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Abstract:

Recent studies have suggested that melanocortins contribute to the generation and/or maintenance of pathological pain. Experimen-

tal evidence indicates a primary role for melanocortin 4 (MC4) receptors in pathological pain. In a previous study, we described the

presence of MC4 receptor transcripts in the dorsal root ganglia (DRG). This finding prompted us to investigate the peripheral antino-

ciceptive effects of MC4 receptor antagonists. In addition, we assess the expression of MC4 receptors in the spinal cord and the DRG

of rats subjected to neuropathic pain induced by chronic constriction injury (CCI) of the sciatic nerve. Injection of the MC4 receptor

antagonists Asp3-Lys8- Ac-Nle-Asp-His-D-Nal(2’)-Arg-Trp-Lys-NH� (SHU9119) and Mpr1-Cys8-Mpr-Glu-His-(D-Nal)-Arg-

Trp-Gly-Cys-Pro-Pro-Lys-Asp-NH� (JKC-363) into the ipsilateral paw resulted in a significant and dose-dependent alleviation of

mechanical allodynia (assayed by the von Frey test) and thermal hyperalgesia (assayed by the Hargreaves test). Compared to naive

control animals, immunohistochemistry revealed a 40% and 22% increase in MC4 receptor-immunoreactivity (IR) in the dorsal horn

of the spinal cord ipsilateral to the injury at 3 and 14 days after CCI, respectively. Similarly, in the ipsilateral L4-L5 DRG, a 21.1%

enhancement in MC4 receptor-IR was seen 3 days after CCI, as well as a 40.5% increase 14 days after CCI. Together, painful neuro-

pathy resulted in the up-regulation of MC4 receptors in the spinal and peripheral nociceptive pathways. This up-regulation of MC4

receptors promotes the pronociceptive action of their endogenous ligands. Therefore, a block of the MC4 receptors results in the an-

tagonism of neuropathic pain and such treatment could be beneficial therapeutically for individuals with chronic neuropathic pain.
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Abbreviations: CCI – chronic constriction injury, DRG – dorsal

root ganglion, ipl – intraplantar, IR – immunoreactivity, MC4 re-

ceptor – melanocortin 4 receptor, ROD – relative optical density

Introduction

Neuropathic pain can develop because of traumatic or

metabolic injury of the peripheral nervous system.

One of the major limitations in neuropathic pain ther-

apy is a reduced analgesic potency and a reduced effi-

cacy of morphine. In this regard, a possible involve-

ment of proopiomelanocortin (POMC)-derived mela-

nocortins and the melanocortin 4 (MC4) receptor has

attracted attention recently. The melanocortin and the

opioid systems appear to act in opposition to one an-

other. As a result, melanocortins are considered en-

dogenous functional antagonists of opioids [4, 24]. In-

teractions between melanocortins and opioids in

morphine-induced locomotor activity and antino-

ciception have been assessed in mice [6]. Further-

more, an antagonistic interaction between the MC4

receptor agonist, melanotan I([Nle4, D-Phe7] -MSH

(NDP- -MSH)), and morphine has been reported, as

well as an additive interaction between MC4 receptor

antagonist and morphine [12]. These data confirm the

authors own observation of the potentiation of mor-

phine analgesia by melanocortin receptor antagonist

in rats tolerant to morphine [21]. Moreover, the im-

pact of supraspinal MC4 receptors modulation on the

development of tolerance and dependence on morphi-

ne’s antinociceptive effect has also been reported in

rats [12]. Recent reports have demonstrated effective

antinociception after blockade of spinal MC4 recep-

tors with MC4 receptor antagonists in a model of neu-

ropathic pain [22, 27]. In agreement with the above

study, a recent paper by Gao et al. [7] used an oligo-

nucleotide microarray to identify the MC4 receptor as

a new target in rats for nociceptive study, along with

the glutamatergic receptors, a ghrelin precursor, and

neuroligin 1. A potentiation of morphine analgesia by

the MC4 receptor antagonist, Asp3-Lys8-Ac-Nle-

Asp-His-D-Nal(2’)-Arg-Trp-Lys-NH2 (SHU9119),

was observed in a neuropathic pain model [21, 27].

These findings suggest the hypothesis of a higher ac-

tivity of the melanocortin system in neuropathic pain.

A study by Beltramo et al. [1] demonstrated an up-

regulation of POMC and MC4 receptor expression in

the spinal cord. This increase in POMC and MC4 re-

ceptor expression paralleled the presence of neuro-

pathic pain symptoms, such as tactile allodynia and

thermal hyperalgesia. Furthermore, we previously

demonstrated the expression of MC4 receptor mRNA

in the dorsal root ganglia (DRG) in the sciatic nerve

of injured rats [20]. These data suggest the contribu-

tion of presynaptic MC4 receptors on primary affer-

ents to the modulation of neuropathic pain. This alter-

native mechanism allows for antinociception after the

application of small, systemically inactive doses of

MC4 receptor ligands directly into the injured periph-

eral tissue. Antinociception has been shown for other

receptor ligands [11, 17, 25, 29] and for the local (in

contrast to peripheral) injection of a variety of recep-

tor ligands with limited access to the central nervous

system, both of which minimize adverse central ac-

tions [5, 16]. The mechanism of antinociception in-

volves the peripheral MC4 receptors, which are syn-

thesized in the cell bodies of the primary afferent sen-

sory neurons located in the DRG, and their respective

ligands, which are present on peripheral afferent ax-

ons of sensory neurons. In order to test the involve-

ment of peripherally located MC4 receptors in the no-

ciceptive transmission of chronic pain, we investi-

gated the effects of selective MC4 receptor

antagonists on mechanical allodynia and thermal hy-

peralgesia in chronic constriction injury (CCI) neuro-

pathy. The selective MC4 receptor antagonists were

administered intraplantarly (ipl) to the ipsilateral hind

paw. The level of mRNA expression does not always

parallel the level of protein expression. Therefore, to

elucidate the significance of changes in MC4 receptor

expression at the protein level, we used immunohisto-

chemistry to examine the MC4 receptor immunoreac-

tivity (IR) in the lumbar spinal cord and L4 and L5

DRG of the rats with neuropathic pain induced by

CCI of the sciatic nerve.

Materials and Methods

Animals

Experiments were performed in male Wistar rats (Li-

cense Breeding House, Rembertów, Poland) weighing

between 220–250 g at the time of surgery. Animals

were housed individually in cages lined with sawdust.

Standard laboratory rodent chow and water were
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