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Purpose: Pain and oxidative stress represent critical and frequently underrecognized challenges in neonatal and 
pediatric care. Their synergistic interaction may adversely affect neurodevelopmental outcomes and long-term 

quality of life. Melatonin, a neurohormone with well-established antioxidant properties, has also demonstrated 
analgesic and anti-inflammatory effects, making it an attractive therapeutic candidate in this vulnerable popula- 
tion. 
This narrative review critically evaluates the available preclinical and clinical evidence on the analgesic role of 
melatonin in neonates and children. By integrating mechanistic insights with updated clinical data, the review 

aims to provide a unified perspective on melatonin as a multi-target analgesic, with particular emphasis on pain- 
modulating pathways that extend beyond its antioxidant activity. 
Methods: Comprehensive literature search was performed using electronic databases, including PubMed and 
MEDLINE. The review considered peer-reviewed articles published in English that investigated melatonin’s in- 
teraction with pain-related pathways in neonatal and pediatric populations. Both preclinical and clinical studies 
were analyzed, with particular focus on mechanisms involving MT2 receptor activation, suppression of neuroin- 
flammation, modulation of GABAergic and opioid systems, and interference with N -methyl- d -aspartate receptor- 
mediated nociceptive signaling. Clinical evidence was reviewed with attention to analgesic efficacy, sedative 
properties, and safety in neonates and children. Studies with favorable, neutral, or inconclusive findings were 
considered if they were relevant to the review scope. 
Findings: Melatonin exerts significant antinociceptive effects through both central and peripheral mechanisms, 
which are synergistic with its antioxidant action. These effects are mediated by MT2 receptor activation, modula- 
tion of inflammatory pathways (including NOD-like receptor protein 3 inflammasome inhibition), and regulation 
of central neurotransmission. Clinical studies in neonates and children indicate that melatonin is effective in 
reducing pain during invasive procedures and may serve as a sedative alternative in diagnostic and procedural 
settings. Across studies, melatonin demonstrated a favorable safety profile, including in preterm infants. 
Implications: Melatonin emerges as a safe, pleiotropic, and multi-target analgesic in pediatric care. Further trans- 
lational and clinical research is warranted to better define its role in condition-specific pain management, as well 
as to establish optimal dosing strategies and routes of administration in neonatal and pediatric populations. 
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Neonates and children often experience pain associated with many
linical conditions, such as surgical interventions, invasive procedures,
nd chronic inflammatory diseases. Pain in this population is frequently
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nder-recognized and undertreated, leading to increased physiological
tress and adverse neurodevelopmental outcomes. 1 

Oxidative stress (OS) may potentially contribute to pain perception
y sensitizing nociceptive pathways. 2 The vulnerability of neonates and
hildren to oxidative damage and pain highlights the need for thera-
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eutic strategies that exhibits potent free radical (FR) scavenging and
nalgesic properties. 3 

The unique biochemical properties of melatonin make it an attractive
herapeutic agent in pediatric populations. Its potent antioxidant capac-
ty allows it to neutralize reactive oxygen species (ROS) directly and
o upregulate endogenous antioxidant enzymes (AOEs), providing mul-
ilevel protection against OS, which is especially relevant in neonates
nd children vulnerable to oxidative damage due to immature defense
ystems. 4 , 5 

Beyond antioxidation, melatonin exhibits significant anti-
nflammatory and analgesic effects. It modulates inflammatory
ytokine production, inhibits proinflammatory pathways, and interacts
ith melatonin receptors in the central and peripheral nervous systems

o reduce pain perception. These dual properties address both oxidative
njury and pain, common challenges in pediatric clinical care. 4 

Furthermore, melatonin is naturally present in human breast milk
nd crosses the placenta during pregnancy, indicating its physiological
afety and involvement in early circadian rhythm development. 6 Its fa-
orable safety profile, low toxicity, and minimal side effects support its
se in vulnerable pediatric groups, including preterm infants and chil-
ren with chronic inflammatory or painful conditions. 7 

Despite increasing interest in melatonin as a pain-modulating agent,
o recent review has comprehensively integrated molecular and cellu-
ar mechanisms with clinical evidence in the context of neonatal and
ediatric analgesia. The present article is a narrative review. It aims to
ridge this gap by synthesizing and critically discussing preclinical and
linical data on melatonin as a multitarget analgesic in pediatric popula-
ions. To improve transparency, the literature search strategy, eligibility
riteria, exclusion criteria, and qualitative approach used to select the
ost informative studies are summarized in the Methods section. 

elatonin Synthesis: Pineal and Extrapineal Sources 

Melatonin ( N -acetyl-5-methoxytryptamine) is primarily synthesized
n the pineal gland via a multistep enzymatic pathway. The synthesis
egins with the hydroxylation of tryptophan to 5-hydroxytryptophan,
atalyzed by tryptophan hydroxylase, followed by decarboxylation
o serotonin. Serotonin is then acetylated by arylalkylamine N -
cetyltransferase (AANAT), forming N -acetylserotonin, which is sub-
equently methylated by acetylserotonin O -methyltransferase to pro-
uce melatonin. AANAT is the rate-limiting enzyme and is regulated by
he light–dark cycle, with activity increasing significantly during night-
ime. 8 

While the pineal gland is the central source of circulating melatonin,
xtrapineal synthesis occurs in several tissues, including the gastroin-
estinal tract (GIT), retina, skin, bone marrow, and placenta. Extrapineal
elatonin synthesis is independent of the pineal gland. Indeed, studies
ave shown that even in pinealectomized animals, melatonin continues
o be produced in peripheral tissues such as the GIT and placenta, indi-
ating that local synthesis supports tissue-specific protective functions. 9 

n the GIT, melatonin is synthesized by enterochromaffin cells from di-
tary tryptophan through a serotonin intermediate. Notably, GIT mela-
onin levels are up to 10 to 100 times higher than in plasma, and up
o 400 times higher than pineal levels, suggesting local autocrine and
aracrine roles. 10 

The placenta also produces melatonin. Serum melatonin levels have
een shown to increase especially during the first trimester of pregnancy
nd to decrease dramatically after delivery, suggesting that melatonin
ay play a role in maintaining a normal pregnancy. 11 In addition, pla-

ental melatonin crosses into fetal circulation, playing an essential role
n fetal development, protecting against OS, and contributing to the
arly formation of circadian rhythms. 12 

