
Introduction

Melatonin (N-acetyl-5-methoxytryptamine) is a hor-
mone secreted by the pineal gland of all animals as 
well as in human beings. It is not only synthesized in 
the pineal gland but also many other organs like eye 
(Cardinali and rosner, 1971), gastro-intestinal tract 
(Bubenik, 2002), skin (Slominiski, 2005), lympho-
cytes (Carrillo-Vico et al., 2004), thymus (Naranjo et 
al., 2007) etc. Besides being acting as a hormone regu-
lating reproductive functions of the body (Srinivasan et 

al., 2008), it participates in many other important func-
tions of the body like immune regulation (Maestroni et 
al., 1988; Srinivasan et al., 2008), prevention of cancer 
(Hill and Blask, 1988), control of circadian rhythms 
(Armstrong, 1989) and sleep regulation (Tzischinsky 
et al., 1994; Zhdanova et al., 1995). Since melatonin 
is secreted at high concentrations during dark periods 
of the night-hours it is referred as “the chemical code 
of darkness” (reiter, 1991).
Number of animal studies has shown that pain per-
ception is circadian in nature (Pilcher et al., 1982; 
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Pickhard, 1987) and since the circadian secretion 
of melatonin has been shown to influence pain 
perception, melatonin is suggested to play a “physi-
ological role” in the mechanism of pain perception 
and the evidences for this has been reviewed earlier 
(Srinivasan et al., 2010). This review presents stud-
ies on the possible role of melatonin and its recep-
tors in pain modulation and its possible application 
to human diseases.

Melatonin, its physiology and 
metabolism

Melatonin was first identified and isolated by Lerner 
et al. (1958). Its synthesis begins with trypto-
phan, obtained from the blood and converted into 
serotonin. Serotonin is then acetylated to form 
N-acetyl-serotonin by the enzyme arylalkylamine-
N-acetyltransferase (AANAT). It is then methylated 
to form N-acetyl-5-methoxytryptamine or melatonin 
by the enzyme hydroxylindole-O-methyl transferase 
(HIOMT), now called N-acetylserotonin-O-methyl 
transferase (ASMT). (Axelrod and Wurtman, 1968). 
The entire biosynthetic pathway is presented in 
Fig. 1. N-acetyltransferase (NAT) serves as the rate 
limiting enzyme in this biosynthetic pathway. Once 
formed in the pineal gland, melatonin is not stored 
in the gland but is released immediately into the 
circulation or CSF. The half life of melatonin ranges 
from 20 to 30 minutes. The enzymes involved in 
melatonin biosynthesis have been identified in the 
retina (Cardinali and rosner, 1971), human lym-
phocytes (Carrillo-Vico et al., 2004), thymus gland 
(Naranjo et al., 2007) and many other tissues in the 
body. Although melatonin is synthesized by many 
tissues, circulating melatonin is derived only from 
the pineal gland.
Melatonin is metabolized mainly in the liver by 
hepatic cytochrome P450 (CYP) monooxygenas-
es and conjugated to form 6-sulfatoxymelatonin 
(aMT6s) which is the main urinary metabolite 
of melatonin. In the brain, the primary metab-
olite is formed by oxidative cleavage and the 
product is known as N1-acetyl-N2-formyl-5-
methoxytryptamine (AFMK). This is demethyl-
ated either by arylamine formamidase or hemoper-
oxidases to form N1-acetyl-5-methoxykynuramine 
(AMK) (Hira et al., 1974). The other metabolite of 

melatonin is 3-hydroxymelatonin (Tan et al., 2007). 
While the pharmacokinetics of exogenous melato-
nin, its half life and clearance are relatively uniform 
in laboratory rodents, in humans it has a highly vari-
able pharmacokinetic profile with low availability.

Regulation of melatonin biosynthesis

Melatonin synthesis and secretion exhibits a circadian 
rhythm with low level of secretion during day time 
and high levels during night time. This circadian 
rhythm of melatonin synthesis and secretion is regulat-
ed by a complex neural circuit with fibres originating 
from the retina and pass via the retino-hypothalamic 
tract to the suprachiasmatic nucleus (SCN) of the 
hypothalamus (Moore, 1996). The cells that innervate 
the SCN are the special ganglion cells that contain 
the photopigment, melanopsin (Brainard et al., 2001; 
Berson et al., 2002). Projections from the SCN pass 
via the paraventricular nucleus to the medial forebrain 
bundle and reticular formation, and then make synap-
tic connections with the cells of the intermediolateral 
horn cells of the spinal cord from where pregangli-
onic sympathetic fibres to superior cervical ganglion 
cells arise (Moore, 1996). The postganglionic sympa-
thetic fibres from the SCN reach the pineal gland and 
stimulate it to release norepinephrine (NE), from their 
nerve endings. NE in turn activates the β-adrenergic 
receptors of the pinealocytes to activate the adenylyl 
cyclase-cyclic AMP system and promotes melatonin 
biosynthesis (Fig. 2) (Klein et al., 1971). During day-
time NE released from the postganglionic sympathetic 
nerve fibres is suppressed by increased electrical sig-
nals of the SCN. At night time with the suppression of 
the SCN activity, release of NE from the sympathetic 
fibres is increased, stimulating adenylyl cyclase-cyclic 
AMP to promote the synthesis of melatonin by the 
pineal gland (Klein et al., 1992).

