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Urinary Melatonin Metabolite in Premature Infants with Extremely
and Very Low Birth Weight

Kharkiv Medical Academy of Postgraduate Education, Kharkiv, Ukraine

The aim. Determination of daily urinary 6-sulf-
atoxymelatonin in premature infants with extremely
and very low birth weight.

Materials and methods. A non-invasive, descrip-
tive, single-centered study involving data of 96 pre-
mature infants with weight less than 1500 g : 46 in-
fants with extremely and 50 infants with very low birth
weight.

The study included a detailed scrutiny of histo-
ry and objective examinations, data from medical re-
cords, anthropometric measurements, and daily urine
collection. Determination of 6 - SM in the 24-hours
urine collection from premature infants was per-
formed by enzyme immunoassay on the analyzer
“Labline-90” (Austria) using a commercial test sys-
tem manufactured by “LDR” (LABOR DIAGNOSTI-
KA NORD GmbH & Co.KG, Germany) according to
the provided instruction. 166 portions of urine were
collected during the examination in time intervals: 96
portions of urine in premature infants at 1%t day of life
and 70 portions at 10" — 14" day of life.

Results. Ante- and intranatal periods for the in-
fants enrolled in the study were characterized by con-
ditions: premature rupture of membranes 37 (38.5%),
multiple pregnancy 16 (16.6%), preeclampsia 15
(15.6%), isthmic-cervical insufficiency 11 (11.5%),
placental abruption 8 (8.3%), extra corporal fertiliza-
tion 5 (5.2%), chorioamnionitis 4 (4.2%); caesarean
section urgent 33 (34.4%) and planned 24 (25.0%).
There was no any significant difference in frequency
of ante — and intranatal pathology between ELBW and
VLBW. Antenatal administration of corticosteroids for
reduce the severity of neonatal respiratory distress
syndrome occurred in all mothers of infants enrolled
in the study.

There was significant low urinary 6-sulfatoxymel-
atonin level in extremely low birth weight infants (me-
dian 120.0 pg /mL) on the 1t day of life compared with
very low birth weight (median 348.5 pg / mL). There
was no difference at 10 — 14" days. The predictive
level of lethal outcome in infants with extremely low
birth weight is < 84 pg / mL with sensitivity 84.62%
and specificity 70.0%.

Conclusion. In infants with extremely and very
low birth weight the determining the urinary 6-sulfa-
toxymelatonin is a non-invasive method. The signifi-
cant decrease level of urinary 6-sulfatoxymelatonin in
infants with extremely low birth weight on the first day
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of life was found. The measurement of urinary 6-sulf-
atoxymelatonin will allow to establish the prediction
of perinatal outcomes. Its levels <87 pg / mL is asso-
ciated with lethal outcomes. Authors speculate than
it will the way for future supplement of melatonin to
premature infants and study of its effect on perinatal
outcomes.

Keywords: premature infants, melatonin, urinary
6-sulfatoxymelatonin.

Connection of the study with scientific pro-
grams, plans, topics. The work is a fragment of the
research work of the Department of Neonatology of
the Kharkiv Medical Academy of Postgraduate Edu-
cation «Study of the peculiarities of the course of the
pathology of newborns at the stage of modern devel-
opment of perinatal care in the Kharkiv region», state
registration number 0116U004791.

Intoduction. One of the main functions of mela-
tonin is the regulation of sleep-wake rhythm, i.e., the
realization of the chronobiotic effect such as “light-
dark”. Melatonin, or N-acetyl-5-methoxytryptamine, is
an Indoleamine that is formed from amino acid Tryp-
tophan [1, 2]. But the biological effects of this mole-
cule are not limited to sleep-wake regulation, as much
evidence has recently been obtained of the effects of
melatonin on many aspects of human health, such as
counteracting certain pathological conditions, regulat-
ing nerve tissue, endocrine organs, immune cells, an-
tioxidants and inactivation of some pathogens [1-5].

