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Abstract

Introduction. Conditions of labor oxidative stress (OS) at birth are accompanied by complex
metabolic changes in the infant’s body. The balance of the body’s free radical oxidation (FRO)
system and antioxidant defense system (AODS) is an important condition for adaptation during the
transition from intrauterine to extrauterine life. An important factor in postnatal adaptation disorders
is insufficient oxygen consumption, so the negative impact of hypoxia is considered as a general
dysmetabolic distress syndrome, which results in the development of pathological conditions
in the early neonatal period, formation of disorders of physical, neuropsychic development, and
formation of somatic pathology in subsequent years of life. To reduce the frequency and severity of
complications caused by antenatal hypoxia, it is topical to develop and implement the methods for
early diagnosis of imbalance of the free radical oxidation system (FRO) and the antioxidant defense
system (AODS) of the body in practice of neonatology. A violation of the ratio of their indicators
leads to deterioration of mitochondrial oxidation, as well as to changes in the structure and function
of cell membranes. Molecular rearrangement of cell membranes can be both an effective regulatory
mechanism for adaptation of the infant’s body and an element of damage in severe hypoxia under
conditions of morpho-functional immaturity at birth.

Purpose. To study the features of the functioning of the FRO and AODS links of the body in
premature newborns with severe perinatal pathology based on comprehensive diagnosis and
analysis of its components.

Materials and methods. A comparative assessment of the indicators of FRO and AODS of the
body in premature newborns of two observation groups was carried out, among which group |
(experimental) included 38 infants born with gestational age of 32-34 weeks, who had clinical
manifestations of severe perinatal pathology; group Il included 27 conditionally healthy premature
infants with gestational age at birth from 35 to 37 weeks, the indicators of additional examination
methods of which served as controls for comparing the results of newborns of the main experimental
group. The exclusion criteria were: gestational age at birth - 37 weeks or more, body weight —
more than 2500 g, the presence of signs of intrauterine infection and congenital malformations.
The features of adaptation of infants after birth and pathological conditions of the early neonatal
period were analyzed, taking into account the leading symptoms of diseases. Additional methods
of examination of newborns included a complex of indicators of FRO and AODS, namely: the level
of Malone aldehyde (MA) and protein oxidative modification (POM) in blood plasma, ceruloplasmin
(CP) level, catalase (CT) activity, content of HS groups of red blood cells and blood plasma,
activity of glutathione peroxidase (GPx), glutathione-S-transferase (GST), glucose-6-phosphate
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dehydrogenase (G6PDH), and glutathione reductase (GR). The examination of infants was carried
out in compliance with the basic provisions of human rights and biomedicine. Statistical processing
of the obtained data was carried out using the licensed Statistica programs (StatSoft Inc., Version 7),
Microsoft Excell (AtteStat, Version 12.5), and MedCalc Software (Version 16.1).
Results. The obtained data showed significant differences in adaptation at birth and the
development of severe perinatal pathology in premature infants of the observation group, which
was accompanied by imbalance of FRO and AODS indicators of the body. Clinical forms of pathology
in newborns of the main group were represented by hypoxic-ischemic damage to the central
nervous system, haemorrhages and signs of neonatal encephalopathy. The main syndromes were:
cerebral depression syndrome, less often — cerebral excitability syndrome, autonomic dysfunction
syndrome and convulsive syndrome. The course of diseases in infants was accompanied by stupor
or coma, no or reduced response to examination, lack of or weak crying, distal flexion or atony. There
was no or significant weakening of the sucking reflex, Moro and Robinson reflexes, decreased or no
photoreaction, vertical nystagmus, tremor of the chin and limbs. Severe hemodynamic, respiratory,
and gastrointestinal disorders were diagnosed. The imbalance of FRO and AODS indicators of the
body in conditions of hypoxia was characterized by a significant increase of the level of MA, POM,
probable differences, compared with the control group, in the indicators of CP, CT, HS-groups of
blood plasma, the activity of GPx, GST, G6PD and GR.

Conclusions:

1. Insufficiency of AODS links with increased FRO activity causes increased sensitivity of premature
newborns to hypoxia, reducing the reserve ability to adapt to the conditions of labor OS.

2. The development of severe forms of perinatal pathology in preterm birth is characterized by the
increased level of MA and POM, the decrease of CP, CT, the level of HS groups of blood plasma,
insufficient enzymatic activity of GPx, GST, G6PDH and GR.

Keywords: newborn, premature infant, adaptation, labor oxidative stress, hypoxia, protein oxidative

modification, antioxidant defense system.

