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Introduction. Preterm infants are at risk of free radical-mediated diseases from oxidative stress (OS) injury. Increased free radical
generation has been demonstrated in preterm infants during the first seven days of life. Melatonin (MEL) is a powerful antioxidant
and scavenger of free radicals. In preterm neonates, melatonin deficiency has been reported. Exogenous melatonin administration
appears a promising strategy in the treatment of neonatal morbidities in which OS has a leading role. Objective. The aim was to
evaluate plasma MEL concentrations and OS biomarkers in preterm newborns after early administration of melatonin. Methods.
A prospective, randomized double-blind placebo-controlled pilot study was conducted from January 2019 to September 2020.
Thirty-six preterm newborns were enrolled. Starting from the first day of life, 21 received a single dose of oral melatonin
0.5mg/kg once a day, in the morning (MEL group); 15 newborns received an equivalent dose of placebo (placebo group).
Samples of 0.2mL of plasma were collected at 24 and 48 hours after MEL administration. Plasma concentrations of melatonin,
non-protein-bound iron (NPBI), advanced oxidation protein products (AOPP), and F2-isoprostanes (F2-Isopr) were measured.
Babies were clinically followed until discharge. Results. At 24 and 48 hours after MEL administration, the MEL concentrations
were significantly higher in the MEL group than in the placebo group (52759:30 ± 63529:09 vs. 28:57 ± 46:24 pg/mL and
279397:6 ± 516344:2 vs. 38:50 ± 44:01 pg/mL, respectively). NPBI and AOPP did not show any statistically significant
differences between the groups both at 24 and 48 hours. At 48 hours, the mean blood concentrations of F2-Isopr were
significantly lower in the MEL group than in the placebo group (36:48 ± 33:85 pg/mL vs. 89:97 ± 52:01 pg/mL). Conclusions.
Early melatonin administration in preterm newborns reduces lipid peroxidation in the first days of life showing a potential role
to protect high-risk newborns. Trial Registration. This trial is registered with NCT04785183, Early Supplementation of
Melatonin in Preterm Newborns: the Effects on Oxidative Stress.

1. Introduction

Preterm infants are at risk for neonatal disorders related to
immaturity. A common factor in the pathogenesis of such dis-
eases is the free radical-mediated tissue injury derived from
oxidative stress (OS) [1]. The endogenous indoleamine mela-
tonin, synthesized from the neurotransmitter serotonin, is a
powerful broad-spectrum antioxidant and readily available
scavenger of free radicals. Foetal melatonin has a maternal
origin, and after birth, the full-termneonates have an irregular
melatonin secretion for 3-5 months, leading to a transient
melatonin deficiency in the neonatal period and in the first

months of life. Prematurity delays the maturation of the neu-
rological network that controls melatonin secretion, leading
to poor secretion for an even longer period. Furthermore,
the onset of pineal melatonin secretion seems to be evenmore
delayed in case of neurological damage, and this event,
together with other predisposing conditions, makes the pre-
term evenmore susceptible to the free radical-mediated dam-
age [2–4]. Therefore, exogenous melatonin administration
appears a promising strategy in the treatment of neonatal
morbidities in which OS has a leading role. Moreover, as it
shows neuroprotective properties, it was present as a joint
therapy in addition to hypothermia after hypoxic-ischemic
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encephalopathy [5–8]. Several studies tested the efficacy of
melatonin to counteract oxidative damage in diseases of
newborns such as chronic lung disease, perinatal brain injury,
necrotizing enterocolitis, retinopathy of prematurity, and
sepsis, giving promising results [9–11]. In these studies, the
dosages of melatonin varied over a wide range, ranging from
0.1 to 100mg/kg. This is an evidence that the pharmacoki-
netic profile of melatonin is better known in adults than
newborns [12]. Indeed, just few studies investigated
pharmacokinetic characteristics of melatonin in preterm
and asphyxiated neonates. Merchant et al. observed and
described a decreased volume of distribution and prolonged
half-life and clearance of the melatonin in preterm infants
with respect to adults and older children. Melatonin was
administered intravenously at the dosage of 0.1mg/kg for
two hours [13]. Carloni et al. investigated the melatonin
pharmacokinetics at comparable doses after intragastric
administration in human preterm infants. The main result
of the study was that a single intragastric bolus of 0.5mg/
kg of melatonin resulted in higher serum melatonin level
than adults suggesting the possibility to get and keep ther-
apeutic concentrations with this dose [14]. Finally, Balduini
et al. demonstrated that a safe and potentially effective dose
of melatonin for infants with hypoxic ischemic encephalop-
athy undergoing hypothermia should not exceed 5mg/kg,
depending on the route of administration [15]. However,
no data are available on the therapeutic efficacy of these
specific doses. The aim of this study was to evaluate mela-
tonin concentrations and biomarkers of oxidative stress in
preterm infants after early administration of melatonin.