Neonates, especially those born preterm, exhibit limited endogenous
elatonin production at birth. Endogenous melatonin synthesis gradu-

lly begins to develop over the first few months of life. Up to approxi-
ately the third month of life, infants largely depend on maternal mela-
2

onin, which is transferred via the placenta during gestation and later
hrough breast milk, to regulate circadian rhythms and promote sleep.
tudies have shown that melatonin levels in breast milk are significantly
igher at night than during the day, aiding in the establishment of sleep–
ake cycles in the newborn. 6 

Generally, urinary excretion of 6-sulfatoxymelatonin (aMT6s), a ma-
or metabolite of melatonin, significantly increases between weeks 6 and
4 of life, with a nocturnal peak occurring between 2:00 and 10:00 am .
owever, in preterm infants, this developmental process is delayed by
pproximately 9 weeks compared to term infants, reflecting the immatu-
ity of circadian centers and the pineal gland. 13 This delayed melatonin
roduction in preterm neonates has been associated with higher inci-
ence of sleep disturbances and infantile colic. The absence of sufficient
elatonin during this critical developmental window may negatively

mpact neurological development and circadian rhythm regulation. 2 

OS plays a significant role in neonatal and pediatric morbidity, aris-
ng from an imbalance between the production of ROS and the body’s an-
ioxidant defenses. Neonates, especially preterm infants, are particularly
ulnerable due to their immature antioxidant systems and increased ex-
osure to oxidative challenges during the perinatal period. 9 Perinatal
ypoxia-ischemia is a critical source of oxidative injury, contributing to
rain damage and long-term neurodevelopmental deficits. 14–16 

The interaction between pain and OS is complex, but it appears that
S can sensitize nociceptive pathways, potentially exacerbating pain
erception. 17 For instance, chronic inflammatory conditions common in
ediatric patients, such as juvenile idiopathic arthritis and inflammatory
owel disease, contribute to sustained OS and pain, complicating clinical
anagement and impairing quality of life. 3 , 7 

echanisms of Action 

Melatonin is a multifunctional molecule that is present in all organ-
sms. While one of the most well-known roles is in regulating circadian
hythms in vertebrates, melatonin is known to have a much more an-
ient and primary function: serving as a potent FR scavenger and an-
ioxidant. 18 

Several features make melatonin an effective antioxidant, including
ts free-radical scavenging cascade and its ability to support AOE pro-
uction. These aspects are summarized in the following paragraphs. 

FR are highly reactive chemical species and major contributors to OS.
y initiating chain reactions, they propagate molecular damage. One of
he best-known radicals is the hydroxyl radical (OH), which contributes
ubstantially to DNA and tissue injury induced by ionizing radiation.
ther reactive species include reactive nitrogen species (RNS) and reac-

ive sulfur species. 19 

Radical trapping is an important mechanism that counteracts OS.
ype I antioxidants (free-radical scavengers) directly react with FR, pro-
ucing less reactive species and thereby interrupting the chain reac-
ion. 20 

Melatonin has antioxidant capacity not only because it directly in-
eracts with ROS, but also because its metabolites continue to neutralize
R. This sequential activity is known as the free-radical scavenging cas-
ade. Through this cascade, a single melatonin molecule can detoxify
ultiple ROS and RNS, thereby amplifying antioxidant efficiency and

roadening the scavenging spectrum. 
In some cases, melatonin metabolites have been shown to be more

fficient antioxidants than melatonin itself. For example, AFMK ( N1 -
cetyl- N2 -formyl-5-methoxykynuramine) is a key molecule in melatonin
etabolism, produced both through enzymatic degradation and through

nteractions with FR. An investigative study demonstrated AFMK as a
owerful reducing agent, capable of donating two electrons to neutral-
ze radicals —unlike classical small-molecule antioxidants, which typ-
cally donate only one. Furthermore, in cell culture, AFMK protected
ippocampal neurons from OS induced by hydroxyl radicals, glutamate,
nd amyloid 𝛽 peptides. In rat liver tissue, AFMK also prevented lipid
eroxidation in a dose-dependent manner. 21 
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Antioxidant molecules represent only one component of the cellu-
ar defense against OS. Superoxide dismutase (SOD), glutathione perox-
dase (GPx), and catalase (CAT) are key AOEs that work in a coordinated
anner to remove ROS. SOD catalyzes the conversion of the superoxide

adical (O2− ) into hydrogen peroxide (H2O2) and oxygen (O2), after
hich other enzymes convert H2O2 into water. Several studies have

hown that melatonin can upregulate these enzymes. Early studies re-
orted increased GPx mRNA levels in rat brain cortex after both acute
nd chronic melatonin treatment, as well as increased SOD and GPx
evels in neuronal cell lines even after exposure to physiological serum
oncentrations of melatonin. 22 , 23 In 2015, skin grafts preincubated with
elatonin showed a significantly smaller decline in AOE levels after UV-

nduced photodamage, supporting the hypothesis that melatonin may
elp preserve antioxidant defenses under OS conditions. 24 Similar in-
reases in AOE levels were also described after melatonin treatment in
ouse models of retinal degeneration. 25 

Melatonin has been investigated to be neuroprotective of neonatal
ypoxic-ischemic brain injury. In a 2024 murine study, intravenous
dministration of melatonin (25 mg/kg) to rats subjected to hypoxic-
schemic injury resulted in significant reduction of brain loss and in-
reased oligodendrogenesis through the mediation of the AMPK/mTOR
ignaling pathway, as shown by a marked improvement in motor func-
ion. 26 Furthermore, according to a 2025 study by Liu et al, 27 in-
raperitoneal melatonin in rats with ischemic brain injury seems to
ave a neuroprotective effect by reducing the brain edema through the
I3K/AKT/Nrf2 signaling pathway, as well. 

im 

The aim of this review is to synthesize the available preclinical and
linical literature on the use of melatonin as an analgesic agent in
he pediatric population, with a focus on efficacy, safety, and under-
ying mechanisms of action. By integrating molecular insights with clin-
cal evidence across different pain-related settings, this review provides
vidence-informed clinical decision-making and to identify key knowl-
dge gaps that warrant further investigation. 

