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Melatonin is an endogenous indolamine 
synthesized in the pineal gland from serotonin.1 
It is an effective antioxidant and free radical 
scavenger.2 Melatonin has a key role in many 
important physiological functions, such as 
regulation of circadian rhythms, stimulatory 
action in the immune system, visual, 
reproductive, cardiovascular, neuroendocrine 
and neuroimmunological actions.3

Melatonin scavenges free radicals that are 
oxygen and nitrogen derived metabolites and 

protects DNA from the damage induced by 
them.4 Clinically, melatonin has been used in 
sleep disorders, neurodegenerative diseases, 
aging and cancers in adults.5 In recent years 
there are few reports about its use in children 
and neonates.6-8

Preterm infants are susceptible to oxidative 
stress-induced injury because of oxygen use 
at initial resuscitation and immature fetal 
antioxidant system. Although oxygen therapy 
is essential in the management of neonatal 
respiratory disorders, oxygen exposure, 
unavoidably leads to excessive production of 
reactive oxygen species (ROS) in the respiratory 
system. Its association with peroxidant drugs, 
concomitent infections or extrapulmonary 
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ABSTRACT

Background. Excessive production of reactive oxygen species play an important role in the pathogenesis of 
bronchopulmonary dysplasia (BPD). Melatonin is an effective antioxidant and free radical scavenger. The 
aim of this study was to evaluate the efficacy of melatonin in the prevention of BPD in preterm infants with 
respiratory distress syndrome.

Methods. In a randomized clinical trial, 80 preterm newborn infants with respiratory distress syndrome and 
gestation age of 27-32 weeks were allocated randomly in two groups. Group A consisted of 40 neonates who 
received surfactant with the INSURE technique. Patients in group B received melatonin 5mg/kg /day per gastric 
tube for 3 days in addition to the surfactant. The primary outcome was on the occurrence of BPD. The secondary 
outcome was considered other complications of prematurity, duration of hospital stay and mortality.

Results. The mean gestational age and birth weight of studied patients were 31.3±3.8 weeks and 1189±84 grams, 
respectively. Thirty-five (43.8%) patients were girls and 45 (56.2%) were boys. BPD was diagnosed in 24 (60%) 
neonates of group A and 18 (45%) patients in group B, p=0.02. The duration of hospital stay, need for mechanical 
ventilation and mortality rate were significantly lower in patients in group B (p=0.02, 0.003, 0.009 respectively). 

Conclusions. Our study results showed that BPD, mortality and hospital stay reduced with melatonin 
treatment in preterm infants. However, future studies with a larger number of patients are needed to confirm 
these beneficial effects.
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inflammation can promote the depletion of 
antioxidants and contribute to the development 
of bronchopulmonary dysplasia (BPD).9 
Gitto et al. examined melatonin treatment in 
preterm newborns diagnosed with respiratory 
distress syndrome (RDS) to determine whether 
melatonin may delay the development of 
BPD.10 They found newborns with BPD and 
without melatonin treatment had higher levels 
of proinflammatory cytokines than those who 
received melatonin.

The etiology of BPD is multifactorial and 
factors including mechanical ventilation 
induced barotrauma, volutrauma, oxygen 
toxicity, inadequate nutrition, infection and 
inflammation may contribute to impaired 
alveolar and vascular development in vulnerable 
premature lungs.11,12 Excess generation of 
reactive oxygen and nitrogen species multiate 
molecules and are important mediators of cell 
and tissue damage.13 Various pharmacologic 
and non pharmacologic approaches have been 
investigated for prevention and treatment 
of preterm lung injury and BPD.14-17 Full-
term neonates do not produce melatonin for 
3-5 months leading to transient melatonin 
deficiency and this deficiency is more prolonged 
in premature neonates.18 Evidence from several 
studies suggests a protective role for melatonin 
in perinatal diseases including RDS, asphyxia 
and sepsis.6,10,19,20 In this study, we aimed to 
evaluate the effectiveness of melatonin for the 
prevention of BPD in preterm infants with RDS.

