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Summery. The article is devoted to the establishment of the pathogenesis links of cardiovascular system hypoxic lesions in the
early neonatal period by means of multi — factor correlation analysis of the investigation results of additional paraclinical methods.
Namely: indicators of the biochemical spectrum of a blood, a complex free radical oxidation indices of the system and the systems
of the organism antioxidant protection. The degree of severity of the detected changes from the cardiovascular system has a direct
correlation with the severity of the newborn general condition under circumstances of perinatal pathology. It has been shown that
the basis of myocardial damages of hypoxic genesis in newborns is cellular energy deficiency, metabolic disturbances, and links
imbalance of the prooxidant and antioxidant systems of the organism, which leads to a decrease in functional activity and damage
to cardiomyocytes, which is confirmed by the results of multi — factor correlation analysis.

Key words: newborns; cardiovascular system; hypoxia; pathogenesis; metabolic disorders; antioxidant system; multivariate
correlation analysis.

Anortauisn: CtaTTs npMcBaYeHa BCTAHOBMNEHHIO NTAHOK NaToreHe3y rinoKCUYHOro ypaXeHHs cepLeBO-CYANHHOT CUCTEMU Y HOBOHa-
POMKEHNX B paHHbOMY HEeOHaTanbHOMY Mepioi 3a AoNOMOrot baratoakTOpHOrO KOPENALINHOro aHanisy pedynbsraTiB 4oAaTKo-
BMX NapakniHiyHmx metoaiB obcTexxeHHs. Komnnekc GioximiYHMX NoKasHWKIB KPOBi BKIOYaB: piBeHb 3aranbHoro 6Ginky, 6inipybiHy
Ta 1oro dpakuin; piBeHb rMKO3U, CEYOBUHW, KpeaTuHiHY; akTUBHICTb anaHiHaMmiHoTpaHcdepasn, acnaptatamiHoTpaHcdepasm,
naktatgerigporeHasu, KpeaTuHkiHasn-MB, kpeaTuHdOCHOKIHa3M, TPOMOHIHY-I; Nepenik MoKa3HWKIB CUCTEMM BiNlbHOPaANKanbHOro
OKMCHEHHSI: piBeHb MaroHOBOrO anbAerily B eputpouutax Ta OKUChoBanbHOi Moaudikauii 6inkiB y nnasmi KpoBi; NokasHuKIB
aHTUOKCUAAHTHOI CMCTEMU 3aXUCTY OpraHi3aMy: akTUBHICTb rMOKO30-6-chocdataeriaporeHasu, rnyTaTioH-nepokcnaasm i rmyrari-
OH-peflykTasu B epuTpouuTax, piBeHb LepynonnasmiHy, HS-rpyn, akTMBHICTb kaTanasw, riyTaTioH-S-TpaHcdepasw, r-rnytamin-
TpaHcdepasu B nnasmi KpoBi. CTyniHb TSHXKKOCTI BUSIBNEHUX 3MiH 3 BOKY CepLeBO-CyAMHHOI CUCTEMU Mae NpsiMy KOPensiLinHy
3anexHICTb 3i CTyNeHeM TSXKKOCTI 3aranbHOro CTaHy HOBOHapPOAXEHOro 3a YMOB MepuHaTtanbHOi nartonorii. 3acsig4eHo, Wwo B
OCHOBI Ypa)XeHHS MioKapay rinOKCUYHOIOo I'eHe3y Y HOBOHAPOKEHWUX NOMNSArae KNiTMHHUIA eHeproaediunT, MeTaboniyHi NopyLUeHHs
Ta AucbanaHc NaHoK NPOOKCUAAHTHOI Ta aHTUOKCUMOAHTHOI CUCTEM OpraHiamy, Lo NpU3BOAWUTbL A0 3HWKEHHSI PyHKLiOHanbHOI
aKTMBHOCTI Ta NOLUKOMXKEHHSI KapQiomMiouuTiB, WO NiATBEpAXXEHO pe3ynbratamu baratoakTopHOro KopensuiiHoro aHaniay.
KntoyoBi crnoBa: HOBOHapO[XeHi; CepLeBo-CyanHHA CUCTEMA; TiMOKCis; naTtoreHes; MeTaboniyHi MOpPYLUEHHS; aHTUOKCMaAHTHA
cuctema; 6aratopakToOpHUIN KOpensUiHUIA aHani3.