Melatonin receptors

Melatonin’s physiological and pharmacological 
effects in the body are mostly brought out through 
activation of melatonin receptors present in various 
tissues of the body. Two different types of melatonin 
receptors namely, MT1 and MT2 have been identi-
fied at the membrane level (reppert et al., 1994, 
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1995). These receptors belong to the super family of 
G-protein coupled receptors that have typical seven 
transmembrane domains (Dubocovich et al., 2005). 
A third melatonin receptor known as MT3 which has 
been later identified as quinine reductase has also 
been identified (Nosjean et al., 2000). This enzyme 
belongs to a group of reductases that participate in 
the antioxidative mechanisms by preventing elec-
tron transfer reactions of quinines.
Melatonin also activates nuclear receptors that 
belong to rZr/rOr orphan receptors that include 
three subtypes (α, β, γ) and four splicing vari-
ants of the α-subtype (Becker-Andre et al., 2003). 
Melatonin also interacts with intracellular proteins 
such as calmodulin which can antagonize calcium 
binding to calmodulin (Benetez-King et al., 1993) 
and calreticulin, which can extrude nuclear recep-
tors to the cytosol such as steroid receptors (Macías 
et al., 2003).

The signal transduction pathways of melatonin 
receptors vary among different tissues and cells. 
In general MT1 receptor activation causes stimula-
tion of a large variety of G proteins; Giα2, Giα3, Gαq 
whereas in some tissues melatonin has inhibitory 
effects on the cAMP signal transduction cascade 
(Brydon et al., 1999). MT2 receptors are coupled 
to a number of signal transduction pathways that 
includes phosphoinositide activation mechanism, 
inhibition of adenylyl cyclase and guanylyl cyclase 
pathways (Boutin et al., 2005).

Distribution of melatonin receptors
for pain transmission

The presence and distribution of melatonin recep-
tors involved in nociceptive transmission has been 
identified in different parts of the nervous sys-

Fig. 1. - Melatonin Biosynthesis.
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tem. Autoradiograhic studies have localized these 
receptors in the hypothalamus, thalamus, anterior 
pituitary, dorsal horn of the spinal cord, spinal tri-
geminal tract and trigeminal nucleus (Weaver et al., 
1989; Wan and Pang, 1994; Williams et al., 1995). 
receptor binding sites for melatonin are located 
throughout the spinal cord in the dorsal horn regions 
with high density being found in the superficial 
lamina. Both mrNAs and protein for MT1 and MT2 
melatonin receptors have been found distributed in 
the dorsal horn regions showing thereby their local-
ization in second order neurons (Wan and Pang, 
1994; Wan et al., 1996). Specifically these melato-
nin receptors have been identified in lamina I-V and 
X of both ventral and dorsal horns of the lumbar 
and thoracic segments of the spinal cord, which 
are the main regions involved in pain transmission 
(Zahn et al., 2003). As spinal melatonin enhanced 

the antinociceptive effect of morphine both mela-
tonin and their receptors MT1 and MT2 present in 
the sensory regions of the spinal cord play a role in 
modulation of pain transmission (Zahn et al., 2003). 
Behavioural electrophysiological studies reveal that 
although melatonin’s actions are complex in nature, 
their effects on spinal nociception have been found 
to be predominantly inhibitory in nature (Laurido et 
al., 2002; Noseda et al., 2004).

Nociception

Pain elicitation induced by various chemical, 
mechanical and thermal stimuli induces a constel-
lation of autonomic behaviours that are collectively 
termed as nociception that includes hyperalgesia 
(augmented sensitivity to painful stimuli) and allo-

Fig. 2. - Regulation of Melatonin Biosynthesis. Two anatomically distinct pathways which convey light into the 
human brain. One pathway extends from the retina to the visual cortex and supports the sensory capacity of vision. 
The other pathway extends from the retina to the pineal gland for the circadian regulation of melatonin produc-
tion (adapted from George C. Brainard, “Pineal gland”, in AccessScience, ©McGraw-Hill Companies, 2008, http://
www.accessscience.com).
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dynia (nociceptive responses to normal innocuous 
stimuli) (Jarvis et al., 2009; Sandkuhler, 2009). 
During tissue damage or inflammation, a variety 
of inflammatory mediators like leukotrienes, PGE2, 
bradykinin, thromboxanes, adenosine and free radi-
cals are released. Emerging evidence indicates that 
rOS are involved in chronic pain that includes both 
neuropathic and inflammatory pain (Schmidtko 
et al., 2009; Tal, 1996). The transmission of pain 
sensation by primary afferent fibers have their 
central processes in the dorsal horn of the spinal 
cord that is influenced by several receptor types 
like opiod (γ and µ), α2-adrenoceptors, N-Methyl-
D-aspartate (NMDA) and α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) recep-
tors, and neurotransmitters like substance P, glu-
tamate, calcitonin gene-related polypeptide and 
neurokinin (Sung et al., 2007; Vanotti et al., 2007). 
Pharmacological blockade of P2X4 or p38 MAPK 
receptors through the use of intrathecal administra-
tion of antagonists reversed the mechanical allo-
dynia, indicating that activation of microglial P2X4, 
and p38 MAPK receptors are crucial to allodynia 
and neuropathic pain.

