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CEPOTOHMH U UUKINYEeCKaa opraHu3alua CHa
Y 3A0pPOBbIX AOHOLUEHHbIX HOBOPOXKAEHHbIX

© H.A. 3sepesa, (0.11. MuniotuHa, N.W. EsclokoBa

HayuHo-MccnenoBaTenbCKUM MHCTUTYT aKyLLEpPCTBa, FMHEKonorum v penpogyktonorum uM. [1.0. Otta, Cankt-letepbypr, Poccus

AkmyaneHocme. PocT NCMXOHEBPONOrMYECKUX 3aboneBaHuiA, 06YCNOBNEHHBIX NepUHaTanbHOM NaTonoruen, yKasbl-
BaeT Ha HeobXxoaMMOCTb M3y4eHUA BUOXMMUYECKMX MapKEPOB MOpaXKeHUA MO3ra HOBOPOXEHHOMO [/IA CBOEBPEMEHHOM
NPOPUNAKTUKKN HebnaronpuATHLIX NocneacTBuiA. CepOTOHWUH B paHHEM OHTOreHe3e 06ecneynBaeT MHTEHCUBHOE pasBUTUE
HeMPOHaNbHBIX CTPYKTYP U KOPTUKANbHbIX CETEM, y4acTBYOLLMX B GOPMMPOBAHWUM LIMKIIMYECKOW OpraHn3aLmMmn CHa — TOH-
Koro Kputepua MoppodyHKLMOHABHOr0 pa3BUTUA MO3ra.

Llens pabomel — w3yunTb copeprKaHue CePOTOHMHA Y 3[0POBbIX [JOHOLUEHHbIX HOBOPOMAEHHBIX B COMOCTAaBMIEHUM
C KONIMYECTBEHHOM M KaueCTBEHHOW XapaKTepPUCTUKOM 3NIEKTPONoMrpadMyeckon KapTUHbI CHa.

Mamepuan u Mmemode! uccnedosanus. 06cnefoBaHo 84 300p0OBbIX HOBOPOXAEHHbIX, KOTOPbIE B 3aBUCUMOCTH OT re-
CTaLMOHHOro BO3pacTa pasfeneHbl Ha Tpu rpynnbl: nepeaa — 37 Hed. (20 ven.), BTopas — 38 Heq. (24 yen.), TpeTbAd —
39-40 Hep. (40 yen.). CogepaHue cepoToHMHA B BoraToit TpOMbOLMTaMM Nas3Me KPOBY W3 BEHbI MYMOBMHLI U B TPOMBO-
LMTapHOM B3BECU, NPUrOTOBNEHHON U3 BEHO3HOW KPOBM, B3ATOW Y MaTepen U Yy AeTel B NepBble CYTKU HU3HW U NMOBTOPHO
Ha 5-1 JeHb, onpeenany MeTOA0M BbICOKOIhPEKTUBHOM *UAKOCTHOM XpoMaTorpadmu ¢ 3NeKTPOXMMUYECKWUM AETEKTUPO-
BaHueM. [poBOAMAM KONMYECTBEHHBIN U KAUECTBEHHBIN aHAIU3 3IEKTPONOIUrpaMMBl CHa Yepe3 7—12 u nocne powaeHns.

Pesynomamei uccnedosarus. CofepaHue cepoToHMHa B 6oratoi TpomMboLMTamMm niasMe B MyNoBMHHOM KPoOBM Y fie-
Tel B 2 pa3a HuKe, 4eM B BeHo3HoW Kpoeu Matepeit (0,379 + 0,116 npotue 0,756 + 0,200 MKM/n), HO Npu 3TOM Mexay
MoKasaTeNiAMM CyLLLECTBYET BbICOKaA KoppenauuoHHas ceasb (r = 0,8, p < 0,05). Mpu rectaumonHom Bo3pacte 39-40 Hep,.
YpOBEHb CEpOTOHMHA B boraTon TpoMbouuTamMm nnasMe 1 B TpOMOOLMTaX BEHO3HOM KPOBW [OCTOBEPHO BhILLE, YEM Y PO-
avBLmnxcA B 37 Hef. Y nocnegHUx yBeNMYeHWe CoepHKaHusa CepoTOHMHA B TPOMBOLIMTAX NPOJOMKAGTCA NOC/E POKAEHMUA
(8 nepeble cyTku 0,539 + 0,149 uM/10° Tr, a Ha 5-11 gesb — 0,846 + 0,094 uM/10° Tr; p < 0,05), Toraa Kak nokasarenu
y poamsmxca Ha 39-40-i Hepene rectaumn He Mensotca (0,797 + 0,190 v 0,749 + 0,142 uM/10° Tr cooTBeTCTBEHHO).
Poct copepraHus cepoToHnHa B boraTo TpomMboLmMTamMm nnasMe u B TpomMboumTtax pebeHka B nepuog, ¢ 37-1 go 39-1 He-
LEeNU KaK BO BpeMA BHYTPUYTPOOHOro pa3BUTUSA, TaK U B NepBble AHW MU3HU KOPPENUPYET C YBEIMYEHNEM NpeacTaBeH-
HOCTM OPTOAOKCaNbHOM a3kl CHa.