2. Materials and Methods

This prospective randomized double-blind placebo-
controlled pilot study was conducted at the Neonatology
Unit of the Polyclinic in Messina from January 2019 to
September 2020. The study was approved by local Ethical
Committee (protocol number 42/2018). Written informed
consent was obtained from parents. Inclusion criteria were
gestational age < 37 weeks and normal liver and kidney
function tests. Exclusion criteria are all outborn babies,
babies with severe congenital malformations, sepsis, inborn
errors of metabolism, suffering from perinatal hypoxia, or
born from mothers with mental disorders, to eliminate con-
ditions that could affect melatonin production. Additional
exclusion criteria were as follows: withdraw informed con-
sent, insufficient blood sample, and hemolysis of the blood
sample. The MEL group received an oral dose of 0.5mg/kg
of melatonin, once a day in the morning, in the first week
of life; the placebo group received 0.5mL of 5% glucose
solution. Newborns received melatonin (Pisolino® Gocce,
Pediatrica, Italy) by a nasogastric tube. Pisolino® Gocce
contains fructose, purified water, potassium sorbate, sodium
benzoate, flavorings, and xanthan gum. The product is pres-
ent in the register of food supplements of the Ministry of
Health website (http://www.ministerosalute.it/alimenti/
dietetica) and classified with the following code: 62853.

This product is subject to the European Directive on
foods according to the DL n. 169 of 21/05/2004 and not to

the European Directive on medicines 2001/20/EC imple-
mented at Italian level with D.L. n. 211 of 06/24/2003.
Melatonin administration has a good safety profile, with no
known adverse effects [16]. Plasma concentrations of non-
protein-bound iron (NPBI) (micromol/L), advanced oxida-
tion protein products (AOPP) (micromol/dL), and F2-
isoprostanes (F2-Isopr) (pg/mL) were determined at 24
and at 48 hours after administration of melatonin. The pri-
mary endpoint was to evaluate MEL concentration in the
MEL group and placebo group. The secondary endpoint
was to evaluate biomarkers of OS, such as AOPP, NPBI,
and F2-Isopr in the MEL and placebo groups. Further, the
occurrence of intraventricular hemorrhage (IVH), necrotiz-
ing enterocolitis (NEC), retinopathy of prematurity (ROP),
and bronchopulmonary dysplasia (BPD) in all enrolled
preterm newborns was analysed.

