
is important since neurodestruction in several brain structures,
including cholinergic ones, is observed in the preclinical stages
of various age-related neurodegenerative diseases and leads to
progressive afferent cortical cholinergic denervation [10,11,12].
In such cases, there is an opportunity for in-depth study of key
neurochemical aspects of neurodegeneration precisely in the
preclinical stage.

Cognitive testing in mazes is essential for verifying the devel-
opment of cognitive deficits in experiments. There are currently
a wide variety of maze designs and research methodologies
available [13,14]. However, the diversity of these mazes requires

the researcher to have a clear understanding of which specific
cognitive process can be investigated in each particular maze
and which indicators will most accurately characterize it [14].

It is worth noting that different approaches to modeling
cognitive impairments in experimental animals will lead to
unique patterns and relationships of changes in the described
characteristics. Therefore, based on all the above, itis logical to
assume that in experimental animals exposed to ICV colchicine
administration, due to the nature of the neurotoxin’s impact
and the emergence of “specificity in behavioral changes”,
conducting maze experiments requires a distinct approach
and necessitates the verification of cognitive impairments in
each specific case.

Aim

Therefore, the aim of this study was to characterize the lo-
comotor and cognitive aspects of the behavior of experimental
rats under intracerebroventricular colchicine administration in the
open field test and the 8-arm radial maze, as well as identify a
set of behavioral features of experimental animals that emerged
during the study.

Materials and methods

The experiment involved 20 male Wistar rats, aged 10-11
months, with a weight range of 250-350 grams. All rats were
housed under standard vivarium conditions at the Training
medical and laboratory center of Zaporizhzhia State Medical
and Pharmaceutical University. The research received approval
from Zaporizhzhia State Medical and Pharmaceutical University
Bioethics Committee and was conducted in strict accordance
with the national “General Ethical Principles for Conducting Ex-
periments on Animals” (Ukraine, 2001), which align with Directive
2010/63/EU of the European Parliament and of the Council dated
September 22, 2010, titled “On the protection of animals used
for scientific purposes”.

In the first stage of the research, baseline measurements of
locomotor activity and cognitive status were recorded in all intact
rats using an integrated system that allowed for testing in the
open field and an 8-arm radial maze (LE760, PanLab Harvard
Apparatus, Spain). The system was equipped with a SONY
camera (Japan) and video analysis software Smartv. 3.0 (PanLab
Harvard Apparatus, Spain, s/n DD347-0E6) [15]. The tests were
conducted according to the methodologies described below.
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Fig. 1. Experiment design.

Table 1. Characteristics of the parameters studied in the open field test

Parameter, units of measurement Description Value

Duration of high, low activity, and Time, that animal spent at a specific level Quantitative determination of the animal’s activity

immobility of the animal in the zone, s | of activity in the zone of interest. and its movement pattern in the open field

Distance in the zone, cm Distance traveled by the subject Quantitative assessment of animals’ locomotor activity
in the designated zone

Mean speed in zone, cm/s Average speed of the subject in the zone Quantitative assessment of animals’ locomotor activity
of interest and its movement pattern

The number of entries into the The number of entries by subjects into Assessment of the locomotor activity of the animal;

respective zone of the open field the designated zones associated with Assessment of preference for a specific zone, which can

the experiment. Calculated for each zone be used to evaluate anxiety and exploratory activity
defined by the user as “zone of interest”

During the next stage, the intact rats were divided into two
experimental groups, with 10 rats in each group. The first group,
under “Telazol” anesthesia (0.1 ml per 100 grams of body weight),
received ICV injections of a physiological saline solution (37 °C).
This group served as the control group. The second group, under
the same anesthesia, also received ICV injections, but in this
case, it was a solution of colchicine (37 °C) (Fig. 1).

The methodology of open field test. The following para-
meters of animals’ locomotor activity were calculated both in the
center and in the peripheral zone using this test (Table 1) [16].

The calculation of the animal’s activity level was performed
automatically by the program based on the parameters set by
the developers.

The test was conducted in an open box made of poly-
vinyl chloride with dimensions (width x length x height) of
80 x 80 x 20 cm. The box was positioned at a height of 1 m
above the floor.

The experimental animal was placed in the center of the box,
and its movements in the open field were recorded by video for
5 minutes. After each animal, the field was cleaned of feces and
disinfected with a 70 % ethanol solution, and only after it had
completely dried next animal placed in the field.

The subsequent stage of the research involved digital video
processing in Smart v. 3.0. To accomplish this, observation zones
were first delineated: the central field (highlighted in red) and the
periphery (the area between the red and blue squares) (Fig. 2).

Fig. 2. Rat’s tracking at the initial stage of the experiment and
analysis zones in the open field test using Smart v. 3.0. The
central field is highlighted in red, and the analysis boundaries
are marked in blue. The area between the red and blue
delineations represents the periphery.
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Fig. 3. Tracking of the rat during the initial stage of the
experiment in the training phase and the analysis zones in the
8-arm radial maze using the Smart v. 3.0 software.

The methodology for conducting research in the 8-arm
radial maze involved the Delayed Spatial Win-Shift test as a
basis for assessing the cognitive status of rats. This test allows
assessment of both short-term working spatial memory and
long-term memory, the deficits of which were observed in the
context of ICV colchicine administration by other researchers
[17]. Adistinctive feature of this test is the analysis of the subtest
animals’ ability to retain spatial information and reproduce it both
during the test and after a delay period. Thus, the procedure
conducted in this experiment comprised three stages: training,
delay, and testing, each lasting 5 minutes.

It should be noted that before the test, the rat was adapted
to the conditions of the radial maze (5 days) in compliance with
several conditions, namely:

- the experiment was conducted at the same time of day
to maintain stable natural lighting conditions without additional
sources of light;

— access to food was restricted by 80 % during the expe-
riment;

— the maze was cleaned with 70 % ethanol and dry wipes
after each rat.

In order to form the animal’s adaptation to the maze, a food
reward was placed at the end of each arm. The rat was placed in
the center of the maze and had the opportunity to freely explore
all its arms for 10 minutes.

After the adaptation, we started the experimental phase. It
began with a training stage, which involved a 5-minute recording
of the rat’s behavior. During this phase, the rat was placed in the
center of the maze where only 4 arms had food rewards and
were open, while the other arms had no rewards, and access to
them was blocked by special doors with a guillotine mechanism.

After the training, the delay phase (5 minutes) followed, when the
rodent was removed from the maze and placed in its cage. The
next stage was the testing phase, when the rat was placed in the
center of the maze, and all 8 arms were open, but food rewards
were placed in 4 different arms than in the training phase [18].

Data recording continued for four consecutive days. After this,
one group of rats received an ICV injection of 3 pl of physiological
saline (NaCl) into the lateral ventricles of the brain (control group).
The rats of other group were administered colchicine (15 ug in
3 uL of 0.9 % NaCl solution) in the same method. All procedures
were conducted under sterile conditions while the rats were under
“Telazol” anesthesia.

Fourteen days after the stereotaxic surgical procedure, with
ICV administration of either physiological saline (1% control group)
or colchicine (2™ experimental group), the entire experiment pro-
cedure in the maze was repeated. Video tracking of the animals
in the maze, followed by digital video processing, was performed
using the previously mentioned Smart v. 3.0 software (Fig. 3).

The following parameters were investigated during the testing
phase:

— the number of correct and incorrect entries into the re-
spective arms of the maze. Re-entering the same arm was also
considered an error. Based on these data, a memory index (MI)
was calculated using the following formula:

Mi = (CE - IE) / (CE + IE) (1),

where CE: the number of correct entries into the arms;
IE: the number of incorrect entries into the arms [19];

—the time elapsed from the beginning of the phase to the first
correct entry into an arm (latency time), s.

The intracerebroventricular injection procedure was car-
ried out in the surgery room for vivarium animals at the Training
medical and laboratory center of Zaporizhzhia State Medical and
Pharmaceutical University under sterile conditions and anesthesia
using “Telazol” (containing tiletamine hydrochloride and zolazepam
hydrochloride at 250 mg each in one vial) ata dose of 0.1 ml per 100
grams of the animal's body weight, administered intraperitoneally.

The ICV injections into the lateral ventricles of the rat brain
were performed using a stereotaxic digital instrument World
Precision Instruments (USA). The coordinates for the injections
were as follows: 9.5 mm anterior to the bregma; 1.5 mm to the
right of the midline and 6 mm deep.

The precise positioning of the colchicine injection site in the
animal brain was performed using a stereotaxic coordinate system
based on external cranial landmarks and their comparison with
the images of the stereotaxic atlas of the rat brain [20].

The experimental data were processed using the Statistica
software package (license number: JPZ8041382130ARCN10-J)
and Microsoft Excel 7.0 (Microsoft Corp., USA). For all para-
meters, the following statistics were calculated: Mean (M), data
dispersion and Standard Error of the Mean (m). To assess the
significance of differences in the research results between the
experimental and control groups of rats Student’s t-test (t) was
used for samples with normally distributed data or Mann-Whitney
test (U) was used for samples with data that did not follow a normal
distribution. A single factor analysis of variance (ANOVA) was
employed to assess the memory index (MI) in the experimental
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Table 2. Locomotor activity parameters in the open field test for rats in the experimental groups

Parameter, Before surgery, First group Second group
units of measurement at the 1< stage with ICV administration with ICV administration
of 0.9 % NaCl of colhicine

Center Periphery Center Periphery Center Periphery
High activity duration, s 1.53 9.96 5.07 34.13 5.46 57.42

[0.82;3.12] [2.13; 26.98] [0.44; 9.84] [22.52; 37.21] [2.43;7.27] [46.79; 63.13]'2
Immobility duration, s 0.00 180.37 0.52 69.96 0.86 64.75

[0.00; 0.58] [114.12; 228.96] |[0.00; 2.60] [62.04;109.82] {[0.00; 7.66] [42.74; 75.66]'
Mean speed in zone, cm/s 10.50 6.69 12.99 9.72 10.83 10.32

[7.69; 17.00] [5.59; 8.78] [9.79; 16.23] [8.61; 10.95] [9.87;16.23] [9.35; 12.21]'

1: a significant difference (p, < 0.05) was observed in the parameters of rats with ICV colchicine compared to animals before surgery;
2: a significant difference (p, < 0.05) was observed in the parameters of rats with ICV colchicine compared to animals of the first group.

groups. After that, the probability of differences between the sam-
ples (p) was determined. Values with p < 0.05 were considered
statistically significant, indicating that observed differences were
unlikely to be random.

Results

After analyzing the results of the research on the behavior and
cognitive functions of the rats, significant intergroup differences
were identified both in rats” behavior in the open field test and in
the cognitive status of animals following intracerebroventricular
colchicine administration.

Thus, statistical analysis of the locomotor activity of experi-
mental animals showed no significant difference between animals
before surgery and rats of the first group in all the parameters
studied, both in the center and on the periphery of the open
field.

The studied animals demonstrated typical behavioral pat-
terns with higher activity on the periphery of the open field, but
the speed of movement per unit time prevailed in the center. In
the animals of the second group, activity also prevailed in the
periphery, but the speed per second in the center and periphery
was almost the same (Table 2).

In the intergroup comparison, it was found that rats treated
with colchicine injection demonstrated significant changes in the
following parameters only in the periphery.

In the intergroup comparison, it was found that rats with
ICV colchicine administration demonstrated significant changes
in the following parameters only in the periphery of the open
field:

1. High Activity duration: an increase by 576.5 % compared
to the respective pre-surgical values and a 168 % increase com-
pared to rats from the first group;

2. Immobility duration: a decrease by 35.89 % compared to
the animals before the surgery but without significant changes
compared to rats from the first group;

3. Mean speed: an increase of 155.3 % compared to the
animals before the surgery but also without significant changes
compared to rats from the first group (Table 2).

It should be noted that the examined parameters of rats from
the second group in the center of the open field did not differ

significantly from those of animals from the other comparison
groups (Table 2).

As for other parameters of locomotor activity (duration of low
activity, distance in the zone, and the number of entries into the
corresponding zone of the open field), there was no significant
difference between the experimental groups of rats.

The next stage of the research was to characterize the effect
of colchicine on the cognitive functions of laboratory rats in the
8-arm radial maze by determining the memory index and the
delay time before entering the correct arm.

According to the obtained results, the memory index in rats
that received ICV of a 0.9 % NaCl solution was significantly
higher than the corresponding index in the rats of the second
group (based on the results of single factor analysis of variance
(ANOVA) F3.35 =30.97, p < 0.05) (Fig. 4).

At the same time, tracking the dynamics from the 1% to the 4"
day of the experiment, it should be noted that in both examined
groups, there was a tendency for the memory index to increase
(Fig. 4). The change in the memory index is directly associated
with the number of correct entries, which was on average 237.5 %
higher in rats from the first group than in animals from the second
group (p < 0.05) (Fig. 5).

Simultaneously with the changes in the number of correct
entries into the arms and the memory index, rats from the 2
group, compared to the control group (1% group), demonstrated
a292.8 % higher latency time from the moment of placement in
the maze to entering a free arm (Fig. 6).

Dynamic observation of this parameter revealed that from
the 1¢ to the 2" day of observations, there was a tendency
for a decrease in the latency time in both groups. Later, in the
group of animals from the 2" group, this parameter continued
to decrease, whereas in the control rats (1% group), it remained
constant (Fig. 7).

Thus, the provided data suggest that in rats with ICV colchi-
cine administration, the changes observed in the open field test
indicate increased locomotor activity, as well as a clear tendency
to similar behavior in control animals. At the same time, the stu-
died neurotoxin, when administered intracerebroventricularly, led
to significant cognitive impairments in rats compared to animals
that received a 0.9 % NaCl solution.
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Discussion

When analyzing the obtained results, it's important to con-
sider several key components that can influence purity of the
experiment. Firstly, ICV administration of colchicine is an invasive
procedure, and its possible complications can potentially affect
the locomotor behavior of the animals.

Additionally, the toxic effect on neurons in structures that
largely contribute to the motivational component, especially
appetite, in performing tasks in the radial maze may play a
significant role [21].

In this regard, it's not surprising that certain contradictions
can be found in the results of research by different scientists.
For instance, Veerendra Kumar and colleagues claim that ICV
colchicine does not lead to significant changes in the locomotor
behavior of rats two to three weeks after administration [17]. In
contrast, Stanley Barone Jr. and colleagues observed hyperac-
tivity and increased aggression in animals after ICV colchicine
for three weeks after injection [22]. To some extent, our results
confirm these findings.

Researchers seem to draw more consistent conclusions
regarding the impact of colchicine on the cognitive functions of
animals. Thus, there is almost unanimous agreement that cogni-
tive function deteriorates, that has been observed in a water maze
[22], a plus-maze [17], and a radial 8-arm maze [5]. Therefore,
this is consistent with the data we have obtained.

At the same time, it’s difficult to ignore the clear influence of
changes in locomotor activity on the results of cognitive tests in
mazes. If an animal is less active, both the time-based measures
(latency time to the first entry into the correct arm and the time it
takes the animal to visit all correct arms) and the number of arms
entered within a limited time (usually 5 minutes) will significantly
differ from similar measures in hyperactive animals. In contrast,
in the latter case, there is a high likelihood of the experimental
rat randomly entering the correct arm.

Therefore, forming the groups of test animals for further
research of cognitive status in the maze should take their ac-
tivity into account. Such a comprehensive approach will allow
for a more accurate analysis of colchicine-induced behavioral
changes.

An essential component of testing in the radial maze is the
motivation of the animal. Brenda J. Anderson and colleagues em-
phasized the importance of analyzing the motivational component
in their research, where they restricted access to water, resulting
in differing energy expenditures. This created a difference in
motivation between experimental groups, making their results
sensitive to group differences in this regard [23].

If we apply this to the conducted experiment, there are
currently isolated studies that suggest the potential influence
of colchicine on the feeding behavior of animals by damaging
specific hypothalamic centers [24].

It's worth noting that the doses and method of colchicine ad-
ministration in these studies differ significantly from the description
provided above. Therefore, it's not possible to definitively state
that intracerebroventricular administration of colchicine at a dose
of 15 ug will lead to feeding behavior disturbances that affect the
motivation of the animals to seek rewards in the maze.

Conclusions

1. Intracerebroventricular administration of colchicine to ex-
perimental rats is accompanied by increased locomotor activity
and impairment of cognitive functions.

2. The administration of a physiological solution is not
accompanied by a statistically significant increase in locomotor
activity, but it demonstrates a clear tendency to increase, which
may indicate a certain influence of the procedure itself.