3aknoyenue. 061LaA 3aKOHOMEPHOCTb M3MEHEHUIN COAEPKaHNA CEPOTOHMHA W LIMKNMYECKOM OpraHM3aLmum cHa B paH-
HeM HeoHaTanbHOM Nepyoge Y 300POBbIX HOBOPOMKAEHHBIX YKa3bIBAET HA BO3MOMKHOCTb UCMO/b30BaHNUA NOJTYYEHHBIX HOp-
MaTUBHbIX 3Ha4YEHUN CEPOTOHMHA B KayecTBe 6UOXMMUYECKOr0 MapKepa GYHKLMOHANLHOro pa3BUTUA MO3ra.
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Serotonin and cyclic sleep organization in healthy
full-term newborns

© Natalia A. Zvereva, Yulia P. Milyutina, Inna I. Evsyukova

The Research Institute of Obstetrics, Gynecology, and Reproductology named after D.0. Ott, Saint Petersburg, Russia

RELEVANCE: The growth of neuropsychiatric diseases caused by perinatal pathology indicates the need to study the
biochemical markers of brain damage in the newborn for the timely prevention of adverse consequences. Serotonin in early
ontogenesis provides intensive development of neuronal structures and cortical networks involved in the mechanisms of
formation of cyclic sleep organization — a fine criterion of morphofunctional development of the brain.

AIM: The aim of the work is to study the content of serotonin in healthy full-term newborns in comparison with the quan-
titative and qualitative characteristics of the electropoligraphic sleep pattern.

MATERIAL AND METHODS: 84 healthy newborns were examined, which, depending on the gestational age, were divided
into 3 groups: | — 37 weeks (20 people), Il — 38 weeks (24 people), Ill — 39-40 weeks (40 people). The content of serotonin
in platelet-rich plasma of blood from the umbilical cord vein and in platelet suspension prepared from venous blood taken
from mothers and children on the first day of life and again on day 5 was determined by high-performance liquid chroma-
tography with electrochemical detection. A quantitative and qualitative analysis of the sleep electropoligram was performed
7-12 hours after birth.

RESULTS: The content of serotonin in platelet-rich plasma in umbilical cord blood in children does not depend on the me-
thod of birth, is 2 times lower than in the venous blood of mothers (0.379 + 0.116 microns/|, versus 0.756 + 0.200 microns/l,
but there is a high correlation between the indicators (r = 0.8, p < 0.05). At the gestational age of 39-40 weeks, the level of
serotonin in platelet-rich plasma and in venous blood platelets is significantly higher than in those born at 37 weeks. In the
latter, the increase in the content of serotonin in platelets continues after birth (at day 1, 0.539 + 0.149 nM/10° Tr, and on
day 5 — 0.846 + 0.094 nM/10° Tr; p < 0.05), whereas the indicators for those born at 39-40 weeks of pregnancy. They do not
change (0.797 + 0.190 nM/10° Tr and 0.749 + 0.142 nM/10° Tr, respectively). A significant increase in the content of serotonin
in the platelet-rich plasma and in the platelets of the child in the period from 37 to 39 weeks, both during intrauterine develop-
ment and in the first days of life, correlates with an increase in the representation of the orthodox phase in the sleep cycle.

CONCLUSION: The general pattern of changes in serotonin content and cyclic sleep organization in the early neonatal
period in healthy newborns, depending on gestational age, indicates the possibility of using the obtained standard values of
serotonin as a biochemical marker of functional brain development.
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OPUTMHATTBHOE VICCIELOBAHME

