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Summary

According to the World Health Organization, asphyxia and hypoxic-ischemic encephalopathy remain the leading neurological
causes of disability and mortality in newborns. The degree of brain damage and subsequent neurological complications is
determined by a number of factors, including duration of hypoxia/ischemia, cerebral circulation, neonatal central nervous system
immaturity, and maternal somatic status.

The aim of the study was to determine the metabolic characteristics (by nitrate, nitrite, malondialdehyde and sialic acid
levels) of infants aged 6-9 months born to mothers with metabolic syndrome who had hypoxic-ischemic encephalopathy in the
early neonatal period, and the effect of eNOS (G894T) and IL-1b (C3953T) gene variants on the metabolism of these metabolites.

Materials and methods. To this end, a prospective case-control study was conducted in 30 children aged 6-9 months. The
main study group consisted of 16 children born to mothers with metabolic syndrome who had an Apgar score of less than 7 points
at 5 minutes and diagnostic clinical and neurosonographic signs of hypoxic-ischemic encephalopathy, as determined during
a consultation with a pediatric neurologist at 6-9 months of age. The comparison group consisted of 14 randomly selected
relatively healthy children aged 6-9 months, born to mothers without metabolic syndrome and without manifestations of hypoxic-
ischemic encephalopathy in the early neonatal period.

The concentration of nitrites was determined by determining the diazo compounds formed in the reaction with sulfanilic acid,
and then the reaction was carried out with a-naphthylamine (Grisse-1losway reagent). The concentration of free malondialdehyde
was determined by the spectrophotometric method. The concentration of sialic acids in urine was determined by the reaction with
acetic-sulfuric acid reagent (Hess reaction). Molecular genetic analysis was carried out using buccal epithelium as biological
material. Determination of IL1B 3953C>T (rs1143634) and eNOS G894T (rs1799983) polymorphic variants was carried out by
polymerase chain reaction using the commercial kit <xDreamTaq Green PCR Master Mix» (Thermo Scientific, USA) and specific
oligonucleotide sequences (Metabion, Germany).

Statistical analysis. Traditional methods of parametric and non-parametric statistics were used to process quantitative values;
non-parametric methods were used for the analysis of qualitative characteristics expressed mainly in percentages. Under the normal
distribution of data, the main statistical characteristics were used, namely: the average value () to determine the central tendency;
the standard error of the mean (m) for the precision of the estimate of the mean, the confidence interval (CI) for determining the 95 %
interval of the mean. Hypotheses regarding the equality of general means were tested using a two-tailed Student’s t-test. Comparison
of relative or percentage values was performed using Fisher’s exact two-sided test. Relationships between count variables were
determined using Poisson multiple regression analysis. Statistical analysis was performed using the STATA 14.0 software package.

The study was conducted in compliance with the ‘Rules for Ethical Principles for Scientific Medical Research Involving
Human Subjects’ approved by the Declaration of Helsinki (1964-2013), ICH GCP (1996), EEC Directive 609 (24.11.1986),
Order of the Ministry of Health of Ukraine No. 690 of 23.09.2009 and confirmed by the conclusion of the Biomedical Ethics
Commission of Poltava State Medical University (Protocol No. 233 of 21.11.2024), which approved the study. Written consent
was obtained from the parents of the newborns.

The study was conducted within the framework of the joint budget research work of the Department of Pediatrics Ne 1 with
Neonatology of the Poltava State Medical University on the topic «Development of clinical and laboratory criteria, methods for predicting
and preventing metabolic disorders in children of early age», state registration number 0120U102856, term of execution 2020-2024.

Research results. A study of the indicators of nitric oxide exchange in the group of examined children showed that the
concentration of nitrites was significantly higher in children with hypoxic ischemic encephalopathy in the period of 6-9 months
of life, 2.69 nmol/lI compared to healthy children, 1.39 nmol/l (p<0.001). Similar differences were obtained in the concentration
of nitrates (5.41 vs 2.62; p<0.001). We did not obtain significant differences in the levels of nitrates, nitrites and malondialdehyde
depending on the genotypes of the IL1B gene (C3953T, rs1143634), but we found a higher (at the level of p <0.1) concentration
of sialic acids in children with the CC genotype than in children with CT or TT genotype. When studying the eNOS gene (G894T,
rs1799983), we did not find significant differences in the levels of nitrates, nitrites, sialic acids and malondialdehyde in children
with different genotypes. The study revealed a reliable direct relationship (at the level of p<0.1) between the level of nitrates in
the urine of children of the examined groups and the concentration of sialic acids (Coef. 0.753, p=0.062).

Conclusion. The results of the study indicate an increase in the levels of nitrates (5.41 vs. 2.62; p<0.001) and nitrites (2.69 vs. 1.39;
p<0.001) in children of mothers with metabolic syndrome in the recovery period of hypoxic ischemic encephalopathy, which can indicate
the progression of pathological processes caused by hypoxic damage or testify to the adaptive mechanisms of recovery after brain
tissue damage. A reliable direct relationship was also found between the level of nitrates in urine in children of the examined groups
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and the concentration of sialic acids (Coef. 0.753, p=0.062). At the same time, these changes were not associated with polymorphic
variants of the eNOS (G894T, rs1799983) and IL1B (C3953T, rs1143634) genes. Thus, determining the concentration of nitrates and
nitrites can be implemented in clinical practice for early diagnosis and prediction of possible complications in children with hypoxic
ischemic encephalopathy, because the increased level of nitrites, nitrates and sialic acids can serve as a marker of distant consequences
of hypoxic damage. This allows us to consider them as promising predictors of a child’s suboptimal neuropsychological development.

