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Summary

Introduction. The functional activity of the pineal gland plays a dramatic important role in the adaptation to
postnatal life and in the pathogenesis of the most common perinatal pathology of premature infants.

The aim of the study. To determine the morphofunctional features of the pineal gland in premature infants with
extremely low body weight.

Material and methods. In 46 preterm infants with extremely low birth weight, the level of melatonin metabolite in
urine 6-sulfoxymelatonin was determined at first day of life. The 20 dead infants underwent macro- and microscopic
examination of the pineal gland using the immunohistochemical method.

Results. All preterm infants with extremely low birth weight had perinatal pathology, which led to death in 20 of
them. Urinary excretion of the metabolite melatonin 6-sulfoximelatonin in preterm infants with extremely low birth
weight in the first day of life, which had fatal consequences, significantly reduced compared with surviving children,
indicating depletion of functional activity of the pineal gland and may be as a marker of adverse course of the neonatal
period. Morphologically, in the pineal gland of premature infants with extremely low body weight there is an increase
in morphofunctional activity of pineal cells. This is confirmed by morphometric data and increased expression of
MelanA4 and S100 in immunohistochemical studies. Macro- and microscopic data suggest that extrauterine existence
in distress conditions accelerates the differentiation of the pineal gland (depletion) and indicates the presence
of damage to glandular tissue, which in turn reduces the synthesis of melatonin and its mediated metabolite 6 —
sulfoxymelatonin in urine.

Conclusions. Decreased urinary excretion of 6-sulfoximelatonin in preterm infants with extremely low birth
weight in the first day of life and mophological changes in the pineal gland of deceased children indicate depletion
of functional activity of the pineal gland in conditions of perinatal pathology.
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Introduction

In the pathogenesis of the most common pathology
of preterm infants, an extremely important role belongs
to the neuroendocrine system, on the functional state
of which depends the adaptation to postnatal life [1].
In recent years, more and more attention has been
focused on the antioxidant and anti-inflammatory
effects of the epiphysis hormone melatonin [2]. To date,
insufficient data have been accumulated on the role
of the epiphysis in the adaptation and compensation
of perinatal pathology and little attention has been
paid to studying the features of epiphysis function in
newborns with extremely low birth weight (ELBW)
[3, 4]. To develop new methods of diagnosis, therapy,
and prevention of perinatal pathology, the search
for biological regularities and knowledge about the
features of brain epiphysis function in prematurely
born infants is necessary [5]. A clear understanding of
the peculiarities of adaptation in the organization and
compensation of structural and functional changes
in premature infants is highly relevant. Promotion
of medically supported compensation processes in
nursing preterm infants based on the features of
epiphyseal functions and morphological properties
is one of the important ways to reduce neonatal
morbidity and mortality [6].

The aim of the study
To determine urinary 6-sulfoxymelatonin levels

in the first day of life in preterm infants with ELBW
and to perform pathomorphological examination of
epiphysis samples from deceased infants followed by
clinical and morphological comparisons.

Material and Methods

Forty-six preterm infants with ELBW (body
weight from 500 g to 999 g) (Bioethics Commission
Protocol #8 dated 10/21/2021.) were followed
up. The level of functional activity of the pineal
gland was studied by quantifying the level of 6
-sulfoxymelatonin (6 - SM) in urine on the first day of
life by enzyme immunoassay using the BUHLMANN
6-Sulfatoxymelatonin ELISA test (BUHLMANN
Diagnostics Corp, USA).

To assess structural and functional changes in
the pineal gland in 20 prematurely born infants
who died in the early neonatal period we performed
morphological and histological examination of
pathological anatomical samples of epiphyses at the
clinical laboratory of the Department of Pathological
Anatomy at KMAPE (Head - I.I. Yakovtsova). For
histological study of the epiphysis we used prepared
fixed micro preparations of the gland, which were
stained with hematoxylin and eosin. Morphometric
characteristics (nuclear area, cell area, nuclear
cytoplasmic index) were calculated.