3. The applied pharmacological model of neurodegeneration
with subsequent comprehensive assessment of animal behavior
in an open field and an 8-arm radial maze is legitimate and can
be used to study the early development of neuroinflammation,
neuroapoptosis, and synaptogenesis disorders in the experiment.
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Combining probiotic bacteria is a promising strategy to increase the effectiveness and avoid side effects of probiotic
therapy. Bacteria that find themselves in a common environment are able to both change their properties and
show new ones under the influence of each other. The change of colonization and antagonistic properties, which
provide bacteria with competitive advantages in the development of new spaces, deserves special attention.

The aim of this research was to study the features of the mutual influence of probiotic bacilli: B. clausii,
B. coagulans and B. subtilis on growth, swimming and swarming motility when co-cultivated on agar media of
different solidity.

Materials and methods. The study used commercial strains of bacilli from three probiotic preparations:
Enterogermina, Lactovit forte and Subalin. The ability of the studied species of bacilli to influence each other’s
growth was investigated by the agar block method (using 1.5 % nutrient agar) and the spot-on-lawn assay
(using 0.7 % nutrient agar). The study of the mutual influence on swimming and swarming activity was carried
out when bacilli were cultivated on 0.25 % and 0.70 % tryptone agar, respectively. The diameters of swimming
halos and migration swarms formed by mono- and mixed cultures were measured, and the areas covered by
them were compared. The phenotypes of the meeting of swarms formed by cultures spotted on the swarm plates
at different locations were also investigated.

Results. The studied probiotic species of the bacilli did not show a strong ability to inhibit each other’s growth.
The B. clausii culture had no inhibitory effect, and the B. coagulans culture demonstrated a moderate inhibitory
influence on the growth of the other two species of bacilli when using both diffusion methods. The B. subtilis
culture showed moderate or weak inhibitory activity against the B. clausii culture and weak or no inhibitory
activity against the B. coagulans culture using the agar block method or spot-on-lawn assay, respectively.
The B. coagulans + B. subtilis, B. clausii + B. coagulans and B. clausii + B. subtilis mixed cultures showed
moderate, weak and no inhibitory activity against third cultures, respectively. The studied species of bacilli
showed different swimming ability and swarming potential as well as the ability to influence each other’s motility.
Swimming halos formed by the B. clausii + B. subtilis and B. clausii + B. coagulans + B. subtilis mixed cultures
covered significantly larger plate areas than the swimming halos formed by each culture separately during
the same cultivation time. The highest swarming potential was observed in B. coagulans culture and B. cla
usii + B. coagulans + B. subtilis mixed culture. The studied bacilli did not show the ability to merge swarms,
but, on the contrary, their swarms at the point of contact formed visible “boundary” or “intermediate” lines,
demonstrating the ability to identify nonself.

Conclusions. The obtained results indicate the ability of the probiotic species of bacilli: B. clausii, B. coagulans
and B. subtilis to mutually influence growth, swimming and swarm motility. The highest indicators of swimming
and swarming of the triple mixed culture indicate an increase in the colonization potential of the studied bacilli
when they are combined. The hypothesis of mutual induction of inhibitory compounds production by bacilli,
which may increase the overall antagonistic potential of the triple mixed culture, is subject to further confirmation.
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MNoBeaiHka npobioTMuHKX BUAIB Bacillus 3a ymoB cniBKYyALTUBYBaHHSA
0. B. KHuw, A. B. MaptuHos, C. I. Moxun, H. I. Ckaap

MoeaHaHHs NpobioT4HKX GakTepili — NepcnekT1BHa CTpaTerist NiABULLEHHS €DEKTUBHOCTI 1 YHUKHEHHS MOBIYHMX
ecbekTiB npobioTuyHoi Tepanii. bakTepii, Lo noTpanunu B cninbHe cepepoBwLLe, Mif BMIMBOM OHA Ha OfHY
MOXYTb 3MiHIOBATW OKPEMI BNACTUBOCTi Ta BUSBNATY HOBI. OcobnmMBoi yBaru 3acnyroBye 3miHa KOMOHi3aLliiH1X Ta
AHTaroHICTUYHIX BNACTUBOCTEN, L0 3abe3neqytoTb DakTepisiM KOHKYPEHTHI epeBari B OCBOEHHI HOBUX MPOCTOPIB.

Meta po60TK — BUB4EHHS 0OCOBMMBOCTEN B3aEMHOTO BnnmBy NpobioTuyHmx baumn, a came B. clausii, B. coagulans
Ta B. subtilis Ha picT, nnasanbHy Ta PONOBY PYXMMBICTb MPW CMiNbHOMY KYNbTUBYBaHHI Ha arapu3oBaHnX ce-
pefoBuLLaX Pi3HOi yCTUHW.
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Marepianu Ta MeTogm. Y [OCMiIKEHHI BUKOPUCTOBYBANM KOMEpLIilHi LTaMn BakTepiit TpboX NpoBiOTUYHNX
npenaparis, a came EHTepoxepmita, JlakTosiT chopte Ta CybaniH. 3patHicTb BuaiB 6auwn, LWo BUBYanM, B3a-
€MHO BNMBaTX Ha PiCT AOCMIMKyBani MeToLoM arapoBux Brokis (3 BukopuctaHHam 1,5 % noxveHoro arapy)
Ta METOOM NYHOK Ha ra3oHi (3 BukopuctanHam 0,7 % noxweHoro arapy). BaaemHuit BNnve Ha nnasanbHy Ta
POVIOBY aKTWBHICTb BUBYANM Npu KynbTusyBaHHi Baumn Ha 0,25 % Ta 0,70 % TpunTOHHOMY arapi BignoBigHO.
BumiptoBanu giameTpu nnaBanbHUX OPEONiB i MirpaLlifiHiX 3rpai, yTBOPEHUX MOHO- Ta 3MiLLIaHUMM KyNbTypamu,
a TaKoX NOPIBHIOBANM OXOMIIEHi HAMM NAOLL YaLloK. Kpim Toro, 4ocniannu eHoTunm 3ycTpidi pois, yTBOPEHMX
KyrnbTypamu, L0 HAHECEH] Ha POMOBMX YaLLKaX Y Pi3HUX MiCLSIX.

Pesyniratu. [JocnimkeHi npoBioTyHi Buay 6aumn He BUSIBUIM CUMBHOI 30aTHOCTI MPUIHiYYBaTM PiCT OAWH OAHOTO.
Kynetypa B. clausii He Mana iHribiTopHoro ecbekTy, a KynsTypa B. coagulans nokasana noMipHWRA iHriBIiTOpHWIA
BB Ha piCT ABOX iHLLKMX BWZB Baumn; Lie cnocTepirany npy BUKOpUCTaHHi 060X Andy3iiiHnx MeTogis. Kynestypa
B. subtilis xapakTepuayBanacs nomipHoto abo cnabkoto iHribiTopHOK aKTUBHICTHO LWoAO KynbTypy B. clausii, He
mana abo BusiBuna cnabky iHribiTopHy akTMBHICTb LLIOAO KynbTypu B. coagulans npu 3acTocyBaHHi MeTogy arapo-
Bux 6r1okiB abo NyHOK Ha ra3oHi BignoBigHo. 3miluaHi kynsTypu B. coagulans + B. subtilis, B. clausii + B. coagulans
i B. clausii + B. subtilis xapakTepu3yBanucs NOMipHO Ta cniabkoto iHriGiTOPHOK akTVUBHICTIO BigMOBIAHO, OO
TpETIX KynbTyp ii He BuABMNK. JocnimkeHi Buayn 6aumnn xapakTepuayBanucs pisHot nnaBarnbHOK aKTUBHICTIO
Ta NOTEHLjanoM poiHHS, a TakoX Manu 3AaTHICTb BNUBATU Ha PyXNMBICTb OAMH ofHoro. [naBanbHi opeonu,
YTBOPEHI 3MiLuaHnMu Kynstypamu B. clausii + B. subtilis Ta B. clausii + B. coagulans + B. subtilis, oxonntoBanu
3HaYHO BinbLUi NAOLL YaLLOK, HiX NNaBanbHi 0peony, Lo YTBOPEHI KOXHOK KYNbTYPOK OKPEMO NPOTArOM OfHa-
KOBOTO Yacy KyrnbTUBYBaHHS. HaiBULLMIA NOTeHLian fo pOiHHSA BU3HauuUmv B B. coagulans Ta 3MilLiaHoi Kynstypu
B. clausii + B. coagulans + B. subtilis. Bauunw, Lo BuBYanu, He BUSBNSAAN 30aTHOCTI 40 3NUTTS POIB — IXHi poi
B MiCLi KOHTaKTy YTBOPHOBANM BUAUMI «MEXOBi» abo «MpOMiHI» TiHii, @ 0TXXe Manu 3aaTHICTb ineHTUdikyBaTu
«He cebev.

BucHoBku. PesynsTaty cigyath npo 3natHiCTb npobioTnyHmx BuAiB 6auun, 3okpema B. clausii, B. coagulans
i B. subtilis, B3aEMHO BNnMBaTK Ha PicT, NNaBaHHs Ta POMOBY PyXNMBICTb. HalBULLi NOKa3HWKW NNaBaHHs Ta
POiHHS NOTPINHOI MIKC-KyNBTYpU CBigYaTh NPO NiABULLEHHS KOMNOHI3aLIHOro NoTeHLiany AocnimkeHnx 6aumn npu
iX noegHaHHi. [inoTesa npo B3aeMHy iHAYKLit0 baLmnamu NpogyKuii iHMBITOPHUX COnyK, Lo MOXe 36inbwnTy

3aranbHu1IN aHTaroHICTUYHWIA NOTEHLian NOTPINHOI 3MilLaHOT KynbTypu, NoTpebye NiATBEPMKEHHS.

CyuacHi meanuHi TexHonorii. 2023. Ne 4(59). C. 59-69

Probiotic bacteria of the genus Bacillus are of great interest
to researchers. Beneficial bacilli play a key role in intestinal ho-
meostasis, promoting the growth of other beneficial bacteria and
inhibiting the growth of pathogens and pathobionts, contribute
to the proper development, maturation and functioning of the
immune system, strengthening the epithelial barrier, normalizing
digestion and metabolism, etc. [1,2,3,4]. The former notion of
Bacillus as “transient” members of the gut microbiome is incorrect
as they are most likely intestinal colonizers [3]. Due to the high
resistance of spores to adverse environmental factors, bacilli
survive in stressful conditions of the gastrointestinal tract and
reach the intestine without significant quantitative and qualitative
losses [5,6]. This allows bacilli to realize their probiotic potential
more efficiently than non-spore-forming bacteria [7,8,9,10].
Unlike vegetative probiotic bacteria of the genera Lactobacillus
and Bifidobacteria, representatives of the genus Bacillus do not
require lyophilization, as they can be stored in spore form for a
long time without loss of germination [8,11].

B. clausii, B. coagulans and B. subtilis are some of the most
commonly used commercial Bacillus probiotic species [10]. In
addition to common probiotic activity, each species / strain has
inherent only to its properties and the mechanisms of action due
to the uniqueness of the structure and spectrum of produced
biologically active metabolites [6,12,13,14,15]. For example,
recombinant probiotic strain B. subtilis UCM B-5020 is capable
of synthesizing human leukocyte a2-interferon due to the artificial
introduction of plasmid DNA containing the interferon gene into
its genome [14].

Combining probiotic species, strains, and postbiotic products
is a promising strategy to improve efficacy and avoid side effects
of probiotic therapy [16,17,18,19]. Multi-strain probiotics have
demonstrated higher antagonistic activity against pathogens than
single-strain probiotics [19,20]. Bacteria that find themselves in a
common environment establish certain relationships with each other.
Anumber of studies have established that intermicrobial interactions
in a coexistence environment can lead not only to a change in the
properties inherent in bacteria, but also to the emergence of new
properties that are absent in a monoculture [21,22]. The study of the
mutual influence of probiotic bacteria on colonization and antago-
nistic properties, which provide them with competitive advantages
in the development of new spaces and the improvement of the
microecological environment, deserves special attention.

Aim
The aim of this research was to study the features of the
mutual influence of probiotic bacilli: B. clausii, B. coagulans and

B. subtilis on growth, swimming and swarming motility when
co-cultivated on agar media of different solidity.

Materials and methods

This research was carried out in the Laboratory and Clinical
Department of Molecular Immunopharmacology of the State In-
stitution “I. Mechnikov Institute of Microbiology and Immunology
of the National Academy of Medical Sciences of Ukraine”.
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The study used commercial strains of bacilli from three pro-
biotic preparations:

1) Enterogermina (Sanofi-Aventis S. P. A., ltaly), contains a
mixture of spores (2.5 x 10%5 mL) of four multiresistant strains of
B. clausii ENTPro: O/C (CNCM 1-276), N/R (CNCM 1-274), SIN
(CNCM I|-275) and T (CNCM 1-273);

2) Lactovit forte (Mili Healthcare, Great Britain), contains
1,2 x 108 spores/capsule of B. coagulans;

3) Subalin (Biopharma, Ukraine), contains spores and lyo-
philized microbial mass of a live antagonistically active culture of
B. subtilis UCM B-5020 (1 x 10° CFU/sachet).

Before inoculation, aqueous suspensions of spores (~10%/ml)
were heated for 15 min at 70 °C in order to activate spores and
kill bacteria. Vegetative cells were obtained by germinating spores
on the surface of nutrient agar (NA, HiMedia, India) at 37 °C
for 24 hours. The inoculum was prepared by suspending a few
colonies from the agar preculture in sterile saline solution (0.9 %
NaCl) and adjusting the suspension to a turbidity of 4.0 McFarland
(approximately corresponds to a cell density of 1.6 + 0.5 x 108
cells/ml). The turbidity of the suspension was measured using
the Densi-La-Meter device (Pliva-Lachema Diagnostika, Czech
Republic).

The influence of probiotic species of bacilli on the growth of
each other under the conditions of co-cultivation was studied by
two modified diffusion methods: agar block method and spot-on-
lawn assay [23,24].

Agar block method. The inoculum from test preculture was
sown on the surface of the NA by the “lawn” method and cultivat-
ed at 37 °C for 24 hours. It was assumed that during cultivation,
diffusion into the agar of metabolites produced by bacteria,
including those with inhibitory properties, occurred. Agar blocks
(cylinders with a diameter of 5 mm and a height of 3 mm) with
grown test cultures were cut out in the conditions of sterility. The
resulting blocks were installed on the surface of freshly seeded
(by inoculum containing vegetative cells of the indicator culture)
and dried agar. Plates with agar blocks were kept at a tempe-
rature of +8 = 2 °C for an hour for the diffusion of metabolites of
the test culture from the blocks into the agar with the indicator
culture and in order to avoid premature growth of the latter. Then
the plates were incubated at 37 °C. The results of the experiment
were taken into account after 24 hours. The inhibitory activity of
the test culture against the indicator culture was assessed by the
size of the growth inhibition zone of the latter: + —weak, 1-2 mm,;
++ — moderate, 2-4 mm; +++ — strong, more than 4 mm, as
described previously by I. Khatri et al. [8].

Spot-on-lawn assay. 800 ul of inoculum from indicator pre-
culture was mixed with 16 ml of 0.7 % soft NA and directly poured
onto a plate with 1.5 % NA. The plate was dried for 50 min. In the
center of the plate, three wells with a diameter of 10 mm were
made at a distance of at least 2.5 mm from each other. 50 pl of
inoculums from two test precultures and their mixture (1:1) were
added to the wells. The plate was incubated at 37 °C for 24 h.
The inhibitory activity of the test cultures and their mixture against
the indicator culture was evaluated based on the inhibition zone
as described above.

Motility assays. Swimming and swarming motility were stu-
died in accordance with the previously described methods [25,26].

Plates with a diameter of 90 mm were used. For each experiment
swim plates (TrM: 1.00 % tryptone, 0.50 % NaCl, 0.25 % agar)
and swarm plates (TrA: 1.0 % tryptone, 0.5 % NaCl, 0.7 % agar)
were prepared fresh daily and left overnight at room temperature
before use. 5 pl of inoculum from preculture (or mixture of two /
three precultures) was spotted onto the center of TrM plate. The
growth halo diameter was measured every 2 hours for 10 hours
and after 15 hours incubation of plates at 37 °C in a humidified
chamber.

Swarming motility was initiated by spotting 50 ul of inocu-
lum from preculture (or mixture of two/three precultures) onto
the center of TrA plate. Swarming migration was evaluated by
measuring swarm diameter every 2 hours for 16 hours and after
24 hours incubation of plates at 37 °C in a humidified chamber.
Swarming differentiation was confirmed by visualizing the pre-
sence of elongated swarmer cells at the colony rim (Fig. 4D).

A swarm boundary assay was performed as described
by P. Stefanic et al. [27]. To investigate difference between
approaching swarms, cell suspensions of monocultures were
spotted on the TrA plate at different locations. After drying for 5
minutes plates were incubated at 37 °C in a humidified chamber
and photographed. The phenotypes of the meeting of swarms
were determined from the photos.