Key words: Neonates; Prognosis; Nitrates and Nitrites; Malondialdehyde; Sialic Acids; eNOS (G894T, rs1799983)
and IL1B (C3953T, rs1143634) genes; Follow-up; Neonatal Morbidity; Hypoxic-Ischemic Encephalopathy; Endothelial

Dysfunction; Adverse Outcomes.

Introduction

According to the World Health Organization, asphyxia
and hypoxic ischemic encephalopathy (HIE) remain the
leading neurological causes of disability and death in
newborns. The prevalence of HIE in high-income countries
is approximately 1-4 per 1000 newborns. In low-income
countries, the incidence is much higher, 10-20 cases per
1000 newborns. Nearly 35 % of infants with HIE develop
neurological lesions such as: speech, mental and motor
development delays, epilepsy, cerebral palsy, and 25 % of
infants die within the first two years of life [1].

The degree of brain damage and subsequent
neurological complications are determined by a number
of factors, in particular, the duration of hypoxia/ischemia,
immaturity of the central nervous system of newborns,
cerebral circulation and metabolism, somatic status of
mothers, etc. It has been proven that changes in cerebral
blood flow in HIE are closely related to the action of
nitric oxide (NO). The role of NO in the pathogenesis of
ischemic brain damage is controversial: it can exhibit both
neuroprotective and neurotoxic properties, depending on
the isoform of NO synthase (NOS) and the type of cells
producing NO. Under oxidative stress, NO produced by
nNNOS (neuronal NOS) leads to neuronal death, causing
mitochondrial damage, energy loss, and subsequent
disruption of calcium homeostasis [2]. The endothelial form
of NOS has a neuroprotective function, which is realized
through NO-mediated enhancement of brain perfusion [3].

The production of NO is regulated by the eNOS gene, by
changing its expression or the activity of the eNOS enzyme.
The presence of G894T variants of the eNOS gene reduces
NO and contributes to endothelial dysfunction. A decrease
in the level of NO leads to vasoconstriction, slowing
of blood flow and subsequent hypoxia. NO2 and NO3
anions are the final products of nitric oxide metabolism
in the human body [4]. A decrease in nitrate and nitrite
levels due to NO deficiency potentially indicates vascular
ischemia and vasospasm, as well as the severity of oxidative
stress. Endothelial dysfunction, manifested by the loss of
neurovascular protective functions of NO, can significantly
contribute to the development of cognitive disorders.

Reoxygenation and reperfusion of previously ischemic
tissues also play a role in the pathophysiological pathways
of the HIE development, which leads to the activation of
a cascade of free-radical oxidation reactions, in particular,
the formation of free oxygen radicals [5]. Free radicals can
cause cell damage through lipid peroxidation (LPO), which
can be assessed by measuring malondialdehyde (MDA)
levels [6]. Its long half-life and reactivity allow it to act
both inside and outside cells, and interaction with proteins
and DNA determines its role in various pathophysiological

processes. In traumatic injury of the central nervous
system (CNS), damage caused by reactive oxygen species
determines the onset of LPO and is characterized by
elevated levels of MDA. This metabolite reacts with several
functional groups on proteins, lipoproteins and DNA. The
interaction of MDA with DNA demonstrates potential
genotoxicity — the formation of DNA adducts that cause
mutations and changes in gene expression. Along with the
activation of POL in the development of HIE, inflammation
also plays an important role [7], its activation together
with an increase in the concentration of pro-inflammatory
cytokines, can occur under the influence of NO [8,9]. It is
known that under conditions of hypoxia and inflammation,
the cytokine interleukin-1 beta (I1L-1p) activates inducible
NO synthase (iNOS), which dramatically increases NO
production and, accordingly, potentiates brain damage after
ischemic perinatal asphyxia [10].

To elucidate the role of inflammation in the development
of HIE, our attention was drawn to sialic acids, because
these compounds are the key or switch that controls the
innate immune response in the CNS, formed in microglia
[11]. Today, it is known that microglial cells play a key
role in brain development, maturation and homeostasis,
responding to infection, trauma or other pathological
conditions, turning into macrophage-like cells with the
function of innate immune protection, which can be
regulated by sialylation [12, 13].

The above-mentioned changes can be realized to
a greater extent in mothers with metabolic syndrome
(MS), since maternal metabolic disorders create an
intrauterine metabolic environment that negatively affects
fetal development and probably plays an important role in
programming metabolic disorders in adult life [14].

Considering the importance of nitrogen metabolism
disturbances, lipid metabolism and inflammation in the
development of HIE, the study of key metabolites of these
pathophysiological pathways on the background of the
study of gene variants encoding these proteins and affecting
their functional state is extremely relevant.

The aim and tasks of the research. To investigate
the peculiarities of metabolism (by the level of nitrates,
nitrites, MDA and sialic acids) in infants 6-9 months of
age born from mothers with MS, who had HIE in the early
neonatal period and also find the associations between the
genotypes of the eNOS (G894T), IL-15 (C3953T) genes
and the above-mentioned metabolites.