Melatonin in pain modulation: 
experimental animal studies

By using several experimental models of acute 
inflammatory and neuropathic pain in mice and 
rats, melatonin’s antinociceptive effect has been 
presented (Srinivasan et al., 2010). The first report 
on melatonin’s antinociceptive effects dates back 
to 1969 publication by Morris and Lutsch in which 
they postulated that animals are less sensitive to 
pain during darkness of night time, when plasma 
melatonin levels are very much higher. This finding 
was supported by other studies (Lutsch and Morris, 
1971; rosenfield and rice, 1979). Later studies 
using models like the tail-flick, hot-plate or hot-
water tests and by administering melatonin through 
i.p or i.c.v, the antinociceptive actions of melatonin 
has been demonstrated in acute models of pain. By 
administering melatonin i.p (30 mg/kg) in mice, 
the antinociceptive effects of exogenous melatonin 
were first demonstrated in hot-plate model. The 
long lasting analgesic effect of melatonin observed 
in this study was shown to be blocked by naloxone, 

suggesting the involvement of opioid receptors for 
the antinociceptive actions of melatonin (Laikin et 
al., 1981). By using the same hot-plate test models, 
melatonin’s antinociceptive effect (i.p) in mice was 
confirmed by other investigators (Sugden et al., 
1983; Ying and Huang et al., 1990; Golombek et 
al., 1991; Jeong et al., 2000). The time dependent 
analgesic effect of intraperitoneal injection of mela-
tonin (20-40 mg/kg) was evaluated using hot-plate 
model in mice by one of the author’s group (DP 
Cardinali) and it was noted that “melatonin exerted 
its maximal analgesic effect” when administered in 
the evening (Golombek et al., 1991). In the same 
study it was also noted that administration of opi-
ate antagonist naloxone or central benzodiazepine 
(BZP) antagonist, flurmazenil blunted the analgesic 
effect of melatonin although they did not modify the 
pain threshold (Golombek et al., 1991). Probably, 
naloxone blocks the effects of melatonin on fluni-
trazepam binding in the brain (Gomar et al., 1993), 
which in turn are modulated by corticotropic pep-
tides (Gomar et al., 1994). The latency of hot-plate 
responses induced by administration of diazepam 
was increased by naloxone showing thereby that 
both central opioid and BZP receptors are involved 
in the mediation of melatonin’s antinociceptive 
effects. The dose dependent analgesic effects of 
melatonin was evaluated in mice by using hot-water 
tail flick test in rats by injecting melatonin through 
i.c.v route. Three different doses namely 30, 60 or 
120 mg/kg were given to rats and it was found that 
in rats administered with high dose (120 mg/kg), 
the antinociceptive effects started much earlier (15 
minutes after melatonin administration), reached 
peak in 30 minutes and the analgesic effect lasted for 
much longer time i.e. 100 minutes (Yu et al., 2000). 
In this study, naloxone was given (10 µg) which 
antagonized melatonin’s (60-120 mg/kg i.p) within 
10 minutes after injection and lasted for 45 minutes.
This study supported that melatonin’s analgesic 
effect is mediated by central mechanisms (Yu et al., 
2000). By using tail-flick studies, the effect of mela-
tonin on tail withdrawal latencies was studied by a 
number of investigators (Yu et al., 2000; Pekarkova 
et al., 2001; Li et al., 2005; Wang et al., 2006). In 
these studies, melatonin when administered in doses 
1, 5, or 25 mg/kg (i.p) or 0.25, 0.5, or 1 mg/kg (i.c.v) 
produced significant increase in tail withdrawal laten-
cies. Administration of either naloxone or luzindole 
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(melatonin receptor antagonist, i.c.v) antagonized 
these melatonin induced responses showing thereby 
that melatonin-induced antinociceptive effects either 
through central opioid or melatonergic receptors. By 
using paw withdrawal threshold after application of 
pinch pressure in rats, it was shown that administra-
tion of melatonin 70 mg/kg, with cumulative dose 
of 210 mg/kg (i.v), increase the paw withdrawal 
threshold very much (Naguib et al., 2003a). By using 
response to tail-clamping in rats, the analgesic effects 
of 2-bromomelatonin was assessed and compared 
with that of propofol. By using 2-bromomelatonin 
38 mg/kg (35-41 mg/kg), it was found that melatonin 
analog 2-bromomelatonin increased the response to 
tail-clamping, a sign demonstrating antinociceptive 
action of 2-bromomelatonin (Naguib et al., 2003b).