Introduction. Oxygen deficiency is an important factor in the func-

tem and adrenal cortex, bradycardia, arterial hypotension and collapse.
tioning and damage of the fetus cells and tissues [6]. It is considered

Continuation of the hypoxia duration causes activation of anaerobic

as a general energy distress which means an organism syndrome [11]
that causes the development of clinical manifestations of chronic fetal
hypoxia [3]. The main links of the hypoxia pathogenesis are energy
deficiency in the cells, metabolic disorders, changes in the internal or-
gan blood flow. Oxygen plays a key role in the energy supply of cells
and the synthesis of adenosine triphosphoric acid (ATA) in oxidative
phosphorylation. There are two ways of utilization oxygen in the body:
the first one is associated with the oxidation of energy substrates and is
implemented by cytochrome oxidase, the second is the oxygenase way,
which involves the inclusion of one, two or three atoms of oxygen into
the substrate molecule and is characterized by the formation of highly
toxic products of free radical oxidation [15].

The hypoxia pathogenesis is characterized by a complex dynamic
flow, a wide spectrum of polyorganic and functional metabolic lesions
at the molecular, cellular and organ level [4]. Heavy and prolonged hy-
poxia causes a breakdown of compensatory mechanisms, which mani-
fests itself, first of all, in the exhaustion of the sympathic — adrenal sys-
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glycolysis.

As the lack of oxygen influences on the nature of the compensatory
and adaptive mechanisms of the child’s organism, the search of cell
damage mechanisms and their microstructures with hypoxia is being
to continue, in particular, the attention of the researches is paid to ox-
idative stress (OS), the questions of the body’s ability to withstand the
influence of hypoxia and its consequences are being studied.

The purpose of the research was to establish the mechanisms of
hypoxic lesion of the cardiovascular system (CVS) in newborns in the
early neonatal period.

Material and methods. To achieve the goal, an analysis of par-
aclinical parameters was conducted, namely: general and biochemi-
cal blood tests (total protein level, bilirubin and its fractions; glucose,
urea, creatinine; activity of alanine aminotransferase (ALT), aspartate
amino transferase (AST), lactic dehydrogenase (LDH), Creatinphos-
phokinase (CPK), creatinkinase — MB (CK-MB), troponin- |); indicators
of the free radical oxidation system (FRO) (level of malonic aldehyde
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(MA) in erythrocytes), oxidative modification of proteins (OMP) in blood
plasma and antioxidant defense system (ADS) indicators of an organ-
ism (activity of glucose-6-phosphate dehydrogenase (G6PD), glutathi-
one peroxidase (GP) and glutathione reductase (GR) in erythrocytes,
the level of ceruloplasmin (CP), HS-groups, as well as the activity of
catalase (CT), glutathione-S-transferase (GST), g-glutamyltransferase
(GGT) in blood plasma) in children during the first days of life with the
subsequent multi — factor correlation analysis of 30 paraclinical indices
in newborn infants.

At the same time, the manifestations of hypoxic lesions of the cen-
tral nervous system were clinically marked in 10 children in the back-
ground of different forms of perinatal pathology, the manifestations in
10 children were respectively severe, and 10 newborns were referred
to a group of conditionally healthy newborns in the control group.

The analyzes were performed according to generally accepted
methods based on the laboratory of the Department of Bioorganic
and Biologic Chemistry and Clinical Biochemistry of Higher State Ed-
ucational Establishment “Bukovinian State Medical University”, on the
basis of “Sinevo Biochemistry Laboratory” and BUKINTERMED Ger-
man-Ukrainian Laboratory, Chernivtsi.