Increase in neurological and mental illnesses associated
with exposure to adverse factors during early ontogenesis
indicate the need to study the biochemical markers of
impaired brain development in newborns to develop early
diagnostic methods and prevent long-term effects [1-3].
Experimental and clinical studies have identified the role
of brain serotonergic dysfunction in the pathogenesis of
various pathologies, such as autism, schizophrenia, and
aggressive behavior [4-6]. Serotonin is involved in the
differentiation and migration of neurons, formation of
interneuronal connections, formation of neuroendocrine
functions, motor functions, eating, emotional behavior,
memory processes, and learning [7]. The expression of
serotonin receptors in the early stages of brain structures
in the visual and motor cortex in the perinatal period
is 1.5-2 times higher than that in adults, and it is the
basis of the polyfunction of serotonin [8]. Serotonin is
involved in the formation of the cyclical organization of
sleep during early ontogenesis, and the quantitative and
qualitative characteristics of the electropoligraphic pattern
of sleep are a subtle indicator and universal criterion
for evaluating the severity of perinatal brain damage in
a child [9]. Comprehensive assessment of the state of the
brain’s serotonergic system and the cyclical organization
of a newborn’s sleep can help determine the presence
and degree of disorders caused by a perinatal pathology.
The most accessible and adequate approach to detect
appropriate shifts in serotonin at the brain level is the
model of the serotonin system of platelets in human
peripheral blood [10]. The available information presented
in the literature concerning content serotonin of newborns
is contradictory, as previous authors used various methods
to determine this parameter, often without taking into
consideration the gestational age, clinical condition, and
time elapsed since birth of the infant [11-15].

The purpose of this work is to study the content
of serotonin in healthy full-term newborns in relation to
the quantitative and qualitative characteristics of their
electropoligraphic pattern of sleep.

MATERIALS AND METHODS

A total of 84 healthy full-term newborns from healthy
mothers whose pregnancies proceeded without complications
and whose placenta did not reveal any abnormal pathology
were examined. Among the infants, 47 were born through
caesarian section and the rest were born vaginally.

Thus, the infants had an average weight of
3,375.00 + 49.67 g, height of 50.84 + 0.23 cm, and Apgar
score of 8-9. The maximum body weight loss of the infants
was 5.91% + 0.21%, but this weight was restored by days
7-10 of life. The infants were divided into three groups
according to gestational age: Group 1 included infants born
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on week 37 (n=20), Group 2 included infants born on
week 38 (n = 24), and Group 3 included infants born on week
39-40 (n = 40). The morphometric indicators of the infants
did not differ significantly among the groups.

Electropolygraphic examination was conducted 7-12 h
after birth and included simultaneous electroencephalo-
graphy (EEG; bipolar frontal-parietal, parietal-occipital,
and inter-parietal leads), electrocardiograms in the second
standard diversion, electrooculogram, and assessment of
breathing and motor activity. The registration time was
1.5-2 h. An EEG instrument “Mizar” (Russia) was used to
record electropolygrams. We conducted quantitative and
qualitative analyses of the infants’ electropoligraphic pat-
terns of sleep according to the accepted method, high-
lighting the orthodox phase (i.e., calm [non-rapid eye move-
ment {NREM}] sleep), paradoxical (i.e., active [REM] sleep),
and the undifferentiated state. The sleep cycle was consid-
ered as the time from the beginning of the first orthodox
phase to the beginning of the second orthodox phase. In
the absence of correlations between EEG, vegetative in-
dicators and behavioral patterns of sleep, including undif-
ferentiated activated and undifferentiated low-activated
sleep, were highlighted. Undifferentiated activated sleep
was characterized by monotonous polymorphic slow-wave
high-amplitude activity on EEG combined with high levels
of generalized motor activity, irregular breathing, variable
heart rate, and REM. Undifferentiated low-active sleep was
characterized by monotonous polymorphic predominantly
low-amplitude activity on EEG, a nearly complete lack of
motor activity and REM, regular breathing, and a monoto-
nous heart rate.

Serotonin content was determined in platelet-rich
plasma (PRP) obtained from the venous blood of the
umbilical cord after the birth of the child (64 samples),
and in platelet suspension, prepared from venous blood
(72 samples), taken in the first day of life, and in 19 children
again on the 5th day. The level of serotonin in the PRP and
platelet suspension of venous blood were determined in
nine mothers before cesarean section at weeks 39-40 of
pregnancy.

From the blood by centrifuge prepared PRP, it counted
the number of platelets. Platelet suspension was obtained
from PRP. The content of serotonin in platelets was
determined by dividing by the number of platelets.

The amount of serotonin was determined by highly
effective liquid chromatography with electrochemical
detection. Chromatographic analysis was performed on
a Reprosil 80 0DS-2 column (100x4 mm, 3 microns,
Dr. Maisch GmbH, Germany), and detection was performed
in an analytical cell of a 510A Coulochem Il instrument (ESA,
USA) with a potential of 0.65 V.