ethods 

iterature Search 

A narrative literature search was performed to identify preclinical
nd clinical studies exploring the role of melatonin in pain modula-
ion within neonatal and pediatric populations. Electronic databases,
ncluding PubMed and MEDLINE, were searched using combinations of
edical Subject Headings (MeSH) terms and free-text keywords. Search

erms included “melatonin, ” “pain, ” “nociception, ” “procedural pain, ”
surgery, ” “neonates, ” “newborns, ” and “children. ” Reference lists of
elevant articles and previously published reviews were also manually
creened to ensure comprehensive coverage of the available literature.
ecause this was a narrative review, the purpose of the search was not
o generate a formally exhaustive dataset for quantitative synthesis, but
ather to identify mechanistic and clinical studies most informative for
he objectives of the review. 

ligibility Criteria 

Studies were considered eligible if they were peer-reviewed articles
ublished in English and investigated the interaction between mela-
onin and pain-related pathways in neonatal or pediatric populations.
oth preclinical and clinical studies were included when they provided
echanistic, molecular, or clinically relevant insights consistent with

he objectives of the review. Given the narrative scope of the article, no
estrictions were applied regarding study design, intervention setting,
r outcome measures. 
3

Studies were excluded if they did not involve neonatal or pediatric
ubjects, were unrelated to pain or nociceptive processes, or lacked suf-
cient relevance to the mechanistic or clinical focus of the review. Non-
nglish publications, conference abstracts without adequate method-
logical detail, and studies focused exclusively on adult populations
ithout clear translational relevance were also excluded. 

tudy Selection 

Study selection was performed by the authors through screening of
itles, abstracts, and full texts to identify publications relevant to the
ims of the review. Particular attention was given to the studies ul-
imately summarized in Tables I and II , which were selected because
hey were considered the most representative of the available mecha-
istic and clinical evidence in neonatal and pediatric settings. Emphasis
as placed on studies contributing novel mechanistic insights, clinically
eaningful observations, translational relevance, or practical implica-

ions for pediatric pain management. Key information regarding exper-
mental models, clinical settings, proposed mechanisms of action, anal-
esic efficacy, safety profiles, dose ranges, and routes of administration
as qualitatively extracted and synthesized. 

ata Synthesis 

Given the heterogeneity in study populations, experimental mod-
ls, clinical contexts, and outcome measures, findings were synthe-
ized using a descriptive and thematic approach. Particular attention
as devoted to identifying converging mechanistic pathways, including

eceptor-mediated effects, modulation of neuroinflammation, and inter-
ctions with central neurotransmitter systems. Clinical evidence was dis-
ussed in relation to analgesic efficacy, sedative properties, and safety
n neonatal and pediatric settings. Because of the narrative design, no
ormal risk-of-bias scoring system was applied; instead, the discussion
ualitatively highlights the relative strength and translational relevance
f the available evidence. 

A quantitative meta-analysis was not performed, as the available
ata were not sufficiently homogeneous to allow meaningful statistical
omparison. 

esults 

nalgesic Effects 

Recent evidence supports melatonin’s role as a multi ‑target anal-
esic, effective in chronic pain syndromes as well as in acute and neuro-
athic models. Its therapeutic benefits have been reported across several
ain conditions, including migraines, fibromyalgia, and irritable bowel
yndrome. 28–30 In addition to normalizing circadian rhythms and im-
roving sleep quality, which can indirectly contribute to pain reduc-
ion, melatonin also exerts direct analgesic actions through modulation
f multiple neurotransmitter and neuroimmune pathways. Table I re-
orts preclinical studies investigating the use of melatonin as analgesic
gent. 

Melatonin mediates its analgesic activity mainly via MT2 receptors,
ith MT1 playing a more limited role, which are widely distributed

hroughout the mammalian central nervous system. 28 , 29 

In 2014, Chen et al 31 conducted a study in a murine model of visceral
ain, administering melatonin both orally and intraperitoneally, along
ith two novel MT1/MT2 receptor agonists (Neu-P11 and Neu-P12),
emonstrating a dose-dependent reduction in pain responses. Several
tudies consistently indicate that MT2 receptors are the primary medi-
tors of melatonin ‑induced analgesia. 29 , 30 , 32–34 In 2015, Lopez-Canul
t al found that the MT2 receptor agonist UCM924 alleviated pain be-
aviors in rats following L5-L6 spinal nerve ligation. The mechanism
nvolves modulation of the descending nociceptive system of the brain-
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Table I 

Preclinical studies investigating the use of melatonin as analgesic agent. 

Study Species Intervention (dose, route) Outcome (O) and findings (F) Source 

Chen Mice Intraperitoneal or orally melatonin, 
Neu-P11, and Neu-P12 (melatonin receptor 
agonist; all 25, 50, and 100 mg/kg) 

O: Orally and i.p. administered melatonin, Neu-P11, and Neu-P12 reduced pain 
responses in a dose-dependent manner. Neu-P12 was more effective and displayed 
longer duration of action compared to melatonin. The antinociceptive effects of 
Neu-P11 or Neu-P12 were antagonized by i.p. or i.c.v. administered naloxone 
F: All the agonists have reduced pain responses of visceral pain, Neu-P12 producing 
the most potent effect 

31 

Song Rats Intraperitoneal melatonin (10 mg/kg) or 
saline was administrated 10 min after 
morphine injection, for 14 days 

O: Morphine-induced mechanical and thermal hyperalgesia were attenuated by 
co-administration of melatonin. The MPAE% (percent of maximal possible 
anti-nociceptive effect) was reduced 
approximately 60% in rats that received morphine treatment. However, following 
the treatment of morphine with melatonin, the MPAE% was reduced only about 30% 

F: Melatonin has potential to attenuate repetitive morphine-induced hyperalgesia 
and tolerance 

45 

Lin Male mice (1) Cuff + Vel group: i.p. injection of 
100 mL/kg vehicle (1% ethanol/normal 
saline) 
(2) Cuff + Mel group: i.p. injection of 
100 mg/kg Mel 
(3) Cuff + 8MP group: i.p. injection of 
100 mg/kg 8MP 
(8 ‑methoxy-2-propionamidotetralin, MT2 
agonist) 
(4) Cuff + R + 4PP group: i.p. injection of 
50 mg/kg ramelteon (MT1 and MT2 
agonist) and 20 mg/kg 4PP 
(4-phenyl-2-propionamidotetralin, MT2 
agonist) 