The main metabolite of melatonin in urine is
6-sulfatoxymelatonin (6 — SM or aMT6s). It is a reli-
able surrogate biomarker reflecting the blood mela-
tonin concentration [6]. The urinary 6-SM secretion in
sample of premature infants is very importent for stud-
ing for the further testing in clinical trials of melatonine
administration [7]. However, publications have a lack
of information of urinary 6-SM secretion in premature
infants with extremely low birth weight (ELBW) and
very low birth weight (VLBW).

The aim. Determination of daily urinary 6 - SM in
premature infants with ELBW and VLBW. Hypothe-
sis: the urinary 6 — SM level is different in ELBW and
VLBW infants.

Materials and methods. A non-invasive, de-
scriptive, single-centered study was conducted. We
evaluated clinical and demographic data, determined
the level of urinary 6 - SM excretion. This study was
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approved by the Ethics Committee (The protocol No
9 16.10.2018), which was conducted with the involve-
ment of underage patients and did not contain mea-
sures that could harm their health. The patients’ par-
ents were informed about the methods and scope of
the study and gave their consent to participation of
their children in this study.

The cohort of 96 premature infants with ELBW
and VLBW were involved in the study. Inclusion crite-
ria: 46 of ELBW (< 999 g) and 50 of VLBW (=< 1499 g)
infants. Exclusion criteria: body weight = 1500 g,
small for gestational age, congenital and intrauterine
infections, degenerative and congenital diseases of
the nervous system, chromosomal diseases; diseas-
es with impaired renal function; orphan diseases and
those who did not agree to participate in the study.

The study included a detailed scrutiny of histo-
ry and objective examinations, data from medical
records, anthropometric measurements, and daily
urine collection [7]. Determination of 6 - SM in the
24-hours urine collection from premature infants was
performed by enzyme immunoassay on the analyzer
“Labline-90” (Austria) using a commercial test sys-
tem manufactured by “LDR” (LABOR DIAGNOSTI-
KA NORD GmbH & Co.KG, Germany) according to
the provided instruction. 166 portions of urine were
collected during the examination in time intervals: 96
portions of urine in premature infants at 15t day of life
and 70 portions at 10" — 14™ day of life.

Statistical analysis was performed with the pro-
gram MedCalc version 14.8 - © 1993 - 2014 Med-
Calc Software bvba (Acacialaan 22 B - 8400 Ostend,
Belgium). Descriptive analysis with Median (Me) and

comparison of two proportions by Fisher test were
performed. We used Mann-Whitney test (MW test) to
compare of two independent samples and Wilcoxon
Rank-Sum Test (WRST) to compare of two depen-
dent samples. The Receiver Operating Characteristic
(ROC) curve analysis for calculating sensitivity and
specificity, relative risk (RR) and their 95% confidence
interval (CI) were used. The difference in parameters
was considered statistically significant at p <0.05.

Results. Ante- and intranatal periods for the in-
fants enrolled in the study were characterized by con-
ditions: premature rupture of membranes 37 (38.5%),
multiple pregnancy 16 (16.6%), preeclampsia 15
(15.6%), isthmic-cervical insufficiency 11 (11.5%),
placental abruption 8 (8.3%), extra corporal fertiliza-
tion 5 (5.2%), chorioamnionitis 4 (4.2%); caesarean
section urgent 33 (34.4%) and planned 24 (25.0%).
There was no any significant difference in frequency
of ante— and intranatal pathology between ELBW and
VLBW. Antenatal administration of corticosteroids for
reduce the severity of neonatal respiratory distress
syndrome occurred in all mothers of infants enrolled
in the study. The general clinical and demographic
characteristics of the premature infants with ELBW
and VLBW are present in table 1.

Despite that there was no significant difference
in frequency of IVH between ELBW and VLBW, in the
infants with ELBW the frequency of much severe llI
level of IVH (RR = 15.2; 95% CI 2.1 — 66.8) were sig-
nificantly increased while in the infants with VLBW |
and Il level.