All experiments were performed in triplicate at least three
times. Data were statistically processed using LibreOffice Calc
7.5 OpenLicense MPL 2.0 and expressed as the mean + standard
deviation (SD). Significant differences (p < 0.05) between the
compared indicators were determined by performing a one-way
analysis of variance (ANOVA) followed by post hoc multiple
comparisons using Bonferroni adjustment.

Results

The study of relationships between bacilli on a solid nutrient
medium using the agar block method showed their complex
nature. The B. clausii culture did not show an inhibitory effect
on the growth of the B. coagulans culture (Fig. 1a). Visually, the
growth zone of one culture smoothly passed into the growth zone
of another. Between the agar blocks with the B. clausii culture
and the growth zones of B. subtilis, very thin (up to 0.5 mm)
stripes of the absence of culture growth were observed, which
indicated an insignificant effect of the test culture on the growth
of the indicator culture (Fig. 1b).

On plates with the B. clausii indicator culture, a noticeable, up
to 1.8 + 0.8 mm, expansion of the B. coagulans culture beyond
the agar blocks was observed (Fig. 1c). These two cultures were
separated by 0.3 + 0.2 mm wide streaks of no growth. Therefore,
the B. coagulans culture has a moderate (++) inhibitory effect on
the growth of the B. clausii culture. On plates with the B. subtilis
indicator culture, in addition to the expansion of the B. coagulans
culture beyond the agar blocks for a distance of up t0 0.9 £ 0.4 mm,
a significant growth inhibition of the indicator culture was observed
(Fig. 1d). The width of the growth inhibition zone of B. subilis culture
was 2.9 + 0.4 mm (++, moderate inhibitory activity).

On plates with the B. clausii indicator culture, the expansion
of the B. subtilis culture beyond the agar block to a distance of
up to 1.2 £ 0.4 mm was observed (Fig. Te). The width of the
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Fig. 1. Representative photographs of agar blocks with studied cultures surrounded by growth zones / growth inhibition zones of indicator
cultures. 1: B. clausii; 2: B. coagulans; 3: B. subtilis. The scale bar is 5 mm.

Table 1. The ability of probiotic Bacillus species to inhibit each other’s growth (spot-on-lawn assay)

Test cultures

The growth inhibition zones of the indicator cultures (mean * SD, mm)

B. clausii B. coagulans B. subtilis
B. clausii - <1.0 <1.0
B. coagulans 25105 - 21+0.7
B. subtilis 12104 <1.0 -
B. coagulans + B. subtilis 29+0.7 - -
B. clausii + B. subtilis - <1.0 -
B. clausii + B. coagulans - - 1107

growth inhibition zone of the indicator culture was 1.43 +0.40 mm.
Thus, the B. subtilis culture revealed a moderate (++) inhibitory
effect on the growth of the B. clausii culture. On plates with the
B. coagulans indicator culture, the expansion of B. subtilis be-
yond the boundaries of the agar blocks up to 1.0 £ 0.5 mm was
observed (Fig. 1f). The B. subtilis and B. coagulans cultures were
separated by a very narrow, up to 0.40 = 0.15 mm, stripe of no
growth. So, B. subtilis showed weak (+) inhibitory activity against
B. coagulans culture.

The results of the spot-on-lawn assay in many ways resem-
bled the results of the agar block method. The B. clausii test
culture had no inhibitory effect on the growth of B. coagulans
and B. subtilis indicator cultures (Table 1).

The B. coagulans test culture showed a moderate inhibitory
effect on the growth of B. clausiiand B. subtilis indicator cultures.

A distinctive feature was that the B. subtilis test culture had a
weak inhibitory effect on the growth of the B. clausii indicator
culture and had no significant effect on the growth of the B. co-
agulans indicator culture. The B. coagulans + B. subtilis mixed
culture showed a moderate inhibitory effect on the B. clausii
indicator culture. The B. clausii + B. coagulans mixed culture had
a weak inhibitory effect on the B. subtilis indicator culture. The
B. clausii + B. subtilis mixed culture did not significantly affect the
growth of B. coagulans indicator culture.

It should be noted that the studied probiotic species of bacilli
did not show a strong ability to inhibit each other’s growth. Sche-
matically, the nature of intermicrobial relationships between the
studied bacilli is shown in Fig. 2.

The aim of the next stage of the study was to find out whether
the motile activity of bacilli changes during co-cultivation. The
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Fig. 2. Effect of probiotic bacilli on each other’s growth.

studied species of bacilli showed different swimming motility
(Fig. 3A, B). First, the bacilli had different durations of the initial
lag phase. Second, the growth rate of swimming halos has been
uneven over time and varied across cultures. As a result of the
first and second, it took different times to completely cover the
surface of the plate by swimming halos of different cultures and
mixed cultures.

A short initial lag phase lasting 2.5 + 0.5 hours was typical
for the B. coagulans culture. After that, the diameter of the
swimming halo increased at an average rate of ~10.8 mm/h.
After 10 hours of cultivation, the swimming halo occupied
80.9 8.0 % of the plate surface (Fig. 3A). The initial lag phases
of the B. clausii and B. subtilis cultures lasted 5.00 £ 0.50 and
4.50 £ 0.25 hours, respectively. Then the swimming halo of
the B. clausii culture expanded over the surface of the plate
at an average rate of ~9.0 mm/h, occupying 24.9 + 7.8 % of
its area after 10 hours of cultivation. The swimming halo of
the B. subtilis culture spread over the surface of the plate at
an average rate of ~9.6 mm/h, occupying 34.7 £ 3.9 % of its
area after 10 hours of cultivation.

The initial lag phase of the B. clausii + B. coagulans mixed cul-
ture lasted up t0 2.50 £ 0.25 hours. The average rate of their swim-
ming halo spreading over the plate surface was ~11.3 mm/h. After
10 hours of cultivation its area reached 89.2 + 8.4 %, significantly
exceeding the area of the swimming halo formed by B. clausii
culture and not significantly different from the swimming halo
formed by B. coagulans for the same cultivation time (Fig. 3A).
The swimming halo of the B. clausii + B. subtilis mixed culture
began to grow after a 4.5-hour initial lag phase at an average rate
of ~11.2 mm/h. This mixed culture covered 47.5 + 6.1 % of the
plate surface after 10 hours of cultivation, which was significantly
more compared to the areas occupied by the swimming halos of

Weak inhibitory effect

Moderate inhibitory effect

each culture separately. Covering the surface of the plate by the
swimming halo formed by B. coagulans + B. subtilis mixed culture
occurred at an average rate of ~9.3 mm/h, except for a 3-hour
initial lag phase. After 10 hours of cultivation it covered the plate
surface by 52.2 £ 9.6 %, which was significantly larger than the
area of the B. subtilis swimming halo and significantly less than
the area of the B. coagulans swimming halo. The initial lag phase
of 3.0 £ 0.2 hours and the highest rate (~12.6 mm/h) of plate
surface coating by a swimming halo were observed in the triple
mixed culture of bacilli (B. clausii + B. coagulans + B. subtilis).
After 10 hours of cultivation 95.6 + 5.4 % of the plate surface
was covered by this swimming halo.

The bacilli of the studied species showed different swarming
abilities. The most powerful swarm potential among them was
demonstrated by the B. coagulans culture (Fig. 4A). The weakest
swarming potential was possessed by the B. clausii culture. The
shortest initial lag phase of 2.00 + 0.25 hours was observed in
the B. coagulans culture. The initial lag phases of B. clausii and
B. subtilis cultures lasted 4.50 £ 0.50 and 4.25 £ 0.25 hours,
respectively. The lag phase was followed by a phase of swarm
expansion. The swarm expansion rate was uneven and gradu-
ally decreased over time. The average swarm expansion rates
calculated for B. clausii, B. coagulans and B. subtilis cultures
were ~3.8 mm/h, ~6.2 mm/h and ~6.4 mm/h, respectively. At 16
hours after inoculation, the swarm formed by the B. coagulans
culture covered the plate surface by 93.4 + 6.4 %, and the swarm
formed by the B. subtilis culture covered it by 69.4 + 9.2 %. The
swarm formed by the B. clausii culture during this time occupied
a limited area around the inoculation point, which accounted for
23.9 £ 6.5 % of the plate surface.

When B. clausii or B. subtilis were co-cultivated with B. co-
agulans on swarm plates, the initial lag phases were reduced
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Fig. 3A. Swimming ability of Bacillus probiotic species under conditions of mono- and co-cultivation.
*: the differences are significant compared to sample 1; *: the differences are significant compared to sample 3, p < 0.05

Fig. 3B. Representative photographs showing differences between the swimming halos formed by mono- and mixed cultures of the
studied bacilli after 10 hours of cultivation. 1: B. clausii; 2: B. coagulans; 3: B. subtilis.
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Fig. 4A, 4B. Swarming ability of Bacillus probiotic species under conditions of mono- (A) and co-cultivation (B).
*: the differences are significant compared to 1; 8 the differences are significant compared to 2; *: the differences are significant
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Fig. 4C. Representative photographs showing the differences between swarms formed by mixed cultures of bacilli. 1: B. clausii;
2: B. coagulans; 3: B. subtilis.
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Fig. 4D. Representative micrographs showing differences between normal (a) and elongated swarm (b) cells. Normal cells were 2.0-
2.5 x 1.5 pm in size; swarm cells had a size of 3.5-4.5 x 0.5-1.0 ym. Anjesky’s staining technique.
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1: B. clausii; 2: B. coagulans; 3: B. subtilis.

Fig. 5. Representative photographs to show the differences in approach phenotypes between swarms of probiotic bacillus species after

10 (a) and 24 (b) hours of cultivation.

to 2.5+ 0.5 hours. The B. clausii + B. subtilis mixed culture was
characterized by a longer lag period, 4.0 £ 0.2 hours. The triple
mixed culture was in a lag period of 2.00 + 0.25 hours. The
average swarm expansion rates calculated for B. clausii + B. co-
agulans; B. clausii + B. subtilis; B. coagulans + B. subtilis and
B. clausii + B. coagulans + B. subtilis mixed cultures were
~5.2 mm/h, ~6.7 mm/h, ~4.8 mm/h and ~6.3 mm/h, respectively.
As can be seen from the data presented in Fig. 4 B and C, after
16 hours of cultivation, the swarm formed by B. clausii + B. co-
agulans mixed culture covered the plate surface by 60.5 + 8.0 %
(which was significantly more than the swarm formed by B. clausii
culture, but significantly less than the swarm formed by B. coagu-
lans culture). The swarm formed by B. clausii + B. subtilis mixed
culture covered the plate surface by 79.0 + 7.9 % (which was
significantly more than the swarm formed by B. clausii culture but
did not significantly differ from the swarm formed by B. subtilis
culture alone). The swarm formed by B. coagulans + B. subtilis
mixed culture covered the plate surface by 52.2 + 7.4 %, which
was significantly less than the swarms formed by each culture
separately. The swarm formed by a mixture of three cultures
covered the plate surface by 95.6 £ 4.3 %, which was is signifi-
cantly more than the swarms formed by B. clausii and B. subtilis
cultures separately, but did not differ from the swarm formed by
B. coagulans culture alone (Fig. 4A,B,C).

We also examined approach phenotypes between swarms
of B. clausii, B. coagulans and B. subtilis. At the meeting point
of the studied swarms, we always observed a visible boundary
(Fig. 5a, b). Between swarms of B. subltilis and B. clausia as well
as between swarms of B. subtilis and B. coagulans were observed
very striking and clear lines. They could be called “boundary” lines.
Between swarms of B. clausia and B. coagulans we observed
visible, but less bright lines. They could be called “intermediate”
lines. We have not been able to detect mergers of swarms of
different species.

Discussion

To expand the range, populate new ecological niches, adapt
to adverse environmental factors, competitive or cooperative inter-
action with other species, bacteria use a number of well-regulated
forms of population behavior [28,29].

Bacteria that have entered a common environment inevita-
bly interact with each other. Such interaction leads to gradual
adaptation to a complex life together [30]. Interactions between
bacteria can change bacterial gene expression patterns and
induce the secretion of various molecules that ensure survival
in conditions of natural intraspecies and interspecies competition
by suppressing or eliminating weak competing species or sub-
populations [30,31]. The antagonistic activity of bacteria against
closely related species or the entire genus is provided primarily
by the production of bacteriocins and bacteriocin-like inhibitory
substances (BLIS) [32,33]. They are united in a heterogeneous
group of bioactive peptides and proteins synthesized on bacterial
ribosomes or produced via non-ribosomal synthesis, with different
biochemical properties, molecular weight, amino acid sequence
and mechanism of action [32,34,35]. These antimicrobial peptides
can be bacteriostatic or bactericidal not only against closely relat-
ed, but also against a wide range of unrelated to producer groups
of microorganisms, including those resistant to antibiotics, which
makes them a promising alternative to antibiotics [8,34,35,36,37].

Since the production and secretion of bacteriocins require
high metabolic costs, bacteria have developed regulatory mecha-
nisms for their generation only upon necessity [38]. As long as
there are no competitors in the environment, the production of
bacteriocins remains at a low level or may be gradually lost under
favorable laboratory conditions. Bacteriocin-producing bacteria
can be induced to increase the production of bacteriocins by bac-
teriocin-inducing microorganisms. Both bacteria and fungi can act
as inducers of bacteriocin formation. For example, co-cultivation
of Wickerhamomyces anomalus Y-5 and Lactiplantibacillus para-
plantarum RX-8 can enhance the production of plantaricin by the
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latter [39]. Co-cultivation with pathogenic Listeria monocytogenes
or Salmonella enterica results in increased production of the more
mature and active nisin by Lactococcus lactis [22].

Probably, inhibition of the growth of indicator cultures under
the influence of test cultures of bacilli, observed in the study de-
scribed here, was due to the action of inhibitory compounds of
the bacteriocin class or BLIS. We assume that under conditions
of co-cultivation, some species of bacilli could play the role of
inducers or enhancers of bacteriocin production by other species
of bacilli. Therefore, the combination of probiotic Bacillus species
can increase their overall inhibitory potential against pathobionts
and pathogenic bacteria. This assumption remains to be con-
firmed in further studies.

The results of the study of the inhibitory activity of B. clausii
and B. coagulans by two different methods were similar. The
inhibitory activity of B. subtilis was stronger when using the agar
block method. Obviously, the reasons for this difference must
be sought in the features of research methods. In the agar block
method, a more mature test culture with an agar substrate impreg-
nated with the products of its metabolism is planted on a freshly
sown indicator culture lawn. A spot-on-lawn assay fundamentally
differs from the agar block method by the simultaneous inoculation
of indicator and test cultures on a nutrient medium. This means
that the growth phases of both cultures pass synchronously and
the B. subtilis test culture does not have time to synthesize a
sufficient amount of inhibitory compounds.

Swimming and swarming motility is an important survival
strategy that allows bacteria to move across surfaces to nutri-
ent-rich niches with optimal conditions for growth and reproduc-
tion, successfully colonize the mucosa, establish a population,
and interact with target host cells [24,40]. Motile cells with an
intact chemotaxis mechanism ensure early colonization. Sub-
sequently, part of the motile cells differentiates into non-motile
cells capable of forming the extracellular matrix. The formation
of a multicellular bacterial community covered by a self-secreting
matrix, the so-called biofilm, is necessary for stable long-term
colonization [41].

Swimming motility involves the movement of individual cells
in a three-dimensional fluid space due to the rotation of the
flagella [28]. The ability to actively move varies greatly between
strains [42]. Bacteria in a common environment can affect each
other’s motility. For example, the swimming motility of Methy-
lobacterium sp. ME121 was increased when co-cultivated with
an immobile Kaistia sp. 32K, which produced a polysaccharide
acceleration factor [21]. The motility of Salmonella enterica se-
rovar Typhimurium was either reduced or lost due to exposure
to acidic metabolites of Lactococcus lactis subsp. lactis during
their co-cultivation [43]. B. clausii, B. coagulans and B. subtilis
are able to swim in a liquid environment due to peritrichially lo-
cated flagella [26,44]. This study revealed the mutual influence
of some studied species of bacilli on each other’s swimming
activity. Comparison of the growth rates of swimming halos
formed by the B. clausii + B. subtilis mixed culture with halos
formed by each culture separately led to the conclusion that one
or both cultures stimulated the swimming motility of the other.
The same could not be said about the B. clausii + B. coagulans
or B. coagulans + B. subtilis mixed cultures. It was found out that

the B. clausii + B. coagulans + B. subtilis mixed culture was able
to cover a significantly larger area of the swimming plate than
any of the cultures for the same cultivation time.

