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ABSTRACT

Background. The sex-related differences of the urinary 6-sulfatoxymelatonin have not been stud-
ied in premature infants yet. The purpose of the work was to measure the daily urinary 6-sulfa-
toxymelatonin in premature infants with a very low birth weight.

Materials and Methods. Fifty premature infants (28 males and 22 females) with gestational age
less than 33 weeks and body weight from 999 g to 1499 g were involved in the study. Urine 6-
sulfatoxymelatonin was assessed using urine collection on the 1% day and on the 10"—14™ days of
life.

Results. The level of urine 6-sulfatoxymelatonin on the 1% day of life showed a significant in-
crease in its excretion in females compared to males. The median values in males were 202.0
(95% CI 77.1-390.9) pg/ml and in females 437.0 (279.6-501.0) pg/ml, p=0.0103. Its level on the
10"-14" days of life significantly decreased both in males 57.0 (95 % CI 45,0-99.7) pg/ml,
p=0.0028 and in females 90.0 (51.9-160.7) pg/ml, p=0.0021 without differences in sex-related
distribution, p=0.3940.

Conclusions. The melatonin metabolite as urinary 6-sulfatoxymelatonin in premature infants
with a very low birth weight demonstrates sex-related differences with significant increase in
females compared to males on the 1% day of life and no sex-related difference on the 10"-14™
days of life. The trend of reduced pineal function is a key point in understanding the neuroendo-
crine reactivity in male preterms. Future investigation of sex-related aspects of urinary 6-sulfa-
toxymelatonin excretion in children, especially premature infants, is required.
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INTRODUCTION

It is known that one of the main functions of
melatonin in the organism is regulation of “sleep—
wake”. Melatonin is synthesized both by the pin-
eal gland and other tissues. Its metabolism leads
to formation of 6-sulfatoxymelatonin (aMT6s),
which can be excreted in various fluids, mainly
urine [1].

Due to the differences in the endocrine system
in females and males, the role of gender differ-
ences in the functional activity of melatonin has
been studied. The published findings are rather
contradictory even in the adult population. One
published study has found that females exhibited
significantly greater levels of plasma melatonin
than males and there are differences between
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males and females in its circadian rhythm [2].
Meanwhile, the effect of different light intensities
on blood melatonin concentrations in females and
males has been, and there were no gender differ-
ences in light sensitivity [3].

The recent studies of melatonin effects have
shown not only its biological “sleep-wake” func-
tion. In the last decades, its role as a powerful an-
tioxidant protection has been demonstrated in
both adults and children [4—-6]. Despite the fact
that positive results have been obtained in the use
of melatonin in newborns, sex-related differences
in them, and especially in premature babies, have
not been sufficiently studied [7].

Purpose, subjects and methods:

1. The purpose of the study was to measure
the daily urinary aMT®6s in premature infants with
very low birth weight (VLBW) as well as evaluate
its sex-related differences.

2. Subjects & Methods. Design. This simple,
cohort, one-center, descriptive, retrospective
study involved 50 premature infants with VLBW.
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Inclusion criteria: premature infants with ges-
tational age less than 33 weeks, body weight at
birth from 999 g to 1499 g.

Exclusion criteria: gestational age more than
33 weeks and body weight > 1500 g, degenerative
and congenital diseases of the nervous system,
chromosomal diseases; diseases with impaired re-
nal function; orphan diseases.

Interventions. The data of a detailed case his-
tory and objective examinations, medical records,
anthropometric measurements, and daily urine
collection were studied. aMT6s in the 24-hour
urine collection from premature infants was as-
sessed by enzyme-linked immunosorbent assay
using the BUHLMANN 6-Sulfatoxymelatonin
ELISA (BUHLMANN Diagnostics Corp., USA),
offered by the manufacturer. The urine was col-
lected on the 1st day and the 10th—14th days of
life.