2.1. Procedures. Blood samples (0.5mL) were collected, by
vein puncture, from each newborns at 24 and 48 hours after
administration of MEL. The samples were immediately
centrifuged (RTM 1500, T 4°C, 10min) to remove cells
and obtain the supernatant, which was then separated into
two different microtest tubes, one of which contained BHT
(butylated hydroxytoluene), and stored at −80°C. The
obtained samples were subsequently analysed to measure
melatonin and OS biomarker (AOPP, F2-IsoPs, and NPBI)
concentrations. Plasma melatonin concentrations were mea-
sured by high-performance liquid chromatography and
mass spectrometry (MS/MS) (Agilent Technologies 1200
series system and an AB Sciex API 4000 triple-quadrupole
mass spectrometer) according to the method of Wang
et al. [17]. Markers of protein and lipid peroxidation were
measured by AOPP and F2-Isopr. Spectrophotometry,
tandem mass spectrometer coupled with HPLC, and
HPLC-DAD system were used to analyse AOPP, F2-Isopr,
and NPBI [18–20]. AOPP were measured using spectropho-
tometry on a microplate reader. The instruments were cali-
brated with chloramine-T solutions that absorb at 340nm
in the presence of potassium iodide [18]. The LC-MS/MS
method of Casetta et al. [19] was followed for determination
of F2-IsoPs. The method was centered around an API 4000
tandem mass spectrometer coupled with HPLC Agilent
1200 series, which includes a binary pump, a thermostated
well-plate autosampler, and a column over. Chromatogra-
phy separation was carried out at a temperature of 30°C by
a mixture of an aqueous solution of acetic acid (Eluent 1)
and acetonitrile (Eluent 2). For measurements, the tandem
mass spectrometer ran in multiple reaction monitoring with
the electroscopy source operating in negative ion mode and
by exploiting the transitions m/z353:3 > 193:2 for F2 IsoPr
and 357:3 > 197:2 for the internal standard d4-8-iso-PGF2α.
The method of Paffetti et al. [20] was followed for NPBI
measurement with HPLC-DAD system (Agilent 1100
series). The method is based on preferential chelation of
NPBI by a large excess of the low-affinity ligand disodium
nitrilotriacetic acid. To separate NPBI, a two-step filtration
procedure was used: (1) filtration through a 100 kDa
Vecta-Spin Micro-Whatman ultracentrifuge filter and (2)
filtration through a 20 kDa Vecta Spin Micro-Whatman
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ultracentrifuge filter at 13:660 × g and 4°C. The filtrate was
injected directly into an isocratic reverse-phase liquid chro-
matography system using precolumn derivatization with
the high-affinity iron ligand DHP, which forms a coloured
complex with Fe3+ that absorbs at 450nm. The analytic
system detected iron as a ferric nitrate standard down to a
concentration of 0.01μM.

2.2. Statistical Analysis. A computer-generated randomiza-
tion schedule was used to define the supplemented group
(MEL group) or control (placebo group). Due to lacking
data on oral melatonin supplementation in preterm
newborns, sample size was calculated by G∗Power 3.9.1.2
for windows [21], estimating that between the 2 groups,
there was a large difference in the concentration of melato-
nin (setting: effect size: 0.8, alfa error: 0.5, and power:
0.80); the minimum sample size required was 28. Statistical
analysis was performed by SPSS version 25.0 for Windows
(IBM, Armonk, NY, USA). Normal distribution of data
was evaluated by Kolmogorov-Smirnov test. Data with non-
normal distribution and categorical data were evaluated by
Mann–Whitney U test and chi-square test, respectively. A
p value < 0.05 was considered statistically significant.

3. Results

The flow diagram of the study population from assessment
for eligibility to analysis is reported in Figure 1. Out of the

Assessed for eligibility (n = 50)

CONSORT 2010 flow diagram

Excluded (n = 6)
⬧ Declined to participate (n = 4)
⬧ Not meet inclusion criteria (n = 2)

Randomized (n = 44)

Allocated to intervention (n = 22) Allocated to intervention (n = 22)
⬧ Received allocated intervention (n = 22)

Lost to follow-up (n = 1 because of preanalytical
blood sample hemolysis)

Lost to follow-up (n = 3 because of preanalytical
blood sample haemolysis)

Analysed (n = 15)
⬧ Excluded from analysis n = 3 (because of
insufficient blood sample)

Analysed (n = 21)

⬧ Received allocated intervention (n = 21)
⬧ Did not receive allocated intervention (n = 1

Enrollment

Allocation

Follow-up

Analysis

because of declined to participate)

Figure 1: Consort diagram 2010.

Table 1: Clinical characteristics of enrolled population.

MEL group
(n = 21)

Placebo group
(n = 15)

p
value

Gestational age
(wks)

32:26 ± 3:66 33:53 ± 2:88 NS

Birth weight (g) 1706 ± 638 1988 ± 513 NS

Gender (%) F = 14 (66) F = 8 (53) NS

Spontaneous
delivery (%)

5 (24) 2 (13) NS

Caesarean section
(%)