Melatonin’s pain modulatory role
in inflammatory pain

By using electrical stimulation of the tail test as 
one of the models for evaluating pain perception, 
melatonin’s antinociceptive effect was tested in car-
rageenan-induced inflammation in rats (El-Shenawy 
et al., 2002). Melatonin when injected at doses 
of 0.5 or 1.0 mg/kg i.p exerted its antinocicep-
tive effect in electrical stimulation of rat tail test 
by 29.6% and 39.5% respectively. Melatonin (0.5 
mg/kg) also potentiated the antinociceptive effects 
of indomethacin in carrageenan-induced edema in 
a dose dependent manner thereby demonstrating 
melatonin’s antinocipeptive effect in inflammatory 
pain (El-Shenawy et al., 2002). The mechanism of 
anti-inflammatory action in carrageenan-induced 
edema by melatonin was studied earlier in which it 
was noted that melatonin’s anti-inflammatory effect 
is exerted through inhibition of inducible nitric 
oxide (iNOS) expression (Cuzzocrea et al., 1997). 
The mechanism by which carrageenan-induced paw 
inflammation was elucidated in detail in a study in 
which carrageenan injection induced time dependent 
increase in paw oedema, nitrite/nitrate and MDA 
(the lipid peroxidation product). Increase in paw-
volume was noted 4 hrs after carrageenan admin-
istration. Treatment with melatonin (5 and 10 mg 
doses), significantly reduced the paw oedema in a 
dose dependent manner and this was noted at 1, 2, 3, 
4, 5, 6 hr after injection of carrageenan.

Melatonin also caused significant reduction of nitric 
oxide (NO) and MDA levels suggesting thereby that 
anti-inflammatory effect of melatonin is mediated 
through the reduction of NO and lipid peroxidation 
effects (Billici et al., 2002). In subsequent study of 
inflammatory pain model, melatonin injection (150-
600 µg/paw) caused dose-dependent antinociception 
that was reversed by antagonism of the NO-cyclic 
GMP-protein kinase G-K+ channel pathway suggest-
ing a common mechanism for anti-inflammation and 
antinociceptive effects of melatonin (Hernandez-
Pacheo et al., 2008).
Endotoxin-induced hyperalgesia has been used as 
one of the models for assessing melatonin’s anti-
nociceptive effects in inflammatory type of pain 
(Kanaan et al., 1996). Intraplantar injection of lipo-
polysaccharide (LPS) as used in the study caused 
significant decrease in nociceptive threshold 6 and 
10 hr after endotoxin injection. Melatonin injec-
tion in 5 or 10 mg/kg doses significantly inhibited 
LPS-induced hyperalgesia in both time intervals. 
As melatonin also suppressed TNF-α release from 
LPS-activated macrophages, suppression of TNF-α 
is suggested as the mechanism by which melatonin 
inhibits LPS-induced hyperalgesia (raghavendra 
et al., 2000). The antinociceptive and antiallodynic 
effects of melatonin have been tested in formalin test 
which also induces inflammatory responses. This 
pain model produces two nociceptive responses. 
The first phase occurs within five minutes after for-
malin injection and is due to activation of C-fibres 
and release of substance P and bradykinin (Shibata 
et al., 1989). The second response begins after a 
short quiescent period and is due to the activation 
of NMDA receptors and release of histamine, bra-
dykinin and prostaglandins (Ohkubo et al., 1990). 
By using this formalin model the antinociceptive 
and antiallodynics of melatonin was evaluated in 
experimentally-induced diabetic rats. Oral admin-
istration of melatonin (150 mg/kg) significantly 
reduced formalin-induced nociception and also pro-
duced antiallodynic effects (Arreola-Espino et al., 
2007). The antinociceptive effect of melatonin was 
attributed to its action on MT2 melatonin recep-
tors in the spinal cord. Using both, melatonin and 
its analog 6-chloromelatonin, their antinociceptive 
efficacy was evaluated in another model of inflam-
matory pain, namely capsaicin-induced hyperalge-
sia and mechanical allodynia. Prior administration 
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of melatonin or its analog significantly reduced 
capsaicin-induced hyperalgesia and allodynia (Tu 
et al., 2004). This effect was blocked by intrathecal 
administration of 4P-PDOT (selective MT2 receptor 
blocking agent). By using hot-plate latency test and 
acetic acid-induced abdominal writhes, the effect of 
pyridomelatonin analogs on antinociceptive effect 
were evaluated. The activities of the tricyclic pyrro-
lo-and pyrido-indole derivatives, 5, 9a and 12 were 
compared with that of melatonin on thermal pain, 
visceral pain and inflammation. Administration of 
all these melatonin analog compounds increased the 
hot-plate latency within 1-2 hr after administration 
(Elmegeed et al., 2007). Of these compounds, com-
pound 3 and 5 were as effective as melatonin. All 
these melatonin compounds significantly reduced 
the number of abdominal writhes caused by injec-
tion of acetic acid in mice. Compounds 5 and 12 
were most potent in this aspect as they reduced the 
number of abdominal writhes by 69% and 81% as 
compared with controls, whereas the other com-
pounds like 3, 9a and melatonin, are less effective 
as they reduced the number of abdominal writhes 
by 24%, 41%, and 55% respectively. From this 
study it was concluded that pyrrole moiety of the 
compounds 5 and 12 are responsible for their potent 
antinociceptive effects (Elmegeed et al., 2007).
In animal model of inflammatory pain, superoxide 
anion radical (O2-) was administered by subplantar 
injections into the right hind paw of which interacted 
with endogenous NO and generated peroxynitrite 
anion and evoked hyperalgesia. In rats injected with 
melatonin (25-100 mg/kg) given 30 minutes prior to 
O2- injection, attenuated the hyperalgesic responses 
to O2- in dose dependent manner. At 100 mg/kg dose, 
melatonin significantly improved inflammation and 
tissue damage by affecting cyclo-oxygenase-2, and 
inhibitory nitric oxide synthase expression (iNOS) 
showing the potency of melatonin in reducing the 
inflammatory type of hyperalgesia (Espositi et al., 
2010). Post-inflammatory visceral hyperalgesia is 
a centrally mediated process that can be studied by 
an experimental model. In this model, inflammation 
was induced by injection of nitrobenzenesulfonic 
acid (TNBS) and visceral motor response (VMr) to 
graded colorectal distension (CrD) was evaluated. 
Melatonin was administered at doses of 30, 45, and 
60 mg/kg, 20 minutes prior to VMr testing in both 
naive and TNBS injected rats. The VMr response 