Peslome

BBepeHue. MNepexop oT BHYTPUYTPOOBHOrO K BHEYTPOOHOMY CYLLECTBOBAHMIO B YCNIOBUAX POJOBO-
ro OKCMAATUBHOIO CTpecca COMPOBOXKAAETCA CTOMKHBIMU METAGONNYECKUMY U3MEHEHUAMY B Op-
raHM3mMe HOBOPOXIEHHbIX ieTel, B TOM YMcIle akThBaumnen NPOOKCUAAHTHBIX U aHTUOKCUAAHTHBIX
MexaH13mMoB. [lebuunT Kucnopona ABAsAeTCA BaXXHbIM GakTOpOM HapyLieHWs GYHKLNOHMPOBaHNSA
1 NOBPEeXAeHWA KNETOK 1 TKaHel, MO3TOMY MMOKCUI0 PacCMaTPUBALOT Kak 0OLLMI SHepreTUYecKuin
OVCTPEeCcc-CMHAPOM, B pe3ysibTaTe KOTOPOro BO3HUKAIOT HapyLleHNA GU3nYecKoro 1 HepBHO-NCUXK-
YeCcKoro pa3BuUTUA feTel, pa3BMBAETCA NAaTONOMMA, KOTOPas NMPUBOAUT K CHUMKEHWIO KauyeCTBa XKMU3HN
BCNeACTBME pe3nayasnibHOW HEBPOTreHHOM, NCUXMYECKOW, COMATUYECKO 1 ONOPHO-ABUraTeIbHOM
HELOCTAaTOYHOCTU. [NA CHUXKEHWUA YacTOTbl U TAXKECTU OC/TOXKHEHWI, Bbl3BaHHbIX aHTeHATasIbHOM
rMNOKCUeN, akTyanbHOW ABNAeTCA pa3paboTka 1 BHepeHMe B NPAKTUKY HEOHATONOMMN METOLOB
paHHel gMarHocTuky gucbanaHca cmcTembl cBobogHopaanKkanbHoro okucnenms (CPO) n aHTMOK-
cnpaaHTHom cuctembl 3awmTbl (AOC3) opraHn3ma, HapyLleHrie COOTHOLLEHNA NoKa3aTenen KOTopbixX
BbI3bIBaeT M3MEHEHWA MONEKYNAPHON opraHu3aummn n GyHKUMm ronornyecknx membpaH. CTpyk-
TypHas nepecTpoiika KNeTouHbIX MemMbpaH MOXET ObITb Kak 3PEeKTMBHBbIM MEXaHM3MOM peryns-
LUu1n Npy aganTauymy opraH1M3ma, Tak U 31eMEHTOM MNOBPEXKAEHMA B YCIIOBUAX CTPECCOBOW CUTYaLnN.
Uenb. /3yunTtb ocobeHHocTn nokasatenen CPO u cuctembl AOC3 B opraHvi3me He[OHOLIEHHbIX
HOBOPOXKAEHHbIX NPV NepUHaTaNIbHON NATONOMN TAXKENOWN CTEMEHN Ha OCHOBE KOMIMJIEKCHOIO M1C-
CflefoBaHNA HEKOTOPbIX €€ KOMMOHEHTOB.

Matepumanbl n metoabl. [posefeHa cpaBHUTeNbHaA oueHKa nokasatenen CPO n AOC3 y HefoHO-
LIEHHbIX HOBOPOXAEHHbIX 2 FPynn HabNoAeHWs, CPeAN KOTOPbIX FPYNny NCC/Ief0BaHNA COCTaBUIN
38 petent, poXAEHHbIX NPU CpoKe recTaumn 32-34 Hefenu, UMeKLMX KIMHUYeCK1e NposABieHns
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nepuvHaTanbHOW NaTONOMNN TAXKENOW CTeNeHW; rpynny CPpaBHEHWA COCTaBUNM 27 YCNOBHO 3[40P0-
BbIX HEJOHOLLIEHHbIX [ieTell, reCTaLMOHHbI BO3PacT KOTOPbIX MPU POXAEHUN cOCTaBaAn oT 35 Ao
37 Hepenb. Kprtepramm NCKNIOYEHUs ObINN: reCTaLMOHHbIN BO3PpacT pebeHKa 37 NonHbIX Heaesb U
6onee, macca Tena 6onee 2500 r, HanMume NPU3HAKOB BHYTPUYTPOOHON NHOEKLIMN N BPOXKAEHHBIX
NMopoKOB Pa3BuUTUA. Bbiny NpoaHanM3npoBaHbl 0COGEHHOCTY afanTauuy geTei Npy POXAEHUN U
naTonornyeckre CoOCTOAHNA PaHHero HeoHaTalbHOro Neproaa C yyeTom BeayLle CUMNTOMaTUKN
3aboneBaHui. lononHMTeNbHbIE METOAbI UCCef0BaHUA BKOYaAIM KOMMeKc nokasatenen CPO n
AOC3, a umeHHo cofiepaHe OMB B nnasme KpoBu, ypoBeHb LepynonnasmuHa (LM), akTneBHOCTb
kaTtanasbl (KT), cogepxaHue HS-rpynn spuTpounTOB 1 Mnasmbl KPOBM, aKTUBHOCTb THOKO30-6-
docodataerngporerasbl (F6MAIN), rnoTtaTnoHnepokcugassl (M) n rmotatnoHpepyktassl (IP). O6-
CnefoBaHUe feTell OCyLeCTBAANOCh C COBM0AeHEeM OCHOBHbBIX MOJIOKEHUI O NMpaBax YesioBeKa
1 6romeanumHe. CtaTcTyeckan 06paboTKa NosyUYeHHbIX fJaHHbIX NpoBefeHa C UCMOoJIb30BaHNEM
NIMUEH3MpPOoBaHHbIX Mporpamm Statistica (StatSoft Inc., Version 7), Microsoft Excell (AtteStat, Version
12.5) n MedCalc Software (Version 16.1).