O: Increased MT2 activation in Dorsal Root Ganglia DRG neurons of the 
cuff-implanted mice suppressed mechanical allodynia and thermal hyperalgesia 
Expression of neuroinflammatory cytokines could be modulated after MT2 
activation by Mel or 8MP in the DRG neurons 
F: Both mechanical allodynia and heat hyperalgesia were relieved with exogenous 
Mel application in the DRG-friendly cuff models. Activation of MT2 by 8MP 
suppressed pain behaviors similar to Mel, while MT1 activation, using a 
combination of ramelteon and 4PP, did not produce a pronounced impact 

30 

Huang Rats Melatonine, orally, at a dose of 37.5, 75, or 
150 mg/kg 

O: Melatonin administration dose-dependently reduced neuropathic pain behavior, 
decreased glial and MAPKs activation, and diminished the release of 
pro-inflammatory cytokines in the ipsilateral cuneate nucleus after 
lysophosphatidylcholine (LPC)-induced median nerve demyelination neuropathy 
model 
F: Administration of melatonin, via its cognate MT2 receptor, inhibited activation of 
glial MAPKs, production of pro-inflammatory cytokines, and development of 
demyelination-induced neuropathic pain behavior 

33 

Posa Mice // O: In the Hot Plate Test and Formalin Test, mice with genetic inactivation of 
melatonin MT1 (MT1 

− /− ) display no differences compared to their wild-type 
littermates (CTL), whereas both MT2 

− /− and MT1 
− /− /MT2 

− /− mice showed a 
reduced thermal sensitivity and a decreased tonic nocifensive behavior 
F: Melatonin MT2 receptor subtype is selectively involved in the regulation of pain 
responses 

34 

Liu Mice Microglia cells were pretreated with 200 μM 

melatonin for 30 min before morphine 
O: There was a significant activation of the NLRP3 inflammasome in the prefrontal 
cortex and the peripheral blood of morphine-treated mice compared to control 
animals, which could be blocked by melatonin; co-administration of melatonin and 
low-dose morphine had better analgesia effects in the murine models of pain and led 
to a lower NLRP3 inflammasome activity in brain tissues 
F: Possible benefits in the co-administration of melatonin and morphine for the relief 
of severe pain 

39 

Wang Male rats Intraperitoneal melatonin injection O: Melatonin has potent analgesic and anti-inflammatory effects in SNL-induced 
neuropathic pain via NF- 𝜅B/NLRP3 inflammasome signaling pathway 
F: The NF- 𝜅B/NLRP3/caspase-1 signaling cascade is a requisite for the 
neuroprotective effect of melatonin in neuropathic pain 

37 

Nacarkucuk Rats Intravenous melatonin (25 mg/kg) O: To prove melatonin’s short ‐ and long ‐term neuroprotection and investigate its 
role on the AMPK (AMP ‐activated protein kinase)/mTOR (mammalian target of 
rapamycin) pathway following neonatal hypoxic–ischemic brain injury 
F: Melatonin treatment reduced brain area loss and promoted oligodendrogenesis 
with a clear improvement of motor function; melatonin-associated neuroprotection 
is regulated via the AMPK/mTOR/autophagy pathway 

26 

Liu Rats Intraperitoneal melatonin (5 mg/kg from 

Sigma) 
O: To explore the neuroprotective effects of melatonin (Mel) administration on 
cerebral ischemia-reperfusion injury (CIRI) and elucidate its underlying mechanism 

in vivo to provide a theoretical foundation for the clinical application of Mel 
F: Mel administration exerts neuroprotective effects against CIRI by mitigating brain 
edema through upregulating the PI3K/AKT/Nrf2 signaling pathway, and then 
attenuating brain damage in CIRI rats 

27 

Wang Mice intraperitoneal melatonin (10 mg/kg) daily 
for 7 days 

O: To investigate the effects of melatonin on neurovascular changes in rd1 mice, 
evaluating its therapeutic potential as an antioxidant for retinal degeneration 
F: Melatonin holds promise as a therapeutic approach for retinal degeneration by 
mitigating oxidative stress, thereby protecting photoreceptors and retinal 
vasculature 

25 

4
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Table II 

Clinical studies investigating the use of melatonin as analgesic agent. 

Study Target population Intervention (dose, route) Outcomes (O) and findings (F) Source 

Gitto 32-week gestation newborns 
admitted to NICU 

Intravenous melatonin (10 
mg/kg) 

O: Serum levels of the pro-inflammatory cytokines IL-6, IL-8, and IL-12, 
similar before endotracheal intubation, were significantly lower at 
subsequent times because of melatonin treatment 
F: The use of melatonin as an adjunct analgesic therapy during 
procedural pain may be considered 

62 

Marseglia < 37 weeks pretermal babies with 
normal liver and kidney function 
tests 

Oral dose of 0.5 mg/kg of 
melatonin, once a day in the 
morning, in the first week of life; 
the placebo group received 0.5 mL 
of 5% glucose solution 

O: Nonprotein-bound iron NPBI advanced oxidation protein products 
AOPP did not show any statistically significant differences between the 
groups both at 24 and 48 h. At 48 h, the mean blood concentrations of 
F2-Isoprostanes were significantly lower in the MEL group than in the 
placebo group 
F: Early melatonin administration in preterm newborns reduces lipid 
peroxidation in the first days of life, showing a potential role to protect 
high-risk newborns 

63 

Behura < 34 weeks of PMA or BW < 2000 
gr neonates 

Oral melatonin (4 mg/kg) O: The median PIPP score at 1 ′ and at 5 ′ between the 24% sucrose and 
the melatonin group were comparable. 
F: Oral melatonin is not inferior to oral 24% sucrose for pain 
management during ROP screening 

60 

Perrone Newborn infants, gestational age 
> 34 weeks, requiring surgery 

Oral melatonin (0.5 mg/kg) in the 
morning, before surgery 

O: The mean blood concentration of nonprotein-bound iron (NPBI), 
advanced oxidation protein products (AOPP), and F2-Isoprostanes 
(F2-IsoPs) significantly decreased from pre- to postoperative period in 
the melatonin group 
F: The administration of exogenous melatonin in newborn infants 
undergoing surgery reduces lipid and protein peroxidation in the 
postoperative period 