to CrD was found increased in TNBS injected 
rats when compared to naive rats. This increase in 
VMr and also the response to CrD sensitive spinal 
neurons was attenuated by melatonin administration 
(60 mg/kg). The blocking effect of melatonin on 
hyperalgesia was inhibited either by luzindole or by 
naltroxone and the authors of this study concluded 
that melatonin exerts its antinociceptive effect by 
acting at supraspinal level (Mickle et al., 2010).

Melatonin’s antinociceptive action
in neuropathic pain

Nerve injury results in abnormal pain perception 
known as neuropathic pain associated with hyperal-
gesia and allodynia. Mice subjected to tight ligation 
of their sciatic nerve were used for this kind of study. 
By using this model, the withdrawal latencies, for 
assessing thermal analgesia and withdrawal thresh-
old for assessing mechanical allodynia were studied. 
In this study melatonin at highest dose (120 mg/kg, 
i.v) or (0.1 nmol, i.c.v) reduced the paw withdrawal 
latencies in response to radiant heat stimulation of 
the injured hind-paw compared to corresponding 
values of normal rats. With regard to mechanical 
allodynia, neither i.p or i.c.v melatonin injection 
had any effect on the withdrawal thresholds. The 
findings of this study suggest that melatonin in high 
doses (both i.p and i.c.v) block thermal hyperalgesia 
in “neuropathic mice” but had no effect on mechani-
cal allodynia. Co-administration of both L-arginine 
and naloxone reduced the effects of melatonin 
suggesting that melatonin exerts it antinociceptive 
effect via the L-arginine-NO-pathway and the opio-
dergic system (Ulugol et al., 2006).
The possible role of melatonin and its receptors in 
mechanical allodynia was assessed in another study 
by using rat model of neuropathic pain (i.e. ligation 
of L5/L6 spinal nerves). In this study intrathecal 
(3-100 µg) or oral (37.5-300 mg/kg) administration 
of melatonin decreased tactile allodynia induced by 
spinal nerve ligation. Intrathecal administration of 
luzindole (melatonin receptor antagonist) in doses 
1-100 µg significantly diminished the antiallodynic 
effects of melatonin in dose dependent manner. 
Similarly oral (0.01-1 mg/kg) or intrathecal (0.1-10 
µg) administration of the highly selective MT2 mela-
tonin receptor antagonist, 4P-PDOT diminished the 
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antiallodynic effects of melatonin. These findings 
reveal that melatonin exerts its antiallodynic effects 
mainly through MT2 melatonin receptors (Ambriz-
Tututi et al., 2007). The effect of both melatonin and 
dextromethorphan was assessed on thermal hyperal-
gesia and mechanical allodynia. Dextromethorphan 
alone was found to be effective in reducing thermal 
hyperalgesia at all three different doses tested, (15, 
30, 60 mg/kg) but reduced mechanical allodynia 
only at high doses (30 and 60 mg/kg). But melatonin 
was effective in reducing thermal hyperalgesia only 
at the highest dose tested (120 mg/kg) but failed to 
reverse mechanical allodynia in all the three doses 
tested (30, 60 and 120 mg/kg). The combined i.v 
administration of both melatonin (30 mg/kg) and 
dextromorphan (15 mg/kg) effectively reversed both 
thermal hyperalgesia and mechanical allodynia sug-
gesting that combined use of melatonin and NMDA 
receptor antagonist (dextromethorphan) can be more 
effective in treating neuropathic pain than using 
either of these drugs alone.

Clinical studies of melatonin
in analgesia

In patients undergoing surgery, they often experience 
anxiety and pain during surgical manipulation proce-
dures. Systemic analgesia and sedation are required to 
increase patient’s tolerance to surgery. Although the 
use of preoperative benzodiazepines is the most com-
mon practice, it also has its undesirable side effects. 
To analyze the effects of melatonin on pain in surgery, 
few studies were carried out. The first investigation of 
this kind was published in 2007. In this double-blind 
placebo-controlled study, 33 patients were randomly 
assigned into two groups, 17 patients receiving mela-
tonin 5 mg (group 1) or 16 patients receiving placebo 
(group 2) the night before operation and 1 hr before 
surgery. Mean pain scores were analysed using VAS 
(visual analog scale) at 6, 12, 18, 24 hr after surgery. 
Patients treated with melatonin preoperatively had a 
significant decrease in pain and anxiety at all time 
during the first 36 hr after surgery. It also improved 
the recovery of the potency of rest-activity circadian 
rhythm (Caumo et al., 2007).
The analgesic effect of melatonin has been evaluated 
in placebo-controlled study on patients who under-
went elective hand surgery. Forty patients undergo-