16 (76) 13 (87) NS

NEC (%) 1 (4.7) 0 NS

BPD (%) 1 (4.7) 0 NS

IVH (all grade) (%) 4 (19) 3 (20) NS

F: female; NEC: necrotizing enterocolitis; BPD: bronchopulmonary
dysplasia; IVH: intraventricular hemorrhage; ROP: retinopathy of
premature; NS: nonsignificant p > 0:05.
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36 consecutively enrolled preterm newborns, 21 received
melatonin (MEL group) and 15 received placebo (placebo
group). Table 1 reports baseline characteristics of the
enrolled population. Melatonin concentrations were signifi-
cantly higher in the MEL group at 24 and 48 hours
(Table 2). In the placebo group, male showed significantly
higher concentrations of melatonin than female at 24 hours
of life (58:1 ± 55:4 vs. 2:8 ± 3:5; p = 0:001); in the MEL
group, female showed significantly higher concentrations
of melatonin concentration than male at 48 hours of life
(302296:3 ± 372402:9 vs. 22781:0 ± 35155:7; p = 0:03). No
statistical difference between groups were found in AOPP

and NPBI at 24 and 48 hours; also, F2-Isopr was not differ-
ent at 24 hours (Table 2). At 48 hours, the mean plasma con-
centrations of F2-Isopr were significantly lower in the MEL
group than in the placebo group (36:48 ± 33:85 vs. 89:97 ±
52:01pg/mL, p < 0:05; Table 2, Figure 2). No differences
between male and female in OS biomarkers were observed.

4. Discussion

The inability to counteract the harmful effects of free radi-
cals is a matter of concern for all newborns, especially if
preterm. The transition from intrauterine to extrauterine
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Figure 2: Isoprostanes, NPBI, and AOPP concentrations in placebo and MEL groups at 24 and 48 hours after melatonin administration.
∗p < 0:05. Data are expressed as median (Q1-Q3). AOPP: advanced oxidative protein products; NPBI: non-protein-bound iron.
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environment is characterized by a huge of oxygen availabil-
ity [11, 22]. This new hyperoxic condition increases the
generation of various reactive oxygen species (ROS) such
as hydrogen peroxide, singlet oxygen, and hydroxyl radicals
that may attack macromolecules and cellular components.
Moreover, ROS, as a secondary messenger, may trigger
signalling pathways and induce stress-response genes or
proteins [22, 23]. A significant increase in total hydroperox-
ides and AOPP levels from birth to 7 days of life has been
reported in preterm newborns, indicating that damage
caused from free radicals also occurs in nonhypoxic babies
with normal clinical course [24]. Experimental studies in
an animal model of hypoxic-ischemic brain damage report
the effectiveness of antioxidant drugs to prevent or reduce
ROS injury. Melatonin has been demonstrated to be able
to block OS and inflammation pathways [25, 26]. In the first
days of life, numerous factors could be responsible for an
overproduction of free radicals, such as hypoxia, hyperoxia,
acidosis, infections, transfusions, drug exposure, and pain
[27]. Newborns are therefore peculiarly at high risk for
OS-induced damage [28]. Therefore, there is compelling evi-
dence that supplementation with antioxidant compounds
may be effective in combating OS. Melatonin has not only
free radical scavenging and antioxidant properties but also
anti-inflammatory, antiapoptotic, and analgesic actions.
Indeed, melatonin seems to modulate both pro- and anti-
inflammatory cytokines in various pathophysiological situa-
tions wherein the balance between them determines the
clinical outcome and to inhibit the expression of cyclooxy-
genase and inducible nitric oxide synthase, the nitric oxide
production induced by lipopolysaccharide, and the inflam-
masome activation [11]. This fact is of clinical importance
if we consider that inflammation is strictly related to OS in
the pathogenesis of many diseases that affect preterm new-
borns [1]. Previous reports have suggested that preterm
infants do not secrete melatonin until 52-week postconcep-
tion [29]. In our study, we were able to measure the melato-
nin concentration in plasma of preterm infants who received
placebo. All subjects received maternal or human donor
milk which was a potential source of exogenous melatonin,
being present in human milk [30]. Melatonin concentrations
were found significantly higher in male than female in the
placebo group at 24 hours of life and in female than male
in the MEL group at 48 hours of life. To our knowledge,
no data on melatonin differences between male and female
have been reported. Immature hepatic metabolism and poor
renal excretion may be responsible for a wider range of mel-
atonin concentrations in treated preterm babies. Whatever
the reason for the observed gender differences, the data
should be checked in a large population due to the variability
of melatonin concentrations in preterm newborn.