For immunohistochemical study, the material
was fixed with 10 % neutral formalin for 24 hours,
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embedded in paraffin, prepared 4 um-thick sections
that were applied to highly adhesive Super Frost
glass and dried at 37°C for 18 hours. Demasking
heat treatment was performed by boiling the sections
in citrate buffer (pH 6.0). An UltraVision Quanto
Detection Systems HRP Polymer (Thermo scientific)
was used to visualize primary antibodies. DAB
(diaminobenzidine) was used as a chromogen. The
marker antibodies MelanA (Vitro, Spain) and S100
(Leica Biosystems Newcastle, UK) were used.

Exel for Windows and Statistica 7.0 for Windows
software packages were used for statistical analysis.
Check of data distribution for compliance to Gauss law
was performed using Shapiro-Wilk&apos;s criterion.
Median (Me); minimum and maximum values (min
is minimum and max is maximum), 95% confidence
interval (CI) were determined. Nonparametric Mann-

Whitney U-criterion (MW test) was used to compare
two independent samples. The relative risk index
(RR) and its 95% confidence interval were used.
Fisher&apos;s F-criterion was used to compare
particles. The data obtained during statistical analysis
were considered reliable at p<0.05.

Results and Discussion

The maternal course of pregnancy and delivery
in infants with ELBW included the following
conditions: premature rupture of membranes, 18
(39.1 %); risk of miscarriage, 13 (28.2 %); urogenital
infections, 7 (15.2 %); multiple pregnancy, 12 (26.0
%); preeclampsia, 6 (13.0 %); cesarean section, 28
(68.0 %); and fetal distress, 13 (28.2 %). Clinical
and demographic data of preterm infants with ELBW
are presented in Table 1.

Table 1

Clinical characteristics of preterm infants with ELBW

Data n (%) 95 % ClI

Boys 16 (34,7) 21,3 -50,2
Girls 30 (65,2) 497 — 78,6
Gestational age:

< 25 weeks 4 (8,6) 2,4 - 20,7
26 weeks 4 (8,6) 2,4 - 20,7
27 weeks 7 (15,2) 6,3 — 28,8
28 weeks 25 (54,3) 39,0 - 69,1
29 weeks 8 (17,3) 7,8 -31,4
Respiratory distress syndrome 46 (100) 92,2 -100,0
Anemia of prematurity 15 (32,6) 19,5 -48,0
Hypoxic-ischemic encephalopathy 26 (56,6) 41,1 -71,0
Congenital pneumonia 20 (43,4) 28,9 — 58,8
Intraventricular hemorrhage 22 (47,8) 32,8 -63,0
Sensory hearing loss 16 (34,7) 21,3 -50,2
Neonatal sepsis 14 (30,4) 17,7 — 45,7
Severe asphyxia 26 (56,6) 41,1 -71,0
Retinopathy of prematurity 20 (43,4) 28,9 - 58,8
Bronchopulmonary dysplasia 7 (15,2) 6,3 — 28,8
Necrotizing enterocolitis 10 (21,7) 10,9 - 36,3

When comparing the incidence of pathological
conditions in the antepartum and intrapartum periods
in preterm infants with ELBW who survived (n=26)
and those who died (n=20), no significant differences
were determined. There were no significant
differences in gestational age among surviving
and dececased children: 28 (min 25; max 29) weeks
and 28 (min 24; max 28) weeks, respectively (MW
test, p=0.4257). When comparing the frequency of
pathological conditions in children who died, only a
significant increase in the frequency of grade III-1V
IVH was determined (9 of 12), whereas among the 10
surviving children only two children had grade III-
IV IVH, the remaining 8 children had grade II IVH
(RR=3.895% CI 1.1 to 13.5), p=0.0433. There were
no significant differences in the incidence of other
pathological conditions in children with ELBW who
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died and those who survived.

The results of urine 6-SM analysis in the first day
of life in preterm infants with ELBW demonstrated
its significant reduction in those with Iethal
outcomes. In surviving infants, urinary 6-SM values
were: 180.6 (min 22.0; max 501.0), 95% CI 180.66
to 352.14 pg/ml, and in infants who died: 65.5 (min
7.00; max 501.00), 95% CI 22.07 to 106.42 pg/ml
(MW test, p=0.0006).