PesynbTatbl. [TonyyeHHble AaHHbIE NMOKa3aau CyLLEeCTBEHHbIE Pa3Nnyna agantauum Nnpy poxaeHnn
1 pa3BUTUE TAXKESON NepUHATaNbHOW NATONOrMKN Y HEAOHOLLEHHbIX JeTell, COCTOSHUE KOTOPbIX CO-
npoBoXaanocb AncbanaHcom nokasatenein CPO n AOC3 opraHuama. KnuHmyeckune ¢popmbl natono-
ry NpencTaBneHbl: IMMNOKCUYECKU-MLLEMUYECKUM MOPaXKeHNEM LieHTPasrIbHON HEPBHOWM CUCTEMbI
(LIHC) (42,1%), kpoBomsnuaHuamu (10,5%), HeoHaTanbHOM 3HUedpanonatuein (47,4%); y 25 HoOBO-
POXAeHHbIX (65,6%) Habnopanca CMHAPOM LiepebpanbHoro yrHeteHus, y 6 fetein (15,8%) — cuH-
LpoM LiepebpasnbHoli Bo36yanmocTy, y 5 aeteid (13,2%) — cHAPOM BereTaTuBHbIX ANCHYHKLUIA, Y
4 petein (10,5%) — CynBOPOXKHBIN CHAPOM. KnnHMyeckoe TeueHrie 3a60neBaHnii y HOBOPOXKAEHHbIX
OCHOBHOW rpynnbl HabMLEHVA CONPOBOXKAANOCH TAXENbIMY HEBPONOrMYECKMU PacCTPONCTBa-
MU, B YaCTHOCTY CTYynopom (36,8%) nnu komom (26,3%), otcyTcTBrem (47,4%) Nnm NOHUKEHHON pe-
akumen Ha ocMoTp (76,3%); otcyTcTBrEM (31,6%) nnu cnabbim Kpukom (65,8%); 3HaUMTENbHO Bbipa-
XeHHOW fucTanbHon dnekcuenn (94,7%) nnm atoHmen (18,4%). OTmeuanucb otcyTcTue (63,2%) unm
3HauuTeNlbHOE ocabneHre cocaTeNlbHOro pednekca (36,8%), pednekcos Mopo (44,7%) n PobuH-
coHa (52,6%), cHxeHune (26,3%) nnn otcytcTBre poTopeakuun (10,5%), BepTUKaNbHBIA HUCTarm
(31,6%), a Takke Tpemop noabopoaKa 1 KoHeUHocTel (44,7%). OTMeYanncb BblpaXKeHHble reMoaun-
Hamuueckume (68,4%), pbixatenbHble (97,4%) 1 racTPOUHTECTUHANbHbIE (73,7%) paccTpolictBa. O6-
LL|aA OLEeHKa HEBPONOrMYEeCKOro CcTaTyca AeTell AaHHON rpynmnbl Ha TPETbY CYyTKM XM3HW COCTaBWMa
B cpefHeM 25,5+0,74 6anna. QucbanaHc nokasatenen CPO n AOC3 opraHv3ma B YCJIOBMAX MMMOK-
CUKN NPY NPEXAEBPEMEHHOM POXIAEHNN XapaKTepPN30Banca 3HaUYMNTENbHbIM NOBbILLEHEM YPOBHA
OMBbB, BOCTOBEPHbIM CHUXKEHMEM, NO CPABHEHMWIO C KOHTPONbHOW rpynnon, nokasatenen LM, KT,
HS-rpynn nnasmbl KpoBw, aktusHoctn 6N, T n ['P. M3yueHne KoppenAaLMoHHOW 3aBUCMOCTHY
mMeXxay nokasatenamum cuctembl CPO n AOC3 B rpynnax HabntogeHnA nokasano yBenmnyeHmne ypoBHs
1 NOABMIEHVE HOBbIX, B OT/INYME OT KOHTPOJSIbHOWM FPyNMbl, CBA3EN B rpynne HeJOHOLWEHHbIX AeTel,
NMEBLUVX TXKenble GpopMbl NeprHaTanbHON NaTONOMNN.