Swarming motility is genetically distinct from swimming [44].
Swarming is an example of a multicellular coordinated population
behavior, collective migration of bacteria consisting of the rapid
movement of groups of flagellar cells in a thin liquid film on a
semi-solid surface [28,29]. Contact with a harder surface slows
the movement of flagella, cells undergo differentiation, becoming
elongated serpentine or rod-like, the number of flagella increases
[28,43]. In some species, the types of flagella used for swimming
differ from those used for swarming motility [28]. Successive
phases of swarming have certain spatio-temporal regularities.
During several hours of the initial lag phase, the swarm does not
migrate outward; there is a significant increase in cell density, the
synthesis of additional flagella and the production of surfactin.
Then there is a sharp transition to the phase of exponential
swarm expansion, during which a collective movement in the
form of cell rafts is observed inside the swarm [29]. Expansion
rates can reach 5-36 mm/h and the swarm can cover the entire
agar plate within hours or days [28]. The results of this study have
demonstrated the mutual influence of some studied species of
bacilli on each other’s swarming ability. This is evidenced by the
fact that the swarming potential of the B. coagulans + B. subtilis
mixed culture was significantly lower, and the swarming potential
of the B. clausii + B. subtilis and the triple mixed cultures was
significantly higher than theoretically expected.

The relatively high rate of swimming halos growth and the ra-
pid swarm expansion of the B. clausii + B. coagulans + B. subtilis
mixed culture may indicate its high capacity for early colonization.
Further in vitro and in vivo studies using animal models are nec-
essary for the final determination of the colonization potential of
this triple mixed culture.

When bacilli swarm in a common environment, a differentiated
attitude of neighbors towards each other is revealed [27]. They
are able to distinguish kin from nonkin depending on phyloge-
netic kinship. This phenomenon was called “kin discrimination”.
Genetically identical swarms show the ability to merge, while
swarms composed of different strains form a visible boundary
between themselves and do not merge. Belonging to different
species explains the fact that the studied bacilli did not show the
ability to merge swarms, but, on the contrary, their swarms at the
point of contact formed visible “boundary” or “intermediate” lines,
demonstrating the ability to identify nonself. The formation of a
bright boundary line at the point of contact of two swarms indi-
cates an antagonistic relationship between species. Antagonism
between swarms may extend to other multicellular contexts [27].
Thus, the subsequent study of the mutual influence of the studied
cultures in the process of biofilm formation is of scientific interest.

Conclusions

1. The obtained results indicate the ability of the probiotic
species of bacilli: B. clausii, B. coagulans and B. subtilis to mu-
tually influence growth, swimming and swarm motility.

2. The revealed moderate and weak inhibitory activity of
some species of bacilli against others allows us to assume
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that the overall inhibitory potential of mixed cultures of bacilli
against pathobionts and pathogenic bacteria is higher than that
of monocultures due to the mutual induction of the production
of inhibitory compounds by bacilli. This assumption is subject to
further confirmation.

3. The obtained relatively high rate of swimming halos growth
and the rapid swarm expansion of the B. clausii + B. coagu-
lans + B. subtilis mixed culture testify to its high ability for early
colonization. Further in vitro and in vivo studies using animal
models are necessary for the final determination of the coloni-
zation potential of this triple mixed culture.

Prospects for further research: obtained results will be
used in the development of new probiotic preparations based
on a combination of probiotic bacilli.
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This article describes the role of resonance frequency analysis (RFA) as an indicator of the quality of primary
implant stability, which is the basis of the goal and confirmed by the results of a clinical case — odontological
implantation on edentulous segments of atrophied bone tissue on the right side of the mandible, taking into
account the topographic features of its canal, using ultra-short (h = 5.5 mm) implants.

Aim. To highlight the role of resonance frequency analysis during surgical interventions using short (ultrashort)
implants in predicting their primary stability and preserving the normal morphology of the mandibular bone tissue.

Materials and methods. The primary stability of 17 dental implants in seven patients was determined using
the Penguin Instruments (RFA) technique in declarative units of measurement — the implant stability quotient
(1SQ). Values in the range of 75 ISQ meant that the implant had adequate primary stability and could receive
and distribute the immediate load on the bone tissue of the edentulous segment.

Results. Following the stages of preparation, 17 ultra-short (h = 5.5 mm x b = 4.0 mm) implants were placed
on the edentulous segments of the mandible without an incisional osteotomy path according to the patient
rehabilitation protocol. We used the method of resonance frequency analysis to obtain a value of high primary
stability of two short subcortical implants in the projection of tooth 4.7 — 92 ISQ and the projection of tooth
4.6 - 90 1SQ. On the 3rd day of the clinical stage of fixation of the supraconstruction, RFA measurements were
performed, the values of which showed a significant decrease in the stability quotient of the installed implants
in the projection of tooth 4.7 — 61 I1SQ and in tooth 4.6 — 74 ISQ. This result made it necessary to revise the
rehabilitation plan, adjust the medical prescription sheet and decide to postpone the placement of the all-milled
restorative structure on the implants.

Conclusions. The RFA study indicates not only the primary stability of implants but also a full-fledged stage-by-
stage clinical prognosis of the further functionality of a prosthetic structure based on short implants with proper
preservation of the morphological functionality of bone tissue.

Modern medical technology. 2023;(4):70-75

Pe30HaHCHO-YaCTOTHWH aHaAI3 - IHAMKaTOp nocTiMnAaHTauiiHoi Mopdonorii
KiCTKOBOi TKAHUHU HWXHbOI LLeAenu

A. 1. Owypko, I. KO. OniliHuk, H. B. Ky3Hsik, A. M. Tepacum

OnwcaHo porb pe3oHaHCHO-4acToTHOro aHanidy (PYA) sik iHaukaTopa skocTi NepBUHHOI CTabiNbHOCTI iMNNaHTaTis,
LLIO MOKMafeHo B OCHOBY METY Ta NiATBEPAXKEHO pe3yrnbTaTaMi aHani3y KMiHiYHOro BUNaaKY: BUKOHAHHS OAOHTO-
noriyHoi imnnaxTauii Ha 6e33ybux cermeHTax aTpodhoBaHoi KiCTKOBOI TKaHWHM NPaBoro 60Ky HUXKHBOI Lieneny,
BpaxoBytouM TonorpadivyHi 0co6nMBOCTI ii kaHany Ta BUKOPUCTOBYHOUM yrbTpakopoTki (h = 5,5 mm) iMmnnaxTatw.

MeTa po60oTH — BUCBITAINTM POSb PE30HAHCHO-4aCTOTHOTO aHaniay Npu XipypriYHnNX BTPYHaHHSIX i3 BUKOPUCTaH-
HAM KOPOTKUX (YNbTPaKOPOTKVX) iMMMAHTaTIB Y NPOrHO3yBaHHI iXHbOI NEPBUHHOI CTABINBHOCTI Ta 36epexeHHi
HOpMaribHOi MOPONOrii KICTKOBOT TKAHVHW HXKHBOT LLeneny.

Matepianu Ta metogu. MepBrHHY cTabinbHICTb 17 AEHTANbHUX iIMNNAHTATIB y CeMW NaLieHTiB BU3HaYanm 3a
[0noMororo TexHiku Penguin Instruments (PYA) y geknapaTvBHUX OAMHULSX BUMIPIOBaHHS — KOediLieHT cTa-
6inbHocTi imnnanTarta (KCI). 3HaueHHs B gianasoni 75 KCI BkasdyBanw, Lo iMNaHTaT Mae HanexHy NepBuHHy
CTabinbHICTb, MOXeE OTPUMYBATM i PO3NOINSATY HEraiHe HaBaHTaXeHHS Ha KICTKOBY TkaHWHy 6e33yboro cermeHTa.

Pesynsratu. [loTprMylounch eTanis npenapyBaHHs Ta 6e3 nMpoBefeHHs! Hapi3HOTO OCTEOTOMIYHOTO LUMAXY,
iHcTanboBaHo 17 ynbrpakopotkux (h = 5,5 Mmm x b = 4,0 mm) imnnaHTatiB Ha 6€33ybux CermeHTax HKHbOI
Lenenu, BIANOBIAHO [0 NpoTokony peabinitavii nauieHTiB. 3acTocyBanu MeTOAMKY PE30HAHCHO-4aCTOTHOTO
aHaniay, oepxanm 3Ha4eHHs BUCOKOT NEPBUHHOI CTabiNbHOCTI 1BOX KOPOTKWX CyBKOPTUKANbHIUX iMMNaHTaTiB y
npoexuii 4.7 3y6a — 92 KCI, y npoexuii 4.6 — 90 KCI. Ha Tperiit AeHb kniHiyHOro etany dikcauii cynpakoHCTpyKuji
BuMipsinu PYA, o noka3ano cyTTeBe 3HWXEHHS koedillieHTa cTabinbHOCTI y BCTAHOBMNEHWX iMMMaHTaTax: y
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npoexwii 4.7 3yba — 61 KCI, 4.6 — 74 KCI. Takuit pesynbrat cnpuinH1B HeoOXigHICTb NepernsiHyTh nnaH peabi-
niTauji, ckoperyBaTy NUCTOK MiKapCbKWX MPU3HAYEeHb; KPiM TOr0, yXBarnunm piLleHHs Npo BiATEPMiHyBaHHS eTany
BCTAHOBMEHHS pecTaBpaLiiHoi CyLinbHO dpe3epoBaHOi KOHCTPYKLII Ha iMAnaHTaTw.

BucHoBku. JocnimkeHHs PYA — iHankaTop He NuLwe nepBrHHOI CTabinbHOCTI iMnnaHTaTiB, ane i MOBHOLIHHOM
€TanHoro KNiHiYHOro NPOrHO3y HaCTYMHOI (YHKLIOHANbHOCTI MPOTE3HOI KOHCTPYKLIT 3 OMOPOI0 Ha KOPOTK iMn-
NaHTaTh 3 HaNeXHUM 36epexeHHsM MOPEONOriYHOT (hyHKLOHANBHOCTI KICTKOBOI TKaHWHU.

CyuacHi MeauuHi TexHonorii. 2023. Ne 4(59). C. 70-75

With the development of science and technology, minimally
invasive research methods are becoming available. The imple-
mentation of these methods in practical medicine is taking place
to rehabilitate patients with severe bone atrophy, taking into ac-
count its morphological characteristics and the laying of important
anatomical structures. While earlier there were discussions about
the feasibility of using short implants [1] to reduce the amount
of surgical intervention and possible iatrogenic effects on the
structures of the mandibular canal(s) [2,3,4], today ultra-short
implants are widely used, which can receive loads with their
distribution to bone tissue and fully restore the chewing efficiency
of edentulous jaws [5,6,7].

In order to use the immediate loading technique, especially
on short (h = 5.5 mm) implants, it is necessary to understand
their primary stability in the morphological environment, which
can change dynamically under the influence of factors of internal
and external space. This implies that bone density, studied using
computed tomography software, is not a stable phenomenon, i.
e., itis also dynamic [8,9]. Although this method is characterized
by its minimally invasive nature, it does not provide adequate pre-
dictions for determining the primary stability of the implant, even
with high bone density in both layers. After all, high density can
be provided by an auto-, allo-, or xenograft whose augmentation
is formed from a solid base and has not undergone remodeling
stages in time or for other reasons. Densitometric analysis can
give a false impression of primary stability. This is unacceptable
in the choice of rehabilitation methods with short and ultra-short
implants taking into consideration the topographic features of the
mandibular canal(s).

One of the reliable diagnostic methods is resonance frequen-
cy analysis (RFA). For the first time after many years of work, it
was described by the progressive researcher Meredith in 1996
(Integrative Diagnostics, Sweden) for odontological intraoral use.
The gradual improvement of resonance frequency analysis tech-
niques has created modern diagnostic systems that have become
a priority for dental surgeons to determine the primary stability
of implants. The RFA study provides a prognosis not only for the
further functionality of the implant-supported prosthetic structure
but also for the proper physiological processes in the bone tissue
with the preservation of its morphological functionality [10].

Aim
To highlight the role of resonance frequency analysis during
surgical interventions using short (ultra-short) implants in predict-

ing their primary stability and preserving the normal morphology
of the mandibular bone tissue.

Materials and methods

The post-implantation stability of seventeen short and ul-
tra-short implants was analyzed in seven patients with loss of
the masticatory group of teeth, with mixed bone atrophy of the
collar part and the body of the mandible acquired in different time
intervals. The obtained values of high (92 ISQ) primary stability of
two short subcortical implants placed on the edentulous segment
of the human mandible on the right side of seven subjects did not
provide a prognosis of its rehabilitation, taking into account the
individual anatomical and topographic features of the canal(s),
which we present in a detailed description of the clinical case as
the results of this work.

The primary stability of implants was determined using the
Penguin Instruments resonance frequency analysis (RFA) tech-
nique in declarative units of measurement — the implant stability
quotient (ISQ). Values in the range of 75 ISQ meant that a short
6.5 mm implant (ultra-short 5.5 mm) was already so stable that
it could receive and distribute the immediate load on the bone
tissue of the edentulous segment. The evidence of such stability
is the absence of a drop in ISQ within 14 days or a change in the
range no more than 1-5 I1SQ in the initial rehabilitation period.

Resonance frequency analysis was performed following the
stated instructions of the above technique, with strict adherence
to the methodological sequence, which requires attachment of
the MulTipeg™ to the implant and its subsequent vibration due to
the received wave of magnetic pulses generated by the device.
The device measures the vibration frequency due to the rigidity
in the contact zone between the bone and the implant surface
and converts it into a scale value from 1 t0 99 ISQ. The higher the
ISQ is, the better its stability is. RFA measures implant stability
as a function of boundary rigidity, which correlates with implant
displacement, i.e., micro-mobility.

This work is a fragment of a clinical experiment of the planned
research topic “Substantiation of rehabilitation of patients with
bone atrophy complicated by topographic and anatomical features
of the mandibular canal”, with mandatory review by the Biomedical
Ethics Commission of Bukovinian State Medical University and
approval in the form of Protocol dated 21.10.2021 No. 2. The
clinical experiment was conducted after patients familiarized
themselves with and signed informed consent to participate in
research in compliance with the main provisions of the GCP
(1996), the Council of Europe Convention on Human Rights and
Biomedicine (dated 04.04.1997), the World Medical Association
Declaration of Helsinki on ethical principles for conducting scienti-
fic medical research involving human subjects (1964—-2013), order
of the Ministry of Health of Ukraine dated 23.09.2009 No. 690.
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Average: 1274

Min: 405

Average: 1323

Fig. 1. Densitometric analysis of the bone tissue of the edentulous segment of the mandible on the right side at the stage of planning
surgical interventions. A: projection of tooth 4.7; B: projection of tooth 4.6.

2A

Fig. 2. Computed tomographic analysis after subcortical implant placement. A: Sagittal section showing the placed implant and gingival
former in the projection 4.7 of the missing tooth with the marking of the mandibular canal; B: 2D image of the upper and lower jaws
with the reconstruction of the mandibular canal and design of occlusal relations of the supraconstructions; C: Sagittal section showing
the implant and gingival former in projection 4.6 of the missing tooth with the marking of the mandibular canal.

Results

Preliminary studies of the bone density of the acquired defect
of the dentition on the right side of the mandible in projections
4.7 (Fig. 1A) and 4.6 (Fig. 1B) of the missing teeth showed high
values with average values of 1274 conventional gray units (CGU)
and 1323 CGU. The lowest mineralization in the trabecular layer
was 4.7 + 332 CGU in the projection and 4.6 + 405 CGU in the
projection. Such indicators give the right to draw up an initial plan
for using the immediate loading protocol on implants.

To choose the implantation method, it is necessary to under-
stand the topographic features of the mandibular canal and take
into account its possible morphological variants, which deter-
mine the use of the proper size of the implants themselves and
their positioning in the jaw body with the subsequent functional
reproduction of the occlusal relations of the dentition, due to the
superstructural elements.

Considering the above analysis, we chose a protocol for
rehabilitating patients using subcortical implants with dimensions
h =55 mm x b =4.0 mm. Carefully observing the stages of
preparation, without performing an incisional osteotomy path,
these implants were placed on the edentulous segment on the
right side of the mandible, and we used the method of resonance

frequency analysis to obtain a value of high primary stability of
two short implants, in the projection of the 4.7 tooth — 92 1SQ
and the projection of the 4.6 — 90 ISQ. Before the end of the
operation, gingival formers of the corresponding standard system
with a force of 15 N were installed, which were moved out of the
occlusal relationship by 4-6 mm (Fig. 2).

On the 3 day, a repeated resonance frequency analysis was
performed, which showed a significant decrease in the stability
quotient of the implants in the projection of tooth 4.7 — 61 I1SQ
and in tooth 4.6 — 74 1SQ. This result made it necessary to revise
the rehabilitation plan, adjust the medical prescription sheet and
decide to postpone the placement of the all-milled restorative
structure on the implants.