The research was carried out in compliance with the main princi-
ples of the GCP (1996), the European Convention on Human Rights
and Biomedicine (dated from 04.04.1997), World Medical Association
Declaration of Helsinki on the ethical principles of conducting human
medical research (1964-2000) and the Order of the Ministry of Health
of Ukraine Ne 690 dated from September 23, 2009.

Statistical processing of the received data was carried out on a
personal computer using the package of applied programs for medi-
cal-biological research “STATISTICA” (StatSoftinc., USA, 2010). The
estimation of the differences probability between the average values
was carried out using Student’s coefficient “t” in a bilateral test; for ac-
cepting the reliability of differences, the generally accepted probability
of “p” was taken into account at p <0,05. The authenticity of the differ-
ences between the relative values was determined by the method of
the angle transformation of Fisher’s “ts”.

Results and discussion. Three main factors of the examined chil-
dren were identified as a result of multi — factor correlation analysis
of paraclinical indices, the determination of which allowed to identify
possible pathogenetic links of hypoxic lesions of cardiovascular system
(CVS) in newborns in the early neonatal period (probability 79.8 %).

The first factor (r = 24.0) reflected significant violations of meta-
bolic processes in newborns under the conditions of the leading factor
in perinatal pathology-hypoxia, indicating a violation a of the protein
metabolism, namely, a decrease in albumin level (r = —0.78746), an
increase in total bilirubin levels (r = 0.81304) and indirect bilirubin level
(r = 0.79294), the level of triglyserides (r = 0.82168) and uric acid (r
= 0.97419), a decrease in calcium (r = —0.87353) and glucose levels
(r = —0.84934), an increase in urea level (r = 0, 81245); an increase
in the enzymatic activity of the blood, in particular: an increase in the
level of KFK (r = 0.97651), lactate dehydrogenase (LDH) (r = 0.96883),
troponin | (r = 0.96987), Creatinphosphokinase CPK (r = 0.96933), ALT
r = 0.98870), aspartate aminotransferase AST (AAST) (r = 0.90694),
which accompanied the destructive processes in cardiomyocytes.
Also, the first factor reflected the character of the free radical oxidation
(FRO) processes in the body, which indicated an increase in the level
of malonic dialdehyde MD (r = 0.95614), an increase in the intensity
of oxidation modification of proteins (OMP) (r = 0.98797) with a simul-
taneous decrease in the level of SH- plasma groups (r = -0, 90002)
and increased serum of catalase activity (r = 0.93372) and (GGT) (r =
0.778774).

The second factor (r = 6,2) to a greater extent reflected the na-
ture of the antioxidant defense system response of the of children’s
body with the signs of functional disorders of the cardio vascular sys-
tem (CVS), which indicated an increase in the level of ceruloplasmin
(CP) (r = 0.8888845), glucose-6-phosphate dehydrogenase (G6PD)
erythrocytes (r = 0.933610)), glutathione-S-transferase (GTS) plasma
(r=0.871212), GR (r = 0.800696), and glutathione peroxidase GP (r =
0.8882624).

Our studies indicate that the dynamics of antioxidant system activ-
ity is characterized by an initial increase in the analyzed parameters in
the general condition of newborns moderate severity, which is probably
due to the compensatory reaction of the organism to the effect of oxi-
dative stress due to hypoxia.

The high content of this enzyme may result in the rapid exhaustion
of the energy reserves of cells [9].

However, when there was a severe condition in newborns, a de-
crease in the activity of GST, glutathione reductase (GR), glutathione
peroxidase (GP), GI-6-FDH was observed, which may be due to the ex-
haustion of the enzyme activity of the glutathione linkage of the antioxi-
dant defense system due to damage to their active forms of oxygen [7].

The third factor (r=0,47) — included an average volume of eryth-
rocyte (MCV) (r = 0.787922). This erythrocyte index is calculated as a
measure that allows finding out the volume occupied by one erythro-
cyte. According to the analyzed literature, an increase in the level of this
indicator above the norm may indicate hypotonic dehydration.

The studies showed a slight increase of MCV in newborns with
moderate and severe general conditions compared with the controls,
which is likely to indicate hypoxia and acidosis associated with bone
loss, blood clotting, and microcirculation.