BbiBogpbl. [lvcb6anaHc 3BeHbeB AOC3 npu noBbileHHON akTMBHOCTU CPO 06ycnoBnvBaeT NoBbl-
LIEHHYI0 YyBCTBUTENIbHOCTb OPraHr3Ma HeJOHOLWEHHbIX JeTell K TMMOKCKY, yMeHbLUAs pe3epBHble
BO3MOXHOCTM GM3MONOrnyeckorn aganTtaumm opraHusma K ycnosuam pogosoro OC, conpoBoxaa-
eTcA pa3BUTMEM KITMHUYECKUX NPOABNEHWI file3afanTaLmm, U B Hanbonee CIOXKHbIX CTyYanX — Taxe-
NbiX GOPM NeprHaTanbHON NaTONOTUN.

KnioueBble cnoBa: HOBOPOX/AEHHbIN, HeJOHOLEHHbI pebeHOK, aganTaLusa, POLOBON OKCUAATUB-
HbIlA CTPECC, TMMNOKCUSA, OKUCIIUTENbHAA MoAVbUKaLysa 6ENKOB, CUCTEMAa aHTUOKCMAAHTHOM 3aLMThl.
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B INTRODUCTION

During the transition from intrauterine to extrauterine existence under
conditions of labour oxidative stress (OS), complex metabolic changes
occur in the body of newborns, in particular, activation of the free radical
oxidation (FRO) system and links of the antioxidant defence system (AODS)
[1, 2]. Within a few minutes after birth, the partial pressure of oxygen (Pa0,)
under physiological conditions increases from 3.3 kPa (25-35 mm Hg) up
to 10.5 kPa (80-90 mm Hq). This process usually occurs in full-term infants
in about 5 minutes, in premature ones - in 7-8 minutes, which contributes
to the formation of independent breathing and the restructuring of blood
circulation. Physiologically, oxygen plays a key role in the energy supply of
cells and the synthesis of adenosine triphosphate (ATP) during oxidative
phosphorylation processes. Oxygen deficiency is an important factor
in impaired functioning and damage to cells and tissues, so hypoxia is
considered to be a general energy distress syndrome [3, 4]. Pathogenesis
of hypoxia is diverse, characterized by complex dynamics, a wide range
of multi-organ and functional-metabolic disorders at the molecular,
cellular, organ and systemic levels. Numerous research data indicate the
development of residual neurogenic, mental, somatic and musculoskeletal
insufficiency in infants due to hypoxic damage to the body in the perinatal
period in subsequent years of life [5].

The balance of the interaction of pro-oxidant and antioxidant
mechanisms in the body of a newborn to a certain extent determines the
nature of adaptation to the conditions of extrauterine life. Modern data from
clinical and molecular studies indicate that OS, along with the mechanisms
of excitotoxicity and inflammation, is one of the leading mechanisms of
hypoxic damage to the body, which leads to the formation of functional
and chronic pathology in subsequent years of life [10]. Insufficient
activity of AODS components plays a significant role in the formation of
clinical adaptation problems in premature infants in the early neonatal
period. There fore it is advisable to conduct studies to identify the critical
level of indicators that accompany the development of severe clinical
manifestations of perinatal pathology in conditions of morphofunctional
immaturity at premature birth.

To reduce the frequency and severity of complications caused by
hypoxia, it is relevant to develop and implement the methods for early
diagnosis of imbalance of FRO and AODS of the body in the practice of
neonatology, since a violation of the ratio of their indicators causes changes
in the molecular organization and function of biological membranes and
insufficient mitochondrial oxidation. Structural rearrangement of cell
membranes can be both an effective link in the regulation of adaptive
processes, and an element of damage during hypoxia in a stressful situation
[6, 7]. The mechanism of AODS is one of the main links of the general
adaptation syndrome, which contributes to the constancy of homeostasis
of the body under conditions of labour stress, which can be both a
physiological phenomenon and cause severe forms of perinatal pathology
at premature birth [8, 9]. Aspects of the influence of OS on the formation of
short- and long-term adaptation of the body under conditions of hypoxia in
prematurely born infants remain insufficiently studied.
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B PURPOSE OF THE STUDY

To study the features of the functioning of the FRO and AODS links of
the body in premature newborns with severe perinatal pathology based on
a comprehensive diagnosis and analysis of its components.