59 

Rahafard 3–6-year-old children Oral melatonin (0.5 mg/kg 
maximum 5 mg) 30 min before 
venipuncture 

O: The mean pain score and anxiety during venipuncture were lower in 
the melatonin group than in the control one 
F: Oral Melatonin before venipuncture reduces procedure-related pain 

61 

Gad 40 stable preterm infants < 37-week 
gestational age 

Oral melatonin (5 mg/kg) dissolved 
in 2 mL distilled water 30 min 
before cannula insertion 

O: 60 min postcannula insertion, MDA levels were significantly higher 
in the PL group compared to the MT group ( P < 0.001). The PL group 
had significantly higher PIPP-R scores and greater percentage of change 
in PIPP-R scores compared to the MT group, 5 min after cannula 
insertion 
F: Oral melatonin is a safe and effective therapy for preterm infants, 
showing promise in controlling neonatal pain with antioxidant effects 

53 

Perrone Children between 3 and 5 years of 
age scheduled for elective surgery 

Oral melatonin (0.5 mg/kg for a 
max 10 mg) 

O: The reduction of oxidative stress and the modulation of circulating 
miR-34 and miR-124a, which target sirtuin 1 (SIRT1) activity 
F: A novel pathway underlying melatonin’s antioxidant and analgesic 
effects mediated by SIRT1 
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tem, specifically decreasing the activity of pronociceptive ON cells and
nhancing antinociceptive OFF cells. 29 

In 2017, Lin et al immunohistochemically analyzed MT1 and MT2
xpression in dorsal root ganglia neurons, demonstrating a marked up-
egulation of MT2 expression in the dorsal root ganglia of cuff-implanted
ice. Conversely, melatonin application significantly inhibited pep-

idergic neuronal activation and reduced neuroinflammation in the dor-
al root ganglia via both MT2-dependent and MT2-independent path-
ays. 30 

In 2024, Wang et al 32 induced neuropathic pain in mice through
pared nerve injury and observed a dose-dependent alleviation of pain
ymptoms following both intraperitoneal and anterior cingulate cortex
dministration of melatonin. Furthermore, MT2 receptor expression was
ignificantly upregulated in spared nerve injury mice, and this upregu-
ation was reversed following melatonin administration, while MT1 re-
eptor expression remained unchanged. The study revealed dual anal-
esic pathways involving both neurons and microglia cells. In neurons,
elatonin reduced the excitability of anterior cingulate cortex pyra-
idal neurons and suppressed presynaptic excitatory input. Regarding
icroglia, two phenotypes were distinguished: the classically activated
1 phenotype and the alternatively activated M2 phenotype. The M1

henotype exhibits high expression of pro-inflammatory cytokines, con-
ributing to neuroinflammations and the exacerbation of chronic pain.
n contrast, the M2 phenotype exhibits anti-inflammatory properties.
elatonin treatment was shown to reduce the release of the inflam-
atory factors while simultaneously promoting the polarization of mi-

roglia toward the M2 phenotype. 32 

In the 2020 study by Huang et al, it was observed that melatonin ad-
inistration exerts a dose-dependent antinociceptive effect in models of
5

cute inflammatory and neuropathic pain in rats in which demyelinating
amage is induced with lysophosphatidylcholine. Oral administration of
elatonin significantly reduced the activation of glial mitogen-activated
rotein kinases (MAP kinases) and the release of proinflammatory cy-
okines, preserving myelin integrity at the lesion site and preventing
europathic pain. Therefore, it appears that melatonin exerts these ac-
ions through the suppression of intracellular Ca2 + levels in glia and the
nhibition of MAP kinase phosphorylation mediated by MT2 receptors
n the Schwann cell membrane. 33 

In the study by Posa et al, the nociceptive responses of mice with ge-
etic inactivation of MT1 or MT2 receptors, or both, were tested in the
ot plate test (paradigm of acute pain) and the formalin test (paradigm
f tonic pain). It was found that genetic inactivation of MT2 receptors,
ut not MT1 receptors, produces a distinct effect on the nociceptive
hreshold, suggesting that the MT2 melatonin receptor subtype is selec-
ively involved in the regulation of pain responses. MT2 receptors are
xpressed in the periaqueductal gray, an area of the brainstem of the
escending antinociceptive pathways. Injection of MT2 partial agonists,
s well as melatonin, into this area silences pronociceptive neurons and
ctivates antinociceptive neurons in the rostral ventral medulla, similar
o other classes of analgesic drugs. 34 

Growing evidence suggests that neuroinflammatory mediators are
ritical for analgesic tolerance and hyperalgesia. 35 Among them, the
OD-like receptor protein 3 (NLRP3) inflammasome, composed of the

ensor NLRP3, caspase-1, and the adaptor molecule, is the most studied
nflammasome. 36 

Melatonin analgesic action appears also to involve the suppression
f the nuclear factor-kappa B (NF- 𝜅B)/NLRP3 inflammasome signaling
athway. 37 , 38 Wang et al demonstrated the role of inflammasome ac-
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ivation and the release of proinflammatory cytokines in neuropathic
ain, observing a correlation between hypersensitivity and increased
F- 𝜅B phosphorylation in spinal tissues of rats subjected to spinal nerve

igation. Intraperitoneal administration of melatonin, however, reduced
he levels of molecular markers of inflammation and inhibited the de-
elopment of pain hypersensitivity. 37 