Taking into account the subjective and objective history of
the patient on day 7, after a clinical examination, the implant was
found to be luxated in the projection of the 4.7 tooth, which was
removed on the same day. The RFA in projection 4.6 dropped to
63 1SQ, which became a vector of alertness to the development
of destructive changes. These assumptions were confirmed by
the obtained values of densitometric analysis, which also differed
significantly in the direction of a sharp decrease, indicating a vio-
lation of the structural organization of bone tissue compared to the

72 Modern medical technology. No. 4, October - December 2023
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Fig. 3. Densitometric analysis of the bone tissue of the edentulous segment of the mandible on the right side, after and at the stage of
implant removal. A: projection of tooth 4.7; B: projection of tooth 4.6.
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Fig. 4. Radiographic control after fixation of supraconstructions on implants installed at the level of the cortical layer of atrophied bone
tissue. A: Parallel placement of two implants and cemented prehensile fixation to analog (preparation) abutments on the left side of
the mandible; B: Bilateral rehabilitation of a patient with final dentition defects, short and ultra-short implants, taking into account
the topographic features of the mandibular canal; C: Divergent placement of two implants and cement prehensile fixation to analog

(preparation) abutments on the left side of the mandible.

primary. In area 4.7 of the removed implant, the minimum density
value was negative (-199 CGU), and on the proximal side of the
bone implant bed 4.6, which corresponds to the largest zone of
the lumen, it was (-964 CGU), indicating the active development
of destructive processes in the distal direction of the edentulous
segment of the mandible body (Fig. 3).

Due to complications and the lack of effect of anti-inflammato-
ry and antibacterial therapy, based on the indicators of a decrease
in the implant stability quotient (ISQ), the implant was removed in
the 4.6 tooth projection with subsequent extraction of destructive
trabecular islands, according to the operation protocols.

Discussion

ISQ values determine localized bone density and depend on
clinician’s compliance with implant placement techniques, implant
design, and post-implant wound healing time. Implants with low
and/or decreasing ISQ values pose an increased risk of rejection
compared to implants with high and/or increasing values, as stat-
ed by the product manufacturer and, accordingly, the developer
of this resonance frequency analysis (RFA, Meredith) technique.

Following the recommendations of the developer of the RFA
technique, when determining the stability of an implant with values

above 701SQ, itis recommended that the clinical choice be made
to use the one-stage or immediate loading technique. However,
we did not take into account the design of the implants, which have
a sloping shoulder, designed for subcortical crosslinking and the
creation of a reliable rigid tissue barrier that provides long-term
and stable protection not only from the external environment but
also provides long-term and reliable stability of the implant, due
to the high mineralization of the cortical layer.

Of course, medium and long implants h >7.0 mm have an
additional intercostal contact area, which compensates for the
above-mentioned characteristic of the implant design. After all,
ensuring osteointegration processes over time adds complete
stability and functionality to the implant structure, which is inef-
fective for short subcortical implants h = 5.5 mm.

The preparation protocol provides a suitable cylindrical-con-
ical implant bed concerning the size of the selected implant, and
the formed space (distance) between its shoulder and the cortical
layer of bone tissue significantly reduces stability during functional
action, which cannot be stated in our case. After all, the implants
have not yet been subjected to immediate loading.

Implants placed at the cortical layer’s level are characterized
by an extended external cone design and have an additional
high primary stability due to their resistance to remodeling the
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cortical layer of bone tissue. We prove this statement in the
application of clinical protocols for the installation of (ultra-short)
implants at the level of the cortical layer as a method of choice,
taking into account the topographic features of the mandibular
canal(s) in the case of bone atrophy and rapid (immediate)
rehabilitation of patients, up to seven days, with the loss of the
masticatory group of teeth, as shown in the images in Fig. 4.
Their values were stable at all stages of the rehabilitation period
and ranged from 7 1SQ.

The development of modern artificial intelligence technolo-
gies makes it possible to successfully implement a preclinical
plan during controlled surgical interventions, including dental
implantation, with proper primary stability [11]. However, it is
programmatically impossible to determine the stability of implants
as an indicator of their further functionality at the clinical stages —
before fitting and fixation of the supraconstructions.

Presented as an electronic poster at the 2019 Annual Session
of the American College of Orthopedic Surgeons in Miami, Flo-
rida, the authors’ work was awarded second place for innovative
research and offered a universal, non-odontic, open source pro-
gram, 3D Slicer/Blender, which can be used to plan and perform
a controlled implant placement operation taking into account the
morpho-topographic features of the jaw structures, minimizing
errors in the formation of the implant bed and, in fact, their an-
gulation [12]. However, the lack of the possibility of applying it in
the staged clinical analysis of implant stability requires additional
paraclinical targeted research methods.

Modern original research aimed at achieving implant position-
ing accuracy, especially angular deviation, through introducing
the THETA robotic system indicates that such achievements
may become promising tools in dental implantation in the future.
Nevertheless, further clinical analysis and research are needed
to evaluate the current results [13].

Anew view of the implementation of digital surgical templates
provides a prediction of the primary stability of implants. It negates
the use of navigation sleeve systems designed to create accurate
osteotomy paths and, accordingly, the primary stability of implants.
It lacks further clinical analysis of the course of early dynamic
processes of bone tissue that may affect their functionality [14,15].

Another factor for studying the subject of resonance frequency
analysis and its application in odontological clinical practice is the
overall ergonomic efficiency, simplicity of the technique, lack of
consumables, and seconds of analysis time.

Conclusions

1. The pressure created during implant placement in
high-density bone tissue, without an incisional osteotomy path,
increasing the force from 75 N to “=” from the value of the primary
implant stability of 92 £ 8 ISQ, can lead to a temporary cessation
of even diffuse nutrition and promote phagocytic activity in the
dense trabecular layer of bone tissue and be considered as a
patho-etiological factor.

2. Resonance frequency analysis is a priority and reliable
technique, an effective indicator of the primary stability of short
(ultra-short) implants at all stages of clinical rehabilitation of
patients.

Prospects for further research include the study of possible
morphological and histological changes in bone tissue around
the installed short and ultra-short implants using the immediate
loading technique.
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Aim. The purpose of this study was to conduct an up-to-date semantic analysis of the results of our own research
and literature data on the medical and pharmacological characteristics of metabolites, metabolitotropic agents
and nutritional supplements, the peculiarities of their use in sports practice and sports medicine.

Materials and methods. This study used bibliosemantic, analytical, logical, and generalization methods. The
life sciences and biomedical information bibliographic databases MEDLINE, EMBASE, Medline (PubMed), Web
of Science, and Cochrane Central were searched to find publications in English that matched the research
keywords. The authors carried out an independent search and selection of articles, assessment of the quality
of the data, compliance of the presentation and interpretation with the main idea of the study, with the formation
of the final list of references.

Results. Based on the analysis of modern literature data and the results of our own studies, a generalized medical
and pharmacological characteristic of metabolite agents, metabolitotropic drugs and nutritional supplements that
can influence the main and compensatory mechanisms of macroergic phosphates production under the influence
of physical activity is presented. The mechanisms of action, indications for use and main side effects of drugs
and food additives based on ATP, malate, succinate, citrate, pyruvate, carnitine, carnosine, etc. are presented.

Conclusions. Semantic analysis data indicate that an urgent problem for sports medicine physicians and phar-
macologists is the development and use of metabolites, metabolitotropic agents and nutritional supplements, as
well as approaches to their rational combination to improve energy metabolism, replenish ATP reserves in the
body that will help ensure the intensity muscular activity and simultaneously protect target organs.

Modern medical technology. 2023;(4):76-88

3actocyBaHHA MeTabOAITHUX, MeTaboAITOTpONHMX NpenapartiB i xapuoBux A06aBOK
Yy CMOpTi Ta CNOPTUBHIN MeAULMHI: Cy4aCHUM NOTASIA Ha npobaemy

I. ®. BeaeHiues, H. A. TopuakoBa, E. t0. AopoLueHko, |. B. Camypa, B. . PuxeHko, H. B. ByxtiapoBa

Meta poboTh — HafaTV akTyanbHWl CEMaHTUYHUIA aHani3 pesynbTaTiB BAACHUX LOCMIMKEHb i BioMocTe
thaxoBoi niTepaTypy LWOA0 MeAMKO-thapMaKomnoriyH1X xapakTepucTik MeTaboniTH1X, MeTaboniTOTPONHMX dhap-
MaKOIorivyHUX Npenaparis i xap4oBnx 400ABOK, a TaKOX 0COONMBOCTEN iX BUKOPUCTAHHS! Y CTIOPTUBHII MEAULIAHI.

Marepianu Ta metoau. lNig yac gocnimkeHHs Bukopuctany 6ibnioceMaHTUYHWIA, aHaMNITUYHWIA, NOTIYHWIA METOAM,
a TaKoX METOf y3aranbHeHHst. Y GibniorpadiuHux 6asax gaHux Hayk npo XuTTs Ta GiomeanyHoi iHpopmaii
MEDLINE, EMBASE, Medline (PubMed), Web of Science i Cochrane Central 3giiicHunu nowyk aHrnoMoBHUX
ny6nikaLlin, Wo BiaNoBiAaTb KMHYOBMM CIOBaM AOCHImKEHHS. 34ICHUMN CaMOCTINHMIA NOLYK i Bigbip cTaTen,
OLiHIOBaHHS! SIKOCTi AaHMX, BIAMNOBIAHOCTI BUKNaZy Ta iHTeprpeTaLii OCHOBHil igei AoCnimKeHHs, copmMyBanu
OCTaTO4HWI CINCOK NiTepaTypwm.

Pe3ynkraTu. Ha ocHOBI aHani3y BioMoCTel CyqacHoi (haxoBoi NitepaTypu, a TakoX BNacHUX AOCHIMKEHb Aanu
thapmakonoriyHy xapakTepucTiKy MeTaboniTHUM, MeTaboniTOTPONHUM Npenapatam i xap4oBiM Jobaskam, Lo
MOXYTb BMMINBATW HA OCHOBHI MEXaHi3M Ta KOMMEHCATOPHI LYHTW NpoayKLii MakpoepriYHnx docdartis nig vac
TPEeHyBanbHOro NpoLecy Ta (i3nYHNX HaBaHTaxeHb. HaBedeHo MexaHisMu Aii, NokasaHHs [0 3aCTOCYBaHHS 1
OCHOBHI NOBIYHI edhekTn Npenaparis i xap4oBux 406aBOK Ha 0CHOBI AT®, Manarty, CyKuyMHary, LuTpary, nipysary,
KapHITWHY, KAPHO3WHY TOLLIO.

BucHoBKu. 3Baxaloun Ha pesynbTaTi CeMaHTUYHOTO aHaniay, akTyanbHUM 3aBAaHHAM Ans COPTUBHONO flikapst
Ta hapmakonora € po3pobrneHHst MeTaboniTOTPONHMX Npenaparis i xap4oBux A06aBOK, a TaKoX NiAxoaiB Ao ix
paLioHanbHOro KOMBIHYBaHHS 47151 MOKPALLEHHS eHepreTMYHOro 0OMiHy, MONOBHEHHs! 3anacis AT B opraHiami,
LLO cnpusiTUME 3abe3neyeHHI0 IHTEHCUBHOCTI M’'SI30BMX CKOPOYEHb Ta OAHOYACHOMY 3aXWCTy OpraHiB-MiLLeHeN.
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An urgent problem of modern sports science is the develop-
ment and use of adequate pharmacological support to ensure
and increase the parameters of the physical performance of
athletes, accelerate the processes of adaptation of their body to
high-intensity physical activity, prevent overtraining and sports
injuries. In this context, pharmacological support of sports activ-
ity is a correction of functional adaptation capabilities, allowing
to expand the body’s ability to adapt to the maximum loads of
high-performance sports [1]. The rational use of pharmacological
and non-pharmacological agents in various periods of the training
and competitive process contributes to the achievement of the
highest possible sports results [2].

Currently, in the practice of pharmacological support of sports
activities, two groups of non-doping pharmacological agents and
food additives are widely used. These are pharmacological and
non-pharmacological agents necessary for the rehabilitation of
athletes after overtraining or iliness, and agents that enhance the
adaptation of athletes to physical activity (accelerate the recovery
process and increase physical performance) [3].

The development of sports pharmacology has put experts
before choosing a huge number of agents and nutritional sup-
plements with various chemical structures, different (sometimes
insufficiently known) mechanisms of action and unidentified
adverse reactions [4]. All of the above can not only reduce the
effectiveness of sports training, but also harm the health of the
athlete.

Aim

This study aims to conduct an up-to-date semantic analysis of
the results of our own research and literature data on the medical
and pharmacological characteristics of metabolites, metabolito-
tropic agents and nutritional supplements, the features of their
use in sports practice and sports medicine.

Materials and methods

This study used bibliosemantic, analytical, logical, and gene-
ralization methods. The life sciences and biomedical information
bibliographic databases MEDLINE, EMBASE, Medline (PubMed),
Web of Science, and Cochrane Central were searched to find
publications in English that matched the research keywords.

The authors carried out an independent search and selection
of articles, assessment of the quality of the data, compliance of
the presentation and interpretation with the main idea of the study,
with the formation of the final list of references [5].

Results

The main principles of pharmacological support of sports
training are as follows:

— acceleration of recovery processes after training and com-
petitive loads should be achieved by creating optimal conditions
(including with the help of pharmacological agents) for their
natural course;

— when prescribing pharmacological medicines, it is neces-
sary to understand the purpose for which they are used, mecha-

nisms of their action and, on this basis, determine the nature of
their influence on the effectiveness of the training process, as
well as contraindications for use, possible complications, and the
results of the interaction of some agents with others;

— taking into account urgent, remote and cumulative effects
of pharmacological agents;

— differentiated influence on the parameters of physical
performance: power, capacity, efficiency, mobilization and im-
plementation;

—the degree of efficiency depending on the qualification level,
the initial functional state of the body, the period of the training
cycle, the energy nature of the current training and upcoming
competitive loads [6,7].

Based on the above principles, the following variant of the
classification of metabolite and metabolitotropic pharmacological
agents, and nutritional supplements used in the practice of phar-
macological support of sports training is proposed [8]:

1. Agents providing increased demands of the body in the
main food ingredients (vitamins, amino acids, etc.) under condi-
tions of intense muscular activity [9];

2. Artificially stimulating recovery processes after significant
physical exertion by accelerating the excretion and binding of
metabolic products (medicines that improve renal blood flow,
amino acids, metabolites, hepatoprotectors) [10];

3. Improving adaptation to training and competitive loads
due to:

- reducing the formation of toxic metabolites (antioxidants)
during intense muscle activity [11];

— decreasing the injuring effect of these metabolites (antihy-
poxants and metabolites of plastic metabolism) [12];

— preservation and urgent restoration of ATP reserves
(substrates and metabolites of energy metabolism, macroergs,
antihypoxants, mitoprotectors);

— activation of stress-limiting systems (amino acids, antioxi-
dants, regulators of transcription factors) [13].

Below is a brief description and the main mechanisms of
action of these drugs.

Adenyl nucleotides are high-energy compounds that act as
carriers of ATP phosphoryl groups, which is necessary for various
reactions, including the synthesis of proteins and nucleic acids,
and which serves as an energy source during muscle fiber con-
traction, and ensures the work of transmembrane ion pumps. The
therapeutic efficacy of ATP is a result of its direct effect on purine
receptors. ATP also takes part in the processes of neuromuscular
transmission of impulses, acting as a modulator of synaptic trans-
mission. At the same time, negative myotropic and chronotropic
effects of adenosine and stimulation of glycogenolysis in the
myocardium are the main factors that protect the myocardium
from damage during intense muscle activity [14].

ATP-long is an original agent, a coordination compound used
for optimization of the training process of highly qualified athletes
[15]. The drug was synthesized in such a way that the macroergic
phosphate, the amino acid histidine, magnesium and potassium
salts included in its composition are coordinated, and its mole-
cules are easily integrated into various metabolic processes due
to structural similarity with cell membrane receptors. ATP-long
produces the following pharmacological effects:
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— cardioprotective action under conditions of ischemia and
working hypoxia;

— increase of energy resources at the cellular level;

— inhibition of oxidative stress;

— increase in activity of ion transport systems, Na*/K*- and
Ca?-ATP-ases, and calcium-binding potential of cell membranes;

- normalization of potassium and magnesium levels in the
myocardium;

— improvement of indicators of central and peripheral hemo-
dynamics, coronary blood flow;

— optimization of the left ventricle functional state under
conditions of ischemia and increased myocardial oxygen con-
sumption [15].