Statistical analysis was conducted using Statistica 6
software (StatSoft, Inc., USA). The descriptive statistics
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included average arithmetic (M), average quadratic devia-
tion (), and average error (m). The validity of differences
between the averages of parameters was determined by the
Mann-Whitney U criterion. The critical level was considered
at <0.05.

RESULTS AND DISCUSSION

Studies have shown that healthy full-term infants in the
first day of life show a clear differentiation of sleep phases.
The orthodox phase usually begins after the paradoxical
phase. During this period, EEG shows generalized high-
amplitude oscillations, alternating with areas of a relatively
flat curve. Slow waves make up 20.2% of the total wave,
which is dominated by vibrations of 4-6 per second and
amplitudes of up to 40 microns. Motor activity is reduced
and makes up only 7.3% of the duration of the phase.
Generalized reactions are recorded once in every 2 min of
the phase and last on average 9.6 + 1.9 s; local movements
are absent. The transition from the orthodox phase to the
paradoxical phase of sleep is rapid; for example, the EEG
shows a decrease in slow-wave amplitude within 20-30 s.
The infant may show disturbed breathing regularity, sharp
movements, and, sometimes, short-term awakening.
The EEG obtained during the paradoxical phase of sleep
is fairly distinct, indicating irregular breathing, heart
rhythm, and oculomotor activity. The total period of motor
activity is 33.6% of the duration of the phase, with 81.7%
of the time of all movements occupied by generalized
reactions with an average duration of 29.5 + 4.3 s. Local
movements of the head, arms, legs, and face, which are
typical phenomena of the paradoxical phase of sleep, are
recorded as often as generalized reactions, but they last
3.8 £ 0.3 s. A representation of the orthodox phase of sleep
with increasing gestational age is depicted in Table 1.

The serotonin content in newborns does not depend on
the method of hirth, which was the basis for combining data
in each group (Table 2). The serotonin content of those born
at 39-40 weeks was significantly higher than that in infants
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born at 37 weeks. Serotonin levels in the venous-blood PRP of
nine mothers in the third group were 0.756 + 0.200 mcmol/l.
Serotonin levels in the cord-blood PRP taken after birth
were approximately half (i.e., 0.379 + 0.116 mcmol/l) those
in venous-blood PRP, but a high correlation between these
indicators was observed (r = 0.8; p < 0.05).

The highest levels of serotonin in platelets were noted
in infants born naturally on week 39 (Table 3). Platelets at
this point of intrauterine development were clearly higher
than those observed on weeks 37 and 38. The serotonin
contents in the platelets of mothers of the third group and
in the first days of their children’s lives were 1.849 + 0.334
and 0.718 + 0.198 nmol/10° Tr, respectively (p < 0.01); the
correlation between these indicators was weak (r=0.5;
p > 0.05).

The increase in serotonin in platelets of infants
with a gestational age of 37-38 weeks continued after
birth (first day, 0.539 +0.149 nmol/10° Tr; fifth day,
0.846 + 0.094 nmol/10° Tr; p < 0.05), but the serotonin
contents of those born on weeks 39 and 40 did not change
significantly (0.797 +0.190 and 0.749 + 0.142 nmol/10° Tr,
respectively).

Thus, between the 37th and 39th week, the content of
serotonin in the PRP and platelets of an infant increased
significantly both during fetal development and after birth in
the first days of life, which coincides with the change in the
orthodox phase of the sleep cycle. This same dynamic has
been observed in premature and full-term infants [16, 17].
A number of researchers attributed the high levels of
serotonin observed in infants in their first week, month, and
year of life [15, 18] to the maturation of enzymes involved in
its synthesis [13], as well as the increase in the production
of enterochromophin cells in the intestine [19].

The infant receives increasing doses of maternal
serotonin from the embryonic period of development to
birth [20, 21]. The mother’s platelets deliver serotonin to
the inter -pile space, where it is secreted by exocytosis
and captured by trophoblasts. Serotonin enters the vorsina
chorion through syncytiotrophoblasts and then travels to

Table 1. Duration of phases and sleep cycle in infants of different gestational ages

Sleep phase, s
Group Sleep cycle, s
Orthodox Paradoxical
First (n = 6) 17.00 + 0.78 25.25+0.76 40.50 + 1.44
Second (n=12) 20.80 £ 0.96 31.40 £5.33 52.0 £ 5.47
Third (n=19) 21.26 + 0.68 29.4 + 4,06 51.9 +4.23
Py 0.03 >0.05 >0.05
P, 0.01 >0.05 >0.05
Ps >0.05 >0.05 >0.05