B MATERIALS AND METHODS

To reach the aim, two observation groups were formed. The first group
(experimental) included 38 infants born at a gestational age of 3234 weeks,
who were diagnosed with severe perinatal pathology; the second group
(comparison group) included 27 conditionally healthy premature babies,
whose gestational age was from 35 to 37 weeks, the results of an additional
examination served as control ones for comparing data in newborns of the
experimental group. The exclusion criteria were: infants with the gestational
age of 37 weeks or more, body weight — more than 2500 g, the presence of
signs of intrauterine infection and congenital malformations.

The average body weight at birth in infants of group | was 1821.1£51.85 g,
body length - 42.2+0.33 c¢m, head circumference — 29.7£0.26 cm, chest
circumference - 27.6+0.24 cm. The average body weight at birth in infants of
group llwas 2251.5+34.14 g, body length - 43.7+0.08 cm, head circumference —
29.8£0.20 cm, chest circumference - 27.6+0.20 cm. Studies of the
correspondence between the indicators of morpho-functional maturity of
infants and gestational age at birth were conducted using the Ballard scale and
percentile tables. To assess adaptation disorders and the general condition of
infants, the method of clinical examination of newborns was used, taking into
account the Apgar score at 1 and 5 minutes of life. Clinical monitoring of infants
in the neonatal period was carried out following the current recommendations
of international and national protocols. The list of diseases of the early neonatal
period included the determination of clinical diagnoses according to the ICD-
10 revision. In the course of the work, the nature of somatic and obstetric
pathology in mothers of the observation groups, as well as the features of the
course of pregnancy and labour were studied.

Methods of research of FRO indicators used in the work included:
determination of the level of Malone aldehyde (MA) in red blood cells,
which is the final product of lipid peroxidation (LPO) by reaction with
thiobarbituric acid according to I.LF. Meshchishen’s method [11] and the
indicator of protein oxidative modification (POM) in blood plasma - by
reaction with 2,4-Dinitrophenylhydrazine with the formation of hydrazones
of the characteristic absorption spectrum [12]. Studies of indicators of
AODS of the newborns provided for: the level of ceruloplasmin (CP) by
V.G. Kolb’s et al. method [13]; catalase activity (CT) using ammonium
molybdate by M.A. Koroliuk’s et al. method [14]; content of HS-groups
of red blood cells and blood plasma by LF. Meshchishen’s et al. method
[15]; glutathione peroxidase (GP) activity — by the amount of oxidized
glutathione formed from reduced hydrogen peroxide during neutralization
in the glutathioperoxidase reaction [16]; glutathione-S-transferase (GST)
activity — by spectrophotometric determination of the amount of reduced
glutathione conjugate with 1-chloro-2,4-dinitrochlorobenzene, which
was formed during the reaction under the action of the enzyme [17]; the
activity of glucose-6-phosphate dehydrogenase (G6PDH) - by Kornberg and
Horecker’s method in the modification of Zakhariin [18], and the activity of
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glutathione reductase (GR) - in blood hemolysates (1:20) with a decrease
in the amount of NADPH [19]. Examination of newborns was carried out
using micro procedures using small volumes of blood. Blood sampling
was performed in an amount of 1.0 ml from the umbilical vein, with the
addition of 0.1 ml (500 units) of heparin diluted with 0.4 ml of 0.9% NaCl
in a ratio of 1:4. By centrifugation of heparinized blood at 3000 vol/min
plasma was separated, which was frozen in test tubes at 12 °C. The research
was conducted during 2013-2015 based on specialized laboratories of
Bukovinian State Medical University (Chernivtsi).

The examination of infants was carried out in compliance with the main
provisions of Good Clinical Practice (1996), the Council of Europe Convention
on Human Rights and Biomedicine (1997), the Helsinki Declaration of the
World Medical Association on the Ethical Principles of conducting scientific
medical research with human participation (1964-2008), Order of the
Ministry of Healthcare of Ukraine No. 690 dated 23.09.2009 (amended by
Order of the Ministry of Healthcare of Ukraine No. 523 dated 12.07.2012),
and approved by the commission on biomedical ethics of Bukovinian State
Medical University. Informed consent of the patients’ parents was obtained
to research after explaining the aim and objectives of the study.