The ergogenic properties of nutritional supplements con-
taining ATP are manifested exclusively with a course intake,
starting with a dose of 400 mg per day, and in combination with
constant strength training loads. ATP in a single oral dose in the
dose range of 150-225 mg/day has a weak ergogenic effect in
the development of strength abilities. Dietary supplementation
of ATP at a dose of 400 mg daily for 15 days has been shown
to reduce muscle fatigue and increase performance in repetitive
exhaustive exercise cycles by improving low-intensity movement
performance. This can lead to an increase in the overall level of
physical fitness. The ergogenic effect of a 12-week-long intake of
ATP at a dose of 400 mg/day in combination with high-intensity
regular power loads is universal: an increase in the strength
abilities and power of skeletal muscles (from 30 % and above);
hypertrophy of muscle fibers; inhibition of protein breakdown
under the influence of physical activity; reduction of subjective
feeling of fatigue at later stages of stress factor action; increased
post-exercise blood flow to skeletal muscle, which may be respon-
sible for reducing muscle fatigue and preventing loss of muscle
strength during repeated cycles of high-intensity exercise [16].

In the initial (early) stages of physical activity, ATP dietary
supplements have the potential to increase muscle excitability,
and in the later stages (at the end of the loading period) to prevent
its decrease [17]. Such properties of the oral form of ATP may be
of the greatest practical importance in team sports (for example,
basketball, football, hockey, etc.). The use of high doses of ATP
in course use for a period of 14 days to 12 weeks is not only
effective, but also safe.

The ergogenic effect of taking ATP food supplements de-
velops not because of an increase in blood ATP levels due to
an external source, but due to the inclusion and progressive
increase in the synthesis of endogenous ATP as a response
to biochemical signals from receptors on the outer surface of
cell membranes. Such a signaling mechanism for stimulating
endogenous ATP synthesis is polymodal and, theoretically, may
include the following [18]:

1. “Gut-muscle axis” known in the scientific literature (gut-ske-
letal muscle axis) — the concept in which the processes occurring
in the intestine activate/inhibit tissue metabolic processes in a
neurohumoral way, including energy ones in muscle fibers;

2. Activation of purinergic receptors on the membrane of
muscle cells by ATP metabolites, stimulation of intracellular
processes of nucleotide synthesis, acceleration of anabolic
reactions during the course intake of ATP. The implementation

of these trigger mechanisms occurs only under conditions of
intense physical activity with all the accompanying physiological
and biochemical changes in the body (hypoxia, sensitization of
a number of receptor processes, etc.).

The universal character of the ergogenic action of dietary
ATP supplements has served as the basis for the creation of
combined forms of ATP with other pharmacological nutrients, such
as beta-hydroxy-beta-methylbutyrate (HMB) and its free acid form
(HMB-FA); leucine, isoleucine and valine (2:1:1); L-carnitine and
electrolytes to enhance ergogenic properties. The combination of
ATP with HMB has the highest degree of evidence [19].

The combined use of HMB-FA (3 g/day) and ATP
(400 mg/day) for 12 weeks in high-class athletes in combina-
tion with systemic strength training has a pronounced anabolic
effect, improves strength and power of skeletal muscles. These
effects are complemented by the ability of this combination to
prevent muscle strength decline and even ensure its further
growth under conditions of extreme physical cyclic loads.
The ergogenic properties of the combination of HMB-FA and
ATP can be used in the training and competitive activities of
professional athletes.

ATP-propionyl-L-carnitine. Food supplement based on
L-carnitine derivative (propionyl-L-carnitine — PLC) and ATP.
Biochemical studies have shown that PLC increases the levels
of ATP in the body, including in the myocardium [20]. It is recom-
mended to take one capsule twice daily on an empty stomach.
At the same time, as noted above, the effective dose of ATP is
at least 400 mg per day, which should be taken into account by
sports medicine physicians and coaches.

Ready forms of ATP with electrolytes. AIM Peak Endu-
rance® commercial ready-to-use blend is based on the same form
of ATP, PEAK ATP®. The finished mixture contains, in addition to
200 mg of ATP, the main electrolytes (sodium, potassium, chlorine,
calcium, magnesium, phosphorus) with the addition of vitamins C
and group B: B,, B,, B,, B,, B, and B,,. Thus, two recommended
servings of AIM Peak Endurance® per day provide 400 mg of
ATP required for ergogenic action in combination with essential
minerals and vitamins. Magnesium is a key component of more
than 300 enzymes including ATPase and enzymes involved in
the metabolism of muscle glucose and glycogenesis [7].

Magnesium ions, a natural antagonist of calcium ions, provide
a negative inotropic effect on the myocardium, thereby reducing
its oxygen consumption; reduce peripheral resistance by reducing
the tone of smooth muscle structures of blood vessels. Magne-
sium also inhibits the processes of deamination and dephos-
phorylation. Potassium ions maintain osmotic and acid-base
homeostasis of cells, take part in providing a transmembrane
potential (electrical gradient), and activate the synthesis of ATP
and creatine phosphate. This powder composition meets the
modern requirement for polyionic solutions to compensate for the
loss of water and electrolytes (compensation not only for sodium,
potassium and chlorine) in the training and competitive process.

Itis recommended to take one rounded scoop (8.33 g) of the
mixture, diluted in 100-200 ml of water, twice daily, on an empty
stomach and before meals. The standard dose of 300 g of the
mixture (package) after dilution gives an average of 21 liters of
the finished drink.
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Phosphocreatine (Creatine phosphate, Neoton), the phos-
phorylated form of creatine, is a key substrate in the system of
macroergic compounds transport to their disposal sites, where it
plays a critical role as a rapidly acting energy buffer for muscle
cell actions like contractions via its ability to regenerate ATP from
ADP. Phosphocreatine improves myocardial energy metabolism,
intracellular energy transport, and inhibits the destruction of the
sarcolemma of ischemic cardiomyocytes [18]. Phosphocreatine
stimulates microcirculation, reduces the size, and prevents the
expansion of the zone of necrosis and ischemia. Under conditions
of ischemia and postischemic reperfusion injury, Neoton exhibits
an antiarrhythmic effect; it suppresses the ectopic activity of the
ventricles without disturbing the conduction of the Purkinje fibers.

Biochemical mechanisms of phosphocreatine action [21]
include:

1. Inhibition of platelet aggregation by removing ADP during
the extracellular creatine kinase reaction;

2. Phosphocreatine penetration of into cells and participation
in the energy transport system by maintaining high local concen-
trations of ATP;

3. Inhibition of adenyl nucleotides degradation at the level of
the 5-nucleotidase reaction occurring in the sarcolemmal mem-
brane of cardiomyocytes;

4. Inhibition of the accumulation of lysophosphoglycerides in
the myocardium during physical exertion and ensuring the safety
of the structure of the sarcolemma of myocardiocytes;

5. Protection of cardiomyocytes membranes and skeletal
muscle cells because of electrostatic interaction between the drug
molecule and phospholipids in the presence of Ca?".

In sports medicine, phosphocreatine is used to prevent the
development of overtraining syndrome and improve adaptation
to extreme physical exertion, as well as an effective cardiopro-
tector for hypoxic and metabolic myocardial disorders. To prevent
the overtraining syndrome and improve adaptation to extreme
physical conditions, phosphocreatine is administered at doses
of 1-8 g in 200 ml of saline or 5 % glucose solution.

Creatine. According to the modern concept, creatine belongs,
on the one hand, to the group of myostatin inhibitors, and on the
other hand, to protectors of mitochondrial function. Myostatin is
an extracellular cytokine most abundant in skeletal muscle which
plays a critical role in negative regulation of skeletal muscle mass
by inhibiting skeletal muscle cells growth and differentiation.
Increasing muscle creatine through creatine supplementation
may increase the availability of phosphocreatine and accelerate
the rate of ATP resynthesis during and after high-intensity short
training sessions. In 2007, the nine main points were formulated
regarding the use of creatine supplements in sports [7]:

1. Creatine monohydrate (CM) is the most effective ergoge-
nic supplement available to athletes in terms of increasing their
ability to tolerate high intensity training and increase body weight;

2. CM has a high safety profile for an athlete with long-term use;

3. CM can serve as an alternative (with precautions and
medical supervision) to potentially dangerous and prohibited by
WADA steroidal drugs;

4. CMis currently the most extensively studied and clinically
effective form of creatine for use as a dietary supplement to
increase muscle strength and exercise capacity;

5. When combined with carbohydrates or carbohydrate / pro-
tein supplements, CM promotes creatine retention in the muscles,
although the overall effect on fitness with such combinations may
not be greater than the use of CM alone [17];

6. The fastest way to increase muscle creatine stores is to
take a loading dose of CM of approximately 0.3 g/kg/day for 3
days followed by a maintenance (of muscle creatine stores) dose
of 3-5 g per day. Taking smaller doses of CM (2-3 g/day) will take
approximately 3-4 weeks to increase muscle creatine depot, but
this regimen has less support in the scientific community;

7. Products containing creatine are available as dietary sup-
plements and are regulated by the FDA (USA). The special law of
1994 (the Dietary Supplement Health and Education Act, DSHEA)
prohibits listing specific diseases or syndromes as indications for
nutritional supplements;

8. CM, as noted in several publications, has a positive effect
in some clinical situations that is a separate scientific direction
and requires special research.

In addition to CM, there are other nutritional supplements
based on creatine such as creatine pyruvate; creatine citrate; cre-
atine malate, creatine phosphate, and creatine orotate, as well as
other combined formulations: Creatine + HMB; Creatine + Sodium
bicarbonate; Chelate compound of creatine with Magnesium; Cre-
atine + Glycerol; Creatine + Glutamine; Creatine + beta-alanine;
Creatine ethyl ester; Creatine + Cinnuline extract.

Riboxin. The active substance is the purine nucleoside
inosine, part of the RNA macromolecules that deliver oxygen
to muscle cells, participates in the formation of ATP molecules,
which provide energy for intracellular processes, including the
contraction of muscle fibers. Due to the ability to increase ATP
synthesis, inosine exhibits anti-ischemic, cardioprotective and
actoprotective properties. The drug normalizes the heart rate,
improves the oxygen regime of myocardial tissues, increases
the force of heart contractions, stroke volume of blood, optimiz-
es the cardiac cycle; activates the metabolism in heart tissues,
accelerates their regeneration and reduces the risk of blood clots
by reducing platelet aggregation [22].

The anabolic properties of riboxin are used to train athletes
in the group of strength sports: weightlifting, powerlifting, body-
building etc. [23]. Riboxin promotes an increase in the ratio of
“protein — free amino acids” and the inclusion of amino acids in
protein synthesis. Riboxin doesn't exhibit steroid hormone pro-
perties, it has an immunomodulating effect, increases interferon
synthesis, positively affects tissue regeneration, accelerates
wound healing, and reduces the expression of pro-inflammatory
cytokines and mediators. In the training process in power sports,
riboxin not only helps to increase muscle mass, but also protects
the heart of athletes from overload, showing cardioprotective
properties. The recommended daily dose of Riboxin is from
0.6 g (1 tablet 0.2 g thrice a day) to 2.4 g (4 tablets 0.2 g thrice
a day), depending on the purpose. For cardioprotection during
intensive training, 0.8 g/day (0.2 g 4 times a day) is adminis-
tered. For a noticeable anabolic effect, accelerating the growth
of strength abilities and muscle mass, riboxin is administered at
a dose of up to 0.2-0.3 g per 10 kg of athlete’s body weight. In
this case, the dose is increased stepwise: 0.2 g added to each
dose every 2-3 days.
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Energostim is a metabolitotropic drug, which includes nico-
tinamide dinucleotide, cytochrome-C and inosine, which increase
the contractile activity of the myocardium and prevent the deve-
lopment of metabolic disorders in toxic-allergic myocarditis. Ener-
gostimis used orally in tablets 600-800 mg/day or parenterally. If
the drug is well tolerated, the dose is gradually increased over 2-3
days: first to 1.2 g/day (2 tablets thrice a day), then to 2.4 g/day
(4 tablets thrice a day). Energostim can be given by intravenously
either as a bolus or infusion (40-60 drops/min): initially 200 mg
(10 ml of 2 % solution) once a day, then, if well tolerated, up to
400 mg 1-2 times a day. Intravenous (IV) injection of 200-400
mg in a single dose (10-20 ml of a 2 % solution) may be used for
arrhythmias. Energostim is diluted for IV infusion in 5 % glucose
solution or in isotonic sodium chloride solution.

L-carnitine, refers to agents with anabolic action, acts as the
main cofactor in the metabolism of fatty acids in the myocardium,
liver and skeletal muscles, plays the role of the main transporter
of fatty acids into mitochondria, where they are beta-oxidized
to acetyl-CoA, which is a substrate for ATP formation in the
Krebs cycle [9]. L-carnitine promotes the release of metabolites
and toxic substances from the cytoplasm, improves metabolic
processes, increases efficiency, appetite, accelerates growth,
causes weight gain, reduces the functional activity of the thyroid
gland, and contributes to the normalization of basal metabolism
in hyperthyroidism [24].

L-carnitine reduces the symptoms of physical and mental
overstrain, produces neuro-, hepato- and cardioprotective action,
lowers cholesterol levels, slows down the formation of vascular
atherosclerotic plaques, helps to reduce myocardial ischemia
and limit the post-infarction zone, stimulates cellular immunity,
eliminates functional disorders of the nervous system in patients
with chronic alcoholism and neurological diseases [25]. Carnitine
produces actoprotective action by stimulating the use of fats for
energy production, reducing the rate of glycogen consumption in
muscles, activating the use of glucose in muscles as an energy
substrate with simultaneous decline of lactic acidosis, reducing
muscle fatigue and increasing endurance [15]. The optimal
recommendation for carnitine is 0.5-2.0 g/day (the usual single
dose is 500 mg or 750 mg thrice a day, or 1000 mg twice a day).
There is no point in exceeding 2 g, as studies have not shown
any benefit of higher doses. L-carnitine is taken in the morning
on an empty stomach and 30 min before training. On days free
from training, the drug is also taken in the morning and afternoon
between meals on an empty stomach, because L-carnitine is most
active in the morning hours and during physical activity.

L-lysine is an essential amino acid that takes part in all
processes of assimilation and growth, promotes ossification and
growth of bone tissue, stimulates cell mitosis, and supports female
sexual function. L-lysine increases the affinity of inhibitory GABA
receptors and has anticonvulsant, anxiolytic, neuroprotective,
and stress-protective properties. L-lysine normalizes the “eNOS
—iNOS” ratio and promotes endothelial protection [26], improves
microcirculation and has capillary protective action, accelerates
recovery processes in muscles after strength training. The modu-
lating effect of lysine supports a positive nitrogen metabolism and
the structure of muscle proteins. Muscle protection and nutrition
are the two main functions of lysine in athletic training [27]. In

addition, lysine strengthens the tendon corset and the skeletal
system, which reduces the risk of sports injuries and speeds
recovery. Dosage: up to 1000 mg per day with meals.

Taurine, a naturally occurring sulfur-containing amino acid,
called a “miracle molecule”, particularly concentrated in the brain,
heart, eyes, and muscles, promotes axonal growth and transport,
improves the transmission of nerve impulses in synapses Taurine
is known to have an antioxidant effect, it inhibits the processes of
peroxidation and oxidative modification of proteins during exer-
cise, and improves cognitive functions — memory, mental activity,
attention, orientation, concentration, and visuospatial skills; and
accelerates the reduction of neurological disorders [28]. Taurine
significantly reduces hormonal and metabolic disorders during
stress and exercise [29,30]; exhibits hepatoprotective proper-
ties, improves the detoxifying functions of the liver; regulates
atrioventricular conduction, reduces the refractory period of the
myocardium, and normalizes cardiac hemodynamics parameters
during exercise [31]. In sports nutrition, the common dosage range
for taurine is 400-1000 mg.

Glutamic acid is actively involved in energy, protein, and fat
metabolism. The protective effect of glutamic acid is based on its
influence on biosynthetic processes and an increase in muscle
mass. The antihypoxic effect of glutamic acid is realized primarily
at the level of energy homeostasis and changes in the metabolic
properties of mitochondria [18].

Glutamic acid is actively involved in the regulation of energy
metabolism since it can serve as a source of succinic acid under
hypoxic conditions and trigger oxidative phosphorylation. The
preventive effect of glutamic acid under hypoxic conditions is also
associated with an increase in the concentration of a-ketoglutaric
acid, followed by the accumulation of oxalic acid in tissues, which
creates conditions for the lactate and other underoxidized meta-
bolic products participation in the Krebs cycle.

The use of glutamic acid during hypoxia and exercise pre-
vents the accumulation of lactate and pyruvic acid in the blood and
maintains the glycogen content in the liver and muscles at higher
level [32]. The antioxidant activity of glutamic acid is associated
not only with its participation in the glutathione metabolism, but
also with the intensive conversion of the latter through succinic
semialdehyde into B-hydroxybutyric acid, that lowers cholesterol
levels, and corrects acid-base balance.