Statistics. Statistical analysis was performed
with MedCalc version 14.8 (©1993-2014) Med-
Calc Software bvba (Acacialaan 22 B-8400 Os-
tend, Belgium). Descriptive analysis such as me-
dian (Me), maximum (max), minimum (min),
lower quartile (Lq), upper quartile (Ug), 95%
Confidence Interval (CI) were used. Fisher’s test
to calculate the difference in two proportions,
Mann-Whitney test (MW test) to compare of two
independent samples, and Wilcoxon Rank-Sum
Test (WRST) to compare of two dependent sam-
ples were used. The difference in parameters was
considered statistically significant at p<0.05.

Results and discussion

The maternal pregnancy and delivery of in-
fants with VLBW included the following condi-
tions: premature rupture of membranes —19
(38.0%), abortion risk — 13 (26.0%), urogenital in-
fections — 10 (20.0%), multiple pregnancy — 12
(24.0%), cesarean section — 29 (58.0%), fetal
distress — 13 (26.0%). The demographic and clin-
ical data of infants with VLBW are presented in
table 1.

There was no significant difference between
males and females among VLBW infants (p=
=0.2330). Among them there was preference of
moderate preterm: 32 weeks to <34 (p=0.0002)
according to the WHO classification [8]. Table 1
presents the ranking of perinatal pathology in in-
fants depending on the frequency of its preva-
lence. The presence of one or a combination of
several pathological perinatal conditions was cha-
racterized by changes in the acid-base state of um-
bilical blood in infants with VLBW (table 2).

Table 1. Clinical and demographic data
of the premature infants

Data n (%) 95% CI
Males 28 (56.0) | 41.2-70.0
Females 22 (44.0) 29.9-58.7
Gestation age

<29 weeks 8 (16.0) 7.0-29.0
30 weeks 12 (24.0) 13.0-38.1
31 weeks 7 (14.0) 5.8-26.7
32 weeks 8 (16.0) 7.0-29.0
33 weeks 15 (30.0) 17.8-44.6
Respiratory 50 (100) | 92.8-100.0
distress syndrome

Anemia 29 (58.0) | 43.2-71.8
of premature

Hypoxic- 26 (52.0) 37.4-66.3
ischemic

encephalopathy

Congenital 19 (38.0) 24.6-52.8
pneumonia

Intraventricular 17 (34.0) 21.2-48.7
hemorrhage

Sensorineural 13 (26.0) 14.6-40.3
hearing loss

Neonatal sepsis 11 (22.0) 11.5-35.9
Severe asphyxia 9 (18.0) 8.5-31.4
Retinopathy 7 (14.0) 5.8-26.7
of premature

Bronchopulmonary | 3 (6.0) 1.2-16.5
dysplasia

Necrotizing 3 (6.0) 1.2-16.5
enterocolitis

Lethal outcome 2 (4.0) 0.4-13.7

Table 2. Acid-Base state in the umbilical blood
in premature infants with VLBW

Parameter pH, units BEb, mEqg/I
Median 7.1 -16
Lqg; Ug 6.8; 7.3 -19; -11
min; max 7.0,7.2 -22; 2

The combination of severe perinatal pathology
led to the lethal outcome of 2 infants: hypoxic in-
jury due to severe asphyxia and respiratory di-
stress syndrome, second had moderate asphyxia
and early neonatal sepsis.

The level of urine aMT6s on the 1% day of life
showed a significant increase in its excretion in fe-
males compared to males (Fig. 1). The median val-
ues in males were 202.0 pg/ml (95% CI 77.1-390.9)
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and in females 437.0 (279.6-501.0) pg/ml, MW
test p=0.0103.

The level of urine aMT6s excretion on days
10"-14" of life significantly decreased both in
males 57.0 (95% CI 45.0-99.7) pg/ml, WSRT
p=0.0028 and in females 90.0 (51.9-160.7) pg/ml,
WSRT p=0.0021. However, we did not find dif-
ferences in sex-related distribution of urine aMT6s
at the 10"-14" days of life, MW test p=0.3940

(Fig. 2).
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Why did we study this particular question? In
animals sex-related histological differences in the
thymus after ectopic pineal gland was established [9].