Statistical processing of the obtained data was carried out using licensed
Statistica programs (StatSoft Inc., Version 7), Microsoft Excell (AtteStat,
Version 12.5), and MedCalc Software (Version 16.1). The procedures, logic
and interpretation of the obtained analysis results were based on the
main provisions of medical and biological statistics [20, 21]. For the normal
distribution of quantities (Shapiro — Wilk test >0.05), parametric statistical
methods were used to calculate the arithmetic mean (M) and the error of
representativeness of the average value (m). Comparison of quantitative
indicators with the normal distribution was carried out using the t-criterion.

B RESULTS AND DISCUSSION

The results of assessing the condition of infants on the Apgar score in
infants of group | showed severe violations of acute neonatal adaptation at
birth. In particular, the score of newborns at the 15 minute was 4.8+0.20, at
the 5" min - 6.0+0.06. At the same time, 27 infants (71.1%) were born with
an Apgar score of 4-6 at the 1% minute of life, 8 infants (21.1%) were born
with an Apgar score of 0-3 at the 15 minute of life. It should be noted that
9 infants in this group (23.7%) were born with a satisfactory Apgar score
at the 1st minute of their life, but during the first 2 days, their condition
significantly worsened.

In the first week of life, all infants of group | had signs of respiratory
distress. Downes score 1-3 was noted in 10 cases (26.3%), 4-7 — in 22
cases (57.9%), more than 7 - in 6 cases (15.8%). Manifestations of neonatal
jaundice were detected in 17 infants (44.7%) of this group, 4 infants (10.5%)
had complications with the development of post-resuscitation pneumonia.

Secondary to morpho-functional immaturity, clinical signs of hypoxic
damage to the central nervous system were found in all newborns of the
main group. In particular, 16 infants (42.1%) had hypoxic-ischemic lesions,
4 infants (10.5%) had haemorrhages, and 18 infants were diagnosed with
neonatal encephalopathy (47.4%). At the same time, 25 newborns (65.6%)
had cerebral depression syndrome, 6 infants (15.8%) had cerebral excitability
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syndrome, 5 infants (13.2%) had autonomic dysfunction syndrome, and
4infants (10.5%) had the convulsive syndrome. The clinical course of diseases
in newborns of this group was characterized by such neurological disorders
as stupor - in 14 cases (36.8%) or coma - in 10 cases (26.3%); absence -
in 18 newborns (47.4%) or reduced response to examination -
in 20 newborns (52.6%); absence of shouting - in 15 newborns (39.5%) or
weak cry — in 23 newborns (60,5%); significantly pronounced distal flexion -
in 36 newborns (94.7%) or atony - in 2 newborns (5.3%). There was
no sucking reflex in 24 cases (63.2%) or a significant weakening of it -
in 14 cases (36.8%); lack of Moreau reflex — in 17 cases (44.7%) and Robinson
reflex — in 20 cases (52.6%); decrease of photoreaction - in 10 infants
(26.3%) or absence of it — in 4 infants (10.5%); vertical nystagmus was
identified in 12 newborns (31.6%), large-scale tremor of the chin and limbs -
in 17 infants (44.7%). Severe manifestations of hemodynamic disorders were
observed in 26 cases (68.4%), respiratory disorders — in 37 cases (97.4%) and
gastrointestinal disorders — in 28 cases (73.7%).

Indicators of early neonatal adaptation after birth in infants of group
Il were satisfactory. The average Apgar score at the 15 minute of life was
6.7+0.08, and at the 5" minute - 7.1+0.09. Newborns in this group showed
no signs of clinical dysadaptation after birth and during the early neonatal
period. The infants were in the rooming-in and were exclusively breastfed.

Modern data from clinical and molecular studies show that the intensity
of OS is one of the pathological links in the formation of severe forms of
dysadaptation in the early neonatal period, causing the development
of functional and chronic pathology in subsequent years of life. The full
functioning of antioxidant defence mechanisms prevents damage to cellular
structures during the formation of active oxygen molecules (AOMs) during
electron transport in the mitochondrial respiratory chain. Violation of the
ratio of prooxidants to antioxidants leads to the intensification of free radical
and peroxide reactions with the accumulation of products that damage
mitochondrial membranes. In turn, this causes pathological changes in the
structure and function of cell membranes of organ systems, which causes
severe forms of clinical dysadaptation in newborns when the harmful effects
of antenatal and perinatal risk factors are implemented [5, 7, 9].