Thus, according to the multifactor correlation analysis, a mathemat-
ical model that characterizes the possible mechanisms of CVS hypoxic
lesions in full — termed infants in the early neonatal period has such a
form as (looks like):
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Direction 3

Y=24,0f1+6,2f2+0,47.f3

Adhering to the final result interpretation rules, taking into account
the laws of normal distribution, the value of the value of “Yst” in a group
of children who have a dysmetabolic disorder in the early neonatal pe-
riod of moderate severity, the amount of points taking into account the
direction of the vectors will correspond to the value that is within the
range —1 —1 <Yst <+1 “; the value “Yst> +1” will correspond to a viola-
tion of the metabolism of a severe degree; the value of “Yst <-1"—a
group of newborns with a satisfactory level of metabolic adaptation.

The absolute coefficients values of the mathematical model factors
testify, that the most important factors in the formation of post-hypoxic
myocardial changes in newborns are the Ist and the lind factors, since
they are characterized by the highest correlation coefficients with the
value of “Y”.

Factor lll has coefficients of average strength correlation, indicat-
ing a moderate diagnostic value of the indicators that are the part of
their composition. According to the literature, the factor of acute hypox-
ia leads to functional and organic disorders of the fetus organs, in the
first place the brain and CVS. This leads to disorders of metabolic pro-
cesses in the body of newborns, which create unfavorable conditions
for the functioning of the central nervous system and the myocardium
with insufficient oxygen supply during the perinatal period.

Changes in hemodynamic system, centralization of blood circula-
tion, activation of anaerobic glycolysis with the accumulation of lactate
contributes to the development of metabolic acidosis. Increase in met-
abolic acidosis contributes to the activation of plasma proteases, pro —
inflammatory factors, electrolyte disturbances, which lead to cellular
membranes damage with the release of enzymes in the blood. Increas-
ing of the vascular wall permeability causes the sludge of erythrocytes,
the formation of intravascular blood clots and hemorrhages, and the
output of a liquid part of the blood from the vascular bloodstream pro-
motes the development of hypovolemia and edema [12]. Thus, dysmet-
abolic changes due to hypoxia in newborns are a predictor of multiple
organ inconsistencies, CVC dysfunction. The results of the research
confirm the opinion that one of the leading places in the hypoxic heart
damage pathogenesis in newborns is significant metabolic disorders
with clinical manifestations of dysadaptation [14].

The supply of myocardium with energy is ensured by the high rate
of oxygen consumption, the exchange of fatty acids and carbohydrates.
The energy released by these processes turns into adenosine triphos-
phate (ATP) and creatine phosphate (CP) and enters the contractile
elements of cardiomyocyte [5; 16], where it provides the process of re-
ducing the myocardium and the work of a calcium pump, which, in turn,
is involved in diastolic relaxation. According to physiological conditions,
the main part (60-90 %) of all adenosine triphosphoric acid (ATA) is syn-
thesized due to the oxidation process in mitochondria of free fatty acids
(FFAs), and the rest of ATA — as a result of mitochondrial oxidation of
pyruvic acid, the formation of which is the result of anaerobic decompo-
sition of glucose in the cytoplasm of cardiomyocyte [17].

Any pathological process has the violation of the structural and
functional organization of the cell in its basis, its cell membrane and
receptor apparatus. The state of cell membranes is one of the main key
indicators of the newborn’s state under hypoxic conditions.

Lack of oxygen, causing severe malfunctioning of cell membranes
for a long time, reduces the reserve adaptive capacity of the child. In
the development of perinatal hypoxic lesions, the determining role is
given to increasing the level of intracellular calcium, the level of which
is controlled by the enzymes of the transmembrane transport of (Na
+ -K + —Ca2 + —ATPase) [19]. It was established that the activity of
enzymes in newborns that had acute hypoxia is characterized by an
initial increase in the activity of enzymes, which changes with their sta-
bilization by the end of the neonatal period. In addition, severe form of
hypoxia leads to the development of energy — deficient state of car-
diomyocytes due to the intensive usage of glucose in the processes of
anaerobic glycolysis, inadequate activation of glycogenolysis process
and violation of glucose utilization mechanisms that are caused by
functional immaturity of enzyme systems in the newborns.