Materials and methods. To achieve the aim,
a prospective «case-control» study was conducted, which
included 30 children aged 6-9 months who are registered
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in the follow-up office of the Poltava Regional Children’s
Clinical Hospital. The main group of the study consisted
of 16 children who were born from mothers with MS and
who had an Apgar score less than 7 points on 5th minute,
and also had diagnostic clinical and neurosonographic
signs of hypoxic-ischemic damage to the CNS, which were
found during consultation with a pediatric neurologist in
aged 6-9 months of life. The comparison group consisted
of 14 randomly selected relatively healthy children aged
6-9 months who were born from mothers without MS and
who had no manifestations of HIE in the early neonatal
period. The distribution of children by gender did not differ
significantly, in particular, there were 7 (50 %) girls in the
main group, and 7 (43.75 %) in the comparison group.

The criteria for assigning mothers to the main group
(presence of MS) were a singleton pregnancy and the
presence of three or more of the following criteria:
hypertriglyceridemia >1.7 mmol/l, high blood pressure
>130 per 85 mm Hg, obesity during the first half of
pregnancy, low level of high-density lipoprotein (HDL):
<1.3 mmol/l, high fasting blood glucose > 5.5 mmol/I.

Inclusion criteria for the main group of children were:
clinical and neurosonographic signs of hypoxic-ischemic
injury to the central nervous system, gestational age of
25-36 (6/7) weeks, birth weight up to 2500 g, and the
presence of informed parental consent for participation in
the clinical study.

Exclusion criteria of the study were the presence of
congenital malformations, genetic diseases, and parents’
refusal to participate in the study.

The study was conducted in accordance with the
Declaration of Helsinki. The Bioethics Committee of
Poltava State Medical University (Protocol Ne 233 of
November 21, 2024) approved the study. Parents of the
children provided informed consent to participate in the
study, after which they gave informed consent to the study.

The material for the study of nitrates, nitrites, MDA and
sialic acids was urine, which was collected from children
at the age of 6-9 months during a visit to the follow-up
observation center.

Methods of determination of nitrates and nitrites in urine.
The concentration of nitrites was determined by determining
the diazo compounds formed in the reaction with sulfanilic
acid, and then the reaction with a-naphthylamine (Griess-
llosvay reagent) was carried out, resulting in the formation of
red derivatives (azo dyes). The color intensity is proportional
to the nitrite concentration. The concentration of nitrates
was determined by the increase in the concentration of
nitrites after the reduction of nitrates to nitrites by sulfuric
hydrazine. To determine the concentration of nitrates and
nitrites, aliquots of 0.2 ml of urine were used [15, 16].

The technique of spectrophotometric determination
of the concentration of free malondialdehyde. The
principle of the method is based on the fact that free
MDA specifically reacts with 1-methyl-2-phenylindole in
a mixture of methanol and acetonitrite with the formation
of a chromogen (carbocyanine dye) of orange color with
maximum light absorption at a wavelength of 586 nm [17].

The method of determining sialic acids in urine by
reaction with acetic-sulfuric acid reagent (Hess reaction).
The principle of the method is based on the fact that
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sialic acids, which are derivatives of neuraminic acid, are
released as a result of the hydrolysis of urine glycoproteins
and form a colored compound when heated with an acetic-
sulphuric acid reagent (Hess reaction). The content of
sialic acids was determined by plotting the dependence of
absorption on concentration [18].

Molecular genetic analysis. The buccal epithelium was
used as the biological material for the study. The material
was collected using disposable sterile brushes and stored
in tubes with the preservative <xDNA/RNA Shield» (Zymo
Research, USA). A commercial kit «Quick-DNA Mini
Prep Plus Kit» (Zymo Research, USA) was used for DNA
isolation. Determination of 1L1B 3953C>T (rs1143634)
[19] and eNOS G894T (rs1799983) [20] polymorphic
variants was carried out by polymerase chain reaction
(PCR) using the commercial kit «DreamTaq Green PCR
Master Mix» (Thermo Scientific, USA) and specific
oligonucleotides sequences (Metabion, Germany). The
appropriate temperature regime was ensured with the help of
the «FlexCycler BU» amplifier (Analytik Jena, Germany).
Amplification products of the IL1B and eNOS genes were
subjected to hydrolytic cleavage according to the RFLP
(restriction fragment length polymorphism) reaction using
restriction endonucleases «Taql (10U/uL)» and «Mbol (10
U/uL)», (Thermo Fisher Scientific, USA) in accordance.
Evaluation of restriction fragments was carried out in an
agarose gel (agarose «CSL-AG500», Cleaver Scientific
Ltd, Great Britain; buffer «10xTVE Electrophoresis
Buffer», Thermo Scientific, USA; molecular weight marker
«GeneRuler 100 bp DNA Ladder», Thermo Scientific,
USA) by adding ethidium bromide as a dye.

Statistical analysis. Traditional methods of parametric
and non-parametric statistics were used to process
quantitative values; non-parametric methods were used for
the analysis of qualitative characteristics expressed mainly
in percentages. Under the normal distribution of data, the
main statistical characteristics were used, namely: the mean
value (M) to determine the central tendency; confidence
interval (CI) to determine the 95 % interval of the mean.
Hypotheses regarding the equality of general means were
tested using a two-tailed Student’s t-test. Comparison of
relative or percentage values was performed using Fisher’s
exact two-sided test. Relationships between count variables
were determined using binary and multiple Poisson
regression analyses. Statistical analysis was performed
using the STATA 14.0 software package.