The synthesis of antioxidant defence enzymes, as well as the regulatory
response, can vary both quantitatively and qualitatively, depending on the
activity of oxidative action and the individual response of the body, which
in particular depends on the morphofunctional maturity of the infant at
birth. The antioxidant potential of the fetus is significantly lower than that
of older infants and adults. In particular, there is a decrease in the activity
of enzymes - inactivators of free radicals and many other components
of AODS. Studies show that the activity of AODS enzymes such as GPx,
catalase CT, and SOD tends to increase with an increase in the gestational
age of a newborn [1, 2, 6, 8.

Studies of the indicators of FRO and AODS of the newborns of the
experimental group | showed significant differences relative to the
indicators of group Il. In particular, the severe condition in infants of this
group was accompanied by a significant increase in MA levels — 34.0+1.70
and 15.3+0.77 umol/I respectively (p<0.05). The POM indicator in newborns
of group | was 105.2+3.85 E/g of protein, while the norm in infants of group
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Il (control) was 63.4+1.48 E/g, p<0.05. At the same time, a probable inverse
correlation was established between the level of MA (r=-0.78, p<0.05) and
the intensity of POM and the gestational age of the child (r=-0.62, p<0.05).
This, in our opinion, confirms the fact that at premature birth there is a more
pronounced intensification of the processes of LPO and POM, accompanied
by more significant violations of protein functions in the infant's body.
According to the references, the POM index is an integral part of many
factors that control the synthesis and oxidation of proteins, on the one
hand, and the activity of various proteases, on the other. Metal-catalyzed
oxidation is crucial in the mechanisms of free radical damage in the body.
Any system that forms hydrogen peroxide and reduces Fe** to Fe?* or Cu** to
Cu* can cause selective modification of proteins that have a metal-binding
site. Processes that affect cellular levels of H,0,, Fe** and Cu®* can also be
crucial factors in metabolic disorders. Thus, the significant activity of FRO
links in the body of newborns at premature birth causes a high risk of
destabilization of the phospholipid layer of cell membranes under hypoxia
conditions during the implementation of perinatal risk factors [6, 7, 22].

According to our data, the activation of FRO processes in newborns
of group | was accompanied by a certain insufficiency of AODS links. The
obtained indicators in infants of observation groups are presented in the
table.

Comparative analysis of the CP content in the observation groups
showed that infants of group | had a significant decrease in the indicator,
compared with group Il - 26.7+1.5 and 61.8+2.87 E/g of protein (p<0.05),
respectively, which indicates insufficient reserve function of this enzyme
during premature birth in seriously ill newborns. According to the research
data, CP is a universal extracellular "neutralizer" of free radicals (FR). It has
superoxide dismutase activity: it restores superoxide radicals in the blood
to oxygen and water protecting against damage to the lipid structures
of membranes. It can oxidize various substrates, including serotonin,
catecholamines, polyamines, and polyphenols; convert Fe?* to Fe®.
CP acts as a universal extracellular trap of FR and is one of the factors of
neuroendocrine regulation and natural defence of the body under hypoxic
stress [22, 23].

Features of AODS indicators in premature infants with perinatal pathology in comparison with the

control group (M+m)

Indicators Group Il Group |
(control group), n=27 (study group), n=38

Plasma ceruloplasmin, E/g of protein 61.8+£2.87 26.7£1.5*%

Plasma catalase, E/minxg of protein 5.0+0.22 1.0+0.12*

?jﬁ;c;t:sps of red blood cells, umol/ml of red blood 1.040.04 0.8+0.04

HS-groups of blood plasma, umol/g of protein 1.4+0.06 0.8+£0.06*
Erythrocyte G6PDH, pmol/minxHGB 96.2+4.81 83.7+4.19*

GPx of red blood cells, umol/minxHGB 5.3+0.27 4.0+£0.10*

GR of red blood cells, pmol/minxHGB 6.3+0.32 5.1+0.26*

Plasma ceruloplasmin, E/g of protein 3.6+0.18 3.6+0.19

Note: * possible differences compared to the control, p<0.05.
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The activity of CT in the blood serum of newborns of group | also had
a significant difference compared to the control group and was 1.0+0.12
and 5.0+0.22 E/minxg of protein respectively (p<0.05). According to the
references, CT is an enzyme involved in the neutralization of the non-radical
active oxygen form H,O,, a gem-containing enzyme localized mainly in cell
peroxisomes. The large molecular weight of the enzyme prevents its passage
through the cell membrane. In the oxidized state, CT can act as a peroxidase,
catalyzing the oxidation of alcohols or aldehydes, and also act as a source of
active oxygen molecules (AOM) formation itself [6, 10, 22].