There was significant difference between uri-
nary 6 — SM distribution in ELBW and VLBW on the

Table 1. — Connection of the study with scientific programs, plans, topics. The general clinical and demographic
characteristics of the premature infants with ELBW and VLBW

Infants with ELBW, Infants with VLBW,
Data P
n=46 n=50

*Body weight, g 900 1350 0.0001
Me (min; max) (560; 990) (1070; 1490)

Extremely preterm: <28 weeks abs., (%) 38 (82.6) - <0.0001
Very preterm: 28 weeks to <32 weeks abs., (%) 8(17.4) 35 (70.0) <0.0001
Moderate preterm: 32 weeks to <34 abs., (%) - 15 (30.0) 0.0002
Male abs., (%) 17 (36.9) 28 (56.0) 0.0665
Female abs., (%) 29 (63.0) 22 (44.0) 0.0991
Severe asphyxia abs., (%) 26 (56.5) 9(18.0) 0.0001
Neonatal sepsis abs., (%) 14 (30.4) 11 (22.0) 0.3733
Respiratory distress syndrome abs., (%) 46 (100) 50 (100) 1.0000
Intraventricular haemorrhage abs., (%) 22 (47.8) 17 (34.0) 0,1664
Bronchopulmonary displasia abs., (%) 7(15.2) 3(6,0) 0.1508
Anemia of premature abs., (%) 15 (32.6) 29 (58.0) 0.0159
Retinopathy of Premature abs., (%) 20 (43.4) 7 (14.0) 0.0016
Sensorioneural Hearing Loss abs., (%) 16 (34.7) 13 (26.0) 0.3403
Lethal outcome abs., (%) 19 (41.3) 2 (4.0) 0.0001

Note: "MW test.
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1%t day of life (Fig. 1). On the 1%t day urinary 6 — SM
was statistically significant lower in premature infants
with ELBW compare VLBW (MW test, p=0.0010) with
Me 120,0 (95% CI 78,55 - 238,16) pg / mL and 348,5
(95% CI 208,61 - 448,50) pg / mL respectively. There
was no difference of urinary 6 — SM on the 10 — 14"
days (MW test, p=0,0806) in infants with ELBW and
VLBW: Me 97,5 (95% CI 58,54 — 102,15) pg / mL and
70,5 (95% CI 54,73 - 136,00) ) pg / mL respectively.

Figure 1 — The urine 6 — SM distribution in ELBW and VLBW infants on 1% day

and on 10-14" days of life

Compare the urinary 6 — SM distribution on the
1st day and on the 10-14" days of life in both sepa-
rately we found the significance lower urinary 6 — SM
at 10-14" days of life in premature infants with ELBW
(WRST, p=0.0019) and in premature infants with
VLBW (WRST, p=0.0001).

Among 96 prematurely born children, 22 (22.9%)
had lethal outcomes in neonatal period (Table 1).
Moreover, 20 of them were infants ELBW. The num-
ber of dead infants with VLBW was small. The main
causes of death were intraventricular hemorrhage in
12 (54.5%), severe asphyxia in 7 (31.8%), neonatal
sepsis in 2 (91.0%), and necrotizing enterocolitis in 1
(4.5%). We compared of the urinary 6 - SM on the 1%
day of life in premature infants with ELBW depend-
ing on the lethal outcomes. We have demonstrated
a statistically significant decrease of the urinary 6 -
SM dead infants (MW test, p=0.0006): Me 65.5 (95%
Cl 22.07 — 106.42) pg/ml compare who surviving Me
180.6 (95% CIl 180.66 — 352.14) pg / mL.

We used ROC-analysis to predict the neonatal
outcomes with urinary 6 -MS at 1%t day in premature
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infants with ELBW. The predictive level of urinary 6 —
SM for lethal outcome is < 84.0 pg / mL (p =0.0001
with sensitivity 84.62 (95% CIl 65.1 — 95.6)% and
specificity 70.0 (95% CI 45.7 — 88.1)%.