Material and Methods

This randomized clinical trial was conducted in 
AL Zahra hospital which is a tertiary, university 
referral center in the North West of Iran from 
March 2019-April 2020. The study was approved 
by the Ethics committee of Tabriz University of 
Medical Sciences by code IR.TBZMED.REC. 
1398.574 at 2019.08.19 and registered in the 
Iranian Registry of Clinical Trials (IRCT) by 
the number IRCT 20190518043629N21. Parental 
informed written consent was obtained before 
patient enrollment. Based on the study by Gitto 

et al.10 considering reducing the rate of mortality 
or BPD from 66% to 42% in the intervention 
group with power of 80% and alpha 0.05 we 
estimate that 40 cases were needed for each 
group. Inborn preterm infants with RDS who 
needed surfactant replacement therapy and 
had a gestational age of 27-32 weeks and a birth 
weight less than 1250 grams were eligible for the 
study. Exclusion criteria were major congenital 
anomalies, birth asphyxia (Apgar score ≤3 at 
the first minute of birth), major cardiac diseases 
(not including patent ductus arteriosus), 
chromosomal anomalies, abdominal distention 
or evidence for necrotising enterocolitis at first 
hours of birth, and parental refuse. Infants who 
need endotracheal intubation at birth due to 
ineffective respiratory drive were excluded from 
the study. Our center policy is stabilization of 
the infant by using continuous positive airway 
pressure (CPAP) for preterm neonates in the 
delivery room and saving intubation only for 
those who have apnea or ineffective respiration. 

CPAP was administered through short bilateral 
nasal prongs, intermittently with a nasal 
mask. Distending pressure was generated by a 
variable flow nasal CPAP device and positive 
end-expiratory pressure (PEEP) 5-6 cm H2O 
and flow 6-7 litter/min (Fisher& Paykel Health 
Care limited, New Zealand). Patients with 
evidence of respiratory distress (tachypnea, 
retractions, and/or nasal flaring) shortly after 
delivery, a persistent oxygen requirement with 
FiO2 more than 0.3 and radiographic findings 
of RDS received surfactant within 6 hours 
of birth. Enrolled patients were randomly 
allocated in two groups by random number 
list generated by random number generator 
in sequentially numbered, opaque, sealed and 
stapled envelopes. Curosurf® (Poractant alpha, 
Chiesi Farmaceutici, Italy) 200mg/kg/dose (2.5 
ml/kg /dose intra-tracheally) with the INSURE 
technique was used in group A. Patients in group 
B received melatonin (Nature Made, Pharmavit, 
USA) 5mg/kg /day per gastric tube for 3 days 
in addition to Curosurf®. After surfactant 
was administered, when the spontaneous 
respirations resumed, and adequate heart rate 
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and oxygen saturation was established, the 
endotracheal tube was removed and the infants 
were weaned to nasal-CPAP. Arterial blood gas 
parameters were recorded at admission and at 
6 hour intervals after surfactant administration. 
The primary outcome was the development of 
BPD. The secondary outcome was considered 
other complications of prematurity, such as 
the duration of hospital stay and mortality. 
BPD was defined as the need for supplemental 
oxygen for at least 28 days and its severity 
determined at 36 weeks of gestation age based 
on the fraction of inspired oxygen.11 Cranial 
ultrasound examination was performed on days 
5 to 7 of birth for the diagnosis of intraventricular 
hemorrhage (IVH) by an experienced pediatric 
radiologist. Patent ductus arteriosus (PDA) 
was diagnosed based on clinical signs and 
confirmed by echocardiography performed by 
an expert pediatric cardiologist. Pneumothorax 
was determined by the presence of air in 
pleural space on chest X-ray. Necrotizing 
enterocolitis was suspected in neonates with 
abdominal distention and feeding intolerance. 
This diagnosis was confirmed by the presence 
of gas or air bubbles in the wall of the intestine 
on an abdominal X-ray and its severity was 
determined by Bell’s staging system.21

Eye examination for the diagnosis of retinopathy 
of prematurity (ROP) was done through indirect 
ophthalmoscopy by an expert opthalmologist 
who was blind about patients groups. 

Another independent researcher who was blind 
about patients groups completed a detailed 
questionnaire. 

Statistical analyses were performed using the 
statistical package for social sciences (SPSS) 
version 17.0. Quantitative data were presented as 
mean ±standard deviation (SD) and qualitative 
data as frequency and percent. Independent t 
test were used for testing continuous normally 
distributed data. Categorical data were 
compared between groups using Chi- square 
or Fisher exact test. Two tailed tests were used 
and a p. value less than 0.05 was considered 
statistically significant.

Results

A total of 120 preterm infants with RDS were 
admitted to the neonatal intensive care unit 
(NICU) between March 2019 and April 2020. 
Ninty four infants met inclusion criteria with 
respect to their gestation age and birth weight. 
Five neonates were excluded from the study 
because of major congenital anomalies, 5 cases 
were intubated before arrival to the NICU and 
4 patients because parents refused to consent. 
A total of 80 neonates were enrolled in the 
study including forty neonates in the surfactant 
group (group A) and 40 in the surfactant and 
melatonin group (group B). The mean gestation 
age and birth weight of studied patients were 
31.3±3.8 wks and 1189±84 grams, respectively. 
Thirty-five (43.8%) patients were girls and 45 
(56.2%) were boys. Demographic characteristics 
of patients are shown in Table I.