Note. The validity of the differences between the first and second groups is p;, that between the first and third groups is p,, and that between

the second and third groups is p;.
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Table 2. Serotonin content (pmol/l) in the platelet-rich plasma of newborns of different gestational ages born by cesarean section (A) and

naturally (B)
S Group Significance of differences
ubgroup
1 (n=18) Il (n=19) Il (n=27) Py P2 P3
A(n=41) 0.253 + 0.044 0.431 +£0.080 0.561 +£0.139 >0.05 <0.05 >0.05
n=15 n=15 (n=11)
B (n=23) 0.399 + 0.204 0.476 + 0.084 0.484 + 0.089 >0.05 >0.05 >0.05
(n=3) (n=4) (n=16)
p >0.5 >0.5 >0.5
A+B 0.277 + 0.048 0.440 + 0.065 0.516 + 0.076 >0.05 <0.05 >0.05
(n=64) n=18 n=19) (n=27)

Note. Validity of differences: p — between subgroups A and B; p, — between the first and second groups; p, — between the first and third

groups; p, — between the second and third groups.

Table 3. Serotonin content (nmol/10° Tr) in the venous-blood platelets of infants of different gestational ages born by cesarean section (A)

and naturally (B)

S Group Significance of differences
ubgroup
1 (n=14) Il (n=20) Il (n=38) PPy P;
A (n=40) 0.481 +0.163 0.417 + 0.097 0.668 + 0.140 >0.05 <0.05 >0.05
(n=11) (n=19) (n=14)
B(n=32) 0.402 + 0.059 0.519 £ 0.107 0.886 + 0.082 >0.05 >0.05 >0.05
(n=3) (n=5) (n=24)
p 0.5 0.5 0.01
A+B 0.464 +0.127 0.483 £ 0.076 0.806 + 0.074 >0.05=0.01=0.01
n=172) (n=14) (n=20) (n=138)

Note. Validity of differences: p, — between the first and second groups; p, — between the first and third groups; p; — between the second

and third groups.

the cytotrophoblasts and capillaries of the fetal part of the
placenta; transporters in the syncytiotrophoblast control the
amount of serotonin transmitted [22]. Serotonin is a major
product of tryptophan metabolism and the placenta; the
enzymes tryptophan hydroxylase 1 and 2 are involved in
this process [23, 24]. Numerous experimental studies have
shown that the placenta is the main source of serotonin
during the early development of the fetal anterior brain [25].
In the first and early-second trimester of pregnancy,
exogenous serotonin from the placenta promotes cortical
neurogenesis, migration, and the launch of axonal pathways,
which modulates neuronal brain development even before
the production of cerebral serotonin. Receptors, transporters,
and enzymes for the synthesis of the substance are available
in the brain well before the development of serotonin
inertia [26]. Serotonergic neurons in the fetal brain initially
appear in the stem, especially in the dorsal and medial
nuclei of the stem; by the 15th week, their projections are
observed in the cortex and hippocampus [27]. Beginning in
the second trimester of pregnancy, a shift toward the effects
of endogenous cerebral serotonin from the dorsal neurons
of the seam may be observed, but the delivery of placental
serotonin continues [26].

According to the results of our studies, the serotonin
content in the PRP and platelets of infants directly depends
on the serotonin level of their mother’s blood but remains
lower than that of the latter. The rapid increase (by the fifth
day of life) in serotonin content in the platelets of children
born earlier than the 39th week of gestation may be due to
the activation of their brain serotonergic system as a result of
exposure to new environmental factors. Cerebral serotonin
in the first days of life freely passes through the blood-
brain barrier and is a significant source of serotonin in the
peripheral blood [28]. Increases in the production of cerebral
serotonin in this short period of ontogenesis promote the
intensive development of neuronal structures and cortical
networks, especially the sensory cortex, the middle brain,
the thalamus, and the dorsal nuclei of the brain stem, all of
which are involved in the mechanisms of the regulation of
.circadian rhythm [29]. Serotonin, because of the diversity of
its synthesizing cells, the high branching of their axons, and
its large number of receptors (at least 15 types and subtypes),
plays important roles in the regulation of wakefulness and
the beginning of the orthodox phase of sleep [30].

Our research showed that increases in serotonin con-
tent in infants born in the 37th week of gestation increase
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the duration of the orthodox phase of sleep, during which
homeostatic regulation and synchronization of intersys-
temal interactions occur; these changes optimize the
adaptation and further development of the newborn’s
brain [31].

Similar changes in the structure of sleep are observed in
infants in the last 2-3 weeks of intrauterine development;
these changes are believed to determine the optimal
regulation of cardiac activity and breathing during birth and
adaptation to new environments [32].
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