It should be noted that we obtained statistically
significant relationships only in urinary 6-SM excretion
at the first day of life and did not obtain relationships
between perinatal pathology and the level of its excre-
tion at 10-14™ days of life.

Discussion. The patho-
logical conditions and their
course, morbidity and mor-
tality of premature infants,
mostly related to immaturity
of organs and systems and
maternal health [8]. Perina-
tal conditions as a cause of
mortality in neonates are a
result of brain damage by ox-
idative stress injury and free
radical-mediated damage [9,
10]. And over the past de-
cades, medical science has
paid more and more attention
to the prevention of hypoxic
brain injury in neonatal pop-
ulation, especially premature
[5, 11]. One such protec-
tor is melatonin. The role of
melatonin in the circadian
sleep-wake rhythm disorders
in adults and adolescents is
known. The determination of
melatonin levels is not rou-
tinely used in clinical practice, its determination can
still be useful in complex cases [12]. In addition to
regulating circadian sleep-wake rhythms, melatonin
and its metabolites are effective antioxidants and
free radical scavengers. This function provides neu-
roprotection in cerebral ischemia not only in adults
but also in children [5, 13]. One such metabolite of
melatonin is urinary 6 — SM (aMT6s) [14]. The ob-
ject of our study was measurement of daily urinary
6 - SM in premature infants with ELBW and VLBW.
We have also found of its predictive function. Pub-
lished research demonstrated changes in the level
of melatonin and urinary 6 - SM in term and preterm
infants [15, 16]. Research covered different gestation-
al age categories and different conditions. Thus, the
development of rhythmic excretion of urinary 6-SM in
healthy full-term and premature infants during the first
12 months of life was studied. It has been shown ar-
rhythmic excretion of 6-SM in full-term infants up to
9-12 weeks, and in premature infants up to 21 weeks
[15]. A significant effect of the summer birth season
on urinary 6 - SM production at the age of 8 week was
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found in term neonates [16]. Our study differs from the
previous ones in that we studied urinary 6 — SM in the
earliest period of life of premature infants with ELBW
and VLBW: on the first day and on days 10-14" of life.
We got low values of urinary 6 — SM in premature in-
fants with ELBW compared with VLBW at 1st day. On
days 10-14 of life, urinary 6 - SM was lower than on
the first day but did not depend on the birth weight of
the child. Like our study, a prospective, longitudinal,
multicenter study to assess of urinary 6 — SM at 1st
and 3rd day of life in 110 preterm infants with ges-
tational age less than 34 weeks and 99 ones more
than 34 weeks was published [7]. Urinary 6 —-SM was
significantly lower in infants with gestational age less
than 34 weeks at 1st and 3rd days (230 ng/L vs 533
ng/L and 197 ng/L vs 359 ng/L). The level of urinary
6 - SM decreases every day, which was also obtained
by our study. However, the design of this study used
the radioimmunoassay method and not randomized
premature infants based on birth weight.

Deficiency of the powerful antioxidant melatonin
was the basis for studying the effect of increasing in
blood levels in premature infants by oral supplemen-
tation [17]. The study included 36 premature weighing
more than 1700 g. However, outcomes have not been
studied. Therefore, the authors believe that melatonin
supplementation for preterm infants may be a poten-
tial strategy for nursing these infants.

The all cited above studies do not clearly describe
relationships of perinatal pathology with the blood
melatonin or urinary 6 - SM. The all perinatal specific
diseases of premature infants, are called “free radical
diseases of premature infants” due to common path-
ways [18].

The next important point for discussion is deter-
mination of the predictor role of urinary 6 — SM level
in infants with ELBW and VLBW. One published study
about prognostic role of low urinary 6 - SM levels in
full-term newborns showed delayed psychomotor de-
velopment at 3 and 6 months of age [19]. This once
again proves the effect of melatonin on the develop-
ment of the nervous system and its protective role in
brain damage. We did not study long-term outcomes
and especially child development.