On macroscopic examination in infants, the
epiphysis was predominantly semilunar and cone-
shaped. Microscopic examination of the glands
revealed pronounced signs of acute circulatory
disorder in the form of sharp dilatation and fullness
of capillaries with their ruptures and formation of
microhematomas both in the parenchyma and in
subcapsular parts (Fig. 1).
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the neonatal period, pinealocytes have functional
activity, namely light cells. Light cells, unlike
dark pinealocytes, are considered mature. So, the
adaptive function of the light cells of the epiphysis
is functional for extrauterine life in preterm infants
with ELBW. Therefore, many other factors influence
thanatogenesis and reduced pineal function.

Figure 1. Microhematoma in the
epiphyseal parenchyma of a neonate with
extremely low body weight. Hematoxylin-

eosin staining, x1000

Light microscopy showed predominantly dark
pinealocytes with scanty cytoplasm in the form of a
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thin rim, multiple immature pinealocytes with a small Figure 3. Plots of focal and complete

dark nucleus. Dark pinealocyte nuclei possessed dark lysis of pinealocytes in the epiphysis of a
karyoplasm with a structureless mass of condensed neonate with extremely low body weight.
chromatin. A small number of light cells with vacuolized Hematoxylin-eosin staining, x1000

cytoplasm and rounded or angular nucleus were
detected. We noted a decrease in the area of actively
functioning light cells (93.4 um?2), with a tendency for
the nucleus to decrease (38.7 um2), and the nuclear
cytoplasmic index was 0.4. Light cells were observed
not only in the center of the gland parenchyma, but also
focally along the periphery, in some places under the

light pinealocytes of the gland of a child with
extremely low body weight. Indirect peroxidase
method. Reaction with MelanA, x1000

Figure 2. Light area under the pineal
capsule of a neonate with extremely low body
weight. Hematoxylin-eosin staining, x400

Some cells showed shadows instead of nuclei,
abundant cytoplasm, in some cells cytolemma
integrity disorder and even its disappearance were
detected. Focal accumulations of fluid due to cell lysis
were detected in the center of gland particles (Fig. 3).

Immunohistochemical examination demonstrated
moderate expression of MelanA (Fig. 4) and
moderate expression of S100 (Fig. 5) in light active
pinealocytes. The moderate expression of these light pinealocytes of the gland of a child with
markers confirms the fact that in children with ELBW very low body weight. Indirect peroxidase
at birth, even those with an unfavorable course of method. Reaction with S100, x1000
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Figure 5. Moderate expression of S100 in
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It is known that perinatal pathology in preterm
infants with ELBW is accompanied by oxidative
stress, which leads to free-radical damage of cells,
tissues and organs [7]. The pineal gland produces
the hormone melatonin. Melatonin (N-acetyl-5-
methoxytryptamine), which is better known as a sleep
regulator, performs many functions, revealing great
versatility and diversity, as it has antioxidant, anti-
inflammatory, anti-apoptotic and other properties
[8-10]. The main metabolite of melatonin in urine is
6-sulfatoxymelatonin (6 - SM or aMT6s), which is a
reliable surrogate biomarker reflecting the melatonin
concentration in blood [11].

Our study found that the level of 6 - SM in the urine
of preterm infants with ELBW in the first day of life
has its own differences depending on the neonatal
period. A significant decrease was determined
in infants who had lethal outcomes. According
to the literature, many perinatal conditions are
characterized by oxidative stress, namely a decrease
in the protective capacity of antioxidants against
the background of hyperproduction of free radicals
[12, 13]. Respiratory distress syndrome, hypoxic-
ischemic encephalopathy, bronchopulmonary
dysplasia, necrotizing enterocolitis, retinopathy of
prematurity, intracranial hemorrhage, neonatal sepsis
and others are defined among perinatal diseases
accompanied by oxidative stress.

It is known that immaturity and reduced adaptive
mechanisms in preterm infants are depleted, starting as
early as intrauterine, during birth and in the postnatal
period of life, due to stress factors such as hypoxia,
hyperoxia, reperfusion and inflammation [16].
For a deeper understanding of these processes, we
performed a clinical and morphological comparison
of the functional and structural features of the pineal
gland of the brain in early infants with ELBW.