Moreover, Liu et al have shown that chronic morphine exposure
eads to excessive cellular ROS production and activation of the NLRP3
nflammasome in microglia. Melatonin, on the other hand, appears to re-
uce ROS and consequently inhibit the activation of the NLRP3 inflam-
asome in microglia, which is also responsible for morphine-induced

nalgesic tolerance. In this study, the authors used the acetic acid pain
odel and demonstrated that the combination of morphine and mela-

onin had a better analgesic effect than morphine alone. 39 

There is evidence suggesting that the central effects of melatonin
ay involve the facilitation of GABAergic transmission via GABA re-

eptor modulation. The participation of GABA neurons in melatonin’s
ffects on the brain has been subject of studies in the last decade.
esearch has reported increased GABA levels in rat brain following
inealectomy, and decreased levels after melatonin injection. Intracere-
roventricular administration of melatonin, B-endorphin and melatonin
lus B endorphin all increased benzodiazepine binding to GABA-A in
 dose-dependent manner. 40 Melatonin injection has also been shown
o increment significantly GABA turnover in the hypothalamus, due to
 stimulatory effect on the GABA synthesizing enzyme glutamic acid
ecarboxylase. 40 More recently, a study investigated the effect of mela-
onin on GABA-induced currents in cultured rat hippocampal neurons. 41 

elatonin rapidly enhanced these currents in a dose-dependent manner
nd increased overall GABAergic inhibitory transmission. These effects
ere not blocked by melatonin receptor antagonist, suggesting that the

nhancement did not occur via activation of melatonin membrane recep-
ors. However, the results were inhibited by benzodiazepine antagonist
umazenil, indicating that melatonin may act as an allosteric modulator
t the benzodiazepine binding site of the GABA-A receptors. 41 

Melatonin appears also to exert its effect in supraspinal areas via the
entral opioid system, according to a study on visceral nociception and
eurogenic inflammation rat models. 42 Opioids are used as analgesic
gents for pain treatment of moderate to severe intensity, exerting their
nalgesic action by interacting with three major types of receptors: mu,
elta, and kappa. Several observations show a significant interaction be-
ween melatonin and the opioid system in the brain. 39 , 43 , 44 Specifically,
elatonin has been shown to prevent the onset of morphine-induced
yperalgesia and analgesic tolerance in rodent models. It is modulated,
n part, by the inhibition of protein kinase C and downregulation of
 -methyl- d -aspartate (NMDA) receptor activity, both of which are key
olecular pathways to central sensitization and opioid tolerance. 45 , 46 

When administered to mice, melatonin has been shown to induce
nalgesia and enhance opioid antinociception on formalin-induced pain,
hile the administration of opioid receptor antagonist naloxone im-
aired the melatonin’s analgesic response. 36 Melatonin, injected by in-
raperitoneal and intracerebroventricular routes, significantly enhanced
he antinociceptive effects of delta opioid receptor agonist, but not those
f mu opioid agonist. This indicates a receptor subtype-specific interac-
ion, suggesting that melatonin may modulate opioid signaling through
istinct mechanism depending on the receptor type. 37 Besides collat-
ral effects, one major limitation of opioid usage is their tendency to
roduce tolerance. In an experimental study, conducted using the warm
ater tail-flick test to measure pain thresholds in mice, coadministra-

ion of melatonin prevented the development of antinociceptive toler-
nce to deltorphin-1, a delta opioid agonist. This attenuation of toler-
nce was then reversed by MT2 selective antagonist luzindole, proving
he involvement of melatonin receptors in modulating opioid tolerance.
owever, melatonin did not affect the antinociceptive tolerance to en-
omorphine 1, a mu opioid agonist. 38 

The therapeutic effects of melatonin may also arise from its
etabolism into the neurotransmitter serotonin, a newly recognized
6

omponent of its pharmacological action. A 2016 study demonstrated
hat melatonin supports CYP2D-mediated synthesis of serotonin from
-methoxytryptamine (5-MT), a melatonin metabolite. Following mela-
onin injection, the concentration of serotonin in various brain regions of
ice was significantly increased. However, when animals were treated
ith pargyline (a MAO inhibitor, to prevent serotonin degradation),

he effects of melatonin were no longer visible. This likely because
he amount of serotonin synthetized from endogenous substrate and
rotected by MAO dominates the serotonin formed from melatonin
etabolism. Interestingly, in pargyline rats treated with a partial le-

ion of the serotonergic system, melatonin still increased brain sero-
onin levels. This suggests that in conditions of serotonergic deficiency,
elatonin-derived serotonin becomes more relevant. The CYP2D in-
ibitor propafenone prevented the melatonin-induced increased in sero-
onin levels. These findings indicate that melatonin support in vivo sero-
onin synthesis in the brain via CYP2D-catalyzed conversion of 5-MT. 47 

We have already seen how systemically administered melatonin has
een reported to produce antinociceptive effects and to inhibit spinal
ociceptive transmission in rats. Wind-up, a form of synaptic potenti-
tion in the spinal cord, is a phenomenon evoked by repetitive stim-
lation of nociceptive C fibers and play a key role in the development
nd maintenance of chronic pain. An experimental study in anesthetized
ats showed that intrathecal administration of melatonin induced a dose-
ependent inhibition of the wind-up activity. This effect was prevented
y the MT2 receptor antagonist luzindole. Since wind up is dependent
n NMDA receptor activation, these results suggest that melatonin, act-
ng via MT2 receptors, may also interfere with the NMDA mediated
lutamatergic component of pain transmission. 48 In a different study
nvestigating the link between pain and depression, Wistar-Kyoto rats
genetically predisposed to depressive behavior) with mechanical hy-
eralgesia induced by unilateral temporomandibular joint inflammation
ere found to have low plasma melatonin levels and downregulation of
T1 receptors, along with upregulation of the NMDA receptor NR1 sub-

nit. In these rats, intracisternal administration of 6-cloromelatonin at-
enuated the mechanical hyperalgesia and depressive behaviors, while
ownregulating NR1 expression. Furthermore, melatonin dose depen-
ently decreased NMDA-induced currents in substantia gelatinase neu-
ons of the spinal cord dorsal horn. 49 

Figure depicts the principal analgesic mechanisms of mela-
onin, predominantly mediated by MT2 receptor activation, involving
upraspinal, spinal, and peripheral pathways that converge to reduce
euroinflammation, central and peripheral sensitization, and opioid tol-
rance. 

linical Evidence 

Melatonin is recognized as a compound with an excellent safety pro-
le, with studies reporting a very low incidence of adverse events, in-
luding those occurring in the long term. In the pediatric population, it
as been widely administered, even in patients with comorbidities and
oncomitant pharmacological treatments, without evidence of clinically
elevant side effects. 50 , 51 Considering the increased pain sensitivity and
he frequent need for invasive procedures in preterm infants, melatonin
as been investigated as a potential adjuvant analgesic in this particu-
arly vulnerable group. 7 , 52 , 53 Table II reports clinical studies investigat-
ng the use of melatonin, as analgesic agent, in neonates and children. 