ing elective hand surgery under intravenous regional 
anaesthesia (IVrA) were randomly assigned into 
two groups; control group (placebo group) and 
melatonin (10 mg/d) group. Melatonin premedica-
tion reduced the level of anxiety, decreased tourni-
quet-related pain and enhanced intraoperative and 
postoperative analgesia without producing clinically 
significant side effects (Mowafi and Ismail, 2008). 
The beneficial effect of melatonin on tourniquet-
related pain was evident from by lower pain scores. 
The investigators have chosen tourniquet-related 
pain since it is the limiting factor for patients under-
going IVrA and this pain is suggested to be due to 
a number of factors like neuropathic pain induced 
by stimulation of nerve endings in the cutaneous tis-
sue (Lowrie et al., 1989), skeletal muscle ischemia 
(Mense, 1993) and local metabolic changes (Kokki 
et al., 1998). Melatonin was found useful in reliev-
ing tourniquet pain, as it depresses the nociceptive 
discharges of spinal dorsal horn neurons following 
the stimulation of C-fibres (Laurido et al., 2002). In 
addition to this, melatonin’s action in inhibiting the 
synaptic potentiation (wind-up) in the spinal cord 
(Noseda et al., 2004) is also suggested as the other 
possible explanation for melatonin’s antinociceptive 
effect seen in this study. Use of melatonin premedi-
cation for decreasing pain and anxiety has been tried 
in another study on patients undergoing cataract sur-
gery. In this study patients were randomly assigned 
into two groups (melatonin and placebo groups, 
20 patients in each group). Melatonin (10 mg/d) or 
placebo tablet was given orally 90 minutes before 
surgery. No other sedatives or analgesic premedica-
tion were used. Verbal pain score (VPS) and VAS 
were administered during the time of preoperative 
visit. After melatonin administration the anxiety 
score decreased significantly (P < 0.05). Pain scores 
were also significantly lower in melatonin group 
than control group. Surgeons reported better quality 
of operative conditions with excellent scores in the 
melatonin group than control group (P = 0.02). The 
melatonin analgesic effect was clinically evident by 
lower pain scores and reduction in the intraoperative 
fentanyl consumption (P = 0.007). Melatonin also 
reduced the intraocular pressure. The conclusions of 
this study are that melatonin enhanced perioperative 
analgesia, improved the operative condition during 
cataract surgery under topical anaesthesia (Ismail 
and Mowafi, 2009).



282 V. SRINIVASAN ET AL.

Mechanisms of melatonin’s 
antinociceptive action

Studies on melatonin’s antinociceptive actions have 
pointed out the role of opiate and BZP pathways 
(Lakin et al., 1981; Sugden, 1983; Golombek et 
al., 1991). Fluctuations in pain threshold have been 
correlated with fluctuations of plasma β-endorphin 
immune reactivity and melatonin release (Barrett et 
al., 2000). Morphine commonly used in analgesia 
has been shown to induce melatonin release from 
rat pineal gland (Espositi et al., 1988). Naloxone 
administration decreased the nocturnal production 
of melatonin (Lowenstein et al., 1984). Opioidergic 
nerve fibres (Coto-Montes et al., 1994) and opioid 
receptors are found in the pineal gland of several ani-
mal species (Govitrapong et al., 2002; Shavali et al., 
2005). Melatonin administration induced release of 
β-endorphin from periaqueductal gray in rats (Yu et 
al., 2000) and release of β-endorphin from pituitary 
cells (Shavali et al., 2005). These investigators attri-
bute melatonin’s antinociceptive actions to its bind-
ing with opioid receptor subtypes and subsequent 
release of β-endorphins (Shavali et al., 2005). The 
relationship of melatonin with the opioidergic system 
is complex and “melatonin-opioid axis” is crucial for 
melatonin’s analgesic effects (Lakin et al., 1981). 
However the finding that several melatonin agonists 
and antagonists do not have any affinity for opioid 
receptors (Shavali et al., 2005) raises doubt over 
melatonin’s analgesic effects through opioid system.
It is suggested that melatonin can work through a 
number of neurotransmitter-receptor systems. In 
one of the studies conducted on glutamate injection 
resulted in nociception, melatonin (100 mg/kg i.p) 
exerted antinociceptive effects. Pretreatment of these 
animals with opioid receptor antagonist, naloxone (1 
mg/kg); 5-HT2A receptor antagonist, ketanserin (1 
mg/kg); D2-dopaminergic receptor antagonist, sul-
piride (50 mg/kg); L-arginine (600 mg/kg); or MT1/
MT2 receptor antagonist, luzindole (0.15 mg/kg) 
completely blocked melatonin-induced antinocicep-
tion (Mantovani et al., 2006). From this study it was 
concluded that melatonin induces antinociception by 
interacting with both central and peripheral melato-
nin receptors and through modulation of opioider-
gic, serotonergic, dopaminergic, L-arginine-nitric 
oxide and adrenergic pathways (Mantovani et al., 
2006). The interaction of melatonin receptors and 

opioid receptors in pain modulation was investi-
gated in a study in which hyperalgesia was induced 
by injection of FQ/nociceptin (NC), a member of 
opioid peptide family. When both melatonin (5, 10, 
50 µg, i.c.v) and NC (10 µg, i.cv) were given, there 
was a complete absence of hyperalgesic response. 
This inhibitory effect of melatonin on NC-induced 
hyperalgesia was completely blocked by injection 
of either luzindole or naloxone (10 µg, i.c.v) (Wang 
et al., 2006). This study supports the role of both 
melatonin receptors and opioid receptors in analge-
sic response induced by melatonin.