As a result of its small size, specific location,
and multiple functional-anatomical connections with
the intermediate brain and endocrine centers, the
physiology of the pineal gland is poorly understood
in both adults and children. Especially in preterm
infants with ELBW. By applying macroscopic,
histological, and histochemical methods, we have
investigated some features of the structure and
function of the pineal gland in infants with ELBW.

Considering that the infants we observed had a
gestational age of 25 to 29 weeks, it can be argued
that the pineal gland is already functioning during
this period of intrauterine maturation. Its function
increases with subsequent depletion. The obtained
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data on the increased morphofunctional activity of
pineal cells in deceased infants confirm that this
gland plays an extraordinary role in the processes of
extrauterine adaptation and performs antioxidative
protection. The results obtained open up the most
important prospects for further research regarding
drug supplementation of melatonin to preterm infants
from the first day of life with full-scale center-based
randomized trials.

Conclusions

1. Urinary excretion of the melatonin 6 metabolite
sulfoxymelatonin in preterm infants with extremely
low birth weight during the first day of life who had
lethal outcomes was significantly reduced compared
with surviving children (mean 65.5 pg/ml and 180.6
pg/ml, respectively), indicating in favor of depletion
of the functional activity of the pineal gland in
perinatal pathology.

2. Morphologically, there is an increase in
morphofunctional activity of pineal cells in the brain
epiphysis of preterm infants with extremely low
birth weight, which is confirmed by morphometric
data (pinealocyte area 93.4 um2, nucleus area 38.7
pum2) and increased MelanA S100 expression in
immunohistochemical study.

3. Chaotically arranged pinealocytes with foci of
lysis in the periphery, areas of circulatory disorders,
marginal chromatin in the nuclei and forced apoptosis
are considered as evidence of compensation for
perinatal pathology, which in turn leads to decreased
synthesis of melatonin 6 and its mediated matabolite
6 - sulfoxymelatonin excreted with urine.

4. Based on the systematization of predictors of
clinical and immunohistochemical compensatory
effects of brain epiphysis in preterm infants with
extremely low birth weight for diagnostic and
prognostic nurture monitoring, it is reasonable to use
urinary melatonin levels in the early neonatal period.

Prospects for future research. Based on their
own published and literature data confirming the
crucial role of the epiphysis in the neuroendocrine
compensation of perinatal pathology, the authors
consider it appropriate to direct future scientific
clinical studies on the use of melatonin in preterm
infants with determination of the effective dose, its
duration of administration under control of pineal
gland function.
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KJTHIKO-MOP®OJIOTTYHI KOPEJISITH ®YHKIIT IMAMKOMOAIFHOT 3AJ103 Y HEMOBJIAT
3 HAA3BUYAUHO MAJIOIO MACOIO TIJIA TP HAPOJKEHHI

T.M. Knumenrko, I.A. Ky3enkoea

XapkiBcbka MeqH4YHA akaaeMis micasauniaomuoi ocsitu MO3 Ykpainu
(M. XapkiB, Ykpaina)

Pesrome

Betyn. B aganTanii 10 mocTHAaTaIbHOTO XUTTA 1 Yy KOMIEHCAIi] HAMO1IBII MOMUPEHOT IEpHHATAIBHOT MAaTONOTI] epes-
YaCHO HAPOKEHHUX HEMOBIAT BKpail Ba)JINBA POJIb HANEKUTh QYHKIIOHANBHIH aKTUBHOCTI MIMIIKOMOAIOHOT 3a11031.

Merta gocaigxennsi. BusHauuTtu piBeHb 6-cynb(poKCiMeIaToOHIHY cedi y mepiy Jo0y XKHUTTSA Y Iepe4acHO HapOKEHUX
HEMOBIIAT 3 HAJA3BUYAHO MaJIOK Macoo Tija Ta MPOBECTH MaroMop(oIOTiUHE AOCIHIKEHHS 3pasKiB emidisiB y miTei, mo
MOMEpIIH, 3 MOAANBIIUM KIiHIKO-MOP(HOIOTIYHUM 3iCTaBICHHSIM.