Pain evaluation in neonates is generally performed using validated
ssessment tools, among which the Behavioral Indicators of Infant Pain
nd the Premature Infant Pain Profile (PIPP) are regarded as the most
eliable. 54 Moreover, clinical evidence indicates a correlation between
oderate-to-severe pain in preterm newborns (PIPP > 5) and reduced

erum melatonin concentrations. 55 

Melatonin can be administered, depending on the indication, orally
r intravenously, with the former being more subject to clinical stud-
es and the latter to animal studies. As regards the enteral route, there
re several commercially available formulations: capsules, immediate
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Figure. Melatonin exerts multilevel analgesic 
effects primarily through MT2 receptor acti- 
vation. At supraspinal level, it enhances de- 
scending inhibition and potentiates opioid and 
GABAergic signaling. At spinal level, it inhibits 
NMDA-dependent wind-up and suppresses NF- 
𝜅B/NLRP3-mediated neuroinflammation. Pe- 
ripheral actions include modulation of dor- 
sal root ganglia neurons and glial phenotype 
switching, ultimately reducing central and pe- 
ripheral sensitization and limiting opioid tol- 
erance. ACC = anterior cingulate cortex; NF- 
kB = nuclear factor-kappa B; NLRP3 = NOD- 
like receptor protein 3; NR1 = NMDA receptor 
subunit 1. 
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ablets, prolonged tablets, and oral solutions. The oral bioavailability
f the molecule ranges from 1% to 56% with an average of 15%, de-
ending on gender, age, and formulation. Other studies document oral
ioavailability from 2.5% to 33%. Melatonin appears to have poor oral
ioavailability because, in addition to poor enteral absorption, it has a
etabolism characterized by a hepatic first-pass effect. Sex was defined

s biological sex (male/female) recorded at birth. 50 , 56 

A pivotal study published in 2016 compared melatonin and midazo-
am as premedication in pediatric patients aged 5 to 14 years undergo-
ng surgical procedures. The authors reported that oral administration of
elatonin at a dose of 0.5 mg/kg, 40 minutes prior to anesthesia induc-

ion, significantly reduced the required dose of propofol, outperforming
idazolam in this regard. 57 The benefits from the administration of oral
elatonin in pediatric anesthesia before surgery may be related to its

mpact on modulating the Sirtuin 1 circulating levels, a key regulator of
edox balance and inflammation. 58 

In the prospective, randomized, blinded study conducted in 2023
y Perrone et al, was evaluated the efficacy of melatonin supplementa-
ion on perioperative OS in newborns undergoing surgery. A single oral
ose of melatonin (0.5 mg/kg) was administered to newborns before
urgery, and they were compared with a control group. It was found
hat both in the preoperative and postoperative periods, melatonin con-
entrations were significantly higher in the treated group than in the
ntreated group, and blood concentrations of OS markers (nonprotein-
ound iron, advanced oxidation protein products, and F2-isoprostanes)
n the treated group decreased significantly from the preoperative to the
ostoperative period. This demonstrates that the administration of ex-
genous melatonin in newborns undergoing surgery reduces lipid and
rotein peroxidation in the postoperative period, showing a potential
ole in protecting patients from the consequences of OS. 59 

Furthermore, a recent clinical trial by Behura et al investigated
he analgesic efficacy of melatonin during retinopathy of prematurity
creening in preterm infants. The study reported that oral administration
f melatonin at a dosage of 4 mg/kg in neonates younger than 34 weeks
f postmenstrual age significantly reduced procedural pain, supporting
ts safety and effectiveness as an analgesic in neonatal ophthalmologic
are. 60 

Melatonin has also been investigated as a potential pain and anxiety
eliever in the pediatric population for procedural pain, ie, venipunc-
ure. A 2024 double-blind randomized clinical trial highlighted how the
dministration of oral melatonin at a dose of 0.5 mg/kg, 30 minutes
rior to venipuncture, significantly reduces procedure-related pain and
nxiety in pediatric patients and may also be associated with improved
enipuncture success rates. 61 Melatonin can be used in numerous con-
exts because of its anti-inflammatory, antioxidant, anticonvulsant, and
ircadian rhythm regulator effects. In adult patients, the dosage used
7

o treat insomnia ranges from 3 to 10 mg, but in some diseases, such
s amniotrophic lateral sclerosis, dosages as high as 300 mg/day are
outinely used for neuroprotection. Regarding the pediatric population,
he studies available in the literature are scarce, and the dosage of the
rugs used in the various populations investigated varies according to
he indication. 50 

In a study by Gitto et al, melatonin was used, for analgesic purposes,
t a dose of 10 mg/kg intravenously along with vecuronium, atropine,
nd fentanyl in 30 premature infants (gestational age ≤ 32 weeks) dur-
ng the orotracheal intubation procedure. This population was com-
ared with the control group, finding a lower level of proinflammatory
ytokines (IL-6, IL-8, IL-12) and higher level of anti-inflammatory cy-
okines (IL-10), in patients treated with melatonin. Clinically, no differ-
nces were found between the two groups in the Neonatal Infant Pain
cale, while the values recorded in the PIPP scale were significantly
ower in melatonin-treated patients, demonstrating that the molecule
ight have benefits from an analgesic and anti-inflammatory point of

iew in preterm infants during painful procedures. 50 , 62 In addition, a
tudy by Marseglia et al investigated the analgesic and anxiolytic use of
elatonin at a dose of 0.5 mg/kg (maximum 5 mg) in 60 children aged
 to 14 years before venipuncture, with findings of reduced procedure-
elated pain and anxiety in the melatonin-treated population compared
ith those treated with placebo. 63 