The study was conducted in compliance with the
‘Rules for Ethical Principles for Scientific Medical
Research Involving Human Subjects’ approved by the
Declaration of Helsinki (1964-2013), ICH GCP (1996),
EEC Directive 609 (24.11.1986), Order of the Ministry of
Health of Ukraine No. 690 of 23.09.2009 and confirmed
by the conclusion of the Biomedical Ethics Commission
of Poltava State Medical University (Protocol No. 233 of
21.11.2024), which approved the study. Written consent
was obtained from the parents of the newborns.

The study was conducted within the framework of
the joint budget research work of the Department of
Pediatrics Ne 1 with Neonatology of the Poltava State
Medical University on the topic «Development of clinical
and laboratory criteria, methods for predicting and
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preventing metabolic disorders in children of early age»,
state registration number 0120U102856, term of execution
2020-2024.

Research results

The study of nitric oxide metabolism indicators
in the groups of examined children showed that the
concentration of nitrites in the main group children in
the period of 6-9 months of life was significantly higher
than in the children of the comparison group (2.69 nmol/l
vs. 1.39 nmol/l, p <0.001). As evidenced by the research

results presented in Table 1, similar differences were
obtained in the concentration of nitrates (p<0.001). We also
pay attention to the slightly higher level of sialic acids in
the children of the main group, compared to the children of
the comparison group. And although the confidence level
is p<0.1, we believe that further studies on a larger cohort
of patients are needed to clarify the final role of sialic
acids in the development and prolongation of hypoxic-
ischemic damage of the CNS in babies 6-9 months of age.
As for MDA, we did not find any reliable differences in its
concentration among the children of the examined groups.

Table 1

Levels of nitrites, nitrates, MDA and sialic acids in children of the examined groups, M (95 % CI)

Indicators Main group (n=16) Comparison group (n=14) p
Nintrites in urine (nmol/l) 2,69 (2,23-3,16) 1,39 (1,12-1,65) <0,001
Nitrates in urine (nmol/l) 5,41 (4,52-6,03) 2,62 (2,13-3,11) <0,001
MDA (umol/l) 2,25 (1,52-2,97) 1,96 (1,05-2,88) 0,6088
Sialic acids (mmol/l) 0,28 (0,16-0,41) 0,15 (0,07-0,24) 0,0803

Considering the importance of eNOS and IL-1p in the
development of HIE, the study of gene variants encoding
these proteins and affecting their functional state is
extremely relevant. Thus, there is convincing evidence
that excessive production of IL-1f is a leading component
of the development of inflammation and subsequent brain
damage in newborns with encephalopathy [21]. Increased
levels of IL-1p were observed in newborns with asphyxia,
which was accompanied by impaired cerebral metabolism
and subsequent developmental delay [22 23].

The next step of our research was the study of associations
between the level of nitrates in urine and the concentration of
MDA and sialic acids (Table 2). The study revealed a reliable
direct relationship between MDA and sialic acids (p=0.014)
and a relationship at the level of reliability p<0.1 between
the concentration of nitrates in the urine of children of the
examined groups and the concentration of sialic acids (Coef.
0.753, p=0.062) by binary Poisson logistic analysis. It should
be noted that a reliable direct relationship between MDA
and sialic acids was found in multiple Poisson regression
analysis after correction for the gestational age of the child
(Coef. 1.27 (95 % CI 0.25-0.29; p=0.014).

To study the relationship between IL1B gene variants
(C3953T, rs1143634) and the concentration of nitrates,

nitrites, MDA and sialic acids in the urine of children, two
groups were formed. The first group (n=11) consisted of
children carrying the T allele of the IL1B gene (C3953T,
rs1143634), and the second group (n=19) consisted of
children with the CC genotype. To study the relationship
between eNOS gene variants (G894T, rs1799983) and the
concentration of nitrates, nitrites, MDA and sialic acids
in the urine of children, two groups were also formed.
The first group (n=21) consisted of children carrying the
T allele of the eNOS gene (G894T, rs1799983), and the
second group (n=9) consisted of children with the GG
genotype.

We found no significant differences in the levels of
nitrates, nitrites, and MDA in the urine of examined
children depending on the genotypes of the IL1B gene
(C3953T, rs1143634), but attention should be paid to the
higher (at the level of p <0.1) concentration of sialic acids
in children with the CC genotype, than in children with CT
or TT genotype (Table 3).

Concerning the eNOS (G894T, rs1799983) gene, we
found no significant differences in the levels of nitrates,
nitrites, sialic acids, and MDA in children with different
variants of the eNOS (G894T, rs1799983), IL1B (C3953T,
rs1143634) genes (Table 4)

Table 2

The relationship between the concentration of nitrates in urine and the level of MDA and sialic acids
(by binary Poisson regression)

Nitrates Nitrites MDA
Coef. (95 % CI) p Coef. (95 % CI) p Coef. | (95% CI) p
MDA 0,055 -0,062-0,173 0,359 0,047 -0,12-0,21 0,576 - - -
Sialic acids | 0,753 -0,038-1,545 0,062 0,67 -0,45-1,80 0,239 1,28 0,26-2,29 | 0,014
Table 3

The concentration of nitrates, nitrites, MDA and sialic acids in the urine of examined children depending on the
genotype of the IL1B gene (C3953T, rs1143634), M (95 % CI)