At the same time, the originality of our study lies
in the investigation of lethal outcomes in premature in-
fants with ELBW with correlation of urinary 6 -SM. We
did not find similar results in the available literature.
Of course, the more the infants affected by various
pathological conditions and the less oxidative protec-
tion, the worse was the prognosis.

We have shown that urinary 6 - SM less than 87
pg/mL on the 1st day of life in infants with ELBW is
associated with lethal outcomes.

It is believed than oxidative stress is the result
of many events, including hyperoxia due to mechan-
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ical ventilation, and plays a role in their sustainable
damage: epithelial damage, surfactant inactivation,
inflammation [20]. Although oxygen therapy is crit-
ical in the treatment of respiratory diseases, it can
cause damage to endothelial and epithelial cell bar-
riers, thereby contributing to the development of BPD
[21]. The role of melatonin in this mechanism remains
open and requires further study especially in ELBW
and VLBW infants [22, 23]. Interesting there will be
studies about relationship between melatonin and
hearing loss. Some studies and recommendations
show that infants in the neonatal intensive care unit
are at greater risk of hearing loss than healthy infants
[24, 25].

We suppose that significant associations be-
tween high urinary 6 - SM deafness have the same
mechanisms as other perinatal pathology due to hy-
peroxidative stress. Since there are few studies on the
relationship between s SNHL and melatonin levels in
premature babies, our results also open prospects for
further research. And trials of melatonin supplements
in this category of children can not only change their
nursing strategies, but also, with positive results, pre-
vent mortality and disability.

The results of our study confirmed the null hy-
pothesis that urinary excretion of 6-SM in premature
infants with ELBW and VLBW are different at the 1st
day of life only. Moreover, the urinary 6-SM can be a
predictive marker of lethal outcomes.

There were some inherent limitations associat-
ed with this study: firstly, the sample size. Our mod-
el was based on single-center descriptive study and
was limited by the time and the number of premature
infants. We investigated of the urinary 6 — SM only
at the 1st and at the 10 - 14th days of life in infants
with ELBW and VLBW. Secondly, there were very few
prior researches and there are some gaps in the stud-
ies relevant to the urinary 6 — SM, which influenced
the methodology of our study. The limitation of our
study also lies in urinary 6 - SM analyses was carried
out in a cohort, among which were infants who died
before 10 — 14th days of life. Thirdly, we did not es-
tablish the relationship between long-term outcomes
and urinary 6 — SM at 1st day and 10 - 14th days of
life in ELBW and VLBW infants. Forthly, urinary 6 -SM
depends on maturity of renal function despite the fact
that we excluded infant with kidney insuficiensy. As a
result, ROC-analysis detected a relationship between
urinary 6 — SM and lethal outcomes only at 1st day,
which may be as bias.

Conclusion and perspectives of further re-
search. In premature infants with extremely and very
low birth weight the determining the melatonin metab-
olite in urine 6-sulfatoxymelatonin is a non-invasive
method. There was found the significant decrease
level of urinary 6-sulfatoxymelatonin in infants with
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METABOJIT MEJIATOHIHY B CEYI Y HEOOHOLLUEHUX OITEU

3 HAOQ3BUYAMNHO TA AYXXE MAJTIOIO BAIOIO NMPU HAPOMXEHHI

Ky3seHkoea I'. A., KnumeHko T. M.

Pestome. Mema. BusHaueHHs fob6oBOro 6-cynbgaToKCMMeENaToHiHY B CeYi y HEQOHOLLIEHUX OiTeNn 3 eKc-
TpeMarbHO Ta JyXe Marok Macolo Tifla Npu HapOaXEHHI.

Mamepianu ma memodu. HeiHBa3nBHe, ON1COBE, OOHOLEHTPOBE AOCHIAKEHHS, WO OXONMoe gaHi 96
HeOHOLLEHMX HEMOBNAT i3 Baroto MeHwe 1500 r: 46 HeMoBNAT i3 Hag3BMYanHo Ta 50 HeMOBNAT i3 oyXe
HM3bKOIO Barot. 6-cynbaToKCMMENaToHiH B cevi gocnimkysanu Ha 1-wy Ta 10-14-Ty 4oby XuUTTS.