Melatonin can also be used for diagnostic procedures where seda-
ion is required, such as magnetic resonance imaging. Several studies
n the literature have used melatonin in patients from 3 months to 6
ears of age at dosages from 3 to 20 mg, depending on weight and age,
nd concluded that melatonin is a good alternative to general anesthe-
ia, particularly in patients less than 3 years of age. 50 , 63 Melatonin can
lso be used to perform electroencephalography during sleep. This is a
ifficult test to perform in the pediatric population, particularly those
ith neurodevelopmental delay, where sleep is usually achieved by de-
rivation or sleep-inducing drugs. Indeed, in the study by Wasserman
t al, melatonin (at a dose of 2.5 or 5 mg depending on age) was used in
8 patients who were to undergo electroencephalography during sleep
ithout finding any differences in sleep macrostructure compared with

he deprivation method, concluding that melatonin is a good alterna-
ive. 63 

Melatonin can also be used with good efficacy in the treatment of
leep disorders in the pediatric population, particularly in children with
eurodevelopmental disorders. 64 

iscussion 

This review highlights melatonin as a biologically plausible and clin-
cally promising modulator of pain, particularly in pediatric and neona-
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al settings, where safe and noninvasive analgesic strategies are urgently
eeded. The convergence of preclinical and early clinical findings sug-
ests that melatonin acts through multiple, partially overlapping mech-
nisms that extend beyond circadian regulation and sleep promotion,
ncompassing neuroimmune modulation, synaptic plasticity, and neu-
otransmitter signaling. 

A central theme emerging from experimental studies is the predomi-
ant role of MT2 receptors in mediating melatonin-induced antinocicep-
ion, coupled with a suppression of neuroinflammatory signaling path-
ays, including NF- 𝜅B and NLRP3 inflammasome activation. 28 , 29 , 37 , 38 

hese mechanisms are especially relevant in developmental contexts,
here glial activation, central sensitization, and inflammatory prim-

ng may disproportionately influence pain perception. However, most
echanistic insights are derived from animal models, and how these
athways are regulated across different stages of neurodevelopment re-
ains largely unexplored. 41 , 42 

Clinical evidence, although still limited, supports melatonin’s favor-
ble safety profile and its potential utility as an adjuvant in procedu-
al pain and perioperative care. Reductions in pain scores, inflamma-
ory markers, and sedative requirements suggest that melatonin may
nhance analgesic efficacy while minimizing pharmacological burden,
n aspect of particular importance in preterm infants and young chil-
ren. 57 , 58 , 59 Nevertheless, the heterogeneity of study designs, dosing
egimens, and routes of administration precludes firm conclusions re-
arding optimal therapeutic protocols. From a practical bedside per-
pective, the currently reported doses should not be considered inter-
hangeable. Lower oral doses (eg, 0.5 mg/kg) have mainly been stud-
ed for premedication, venipuncture, or perioperative support, whereas
igher doses or intravenous administration have generally been used in
ritically ill preterm infants or in settings where anti-inflammatory and
ntioxidant effects were also being targeted. 50 , 57 , 59 , 62 , 63 This means
hat dose selection in clinical practice cannot yet be extrapolated across
ndications, age groups, or routes of administration without caution. 

In particular, the wide interindividual variability in oral bioavail-
bility may lead to substantial differences in systemic exposure, even
hen similar weight-based doses are administered. 65 This variability is

ikely driven by differences in gastrointestinal absorption, formulation-
ependent release, and the extent of hepatic first-pass metabolism. 66 

hese aspects are further complicated in neonatal populations, where
rug metabolism is developmentally regulated. Neonates, and espe-
ially preterm infants, exhibit immature hepatic enzyme systems, in-
luding cytochrome P450 isoforms involved in melatonin metabolism
eg, CYP1A2), as well as reduced renal clearance. 67 As a consequence,
elatonin may exhibit a prolonged half-life and higher plasma concen-

rations in this population than in older children. 68 While this could po-
entially enhance therapeutic efficacy, it may also increase variability in
linical response and raise important considerations regarding optimal
osing intervals and accumulation with repeated administration. 

A major translational challenge lies in the incomplete characteriza-
ion of melatonin pharmacokinetics and pharmacodynamics in pediatric
opulations. Factors such as age-dependent metabolism, variable oral
ioavailability, hepatic first-pass effects, and circadian influences may
ubstantially affect therapeutic responses. The wide reported range of
ral bioavailability suggests that identical oral doses may yield very dif-
erent systemic exposures, particularly in neonates whose absorption,
epatic metabolism, and clearance are developmentally immature. 50 , 56 

s a consequence, apparent differences in efficacy between studies may
artly reflect pharmacokinetic variability rather than true pharmaco-
ynamic inconsistency. This issue is especially relevant when translat-
ng findings from older children to preterm infants, in whom slower
etabolism and different body-water composition may alter both onset

nd duration of action. These variables are rarely standardized or di-
ectly measured in existing studies, limiting the comparability and gen-
ralizability of clinical findings. 

Future research should therefore prioritize adequately powered, age-
tratified randomized controlled trials integrating standardized pain as-
8

essment tools and biomarker-based endpoints. These studies should
lso clarify the clinical implications of melatonin-opioid interactions. Al-
hough preclinical findings suggest potential opioid-sparing effects and
ttenuation of tolerance, current evidence does not yet justify assum-
ng the same magnitude of benefit in routine pediatric practice, espe-
ially for commonly used mu-opioid agonists such as morphine and fen-
anyl. 39 , 43–46 At present, the most clinically relevant interpretation is
hat melatonin may represent an adjunct rather than a replacement for
pioid analgesia, with possible value in reducing inflammatory amplifi-
ation of pain or analgesic requirements in selected settings. Longitudi-
al investigations are also warranted to evaluate the impact of repeated
elatonin exposure on neurodevelopment, circadian organization, and

ong-term pain sensitivity. A translational framework combining clin-
cal outcomes with mechanistic biomarkers of neuroinflammation and
ynaptic plasticity may be particularly valuable in defining melatonin’s
recise role within multimodal pediatric analgesia. 

In conclusion, melatonin represents a low-risk, biologically versatile
andidate for adjunctive pain management in children and neonates.
hile current evidence is encouraging, it remains uneven and is based

n studies that vary substantially in design and quality. In addition,
ithin the pediatric and neonatal scope of this review, studies showing
 clear absence of analgesic or antioxidant effect are limited, which may
eflect both the early stage of the field and selective concentration of the
iterature on promising settings. For this reason, melatonin should still
e viewed as a promising but not yet definitive option, and rigorous
ranslational and clinical studies are essential to move from empirical
se toward evidence-based integration into pediatric pain and sedation
rotocols. 
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