Indicators M (95 % CI) Genotype CT or TT (n=11) Genotype CC (n=19) p
Nitrites in urine (nmol/l) 2,07 (1,45-2,69) 2,09 (1,61-2,58) 0,9493
Nitrates in urine (nmol/l) 4,09 (2,83-5,34) 4,12 (3,14-5,11) 0,959
MDA (umol/l) 2,00 (1,05-2,95) 2,18 (1,46-2,9) 0,7455
Sialic acids (mmol/l) 0,15 (0,06-0,24) 0,27 (0,16-0,38) 0,077
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Table 4

The concentration of nitrates, nitrites, MDA and sialic acids in the urine of examined children depending on the
genotype of the eNOS gene (G894T, rs1799983), M (95 % ClI)

Genotype GG

Indicators Genotype GT or TT (n=21) (n=9) p
Nitrates in urine (nmol/l) 2,09 (1,68-2,52) 2,06 (1,19-2,92) 0,929
Nitrites in urine (nmol/l) 4,15 (3,32-4,98) 4,01 (2,25-5,78) 0,8780
MDA (umol/l) 2,26 (1,53-2,98) 1,78 (1,00-2,56) 0,3406
Sialic acids (mmol/l) 0,19 (0,13-0,26) 0,29 (0,07-0,51) 0,3626

Discussion

Nitric oxide is an important regulator in many systems,
including vascular endothelium and smooth muscle cells,
macrophages, and neurons [24]. Violation of NO synthesis
or metabolism is a key factor in the pathophysiological
mechanisms of the development of a number of diseases
in infants. A decrease in NO production leads to persistent
pulmonary hypertension in newborns [25]. An excess
of NO is associated with septic shock [26]. In addition,
NO may play a key role in the development of neonatal
hypoxic-ischemic brain injury [27].

Our previous studies clarified the role of eNOS gene
polymorphism and nitrogen metabolism disorders in the
development of hypoxic-ischemic damage of the CNS, in
particular, a reliable connection between an increase in the
level of nitrates and nitrites in the urine with the development
of this condition in the early neonatal period was proven,
while the percentage of infants with a polymorphic gene
was significantly higher among premature infants with
hypoxic-ischemic lesions of the central nervous system than
among infants without this condition [28]. The results of
the meta-analysis showed that the G894T variant affects the
production of nitric oxide, in particular, it was determined
that carriers of the T allele had lower levels of NO (which is
equivalent to lower levels of nitrates/nitrites) [29]. Research
by Sofowora et al. indicates that the clinical significance of
this genetic variant can be manifested only in the presence
of endothelial dysfunction [30].

According to other scientists, in children with asphyxia,
in response to hypoxia, production (NO2-+NO3-)
increases, which helps maintain calcium homeostasis of
cells and protects them from damage [31]. But during
a prolonged hypoxic state, the production of (NO -+ NO-)
from L-arginine weakens. We obtained significantly higher
levels of nitrates and nitrites in urine in children aged 6-9
months with HIE than in healthy children. In our opinion,
a higher level of nitrite and nitrate concentrations in
children with HIE during the first half of life may indicate
the prolongation of increased activity of nitric oxide in the
body, which is an important indicator of the functioning of
the endothelial system. This change can be a direct evidence
of the adaptation of the endothelial system to postnatal
conditions, the improvement of metabolic processes and
the development of the immune response. Our results,
combined with the data of other authors, indicate increased
excretion of nitric oxide in older age [32]. This result may
indicate that children with a complicated neonatal period
may have increased NO metabolism for adequate perfusion.
In the future, such activation may be a compensatory
response of the body to tissue damage caused by the initial
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hypoxic-ischemic injury, indicating the presence of long-
term endothelial dysfunction.

However, the low concentration of nitrites in blood
plasma during the first minutes and hours after birth
can be caused by several factors. Premature babies have
a deficiency of L-arginine, which leads to a decrease in
NO synthesis. Newborns also have a higher concentration
of asymmetric dimethylarginine (ADMA), an endogenous
inhibitor of NOS, compared to adults [33]. Thus, low
L-arginine and elevated ADMA may result in low eNOS
activity in neonates, contributing to reduced plasma nitrite
levels after birth. A decrease in nitrate and nitrite levels due
to NO deficiency potentially indicates vascular ischemia
and vasospasm, as well as the severity of oxidative
stress. Endothelial dysfunction, manifested by the loss of
neurovascular protective functions of NO, can significantly
contribute to the development of cognitive disorders.

In a study by Schlenzig et al. a higher concentration
of MDA was found in infants who required artificial
lung ventilation [34]. Research by Seif EI Dein et al.
established a correlation between the stages of severity
according to the Sarnat scale and the level of MDA in
blood serum. Newborns with an elevated level of MDA
had more frequent convulsions, stage I1-111 according to
the Sarnat scale, and a longer stay in the hospital [35].
Studies by Fulia et al. claims that newborns who suffered
asphyxia had significantly higher levels of MDA and NO
in blood plasma than healthy infants [36]. Now there is
the convincing evidence, that enhanced NO formation,
due to the expression of an inducible isoform of NO
synthase, plays an important role in asphyxia, shock and
inflammation [37]. We obtained a reliable relationship
between the level of MDA and the concentration of
sialic acids in multiple Poisson regression analysis after
correction for the gestational age of the child. This
confirms the opinion regarding the unity of two important
pathophysiological pathways—LPO and inflammation [38],
that is, the activation of LPO switches macroglia from
a homeostatic state to an activated one by increasing the
activity of sialic acids [11].