Melatonin modulation of NO 
dependent pain pathway

Nitric oxide (NO) plays an important role in normal 
afferent signalling of pain through the dorsal horn 
of the spinal cord. NO participates in microvascular 
changes following injury but also has a direct role in 
axon and myelin breakdown and “clearance” prior 
to regeneration (Toda et al., 2009; Schmidtko et al., 
2009). During such process, NO contributes to the 
development of neuropathic pain. Low-grade chronic 
rises in NO contributes to peripheral nerve damage 
or neuropathy (Schmidtko et al., 2009). The prevent-
ing effect of melatonin on NO-induced damage has 
been studied in number of tissues (Ayodagan et al., 
2006). Increased generation of kinins during painful 
stimuli or activation of AMPA or NMDA receptors 
during persisting pain generates NO or peroxynitrite, 
a process that is blocked by melatonin (Gilad et al., 
1997). NMDA receptors in the spinal cord play a 
major role in pain transmission at dorsal horn level 
of the spinal cord and are involved in the potentiation 
of nociceptive synaptic transmission in the spinal 
cord, a phenomenon known as “wind-up” (Jarvis et 
al., 2009; Schmidtko et al., 2009). In this process 
there is repetitive increase in the intensity of C-fiber 
stimulation. Using this C-fiber stimulation for initi-
ating spinal “wind-up” effect, Laurido et al. (2002) 
found that different doses of melatonin (1.25, 2.5, 
5.0, 10 mg/kg) produced dose dependent decreases 
of spinal “wind-up” effect, with highest dose causing 
complete suppression of wind-up activity. Melatonin 
influence on spinal “wind-up” is attributed to its 
action on NMDA receptor dependent intracellular 
NO generating pathways (Laurido et al., 2002).
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Table I. - Melatonin’s antinociceptive actions: Experimental animal studies.

Animal model 
used

Melatonin or its 
agonist

Dose & route

Effect of 
melatonin

Blocked by Type of receptors 
involved

References

Hot-plate 30 mg/kg i.p 
(melatonin)

Antinociception Naloxone Opiod Laikin et al., 1981

Hot-plate 20-40 mg/kg i.p 
(melatonin)

Antinociception Naloxone & 
flumazenil

Opiod & BZD Golombek et al., 
1991

Carrageenan-
induced paw 
inflammation

5 & 10 mg i.p 
(melatonin)

Reduction of paw 
inflammation & 
antinociception

- - Cuzzocrea et al., 
1997

LPS model 5 & 10 mg i.p 
(melatonin)

Antinociception - - Raghavendra et 
al., 2000

Hot-water tail flick 
test

30, 60 or 120 mg/
kg i.p (melatonin)

Antinociception Naloxone Opiod Yu et al., 2000

Electrical 
stimulation of tail

0.5 & 1.0 mg i.p 
(melatonin)

Antinociception - - El-Shenaway et al., 
2002

Carrageenan-
induced paw 
inflammation

5 & 10 mg i.p 0.25, 
0.5, 1.0 mg i.c.v 

(melatonin)

Reduction of 
inflammation and 
antinociception

- - Billici et al., 2002

Paw-withdrawal 
threshold

70 mg/kg i.v 
cumulative dose 

(210 mg/kg) 
(melatonin)

Antinociception Naloxone or 
luzindole

Opiodergic and 
melatonergic

Naguib et al., 
2003a

Tail-clamping 
response

38 mg/kg 
(35-41 mg/kg) 

(bromomelatonin)

Antinociception - - Naguib et al., 
2003b

Capsaicin-
induced 

hyperalgesia

Melatonin 
6-chloromelatonin

Antinociception 4-P-PDOT MT2 melatonin 
receptors

Tu et al., 2004

Ligation of 
sciatic nerve 
(neuropathic 

pain)

120 mg/kg i.v 
0.1 nmol i.c.v 
(melatonin)

Antinociception Naloxone Opiod peptides 
& l-ARGININE-NO-

pathway

Ulugol et al., 2006

Ligation of 
spinal nerves 
(neuropathic 

pain)

37.5-300 mg 
oral 3-100 µg 
intrathecal 
(melatonin)

Antinociception Luzindole 
both oral and 
intrathecal & 

4-P-PDOT

MT1 and MT2 
melatonin 
receptors

Ambriz-Tututi et al., 
2007

Formalin injection 
model

150 mg/kg oral 
(melatonin)