At the same time, as a result of reducing the glucose utilization by
tissues and damaging to mitochondria, energy insufficiency and distur-
bance of plastic processes develop, the degree changes of which is in
directly dependent on the severity of intrauterine hypoxia and gesta-
tional age of the child [2].

Power exchange is a complex of processes providing the vital func-
tions of living matter at the level of the whole organism and a single
cell. An important link of this complex is mitochondria — the structures
that are inherent in the cytoplasm of all eukaryotic cells and perform vi-
tal functions for each cell. Numerous environmental factors can cause
pathological changes in mitochondria. Such factors in the neonatal pe-
riod can be the action of medications, hydroxyl radicals, etc. Changes
in cellular energy metabolism, based on mitochondrial insufficiency,
lead to a large number of clinical manifestations.

The transformation of the main metabolic pathways in newborns
with the activation of gluconeogenesis processes, primarily from the
protein source, is determined by the need to maintain the sustainability
of energy homeostasis under hypoxia conditions. Activation of the hy-
pothalamic-pituitary-adrenal system under stress leads to an increase
in catabolic processes, manifested by hypoproteinemia and hypera-
zotemia. At the same time, the level of albumin decreases much more
than the level of globulins.

Increased protein catabolism leads to significant violations of the
corresponding functions: catalytic, receptor, transport, and oncotic bal-
ance and so on. Plasma proteins determine the viscosity of blood and,
therefore, play an important role in the hemodynamics of the circulatory
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system. Reducing the level of total protein and albumin in newborns is
also due to insufficient activity of the protein synthesizing function of
the liver and as a result of increased protein intake in the body against
the background of hypoxia.

A certain role in the development of hypoproteinemia in newborn
plays and increases the intensity of OMP. With excessive destruction
of protein molecules, the increase in urea content is also associated.

Increasing the level of bilirubin in blood serum affects on protein
biosynthesis, changes the activity of enzymes, and regulates the pro-
cesses of oxidative phosphorylation and the transportation of electrons
in isolated mitochondria. Indirect bilirubin, being a lipotropic substance,
at high concentrations in the blood has a toxic tissue effect on the heart,
k1i%neys, and pancreas, changes the rheological properties of the blood
[13].

It is known that as a result of the indirect bilirubin interaction with
lipids of the intracellular membrane, the activity of membrane binding
enzymes is disturbed, which leads to a decrease in the oxidative pro-
cesses and the rate of oxygen utilization by the cell that results in gemic
hypoxia of the myocardium [1].

As a result of the cell membranes violation integrity and the apop-
tosis process in conditions of severe oxygen deficiency, cytolytic syn-
drome develops, with which the enzyme cascade is associated with an
increase in the level of enzymes in the blood of newborns: KFK, KFK-
MB, Tn |, lactate dehydrogenase (LDH), aspartate aminotransferase
(AsAT), alanine aminotransferase (ALT) and increased cholesterol lev-
els. The development of ultrastructural, metabolic, electrophysiological
and a number of other disorders can lead to death of cells [8; 18].

Thus, significant dysmetabolic changes in conditions of the patho-
logical maternal oxidative stress, one of the causes of which is a
functional violation state of the CVS on the background of vascular
insufficiency, cause disorders of homeostasis processes in newborn,
which, in their turn, are accompanied by clinical manifestations of dys-
adaptation syndromes and nosological pathology of any etiology in the
early neonatal period. The severity degree of the detected changes in
the cardiovascular system, as a rule, has a direct correlation with the
severity of the general condition of the newborn.

The results of our studies have shown that along with the activation
of peroxide oxidation of lipids under conditions of oxygen lack in new-
borns there is an increase in the intensity of OMP, magnification in the
concentration of MA and violation of the functions of the ion channels.
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