In our study, the level of sialic acids in babies with
the CC genotype of the IL1B gene (C3953T, rs1143634)
was slightly higher than in babies who are carriers of
the T-allele of this gene. Today, it is known that sialic
acids are components of glycoproteins and glycolipids
that are part of cell membranes, and their release into the
bloodstream and excretion with urine may be a sign of
tissue damage during hypoxia. Clinical and experimental
studies also demonstrate that sialic acids are the key
regulator of immune cell biology, from hematopoiesis to
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effector functions, while this metabolite with powerful
biophysical characteristics is dynamically modulated
during CNS development [12, 13, 40]. Sialic acids can
inhibit complement activation by modulating key functions
of the complement system during immune control and
homeostasis of the innate immune response of the CNS
[11, 43], bind and buffer neurotrophic factors, growth
factors, neurotransmitters and cytokines [45, 46]. Recent
studies have shown that sialylation is critical for the
protection of extraembryonic fetal tissue against maternal
complement attack [47], although the exact mechanism
of the protective effect on the fetus is still unclear. That
is, we assume that carriers of the T-allele may be more
susceptible to the effects of trauma, infection, and other
pathological conditions.

Regarding the peculiarities of the patient cohort — the
impossibility of repeated blood sampling from newborn
children for reasons of patient safety and considering
the principles of bioethics, determining the indicators of
nitric oxide metabolism, the concentration of MDA and
sialic acids in urine can be a useful method for assessing
oxidative stress in infants and monitoring the response to
the latest implemented methods treatment of HIE.

Conclusion

Thus, the results of the study indicate an increase in the
levels of nitrates (5.41 vs. 2.62; p<0.001) and nitrites (2.69
vs. 1.39; p<0.001) in children from mothers with metabolic
syndrome in the recovery period of HIE, which may
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OCOBJUBOCTI METABOJII3MY (3A PIBHEM HITPATIB, HITPUTIB, MAJIOHOBOT' O AIAJBAETIAY
TA CIAJIOBUX KHUCJIOT) Y HEMOBJISAT 6-9 MICSIYHOTI'O BIKY, AIKI HAPOAUJIUCSI BII MATEPIB
3 METABOJIIYHUM CUHAPOMOM I SIKI MAJIA TTIOKCUYHO-IIIEMIYHY EHIE®AJIOITATIIO
B PAHHBOMY HEOHATAJIBHOMY IIEPIOAI

0. M. Kosanvosa', B. I. Iloxunvko?®, 10. I. Yepnsaecvka?, C. M. I]gipenxo?, 3. I. Poccoxa®, A. B. /lagudenko?

Binais po3BUTKY nporpamMu MeIu4HUX rapanTiii lenapraMeHTy po3BHTKY cTpaTerii 3arajJibHOro oOXonjaeHHst MeANYHUMH
nociiyramu HauionanbHoi ciry:x6u 310poB’st Ykpainu'® (Kuis, Ykpaiuna),
IMoaTaBcbkuii fepxkaBuuii MennuHuii ynisepceurer? (IlosraBa, Ykpaina),
ExcnepTrHo-aHaJiTHYHUN MeIMYHHUI HeHTP MoJieKyJspHoi reHetnku HanionanbHoOro yHiBepcuTeTy 0XOpOHM 310pOB’ s
VYipaiuu imeni Ilynuka® (Kunis, Ykpaina),

Pesrome.

3a mannmu BeecBiTHBOT opranizanii 0XOpoHHU 310pOB’Sl OCHOBHIMH HEBPOJIOTIYHIMHU IPUYUHAMHE 1HBAJIITHOCTI Ta CMEPTHOCTI
HOBOHAPOJUKEHUX JITEH 3aJINIMaloThes acikCist Ta riloKCHYHO-imeMidHa eHnedanonaris. CTyniHb YIIKOPKCHHS TOJIOBHOTO MO3KY Ta
T01aJIbILI HEBPOJIOTIUHI YCKIIaAHCHHS BU3HAYAIOTHCSI HU3KOI0 (haKTOPIiB, 30KpeMa TPHUBAJICTIO TiMOKCii/ilemii, MO3KOBUM KPOBOOOIroMm,
HE3PLITICTIO IIEHTPATIBHOI HEPBOBOI CHCTEMH HOBOHAPOPKEHIX, COMATUYHHUM CTaTyCOM MaTepiB.

MerToro gociizKeHHsI OyJ10 BCTAHOBHTH 0COOIMBOCTI MeTaboui3My (3a piBHEM HITpaTiB, HITPHUTIB, MaJOHOBOIO Jiajb/eriay Ta
CiaJIOBUX KHCJIOT) Y HEMOBIAT 6-9 MiCSYHOTO BiKY, SIKi HAPOAMIKCS BiJl MaTepiB 3 METAOOIIYHUM CHHIPOMOM, i SIKi MaJIi 1HOKCHYHO-
imemiyHy eHiedanonarito B paHHbOMY HEOHATaJIbHOMY Tepiozi, a Takox BIukB BapianTis rediB eNOS (G894T), IL-1b (C3953T) na
0oOMiH JJaHUX METa0OJIITIB.