Antinociception 4-P-PDOT MT2 melatonin 
receptors

Arreola-Espino et 
al., 2007

Hot-plate latency 
test

4 mg/kg s.c 
(melatonin) and 
5.16, 5.13, 6.88 
& 5.40 mg/kg 
s.c (melatonin 

analog, 
compounds 3, 5, 

9a, & 12)

Antinociception - - Elmegeed et al., 
2007

Inflammatory pain 
model

150-600 µg/paw 
(melatonin)

Antinociception Hernandez-
Pacheo et al., 

2008

Post-inflammatory 
visceral 

hyperalgesia 
to colorectal 

distension

60 mg/kg 
(melatonin)

Antinociception Naltrexone or 
luzindole

Opiod or 
melatonin 
receptors

Mickle et al., 2010

Inflammatory type 
of pain

25-100 mg/kg 
(melatonin)

Antinociception - - Esposito et al., 
2010
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Role of MT1 and MT2 melatonin 
receptors and analgesia

The role of MT1/MT2 melatonin receptors in the 
mediation of melatonin’s analgesic response was 
studied by using both melatonin receptor antagonists 
(common type) luzindole and specific MT2 recep-
tor antagonist 4-P-PDOT or K-185 (N-butanoyl-2-
(5,6,7-trihydro-11-methoxybenzo[3,4]cyclohept[2,1-
a]Indol-13-yl)ethanamine). The findings of these 
studies are already discussed in the earlier para-
graphs. The summary of the antinociceptive find-
ings of melatonin and melatonergic agonists and 
their receptors role are presented in Table I. A 
special attention is drawn towards the role of MT2 
melatonin receptors in melatonin-induced analgesic 
mechanisms. In the streptozotocin-induced diabetic 
rats, it was found that melatonin-induced analgesic 
response was diminished by prior injection of K-185 
(0.2 to 2.0 mg/kg, s.c) showing thereby that MT2 
receptors present in the spinal cord are involved in 
melatonin’s antinociception (Espino et al., 2007). 
The antiallodynic effect of melatonin in the rat model 
of neuropathic pain was diminished by intrathecal 
administration of luzindole (1-100 µg) or 4-P-PDOT 
(MT2 receptor antagonist) (0.1 to 10 µg) suggesting 
that MT2 receptors in the spinal cord mediate the the 
antiallodynic effects of melatonin (Ambriz-Tututi et 
al., 2007). The antinociceptive effects of melatonin 
seen in neuropathic pain models and the localization 
of MT1/MT2 melatonin receptors in thalamus, hypo-
thalamus, dorsal horn of the spinal cord spinal tri-
geminal tract and trigeminal nucleus all support that 
analgesic actions of melatonin are mediated through 
melatonin receptors (Ambriz-Tututi et al., 2009). 
Not only melatonin’s actions on pain transmission, 
but melatonin agonist, 2-bromomelatonin effect in 
decreasing mechanical nociception were blocked by 
intrathecal injection of either luzindole or naloxone 
(Onal et al., 2004).
Similarly the effect intrathecal administration of 
6-chloromelatonin in reducing capsaicin-induced 
hyperalgesia was blocked by intrathecal administra-
tion of specific MT2 melatonin receptor antagonist, 
4P-PDOT (Tu et al., 2004) confirming the role of 
MT2 melatonin receptors in the modulation of pain 
transmission.

Melatonin, opioids and G-proteins
in pain modulation

Both melatonin and opioids acts through Gi-mediated 
decrease in cyclic AMP and modify ion channels. 
G-protein-coupled receptors action in modifying 
ion channels has been involved in pain modulation 
(Marker et al., 2004). G-protein coupled receptor 
modifies ion channel function either by its direct Gβγ 
binding the ion channels or by its indirect ion channel 
phosphorylation through protein kinases (Dolphin, 
2003). G-protein coupled receptor agonists inhibit 
pain transmission by direct hyperphosphorylation 
of second-order neurons via activation of G-protein-
activated inward-rectifying K(+) (GIrK) channels 
(Marker et al., 2004) and hyperpolarizing dorsal 
horn neurons through activation of GIrK channels 
(Marker et al., 2005). A schematic diagram depicting 
melatonin’s possible mechanisms by which it exerts 
its antinociceptive action is presented in Fig. 3.

Conclusions

Melatonin’s antinociceptive and antiallodynic 
effects have been demonstrated in a number of 
experimental animal models of pain perception. 
Melatonin has been shown to act at the dorsal horn 
levels of the spinal cord where a number of recep-
tors like opioid, substance P, NMDA and MT1/MT2 
melatonergic receptors are located. Melatonin’s 
antinociceptive actions have been blocked by opioid 
receptor antagonists, NMDA receptor antagonists, 
common melatonergic antagonist (luzindole) and 
specific MT2 receptor antagonist (4-P-PDOT or 
K-185) showing thereby that opioid receptors and 
melatonergic play an important role in the antino-
ciceptive actions of melatonin as well as melato-
nin agonists 2-bromomelatonin, 6-chloromelatonin 
and some other melatonergic compounds. These 
melatonergic agonists also exert their antinocicep-
tive actions by acting through opioid receptors and 
melatonergic receptors as their actions are blocked 
by either naloxone or luzindole. Clinical studies on 
patients undergoing surgery have also shown that 
melatonin can be used as an effective analgesic drug 
during surgery.
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