The number of patients to develop BPD was 
statistically significantly less in the group that 
received both surfactant and melatonin ( n=24, 
(60%) in group A, n= 18 (%45) p=0.02).

The duration of hospital stay, need for 
mechanical ventilation and mortality were 
significantly lower in patients in group B. The 
complications and outcomes of patients in both 
groups are shown in Table II.

Maximal FiO2 at the first hour and 4 hrs after 
surfactant replacement therapy was 0.37 and 
0.35 in group A and 0.35 and 0.34 in group B 
respectively, without significant difference. 

No adverse drug reaction was observed in 
patients receiving melatonin.

Discussion

In this study, administration of melatonin 
in addition to surfactant in comparison to 
surfactant replacement therapy alone decreased 
the duration of mechanical ventilation and 
hospital stay significantly. The incidence 
of BPD, PDA, IVH, air leak syndrome and 
mortality were reduced in neonates who 
received melatonin. 
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Lung injury in the neonatal period is mediated 
by several etiologic factors such as genetic, 
hemodynamic, metabolic, nutritional, 
mechanical, and infectious or inflammatory 
mechanisms. All these events lead to an 
increased synthesis of free radicals which, in 
turn, induces oxidative stress-mediated tissue 
damage that is involved in the development of 
BPD.18

Numerous reports have demonstrated that 
melatonin is a broad-spectrum antioxidant.22 
Pan and et al.23 demonstrated that the nocturnal 
administration of melatonin reduced interstitial 
fibrosis and the total number of alveoli 
caused by BPD. There are reports showing 
inflammatory cytokines are elevated in preterm 
newborns who develop BPD.24,25 Gitto and et 

al.26 showed melatonin treatment reduced the 
proinflammatory cytokines and improved 
clinical outcome. Melatonin stimulates several 
antioxidant enzymes in addition to its direct 
scavenging actions without pro-oxidant effects.

We did not observe any side effects in our 
patients due to melatonin. Melatonin appears 
safe and no side effects have been reported 
when100mg/kg was administered in 54 hours 
or 10 mg/kg once daily for 5 days.27,28 Carloni et 
al.29 used three different oral doses of melatonin: 
0.1, 0.5 and 5 mg/kg in neonates born before 37 
weeks of gestation. They found that a single 
intragastric administration of these doses 
resulted in a high peak plasma concentration 
that indicates that it is well absorbed after 
intragastric bolus. These high concentrations 

Table I. Demographic characteristics of study groups.
Group A 

N= 40
Group B 

N=40  P value

Gestation age, weeks 29.3±2.9 27.9±3.9 NS
Birth weight, gr 1154±98 1112±124 NS
Maternal age, years 30.1±3.1 31.8±4.2 NS
Gender NS

Male, n(%) 22(55) 23(47.5)
Previous preterm labor n(%) 3 (7.5) 4 (10) NS
Apgar score

1st minute 6.1±1.7 5.9±1.7 NS
5th minute 8.3±1.02 8.4±1.02 NS

NS= not significant

Table II. Comparision of complications in both groups.
Group A 

N=40
Group B 

N=40 P value RR (95% CI)

Duration of MV, d 7.6±2.1 5.3±1.6 0.003 (0.1-3.8) 2
Duration of hospital stay, days 10.7±2.7 6.4±1.5 0.02 (1.5-2.1)1.5
BPD, n(%) 24(60) 18 (45%) 0.02 (0.1-6.23)2
IVH, n(%) 16(40) 12 (30) 0.04 (0.1-9.3) 1.5
PDA, n(%) 9(22.5) 5 (15) 0.03 (0.1-76.7)1.5
Air leak syndroms, n(%) 4 (10) 2 (5) 0.01
Pulmonary hemorrhage, n (%) 3 (7.5) 3 (7.5) 1
Mortality , n (%) 6 (15) 3 (7.5) 0.009 (0.1-8.6)2
MV= mechanical ventilation, BPD=bronchopulmonary dysplasia, IVH= intraventricular hemmorhagea, PDA= patent ductus 
arteriosus
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appear not to be dose-dependent and are higher 
than what was found after oral administration 
in adults.

The limitations of this study was the small 
sample size, lack of long-term follow-up of 
studied patients and the lack of paraclinical 
data about proinflammatory cytokines. 

In conclusion, the present study showed that 
melatonin administration as adjuvant therapy 
in preterm infants with RDS is associated with 
better outcomes with respect to duration of 
hospital stay, mortality, need for mechanical 
ventilation and complications of prematurity 
such as BPD, air leak syndromes, IVH and PDA. 
Future studies are recommended to establish 
the appropriate melatonin dose and timing 
of administration to achieve the best clinical 
outcome. 
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