Pesynbmamu. AHTe- Ta iHTpaHaTanbHWUIA Nepiogun OiTen, 3anyYyeHnx OO OOCNIOXEHHS, XapakTepusyBsa-
NMCb TakKUMKU CTaHaMK: nepegvyacHuin po3pms nnogoBux obonoHok 37 (38,5%), baratonnigHa BariTHICTE 16
(16,6%), npeeknamncia 15 (15,6%), icTmiko-LepBikansHa HegocTaTHicTb 11 (11,5%). ), BigwapysaHHs nna-
ueHTn 8 (8,3%), ekcTpakoprnopanbHe 3annigHeHHa 5 (5,2%), xopioamHioHiT 4 (4,2%); kecapiB pO3TVH TEPMIHO-
Bui 33 (34,4%) i nnaHoBui 24 (25,0%). He Byno >kogHOi 3HauyLLOi pi3HMLI B YAaCTOTi aHTe- Ta iHTpaHaTanbHOI
natonorii mbx ELBW Ta VLBW. AHTeHaTanbHe BBeAEHHS KOPTUKOCTEPOIAiB ANS 3MEHLUEHHS TSHXKKOCTI Heo-
HaTanbHOro pecnipaTopHOro AUCTPeCc-CMHAPOMY Biabyrnocst y BCiX maTepiB HEMOBMAT, K 6panu y4yacTtb Y
JOCnigXeHHi.

Bu3HaueHo cyTTEBO HU3bKUI piBEHb 6-CynbdaToOKCUMENATOHIHY B CeYi y HEMOBIAT 3 HAA3BUYaNHO HU3b-
KO Baroto npu HapogxeHHi (megiaHa 120,0 nr/mn) Ha 1-n AeHb XUTTA MOPIBHAHO 3 OYXX€ HW3bKOKO Baro
npv HapomxkeHHi (MegiaHa 348,5 nr/mn). Ha 10-14 poGy pi3HuUi He Oyno. MNMporHOCTUYHWIA piBEHb NEeTanbHOro
pes3ynbTaTy Y HEMOBIAT i3 HaA3BNYaANHO HU3LKOK Baroto Npu HapoOaXXeHHi CTaHOBUTL <84 nr/mn i3 Yy TnuMBICTIO
84,62% i cneuncpivnicTio 70,0%.

BucHoeku. Y HEMOBNAT 3 HaA3BMYaWHO Ta AY)XEe HU3bKOK Barok Npu HapOAXKEHHI BU3HAYEHHS 6-Cyrb-
aToKCUMENATOHIHY B Cevi € HeiHBa3MBHUM MeTOAOM. BUABNEHO AOCTOBIpHE 3HUXKEHHSA pPiBHS 6-CynbdaTok-
CYMENaToHiHY B CeYi y HOBOHAPOMKEHUX 3 eKCTpeMaribHO Manok Macolo Tina Ha nepuwy aoby xutts. Bumi-
ploBaHHS 6-CynbdaToKCMMENaToHiHy B CeYi 03BONWUTL BCTAHOBUTY NPOrHO3 NEepUHaTanbHUX Hacnigkis. Moro
piBeHb <87 nr/mn acouitoeTbCs 3 neTanbHMM Hacnigkom. ABTOpU NpuMNyckarTb, Wo Le byae wnsax 4o manbyT-
HbOro A0AaBaHHA MenaToHiHY HEAOHOLEHUM AiTAM | BUBYEHHS MOro BMAMBY Ha NepuHaTtanbHi pesynbTtaTtu.

KnroyoBi cnoBa: HeaOHOLWEHI AiT1, MenaToHiH, 6-CynbgaToKCUMenaToHIH ceui.
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