Marepiaau Ta Metoan. st TOCATHEHHS] METH IIPOBEJICHO MTPOCIICKTUBHE JOCIIKCHHS KBUITAIOK-KOHTPOJIb», B K€ BKJIIOUYCHO
30 niTeit BikoM 6-9 micsmi. OCHOBHY IpyITy DOCIIDKEHHS CKIany 16 miTeH, siki Hapoaumcs Bij MaTepiB 3 MeTabOIITHUM CHHIPOMOM
1 SIKI MaJM OIHKY 3a IIKaJ00 Amnrap MeHIe 3a 7 OayiB Ha 5 XBHJIMHI, a TAKOX MaJIM JIarHOCTHYHI KJIIHIYHI Ta HelpocoHorpadiuHi
O3HAKH TITOKCHYHO-IMIeMIYHO] eHredaomnarii, o Oyar BUSBIEHI IPU KOHCYIBTYBAaHHI AUTSIUM HEBPOJIOTOM Y Billi 6-9 MiCAIIiB KHUTTSI.
I'pymny nopiBusHHS ckiaganu 14 panoMHO BifiOpaHUX BITHOCHO 3[J0POBHUX JIiTeH BikoM 6-9 MicAIliB, sIKi HAPOIHIHCS Bix MaTepiB 6e3
MeTaboJIIYHOTO CHH/IPOMY i SIKi He MaJIi IPOSIBIB T1IOKCHYHO-1IIeMIvHOT eHnedanonarii B paHHbOMy HEOHATAIBHOMY TIE€PiOi.

KoHnenTparito HITpUTIB BU3HAYAIN MIITXOM BH3HAYESHHS J11a30CIIONYK, 1[0 YTBOPHINCS Y peakmii 3 CyIb(aHIOBOIO KACIOTOIO,
a TOTIM ITPOBOJAMIIN peakiito 3 a-Hadrunaminom (Peaktus I'picca-Inocsast). KoHueHTpamnito BiIbHOTO MajJOHOBOTO AiajbJeTiay
BH3HAYAIX METO/IOM CHEKTPO(OTOMETPIIHOTO BU3HaUeHHs. KOHIIeHTpaiio cialoBUX KHCIIOT B Ce4i BU3HAYAJIN 33 PEaKII€I0 3 OITBO-
cipuaHOKHCIIM peakTiBoM (peaxuist I'ecca). Monekyisipro-eenemuynuil ananiz 6y10 IpOBEICHO 3 BAKOPHUCTAHHIM OyKaJIbHOTO CIITETiF0
B siKoCTi Giosoriunoro marepiaiy. Busnauenus nonimopduux Bapiantis 1L-15 3953C>T (rs1143634) ta eNOS G894T (rs1799983)
MIPOBOIMIIOCH METOJIOM HOJIiMEpa3HO1 JIAHIFOrOBOT PeaKiiii 3a J0IoMoror komepiiiHoro Habopy «DreamTaq Green PCR Master Mix»
(Thermo Scientific, CITIIA) Ta crieundivynux oniroHykiaeoruaHux nociigopnocreii (Metabion, Himewunna). Craructiudnuii anamis. s
00pOOKH KiTbKICHUX BEJIMYUH BUKOPHCTOBYBAIN TPaHIiIHI METOHM TapaMETPHYHOI Ta HEMapaMeTPUIHOI CTAaTUCTUKH: JJIsI aHAJI3y
SIKICHUX O3HAK, [0 BUPAXKAINCS B OCHOBHOMY Yy BiZICOTKaX, OyJIO 3aCTOCOBAHO HETIapaMeTPUUIHI METOAU. 32 HOPMAJILHOTO PO3IIOLTY
JIAHUX BUKOPUCTOBYBAJIM OCHOBHI CTATHCTHYHI XapaKTEPUCTUKH, a caMe: cepeiHe 3HaueHHs (M) 1711 BUSHAYCHHSI LICHTPAIbHOI TCH/ICH-
1i{; CTaHIapTHY MOXUOKY CEPeHBOTO 3HAYCHHs (M) AJIsE TOYHOCTI OLIHKK CepeHboi, MoBipunii intepsai (I) ms BusznadeHus 95 %
iHTepBaTy cepenHboi. ['InoTe3n Mmoo piBHOCTI TeHEePATbHUX CePeHIX MepeBipsuIN 3 BHKOPUCTAHHIM JJBOCTOPOHHBOTO t-KpUTEpifo
CrorozienTa. [TopiBHSIHHS BiJHOCHUX, 200 BUPQKEHNX Yy BiZICOTKAX, BSJIMUMH BUKOHYBAJH 33 JOTIOMOTOIO0 KPHTEPII0 TOYHOTO ABOCTO-
poHHBOTO KprTepito Dimepa. 3B’A3KK MiXk JIYMIFHIME EPEMIHHIMHI BU3HAYAIN 32 JIOTIOMOTOI0 MHOXKHHHOTO PETrpeciifHOTO aHalizy
3a [Tyacconom. CTaTHCTHYHMHN aHAaIIi3 MPOBOMIIN 3a JOTIOMOTOI0 ITaKeTy MpHKIagHux nporpam STATA 14.0.