One study in the Netherlands on a population
of 94 healthy children aged 2 to 18 years evaluated
actigraphic data on 24-hour sleep-wake rhythm as
a function of urinary aMT6s levels, sex differ-
ences, and body mass index. The methodology of
the study included the children wearing of an acti-
graph device, collection of morning urine for 7
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Fig. 1. The sex-related distribution of urine aMT6s in premature infants with VLBW on the 1% day of life.
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Fig. 2. The sex-related distribution of urine aMT6s in premature infants with VVLBW on the 10™"-14™ days of life.
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consecutive days, and a questionnaire. It was
found that the levels of urine aMT6s decreased
significantly as the child grew older. The authors
also concluded that neither gender nor an increase
in body mass index was associated with a dif-
ference in excretion of urine aMT®6s [10].

Another study of the relationship between the
excretion of the urine aMT®6s, and prenatal, and
intranatal, and postnatal changes and psychomo-
tor development was carried out on a fairly large
population of term infants (n=355). Poor child
neurodevelopment has been associated with low
levels of the urine aMT6s at 16 weeks, 3 and 6
months of age. The authors conclude that this as-
sociation suggests a causal or prognostic relation-
ship between melatonin and neurodevelopment in
infants [11]. However, this study did not include
premature infants, especially with LBW.

One study showed results about maturation of
fetal melatonin synthesis by measuring the urinary
excretion of aMT6s in males aged 2—7 days and
gestational age 26-42 weeks. A negative correla-
tion was established between an increase in gesta-
tional age and the urine aMT6s excretion, which
was also shown in our study. We demonstrated the
same data but, on the 10"-14" days of life, and
reduction of the urine aMT6s excretion. However,
in contrast to the study above, we have demon-
strated this phenomenon in both males and fe-
males [12].

Our study allowed to partially reject the hy-
pothesis, that premature infants with VLBW have
no sex-related differences in the profiles of uri-
nary aMT®6s in neonatal period. We showed a sig-
nificant increase in urinary excretion of 6 in fe-
males compared to males on the1* day of life, and
the absence of sex-related differences of urinary
aMT6s between males and females on days 10-14
of life.

Some publications suggest that melatonin
plays a major antioxidant role in postnatal adapta-
tion. It is possible that labor stress leads to the re-
lease of this hormone for antioxidant protection
[4-6]. We consider another important issue for
discussion, i.e. why we need to measure the level
of the melatonin metabolite.

Low levels of metabolite in the urine in prem-
ature children provide for a subsidy of this hor-
mone. But for today the melatonin supplementa-
tion for the prevention of hypoxic ischemic injury
in newborns has been demonstrated at a high evi-
dence level [13].

The effectiveness of melatonin supplementa-
tion as a neuroprotector in the first two weeks of

extrauterine life in premature infants is just begin-
ning to be studied. Our study showed that prema-
ture babies cannot produce enough melatonin,
which is another contribution to research on the
effectiveness of melatonin supplementation. Its
antioxidant mechanism may be useful in prevent-
ing neurodevelopmental disorders. That is why
the first study on the role of melatonin in preterm
infants with very low birth weight was planned in
2020. It may serve as a basis for further research
on melatonin as a neuroprotective strategy in this
vulnerable population. [14]. Some publications
showed the fact that premature infants have long-
term neurodevelopmental disorders, cognitive and
motor problems, and a low level of socialization
and communication, it is extremely important to
evaluate the role of melatonin as a neuroprotector
during the first weeks of extrauterine life, to pre-
vent disorders in the development of the nervous
system [15-18]. We studied the relationship be-
tween the levels of the urine melatonin metabolite
in the short-term formation of perinatal pathology
in premature infants in the early and late neonatal
period. We believe that the results of our study
open up more prospects regarding the study of the
effect of melatonin on the long-term aspects of the
development of a child who was born prema-
turely. The limitation of our study was due to a
small sample and time shortage.

Conclusions

The melatonin metabolite, urinary 6-sulfatox-
ymelatonin, in premature infants with a very low
birth weight showed sex-related differences with
significant increase in females compared to males
on the 1% day of life and no sex-related difference
on the 10"-14" days of life. The trend of reduced
pineal function is a key point to understanding the
neuroendocrine reactivity in male preterms. Fur-
ther studies of sex-related aspect of urinary 6-sul-
fatoxymelatonin excretion in children, especially
premature infants are required.
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