A protective effect of melatonin on lipoperoxidation was
observed when orally administered in preterm newborns in
the first days of life. Significantly lower levels of F2-Isopr
were found in the MEL than the placebo group at 48 hours
of life. This result is particularly important since early mea-
surement of F2-Isopr has been recently described to discrim-
inate patients showing abnormal white matter injury score at
term of corrected gestational age with a cutoff value 31.8 pg/

mL [31]. Moreover, high levels of urinary F2-Isopr were
found in second days of life in newborns at high risk of
developing a hemodynamically significant patent ductus
arteriosus [32]. Increased levels of F2-Isopr have been also
reported in preterm newborns affected by bronchopulmo-
nary dysplasia or periventricular leukomalacia [33]. It was
demonstrated that F2-Isopr provokes preoligodendrocyte
death by oncosis, depending on inadequate antioxidant
defences [34]. White matter injury, bronchopulmonary
dysplasia, periventricular leukomalacia, and patent ductus
arteriosus represent some of the peculiar diseases of prema-
turity, now grouped and called “free radical diseases of pre-
maturity” because of the common pathways in pathogenesis
[1]. The results of the present pilot prospective study show
that few doses of melatonin decrease lipid peroxidation in
preterm supplemented newborns. Thus, melatonin appears
to reduce the risk of oxidative damage, protecting vulnerable
organs and tissues in preterm newborns. F2-Isopr are the
in vivo result of free radical-induced injury by peroxidation
of lipids in cell membranes. They are stable compounds
generated by the action of cyclooxygenase on long-chain
unsaturated fatty acids. The mechanism involved in their
formation implies that free radicals cause hydrogen abstrac-
tion from arachidonic acid and addition of molecular
oxygen to form a peroxyl radical. F2-Isopr are terminal
oxidation products with no further oxidant properties,
therefore representing reliable markers of OS in newborns
[35]. AOPP are the terminal products of the protein expo-
sure to free radicals without oxidant properties, and they
represent a marker of the degree of protein damage in oxida-
tive stress conditions. We previously reported an increase of
AOPP levels from birth to seventh day of life in preterm
newborns [24]; in this paper, we observed a lower relative
increment of AOPP level in treated newborns than controls.
NPBI is a low-molecular-mass iron form, free from binding
to plasma proteins. Iron toxicity derives from the production
of hydroxyl radicals through the Fenton reaction. Thus,
NPBI is a marker of potential OS because it indicates
increased susceptibility to oxidative damage especially
in vivo studies [35]. We previously found an association
between NPBI and lipid oxidation in vitro [36]. In this study,
no significant effect on NPBI and AOPP was observed at 24
and 48 hours from MEL administration, plausibly due to the
small sample size associated with wide variability in bio-
marker plasma concentrations. Data could be also probably
related to the multifactorial nature of the oxidative stress
processes and to the need of higher doses of melatonin than
those used. Furthermore, no significant effects were found
on the prevalence of NEC, BPD, IVH, and ROP in the
MEL group than the placebo group. It is noteworthy that
the population study represented preterm newborns at
medium-low risk to develop these diseases (mean gestational
age > 28 weeks in both groups). Melatonin supplementation
in extremely low birth weight or gestational age infants
might have a major potentiality to reduce the increase of
lipoprotein oxidation products. To our knowledge, lack of
data exists regarding the valuation of melatonin efficacy in
reducing term and preterm infant morbidity. This study
has the limitation of few patients enrolled, and the results
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need to be confirmed in larger trials. However, the results
reported support for the first time the role of melatonin
intake to protect preterm newborns against lipid peroxida-
tion. The potential protective role of MEL is mainly due to
its beneficial effect on plasma antioxidant status. Moreover,
the safety profile of melatonin in clinical study is an encour-
aging start point for further investigate the protective effects
of melatonin on organs and tissues. Our results pave the way
for more medical research in this field before melatonin
enters in clinical practice. Further research is needed as the
schedule that might be effective and the subjects that might
receive melatonin to obtain the greatest effect have not been
precisely defined.

Data Availability

The data that support the findings of this study are available
on request from the corresponding author.
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