JlocmikeH s BUKOHAHE 13 1oTpUMaHHAM «[IpaBrir eTHYHHUX NMPUHINIIB IPOBEICHHS HAyKOBUX MEIMYHUX JIOCITIIKEHb 32 yIacTIO
JIFOIIHIY, 3aTBepkeHuX [enbeinchkoro aekiapaiero (1964-2013 pp.), ICH GCP (1996 p.), qupexrusu €EC Ne 609 (Bix 24.11.1986 p.),
nakazy MO3 Vkpaian Ne 690 Bix 23.09.2009 p. ta nminrBepmkeno BucHoBkoM Kowmicii 3 murans 6iomennanoi ernkn [lonraBcskoro
JepxkaBHOro MenuyHoro yHiepeurery (ITporokosn Ne 233 Bix 21.11.2024 poxy) cxBaiuia J0ciiprkeHHs. Ha mpoBeaeHHs A0CTiIKEeHb
OyJI0 OTPHMAHO MICHMOBY 3Ty 0aTbKiB HOBOHAPOPKEHUX JITEH.

Hocnimxenns Bukonano B pamkax H/IP xadenpu nemiarpii Ne 1 i3 Heonarosnorieto [TontaBecbKkoro aepixaBHOrO MEIUIHOTO yHIBEp-
curery «Po3pobuTH KiIiHiK0-1a00paTOpHI KpUTEPii, METOH IPOrHO3YBaHHSI T 3ar100iraHHs MeTaOoJIIYHIX MOPYIICHb y ITEeH paHHBOTO
BiKy», peectpauniitanii Homep 0120U102856, Tepmin Bukonaunns 2020-2024 pp.

PesyabTaTu gocaimkenns. JlociiukeHHs ITOKa3HUKIB OOMIHY OKCHJTy a30Ty Y IpyIIi 00CTe)KYBaHHX JIiTeH IT0Ka3ao, M0 y MaJIFOKIB
3 riMOKCHYHO-IIIEeMiYHO0 eHIledaonaTiero B nepion 6-9 MicsiiB KUTTS KOHIEHTpAIlisl HITPUTIB Oyia 3Ha4HO BUIIOKO 2,69 HMOJIB/IT
nopiBHsHO 3i 310poBuME AiTeMHK 1,39 HMonb/n (p<0,001). Ananorivsi BigMiHHOCTI OTpUMaHi i B koHLeHTpauii Hitparis (5,41 vs 2,62;
p<0,001). Hamu He Oys10 OTpUMaHO JOCTOBIPHUX BIJAMIHHOCTEH y PiBHSX HITPATiB, HITPHUTIB Ta MAJIOHOBOTO JAiaJIbJCTiy 3aJIXKHO Bifl
rexoruiis reny IL1B (C3953T, rs1143634), npote mMu BusiBuin Buiy (Ha piBHi p<0,1) KOHIEHTpAaLiO CiaJOBUX KHCIIOT y AiTeil 3 re-
HorunoMm CC, Hix y aiteit 3 renoruniom CT a6o TT. Ipu pocniukenni reny eNOS (G894T, rs1799983) mMu He oTpHUMaiH JOCTOBIPHUX
BIZIMIHHOCTEH y PIBHSX HITPATiB, HITPUTIB, CIaJIOBUX KUCJIOT Ta MAJIOHOBOTO JiabAETiy Y AiTeH 3 pi3HUMH TeHOTHIIaMU. JI0CITiKeHHS
BUSIBWJIO JJOCTOBIpHHH IpsiMuii 38’130k (Ha piBHI p<0,1) Mix piBHeM HIiTpaTiB B ceui y AiTeil 0OCTEKEHUX TPYIl Ta KOHLEHTPALIE0
cianosux kucior (Coef. 0,753, p=0,062).

BucHoBok. Pe3ynsraTu 10CiKeHHS CBi4aTh Npo MiABUIICHHS piBHIB HiTparis (5,41 vs 2,62; p<0,001) ta nitpuTis (2,69 vs. 1,39;
p<0,001) y miteii Big MarepiB 3 METabOIIYHUM CHHIPOMOM Y BiTHOBHOMY IEPiOfli IIIOKCHYHO-IIIEMiYHOI eHIedalIonarii, o Moxe
BKa3yBaTH Ha IIPOrPECyBaHHs ATOIOTYHUX IIPOLECIB, BUKIMKAHNX TNIOKCHYHUM yPaKCHHIM a00 5K CBITUUTH PO aJIANTUBHI MEXaHI3MU
BiZTHOBJICHHSI ITiCJISI YIIKOJDKCHHS TKAHIH FOJIOBHOTO MO3KY. Takosk OyJI0 BUSIBIICHO JTOCTOBIpHHMI IPSIMHUIL 3B’ 130K MIXK piBHEM HITpaTiB
B cedi y JIiTeil 00cTexKyBaHUX IPyII Ta KOHIEHTpauieko cianosux kuciot (Coef. 0,753, p=0,062). ITpu poMy 11i 3MiHH HE aCOLiIOBAIUCS
3 noniMopduumMu Bapiantamu reri eNOS (G894T, rs1799983) ta IL1B (C3953T, rs1143634). TakuM YMHOM, BU3HAYCHHS KOHLICHTPALIii
PIBHS HITPATIiB Ta HITPUTIB MOXKYTh OyTH BIIPOBA/KEHI B KIIHIYHY IPAKTUKY JUIS PAHHBOI A1arHOCTHKH Ta MPOTHO3yBAaHHS MOXIIHMBUX
YCKJIaJHEHb Y AiTeH 3 FITOKCHYHO-IIIEeMIYHOI0 eHIIe(aTonaTiero, OCKIIBKY MiIBUIIEHHUH PIBSHb HITPHUTIB, HITPATIB Ta CiaJIOBHX KUCIIOT
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