Glutamic acid produces actoprotective, anabolic and car-
dioprotective effects. The cardioprotective action is manifested
during physical exertion. The most common dosage is 10-15 g
(sports dose), or 1 g per day (therapeutic dose). Calcium prepa-
rations with glutamic acid are available. Calcium and magnesium
glutamate is recommended for the treatment of neuropsychiatric
disorders and normalization of peripheral blood parameters [28].

Aspartic acid has a positive effect on indices of collateral
coronary circulation and partial pressure of oxygen (pO,) indica-
tors in myocardial ischemia. The protective effect of aspartate on
the body during the action of a closed space is associated with
its rapid inclusion in tissue metabolism [15].

Aspartic acid can be included in the malate-aspartate energy
shunt and contribute to a significant acceleration in the rate of
elimination of ischemic damage indicators in organs and tis-
sues during working hypoxia and a significant increase in the
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contractile function of the heart [29]. Aspartic acid enhances
the speed of interneuronal interaction and increases the rate
of the reaction.

The specificity of the neurotropic action of aspartic acid is
explained by the presence in the synaptic endings of enzyme
systems for their synthesis and systems that ensure their release
into the synaptic cleft under the influence of certain stimuli.

Aspartic acid is involved in the regulation of the endocrine
system. Thus, the L-aspartic acid can be converted into the D-as-
partic acid, which interacts with certain parts of the hypothalamus
and enhances the secretion of gonadotropin-releasing hormone,
which indirectly increases testosterone production through the
expression of gonadotropin. D-aspartic acid is involved in the
release of testosterone and progesterone by the testicles [33].
Aspartic acid is administered at a dose of 3 g/day orally in 2-3
divided doses for 3-5 weeks.

Thiotriazolin (morpholinium 3-methyl-1,2,4-triazolyl-5-thio-
acetate; thioazotate). The drug exhibits antioxidant, anti-ischemic,
and cardioprotective effects. Under conditions of acute working
hypoxia, the use of thiotriazoline makes it possible to reduce the
formation of lactate due to its utilization and formation of pyruvic
acid, as well as activation of the malate-aspartate shunt in mito-
chondria [34]. Thiotriazoline normalizes the Krebs cycle, enhanc-
es ATP production in the myocardium and liver during exercise.

Thiotriazoline exhibits the properties of reactive oxygen spe-
cies scavenger, inhibits lipid peroxidation reactions, stabilizes cell
membranes, and enhances the activity of superoxide dismutase
and glutathione peroxidase. Itis known that thiotriazoline activates
the mechanisms of endogenous cyto- and cardioprotection during
ischemia and hypoxia, increasing the expression of the 70 kDa
heat shock protein (HSP, ), which prolongs the action time of
hypoxia-induced factor-1a (HIF-1a), and also independently
maintains the expression of NAD-MDH-mx activity; thereby main-
taining the activity of the malate-aspartate shuttle mechanism for
along time [35,36].

The mechanism of thiotriazoline effect on physical (including
sports) performance has been studied since the 1980s. Itis known
that preliminary (30 min before exercise in the form of swimming or
running) intraperitoneal administration of thiotriazoline (50 mg/kg)
to rat produces a actoprotective effect, increasing overall and
speed physical endurance due to an increase in ATP levels in
the myocardium, a decrease in lactate levels, oxidative stress
inhibition and improving ECG parameters [37,38]. There are no
opportunities for effective use of thiotriazoline in the practice of
sports medicine at the research level. Itis known that a single oral
intake of thiotriazoline by cyclists-racers at a dose of 200 mg 3
hours before training contributes to a greater use of carbohydrate
reserves in working muscles, increases the indicators of maximum
oxygen consumption, improves aerobic efficiency, and decreases
blood lactate and malondialdehyde levels [35].

L-arginine is the main source of the molecular messenger
nitric oxide (NO), which is synthesized under the influence of three
forms of NO synthase (NOS): two constitutional — endothelial
(eNOS) and neuronal (NNOS), and one inducible (INOS). The
vasodilating effect of L-arginine mediated by NO contributes to the
maintenance of vascular tone, normalization of blood pressure,
cardio- and systemic hemodynamics [36].

L-arginine has endothelial protective, antioxidant, cardio-
protective, hepatoprotective, neuroprotective effects due to the
production of NO [28]. Arginine produces an antioxidant effect
due to participation in the transamination cycle and excretion
of nitrogen waste products, including ammonia, urea and uric
acid, which are the breakdown products of protein metabolism,
from the body. The ability to synthesize urea and remove protein
waste depends on the power of the cycle ornithine - citrulline —
arginine. However, NO formed from L-arginine under conditions
of liver pathology is rapidly destroyed by free radicals reducing
the clinical efficacy of L-arginine [14].

The search for ways to enhance the protective properties
of L-arginine by combining it with substances that can improve
the energy supply of ischemic myocardium and increase the
bioavailability of NO formed from L-arginine is of indisputable
interest. These substances include thiotriazoline, which can
enhance the cardio- and hepatoprotective effects of L-arginine
during physical exertion [28].

The combined action of L-arginine and thiotriazoline, aimed
at the synthesis, stabilization and increase in the bioavailability
of NO [32,35,36], can be used in the correction of disorders,
caused by NO deficiency (physical and mental fatigue, erectile
dysfunction, decrease in the reaction rate, etc.).

L-arginine plays an important role in protein synthesis, in-
creasing muscle mass, improving muscle recovery after training,
accelerating injury healing and waste removal, optimizing the
functioning of the immune system, and increasing the production
of growth hormone [29]. Recommended doses of arginine for
gaining muscle mass range from 3 g to 9 g per day. The higher
the dose, the more noticeable the effect, but exceeding a dose
of 10 g is not recommended. Taking the medication is started
with the lowest dose and then it is gradually increased. Powder
forms are dissolved in water (1 glass), tablets are taken with a
glass of water.

Gamma-aminobutyric acid (GABA) is the main inhibitory
mediator in the nervous system producing anxiolytic, sedative,
anticonvulsant, hypnotic, anti-ischemic, nootropic and vasodilator
effects. GABA enhances blood circulation in the cerebral vessels
that is accompanied by a decrease in the tone of arteries and
arterioles, and practically does not affect venous tone, because
GABA receptors are located in the cerebral vessels, in contrast
to extracranial vessels [39].

Exogenous introduction of GABA improves the functional
state of neurons, although it is known that only a 2 % GABA
solution can penetrate the brain tissue. GABA increases ATP
levels by being incorporated into a compensatory GABA shunt. As
a therapeutic agent, GABA is used under the name aminalon. In
addition, GABA is included in the structure of some medications
such as picamilon, phenibut (noofen), pantogam [40]. The dosage
of GABA is at least 2 g/day. The optimal dose is 3.75 g per day
(after training). Small doses of GABA are useless, as only a small
portion enters the brain through the blood-brain barrier.

GABA intake is best combined with vitamin By, which is a
limiting cofactor in the synthesis of neurotransmitters such as
dopamine, serotonin, GABA, norepinephrine, and the hormone
melatonin. A moderate deficiency of vitamin B, can cause inhi-
bition of neuronal GABA activity, various sleep and behavioral
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disorders, increased cardiovascular risk, and a decrease in
hypothalamic-pituitary hormonal secretion [8,40].

D-gluconic acid is a substrate of the pentose phosphate
pathway of glucose oxidation and, after phosphorylation, turns
into a phosphoric ester of gluconic acid, which is an important
product of cell vital activity [41]. D-gluconic acid regulates the
restoring synthesis of plastic processes and energy metabolism,
has antihypoxic and antitoxic properties, enhances the properties
of antioxidants, including glutathione [29]. It has immunomodu-
lating, wound healing and regenerating activity.

The pharmacological agent Membraton is a representative
of this class of therapeutic and prophylactic agents, the active
ingredients of which are GABA and magnesium compounds of
gluconic acid. Doses: 600-1000 mg per day.

Glycine, a CNS inhibitory transmitter, regulates NMDA recep-
tor-mediated neurotransmission in the brain. Glycine produces
neuroprotective, anxiolytic, hypnotic, and anti-ischemic effects
[42]. Glycine can regulate cerebral circulation due to its effect on
a,-adrenergic receptors. Glycine enhances biotransformation and
excretion of products of proteins oxidative modification and other
toxic products from the body during oxidative stress caused by
ischemia, hypoxia, and exercise. Glycine regulates the synthesis
of creatine, which is involved in muscle contraction during intense
exercise and frequent training. Glycine improves well-being,
boosts physical and mental energy, motivation, relieves tension
and mental stress, and normalizes sleep during intense training
process. Doses: 100-300 mg per day for 2-5 weeks.

N-acetylcysteine, a derivative of the amino acid cysteine,
has mucolytic, detoxifying, antioxidant, and anti-inflammatory
effects, utilizes reactive oxygen and nitrogen species, inhibits the
initiation of oxidative and nitrosative stress. It also promotes the
synthesis of glutathione, an important component of the antioxi-
dant system and chemical detoxification of the body. It inhibits the
expression of INOS and has an anti-inflammatory effect [2,37].
N-acetylcysteine increases resistance to muscle fatigue, which
allows increasing the duration of one training session during
high- and low-intensity competition preparation. The daily dose
is 300-600 mg.

Methionine has a lipotropic effect, promoting the synthesis
of choline, the deficiency of which is associated with impaired
synthesis of phosphatidylcholine; participates in the production of
adrenaline and creatine; activates hormones, vitamins B, ,, C, and
B, increases the detoxification potential of the liver: it is used for
toxic injury and liver diseases, chronic alcoholism, diabetes, and
radiation pathology. Giving a methyl group, methionine stimulates
the mobilization of fat from the liver and its oxidation (destruction),
which leads to a decrease in the total percentage of fatin the body.
Methionine reduces blood cholesterol and normalizes the balance
of phospholipids/cholesterol. It has immunomodulating properties,
increases body tone and promotes faster recovery after physical
exertion [43]. It produces immunostimulating, antioxidant and
hepatoprotective activity during physical exertion [44]. The daily
dose is 1000 mg per day during active sports. Daily dosages up
to 1250 mg per day are acceptable.

Tryptophan is involved in the formation of two biologically
active substances that the body needs for normal functioning.
Firstly, vitamin B, (Niacin), which is formed from tryptophan in

the liver, regulates the metabolism of fats and carbohydrates,
plays an important role in the metabolism of amino acids, and
takes part in redox reactions [45]. Secondly, tryptophan is a
precursor of serotonin, a compound involved in many physio-
logical processes. Serotonin acts as a neurotransmitter, affects
the secretion of a number of hormones, regulates vascular tone
and permeability, affects cellular immunity and controls bowel
function. Most of serotonin reserves are located in the mucous
membrane of the gastrointestinal tract. Tryptophan may help
improve mood, normalize appetite and sleep after maximum
physical exertion. Tryptophan is used at all training stages to
accelerate recovery after strength training, get rid of excess
fat and effectively gain muscle mass [29]. The daily dose is
600-800 mg.

Carnosine, a dipeptide beta-alanyl-histidine made up of the
amino acids: beta-alanine and histidine. It is highly concentrated
in muscles, heart, and brain tissues. It exhibits the properties of
an active antioxidant, regulates the expression of antioxidant en-
zymes, and has cardioprotective and neuroprotective properties
[46]. Carnosine increases myocardial contractile activity, limits
the intensity of oxidative stress, anaerobic glycolysis and glycog-
enolysis in the myocardium under conditions of working hypoxia
[47]; it exhibits a wound healing effect, accelerates reparative
processes by activating fibroblast proliferation [48]. Carnosine
has antiaging, retinoprotective, and immunomodulating properties
[33]. The main area of use of L-carnosine is professional sports.
For heavyweight athletes and bodybuilders, the substance is
valuable because it provides the following biological effects:
increased endurance during anaerobic loads, increased overall
working power of training, and reduced rest time [49]. Carnosine
is used to increase endurance during physical exertion; it is also
effective in inflammatory processes; and as a wound healing and
stress-protective agent [49]. The common dosage is 500 mg (1
capsule) daily with meals, and if necessary — 1000-1500 mg
(2-3 capsules). Course 1-2 months. The course can be repeated
2-3 times a year.

L-carnosine provides muscle protection during increased
physical exertion and helps to increase their performance;
enhances contractions of tired muscles with further prolonged
muscle work [22]. L-carnosine also accelerates wound healing,
promotes the fusion of bone fragments after injuries [50]. Under
the influence of the drug, the physical capabilities of a person
increase, especially in extreme situations. L-carnosine also nor-
malizes the function of the central nervous system and exhibits
neuroprotective properties. The drug is included in the complex
therapy of traumatic brain injuries, and is administered to increase
concentration, improve memory, and complex thought process-
es. The course of treatment is 8-10 weeks. The recommended
daily dose is 500 mg 1 hour before meals with a glass of clean
water. If necessary, the dose may be increased to 1000 mg.
Sometimes the daily dosage is 2500 mg. It all depends on the
specific situation.

Nicotinamide is a catalytically active group of nicotinamide
coenzymes, which plays an important role in almost all ener-
gy-dependent processes and exhibits antihypoxic, cytoprotective,
and anti-ischemic effects [34]. Nicotinamide is a prostatic group
of the nicotinamide coenzymes codehydrase | (diphosphopyri-
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dine nucleotide, nicotinamide adenine dinucleotide, NAD) and
codehydrase Il (3-phosphopyridine nucleotide, NADP), which
carry hydrogen and carry out redox processes associated with
energy production. Nicotinamide in small doses increases glucose
utilization and activates glycogenase, but at high dose levels, this
effect of nicotinamide is not realized.

Nicotinamide may increase appetite and promote weight
gain due to two-phase fluctuations in blood glucose and insulin
levels. Despite this, the drug can be found in fat burners and
pre-workout nutritional supplements. Nicotinamide normalizes
insulin and glucagon levels during working hypoxia; at high dose
levels, it inhibits lipolysis in adipose tissue, reduces the levels of
atherogenic lipoproteins in the blood; and may reduce the athe-
rogenic effect of steroid drugs. Nicotinamide increases the rate
of mitochondrial oxidation and phosphorylation processes and
leads to an increase in ATP levels in the muscles. Nicotinamide
can potentiate the energotropic action of L-carnitine by regulating
mitochondrial palmitic pore activity.

Nicotinamide, together with GABA, significantly increases the
rate of cerebral blood flow, which leads to an improvement in the
cognitive-memory functions of the CNS. Due to its positive effect
on energy metabolism and mitoprotective activity, nicotinamide
can be useful in bodybuilding and other sports as a substance that
increases the performance of the training process [29]. Doses:
20-500 mg per day.

Succinic acid (succinate) is the mostimportant participant in
the tricarboxylic acid cycle, or the Krebs cycle. External addition of
succinate activates the Krebs cycle. Succinic acid exhibits antihy-
poxic, anti-ischemic, cytoprotective, adaptogenic, actoprotective
and antioxidant effects. Succinic acid provides efficient transport
of electrons and protons into mitochondria and increases the
reduction of ubiquinone [16]. The antihypoxic and anti-ischemic
effects of succinic acid may be associated with the activation of
succinate dehydrogenase oxidation and the restoration of the
cytochrome oxidase, the key enzyme of the mitochondrial redox
chain redox chain.

A combination of sodium succinate and cytochrome C
is promising from the point of view of energy-tropic and anti-is-
chemic action. Sodium salts of succinate are effective in reducing
metabolic acidosis due to intracellular oxidation with the replace-
ment of one hydrogen molecule by sodium with the formation of
bicarbonate [8,19].

The antioxidant effect of succinates is realized due to the
inhibition of the production of reactive oxygen species by en-
ergy-producing reactions of mitochondria (Castell et al., 2015).
The antioxidant effect of succinate is manifested in the reduction
of oxidative stress products, in particular carbonylated proteins.
Succinic acid activates the synthesis of the endogenous antioxi-
dant glutathione [51].

Succinates stimulate erythropoiesis. When using low dos-
es about 50 mg/day, the activation of synthesis and action of
adrenaline, norepinephrine and dopamine can be the leading
mechanism. Due to this, succinate also has a psychostimu-
lating, normothymic and antidepressant action, which is most
pronounced in ammonium succinate. At the same time, ammo-
nium succinate causes an acceleration of recovery after intense
exercise. Succinic acid exhibits detoxifying and anti-hangover

properties, accelerating the biotransformation of acetaldehyde
[52]. In sports medicine, succinic acid is used for extreme physical
and psycho-emotional training and competitive loads, during the
recovery period of the training process, if necessary, to produce
an anti-ischemic and anti-hypoxic effects. Constant courses that
gently support regulatory mechanisms should be based on doses
of 50-100 mg per day; at the same time, intermittent courses (a
few days of admission, a few days of rest, e. g., modes 5-2, 7-3)
shroud be used. Sometimes the dose of succinic acid should be
increased to 1-2 g. Succinic acid is administered with caution in
diseases of the digestive system.