An important defence system of the body from FRO products is the
system of glutathione and glutathione-dependent enzymes. Having two
forms - reduced and oxidized, glutathione is the most important redox
system that protects the body from the toxic effects of peroxides, in
particular hydrogen peroxide. Data from experimental studies indicate a
state of glutathione deficiency under stressful conditions, which occurs with
the intensification of LPO and oxidation of protein HS groups [23], which is
confirmed by clinical data of our study. Analysis of the obtained data showed
a certain tendency to decrease the level of HS groups of red blood cells —
0.8+0.04 and 1.0£0.04 pmol/ml of red blood cell mass in groups | and II
respectively (p>0.05) and a likely decrease in the level of HS-groups in blood
plasma - 0.840.06 and 1.4+0.06 umol/g of protein (p<0.05). Insufficient
content of HS groups in blood plasma in severe neonatal conditions indicates
a decrease in the activity of the glutathione system, which is associated
with both insufficient production of reduced glutathione and an increase
in its breakdown for FR inactivation. According to the references, the main
component of HS groups in blood plasma is HS groups of proteins [2, 6, 23].

Glutathione enzymes GPx and GST are involved in the body’s protective
functions against the toxic effects of various peroxides, including hydrogen
peroxide, in case of hypoxia. The main part of GPx is localized in the
cytosol, the other - in the mitochondria. With a decrease in the level of
GPx, the body’s resistance to oxidative damage decreases, which leads
to the development of free radical pathology. Studies have shown that
GPx activity is significantly reduced in infants of group | compared to
group Il — 83.7+4.19 and 96.2+4.81 pmol/minxHs respectively (p<0.05).
Selenium-containing GPx is involved in the neutralization of peroxynitrite.
The affinity of GPx for H,O, is higher than that of CT, so it works better at
low concentrations of hydrogen peroxide while protecting cells from OS
caused by very high concentrations of H,0,, a key function that belongs to
CT. Noting the functional role of GPx in protecting the body from OS, the
enzyme is considered one of the most important components of AODS [5,
22]. The activity of the GST enzyme in the blood plasma of newborns of
the main group was also significantly reduced, compared with the activity
of the indicator in the comparison group, and, respectively, was 4.0+0.10
and 5.3+£0.27 pmol/minxmg of protein (p<0.05). GST is an enzyme located
mainly in the cytosol of cells. The main function of GST is to protect cells
from LPO products by reducing them, attaching a glutathione molecule to
the substrate, or nucleophilic substitution of hydrophobic groups. Thus, this
enzyme is a fundamentally important component of AODS, especially in
protecting against endogenous metabolites that are formed as a result of
0S [23, 24].
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Glutathione reduction, according to the references, occurs by oxidation
of glucose-6-phosphate and 6-phosphogluconate in the pentose-
phosphate cycle, which in turn ensures the formation of NADPH [25, 26].
G6PD and GR are involved in the regeneration of glutathione from the
oxidized form to the reduced one. We found a significant decrease in the
activity of G6PD at preterm birth in infants of group | compared to group Il -
5.1£0.26 and 6.3+£0.32 pmol/minxHB (p<0.05), respectively, the activity of
GR of red blood cells in severe neonatal conditions did not significantly differ
from the control group - 3.6+0.19 and 3.6+0.18 umol/minxHB (p>0.05).
In our opinion, the data obtained indicate the insufficiency of reparative
biosynthesis processes, including the mechanisms of the glutathione
system and glutathione-dependent enzymes in the body of premature
newborns with severe forms of perinatal pathology.

Thus, the results of clinical and laboratory studies of the FRO and AODS
systems in premature newborns showed significant changes in indicators
that confirm the results of modern experimental studies on the importance
of the role of this pathogenetic link in the formation of dysadaptation
syndromes and severe perinatal pathology. The study of the possibilities of
pharmacological correction of AODS indicators with increased FRO activity
in conditions of birth OS and hypoxia secondary to morpho-functional
immaturity in premature infants will develop approaches to the treatment
of severe forms of perinatal pathology to improve adaptation opportunities
in the early neonatal period and prevent the development of long-term
consequences of pathology in subsequent years of life.

B CONCLUSIONS

1. Insufficiency of AODS links with increased FRO activity causes increased
sensitivity of premature newborns to hypoxia, reducing the reserve
ability to adapt to the conditions of labour OS.

2. The development of severe forms of perinatal pathology at preterm
birth is characterized by an increased level of MA and POM, a decrease in
CP, CT, the level of HS groups of blood plasma, the insufficient enzymatic
activity of GPx, GST, G6PDH and GR.

Prospects for further research

Studying the clinical and molecular aspects of the development of «free
radical disease» in premature newborns and finding means of metabolic
correction to activate regulatory mechanisms and links of the body’s
antioxidant defence.
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