Marepiaa i MeToan gocaigxkennsi. Y 46 nepeJyacHo HapOPKEHUX TiTeH 3 HAaA3BMYAaHHO MaJIOI0 Macolo Tijla BU3HAYAJH
piBeHb META0OIITY MEIATOHIHY B cedi 6-cylb(pOKCIMENaTOHIHY y nepury A00y XuTTs. Y 20 moMepiux iTei mMpOBOIMIN Ma-
KpO- ¥ MiKpOCKOIMiuHE J0CIHiUKSHHs IUIIKOMOAIOHOT 3271031 3 BHKOPUCTAHHIM IMyHOTICTOXIMIYHOTO METOY.

PesyabTaTh pocaizkenHs. Yci nepejyacHo HapoIKEHI HEMOBIATA 3 HAaA3BUYAHO MalloI0 Maco0 Tija NPH HapOJKECHHI
MaJid TIepUHATalIbHY MaTOJOTiI0, ska MpHu3Besa 10 JieTalnbHUX BUnaakiB y 20 3 Hux. Exkckpernis 3 cedeto meraboiita Meia-
TOHIHY, 6-CyTb(pOKCciMenaToHiHa, y MepeadyacHo Hapo/IKEHHX HEMOBIAT 3 HaJ3BHYallHO MaJlol Macoio Tina y mepiry ao0y
XKHUTTSA, K1 Maly JeTajJbHI HACHiJKH, JOCTOBIPHO 3MEHIIEHA Yy MOPIBHAHHI 3 JITbMH, SIKi BHI)KHIIM, 11O CBITYHUTH HAa KOPHUCTH
BUCHAXCHHS (QYHKIIOHANIBHOT aKTHBHOCTI MIMINIKONOAIOHOT 321031 Ta MOXE CIyTyBaTH MapKepoM HECIPHUITINBOTO mepediry
HeOHaTalbHOTO Tepioay. Mopdomnoriuno B emnidizi MO3Ky mepea4acHo HapOIKEHUX HEMOBIST 3 HaJA3BHYANHO MaJlol0 Macoi
TiJla BinOyBaeThCs mocuiIeHHsT MOp(OQYHKIIIOHAIBHOT aKTUBHOCTI MiHeadbHUX KIiTHH. [le miaTBepKyeThest MopdomeTpuy-
HUMH JaHUMH Ta 30inpmeHHsM excrpecii MelanA i S100 mpu iMyHOTiCTOXIMIYHOMY JOCIiIKEHHI.

Maxkpo- Ta MiKpOCKOMIiYHI aHi CBiAYaTh PO Te, 1[0 M03ayTPOOHEe iICHYBaHHS B yMOBaX MepUTaHaIbHOT MaTonorii 00yMmos-
JII0€ MPUCKOPEHHS TU(GEPEeHLIIIOBAaHHS | BUCHAXKACHHS enii3y 3 MONIKOKSHHSIM TKAHMHHU 3aJ03H, 10 NPU3BOAUTH 10 3MEH-
HICHHS CHHTE3y MEIaTOHIHY Ta HOro OmocepeIKoBaHOro MeTaboliTa 6-cyab(oKciMeTaTOHIHY, KU BHIUISETHCA 3 CEUCHO.

BucHoBKH. 3HIKEHA eKCKpellis 6-cynbpoKciMenaTOHIHY 13 cedero y mepeayacHo HapoIKEHUX HEMOBIAT 3 HaJ3BUYANUHO
MaJiol Maco Tijia B Hepiny 100y KUTTA Ta MO(OJIOTIYHI 3MiHH B emidizax AiTeil, M0 MOMEpId, CBIIUaTh PO BUCHAXKCHHS
(yHKIIOHATHHOT aKTUBHOCTI MIMIIKOMOMI0HOT 3aJ1031 P NepUHATAIBHIH TATOIOTI.

Ki1104oBi cJ10Ba: MenaroHi; HeJOHOUICHICTD; MIHIIKOMOAIOHA 3a7T034.
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