Malate is a dicarboxylic acid that provides the body with the
necessary energy. During the synthesis of dicarboxylic acid,
oxidative phosphorylation and ATP breakdown occur; and free
energy necessary to maintain metabolic processes begins to
be released. Malate has a stimulating effect on the Krebs cycle
[53], that reduces the content of lactate in tissues and blood
and increases energy production in cells. In addition, ATP level
increases and lactic acidosis does not develop. Malate pro-
vides power to the compensatory cytosolic-mitochondrial shunt
mechanism, the malate-aspartate shunt. The malate-aspartate
shunt mechanism carries out the transfer of reduced equivalents
formed in the cytoplasm during glycolysis to mitochondria under
conditions of ischemia [8].

NADH*formed in cytoplasm under conditions of low oxygen
content is used to convert oxaloacetic acid to malate, which
penetrates the mitochondria and participates in the transport of
o-ketoglutarate [54]; in mitochondria it turns into oxaloacetic acid
with the formation of NADH, available for the electron transport
chain (3 ATP molecules are formed from 2 protons). Oxaloacetic
acid formed from malate is converted into a-ketoglutarate and
aspartate. Alpha-ketoglutarate comes from the mitochondria in
exchange for malate, and aspartate is exchanged for glutamate;
transport occurs due to the glutamate gradient and the high in-
tramitochondrial glutamate-aspartate ratio. The malate-aspartate
shunt provides ATP to organs and tissues under conditions of
ischemia and significant physical exertion [55].

Malate-aspartate shunt is active in the heart, muscles, and
brain. Due to this, malate produces antihypoxic, anti-ischemic,
cardioprotective and actoprotective effects. Malate is admin-
istered for asthenic syndrome, emotional exhaustion, diabetic
asthenia, asthenic syndrome in athletes due to prolonged physi-
cal exertion; severe fatigue, overwork; muscle cramps; sexual
asthenia; alcohol withdrawal syndrome; pain after exercise;
after heavy physical exertion, which causes overload of the body
[56]; to alleviate myalgia in athletes after intense training and to
correct acidosis [22]. Malate is available as Magnesium malate,
Calcium malate, and Citrulline malate. The common dosage is
400-800 mg 2-3 times a day.

Citrate, a salt or ester of citric acid, creates ergogenic poten-
tial by increasing the pH gradient between blood and muscles and
interacting with hydrogen ions. Citrate penetrates muscle fibers
and can influence glycolysis reactions [57]. In alpine skiing, before
difficult and long training tasks (two-minute descent at maximum
intensity), sodium citrate should be taken to reduce the degree of
muscle acidification [55]. There is evidence that citrate does not
affect the amount of work performed and can lead to alkalosis.
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Rehydron, a complex preparation of electrolytes with carbohy-
drates for oral rehydration, contains potassium chloride 2.5 g; sodium
chloride 3.5 g; sodium citrate 2.9 g; and anhydrous glucose 10 g.
Rehydron is administered to restore water and electrolyte balance,
correct acidosis in acute diarrhea, mild and moderate dehydration
(for example, loss of 3-9 % of body weight in children), with thermal
injuries accompanied by impaired water and electrolyte metabolism.
With a preventive purpose, rehydron is used for thermal and physi-
cal exertion, leading to intense sweating. Content of 1 sachet of
Rehydron s dissolved in 1 L newly boiled water, cooled at room tem-
perature, taken orally, or administered through a nasogastric tube.

Pyruvate is a key metabolite of carbohydrate metabolism
and is involved in the Krebs cycle, a process in which cells pro-
duce energy in the form of ATP through acetylation with acetyl
coenzyme A (acetyl-CoA). As the body’s main chemical fuel,
ATP drives key vital body functions, including muscle movement.

Pyruvate is also important in other metabolic processes,
including fat and protein metabolism, glycogen storage, and
promotes the activation of lipolytic enzymes. Therefore, pyruvate
quickly replenishes the supply of cellular fuel and contributes to
energy production. Pyruvate is an intermediate in gluconeogene-
sis and glycogen storage. Pyruvate can be converted to alanine,
an amino acid that is a source of glucose.

Calcium pyruvate is a supplement that was first introduced
in the late 1990s, based on data that its administration at a dose
of 16-25 g per day, together with dihydroacetone phosphate,
contributed to weight loss in patients undergoing treatment for
obesity. The mechanism of action of calcium pyruvate may be
based on appetite suppression and/or influence on carbohydrate
and fat metabolism. Calcium pyruvate is an extremely expensive
supplement, so some researchers have been trying to figure out
if smaller doses (6-16 g per day) can affect changes in body
structure. Pyruvate salts are widely used by bodybuilders, cyclists,
runners, and soccer players [22].

It has been established that pyruvate, together with L-carni-
tine, increase endurance during aerobic exercise by enhancing
lipolysis by shifting the energy preferences of mitochondria to-
wards fatty acids and increasing ATP production [55]. Pyruvate
also increases skeletal muscle glucose transport. As an energo-
tropic agent, pyruvate has found use in those sports that require
significant endurance including running and swimming. It has
been experimentally found that pyruvate has antioxidant and an-
ti-aging properties [58]. Pyruvate is available in 1000 mg tablets,
and solution of potassium pyruvate with vitamin C is available in
ampoules. Sometimes pyruvate is included in the composition
of megapackets and protein complexes but the concentration of
pyruvate there is insufficient for a daily therapeutic dose.

Beta-alanine, a naturally occurring amino acid, is a com-
ponent of many proteins, connective tissue, it is also a part of
vitamin B, (pantothenic acid). In the human body, beta-alanine is
synthesized from carnosine. Alanine can also be converted from
leucine, isoleucine and valine. In sports, beta-alanine is positioned
as an ergogenic drug (along with creatine and arginine) increasing
overall efficiency. Alanine can also be synthesized from branched
chain amino acids such as leucine, isoleucine, and valine.

Beta-alanine supplementation is mainly administered to
increase muscle endurance, improve exercise capacity, par-

ticularly when performing short bursts of high-intensity exercise.
Beta-alanine effectively eliminates muscle pain after training and
speeds up recovery from injuries. Beta-alanine is necessary for
athletes facing anaerobic stress, including bodybuilders, as it
helps to increase the intensity of training, and hence the growth
of muscles. Studies have shown that beta-alanine is of no value
to track and field athletes. It does not affect blood hormone levels
(testosterone, cortisol) in exercising athletes [59]. It was shown
that a 4-week course of taking beta-alanine had no effect on
mental activity, butincreased static endurance, aiming speed, and
shooting accuracy. There is evidence of some positive changes
and the effectiveness of the practical use of beta-alanine and
various aspects of its action over the past 10 years [29] including
the following:

- beta-alanine exerts its activity by increasing the concen-
tration of carnosine in the muscles, acting as an intracellular pH
buffer. Adecrease in lactate content and pH correction accelerates
the recovery process after exercise. To increase carnosine levels
in the body, a course intake of beta-alanine at a dose of 4-6 g
per day (about 4 weeks) is required;

- beta-alanine increases the efficiency of performing high-in-
tensity physical exercises lasting more than 60 sec, and the
duration of training to failure (to exhaustion);

— during physical exertion that requires a very high propor-
tion of the aerobic pathway of energy production, beta-alanine
improves the recorded performance indicators in the process of
the load testing;

— beta-alanine can produce an antioxidant effect;

— taking beta-alanine supplements at doses of 4-6 g per
day for 2-4 weeks improves physical fitness, with the most
pronounced effect when performing tasks lasting from one to
four minutes;

- beta-alanine reduces neuromuscular fatigue, especially
in older people;

—when solving tactical problems performing physical exertion,
beta-alanine contributes to their more successful implementation.

— the combined use of beta-alanine with other single or
complex nutritional supplements may have certain advantages,
subject to the sufficiency of its dose and course appointment;

—the daily dose of alanine for people involved in bodybuilding,
fitness, weightlifting is 3-6 g per day (1-2 g thrice a day). The
course is 8—12 weeks. People who do not lead an active lifestyle
are recommended up to 1 g per day.

Many studies have shown that taking even high doses of
beta-alanine is not capable of causing any health problems.

After the combined administration of beta-alanine with sodium
bicarbonate or creatine, there is a moderate increase in the ergo-
genic effect compared with the separate use of these substances.
The combination of these components in one dietary supplement
to increase physical fitness can be effective if the duration of use
is sufficient to increase the level of carnosine in the muscles, and
the complex product is used for at least 4 weeks.

Despite some limited evidence to date, there is a consolidated
view of the safety of beta-alanine when used in healthy indivi-
duals at recommended doses. Side effects (paresthesia) do not
affect the result of the application, are transient and significantly
reduced during course use.
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Cytochrome-C has significant antihypoxic activity and
anti-ischemic effect [60]. It has been shown that cytochrome-C
during hypoxia contributes to the normalization of energy-pro-
ducing oxidative phosphorylation, increases the endurance and
performance of the body. In bodybuilding cytochrome-C is used
as a special purpose food supplement that increases the rate of
chemical reactions in cells.

Cytochrome-C is recommended to be taken a week before
the start of the competition. Bodybuilding with increased loads
has a stressful effect, and the agent, which affects the processes
of tissue respiration, enhances oxidative reactions, and helps
to endure physical activity without consequences for the body.
Cytochrome-C is recommended for use by beginner athletes
working to improve their endurance levels. It is especially effec-
tive for recovery strategies in athletes with elevated blood lactate
levels [2]. In bodybuilding, the common dosage for cytochrome-C
is 15-20 mg orally 4 times a day for 50 days. Parenterally,
cytochrome-C is used at the end of a workout for accelerated
recovery and rest of athletes, since after an increased load, the
body does not have time to recover on its own before the start of
the nextload. In this case, 15 mg of cytochrome-C is administered
intramuscularly for 10 days.

Quercetin is one of the most powerful antioxidants not only
among flavonoids, but also among compounds of other groups.
Quercetin is superior to alpha-tocopherol and retinol in its anti-
oxidant properties. In the most general terms, the bioflavonoid
quercetin can be characterized as a powerful antioxidant, an
inhibitor of leukotriene synthesis, a complex signal conduction
and realization blocker in the calcium-mobilizing phosphatidylino-
sitol cycle, and an activator of the adenylate cyclase signaling
cascade.

These mechanisms determine most of the pharmacothe-
rapeutic effects of quercetin. It has been established that the
antihypoxic effect of quercetin is directly related to its antioxidant
properties [28]. It has been shown that quercetin prevents the
disturbance of the body’s oxidative homeostasis, which underlies
the pathogenesis of hypoxic syndrome. The protective effect of
quercetin has been established under the combined action of
hypoxia and hyperthermia on the body [34].

Quercetin has a vasodilator property due to several mecha-
nisms of action. At the level of vascular smooth muscle cells,
quercetin prevents vasoconstriction by disrupting calcium entry
into the cell. This is due to the blockade of the processes of
protein kinase phosphorylation and, ultimately, the function of
calcium ATPase. Acting at the level of the endothelium, quercetin
inactivates the enzyme adenosine deaminase. This increases the
content of endogenous adenosine in endothelial cells and leads
to vasodilation. In addition, quercetin enhances endothelial pro-
duction of nitric oxide, a potent vasorelaxant mediator. Possible
mechanisms of the antiplatelet action of quercetin include inhibi-
tion of leukotriene synthesis, inhibition of Ca?* influx into platelets,
and blockade of phospholipase D [29]. The anticoagulant effect of
quercetin, which manifests in the inhibition of the catalytic activity
of thrombin in the fibrinogen binding reaction, may be important.

Due to its antioxidant properties, quercetin and its complexes
are used in sports. Quercetin is often used in bodybuilding and
included in sports nutrition. The studies showed that quercetin

increased energy expenditure in mice and improved exercise tole-
rance. This may indicate that quercetin can be used in fat-burning
complexes, as well as to increase physical performance. Querce-
tin is recommended to be combined with vitamin C, since these
substances potentiate the positive effects of each other; and with
bromelain, which increases quercetin absorption [2].

Beta-hydroxy-beta-methylbutyrate (HMB) is a relatively
new nutritional supplement that is gaining interest in sports
medicine. HMB-FA (acid form of HMB) and HMB-Ca (calcium salt
of HMB) are structural analogues of butyric acid and butyrate,
which have a hydroxy and a methyl groups at the 3-carbon atom.

The mechanism of action of HVB is closely related to the
metabolism of leucine. It is known that oral administration of a
course of the branched-chain amino acid (BCAA) leucine during
constant training can increase strength and lean body mass (LBM)
while reducing fat body mass (FBM). Leucine reduces soreness
of skeletal muscles during ultra-intense exercise, prevents a de-
crease in circulating testosterone and the decrease in of skeletal
muscle force after ultra-high exercise, and provides additional
adaptation to strength training due to the activation of skeletal
muscle signaling pathways related to protein synthesis [18]. It
has been established that the effects are mediated by specific
leucine metabolites, one of which is HMB [29]. There is a lot of
evidence of a diverse positive influence (ergogenic effect) of HMB
in sports such as acceleration of recovery after physical exertion,
an increase in skeletal muscle force, body weight; a decrease in
body fat, and an increase- in physical strength when performing
aerobic and anaerobic movements [7]. The position in relation
to the HMB boils down to the following:

— HMB can be used to improve recovery processes by
reducing muscle damage during training in both trained and
untrained individuals;

— the effectiveness of oral intake of HMB is manifested ex-
clusively in direct connection with the training cycle;

—HMB is most effective when used with a course appointment
2 weeks before the end of training;

—a daily dose 38 mg/kg is considered effective in increasing
muscular strength and power, and skeletal muscle hypertrophy
in both trained and untrained individuals, provided an adequate
training program is followed. This means that the total daily dose
of HMB is about 3 g divided into 2 doses;

— oral intake of HMB combined with structured training pro-
grams can significantly reduce FBM;

— the mechanism of action of HMB during exercise includes
suppression of proteolysis and activation of protein synthesis;

— chronic (permanent) use of HMB is safe both in young and
older adults.

The effective use of HMB (3 g per day) requires 2 or more
weeks, shorter periods are ineffective. Thus, the intake of Ca-HMB
is optimal if it is used 2 weeks before the start of a new training
cycle, and 60 min before physical activity.

Discussion

It is known that from 40 % to 88 % of athletes take metabo-
litotropic and metabolite agents and nutritional supplements for
special purposes. Aggressive marketing has spurred millions
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of amateur and elite athletes to use these products in hopes of
improving athletic performance. In the USA alone, more than 3
million people use them on their own.

However, to date there is no evidence base for efficacy and
safety for most of these supplementary agents. The most studied
among them are metabolitotropic agents that improve energy
metabolism and are either macroergic compounds, substrates,
intermediates of energy metabolism, or pharmacological modu-
lators of subtle links of energy metabolism [2,6,10,19,33,60].

All discussed pharmacological agents perform a task on
increasing the physical performance in athletes, accelerating the
processes of their body adaptation to high-intensity physical ac-
tivity by replenishing ATP reserves. There are convincing data on
the effectiveness of metabolite drugs based on succinate, malate,
pyruvate, GABA, creatine phosphate and ATP; and metabolite
agents such as L-carnitine, riboxin, and thiotriazoline.

Additional experimental and clinical studies of efficacy
and safety require pharmacological agents and nutritional
supplements based on amino acids, HMB, etc. Sports physi-
cians working with athletes should have accurate information
about metabolite and metabolitotropic drugs, and nutritional
supplements; know their mechanisms of action, desired effects
in sport and side effects, and whether the supplement is pro-
hibited by leagues or organizations in which athletes compete.
Also, sports coaches, strength and conditioning coaches, and
sports nutritionists, who are important sources of information for
athletes about the pharmacological properties of these agents,
should receive knowledge not from the Internet or from sales
representatives (which is the reason for inconsistency regarding
medical recommendations), but from scientific and methodolo-
gical manuals and articles. All this will provide a scientific basis
for the rational use of metabolites, metabolitotropic agents and
nutritional supplements that can affect the main and compen-
satory mechanisms of macroergic phosphates production under
the influence of physical activity.

Conclusions

Thus, based on the semantic analysis of data currently avail-
able, the necessary task of sports doctors and pharmacologists
is the development of metabolitotropic agents and nutritional
supplements, and approaches to their rational combination in
order to improve energy metabolism and replenish ATP reserves
in the body to ensure the high intensity of muscle contractions
and at the same time protect target organs.
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