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Abstract: Melanocortinergic and dopaminergic systems are widely distributed in the CNS and have been established 
as a crucial regulatory component in diverse physiological functions. The pharmacology of both melanocortinergic 
and dopaminergic systems including their individual receptors, signaling mechanisms, agonists and antagonists 
has been extensively studied. Several lines of evidence showed that there existed a cross interaction between 
the receptors of melanocortinergic and dopaminergic systems. The data available at present had expanded our 
understanding of melanocortinergic and dopaminergic system interaction in neural modulation, which will be main 
discussed in this paper. 
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Introduction

Over the last 20 years, basic and clinical study-
ing of the melanocortinergic system has made 
several progress in neural modulation. The cen-
tral melanocortinergic system regulates body 
energy homeostasis and multiple processes 
including food intake, reward behaviors, and 
autonomic function [1, 2]. The dopaminergic 
system, sometimes called dopaminergic path-
way, involves in modulation of a variety of physi-
ological functions including motor control, moti-
vation, arousal, cognition, and reward. It is well 
known that dopamine (DA), a key neurotrans-
mitter modulating reward (natural and drug 
rewards), is implicated in the rewarding effects 
of food [3, 4]. Thereby, the melanocortinergic 
and dopaminergic system pathways are intri-
cately linked. However, the pathway involved is 
complex and has not yet been clearly defined.

Whereas melanocortinergic and dopaminergic 
system normally interacts with their individual 
receptors, there is compelling evidence indicat-
ing that they could cross interact with the 
receptors of each other in some important 
brain regions. This paper highlighted relevant 
functional interactions, and discussed the evi-

dence regarding their links of the neural modu- 
lation.

Neuroanatomical substrates of melanocortin-
ergic and dopaminergic systems

Dopaminergic pathways, sometimes called 
dopaminergic projections, are neural pathways 
in the brain [5]. Many lines of evidence show 
that the ventral tegmental area (VTA) and its 
dopaminergic projections are key components 
of a reward circuit [4, 6]. Luo et al reported that 
the dorsal hippocampus CA3-caudodorsal lat-
eral septum (cd-LS)-VTA circuit in context-
induced reinstatement of cocaine-seeking and 
a proposed diagram of the circuit’s mecha-
nisms [7], suggesting that a circuit from area 
CA3 of dorsal hippocampus to ventral tegmen-
tal area (VTA) that uses lateral septum (LS) as a 
relay. Several studies have shown that tyrosine 
hydroxylase (TH), the rate limiting enzyme for 
the biosynthesis of dopamine and norepineph-
rine [8-10], is the marker of dopamine neurons 
in the VTA [11-15]. We systemically investigated 
the expression of TH-positive neurons in the 
several CNS nuclei by using fluorescence immu-
nohistochemistry, and found that TH-positive 
neurons were located in VTA, nucleus accum-
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bens (NAc), the prefrontal cortex, the substan-
tia nigra, the dorsal striatum (caudate and 
putamen), limbic regions (hippocampus and 
amygdala), the lateral hypothalamus and the 
rostral ventromedial medulla (RVM) [16, 17]. 
Therefore, there exists specific neuroanatomi-
cal distribution of dopaminergic systems in the 
brain.

The melanocortins, derived from proopiomela-
nocortin in the arcuate nucleus of the hypothal-
amus [18-21], involve in a variety of physiologi-
cal functions including the regulation of food 
intake and weight control [22]. The effects of 
melanocortin peptides are mediated by G pro-
tein-coupled receptors, including the MC3R 
and MC4R, which are distributed in several 
CNS nuclei [20]. In contrast, MC1R, MC2R, and 
MC5R are expressed at very low or undetect-
able levels in these brain regions [23]. Rodent 
studies and clinical observations support a 
linkage of the melanocortin peptides to regula-
tion of food intake, leptin, weight control, and 
now blood pressure [22, 24]. It is known that 
neuroanatomic studies of the MC4R are limited 
by the lack of high-affinity antibodies. In combi-
nation of a transgenic mouse line that express-
ing green fluorescent protein (GFP) under MC4R 
promoter and immunohistochemistry, Liu et al 
found that GFP-positive neurons were mainly 
located in the cerebral cortex layer 5, lateral 
septal nucleus, VTA, NAc, the central amygda-
loid nucleus (CeA), bed nucleus of the stria ter-
minalis (BST), the tuberal hypothalamus, the 
lateral hypothalamic area (LHA), and the peri-
fornical area (PFA) [25]. A study of Alvaro et al 
also reported the expression of MC4-R mRNA 
in the striatum and nucleus accumbens [23]. 
Gelez et al also reported that MC4R-positive 
cells were especially abundant in the hypothal-
amus, including the lateral septal nucleus, 
arcuate nucleus, and lateral hypothalamic area 
whereas a moderate number of MC4R-positive 
neurons were found in the piriform cortex, bed 
nucleus of the stria terminalis, amygdala, peri-
aqueductal gray and raphe nucleus [26]. To 
sum up, between melanocortinergic and dopa-
minergic pathways share several important 
nuclei in the brain.

Cross interaction of two systems in reward 
regulation

The mesolimbic dopamine pathway and the 
melanocortin system are important compo-

nents of the central circuitry controlling reward-
related aspects of feeding. There is evidence 
that the melanocortins can act on mesolimbic 
dopamine pathways to regulate feeding [27, 
28]. Roseberry et al reported that injection of 
the melanocortin receptor agonist MTII into the 
VTA inhibited feeding for up to 24 h whereas 
injection of the melanocortin receptor antago-
nist SHU9119 into the VTA stimulated feeding 
for up to 24 h, and chronic blockade of melano-
cortin receptors through repeated daily injec-
tions of SHU9119 into the VTA increased feed-
ing, body weight, and caloric efficiency [28]. 
These results suggest that endogenous mela-
nocortin peptides may control feeding through 
the mesolimbic dopamine pathways. A study of 
Yen et al also added to the growing body of evi-
dence showing that the melanocortin receptor 
agonist MTII can interact with the mesolimbic 
dopamine pathways to regulate multiple 
reward-related behaviors [27]. It is well known 
that retrograde tracing techniques of transgen-
ic recombinants of pseudorabies virus (PRV) 
were widely used to characterize neuroanatom-
ic circuits. Our observation found that injection 
of a PRV-Bartha derivative PRV-614 expressing 
red fluorescence protein (RFP) into the gastroc-
nemius muscle resulted in retrograde transfec-
tion of the ipsilateral intermediolateral nucleus 
(IML) of spinal segments, VTA, nucleus accum-
bens and the prefrontal cortex neurons in spi-
nally transected transgenic MC4R-GFP mice. 
PRV-614/MC4R-GFP neurons were detected in 
the VTA, nucleus accumbens and the prefrontal 
cortex (Figure 1), suggesting that the VTA, 
nucleus accumbens and the prefrontal cortex 
may play an important role in the sympathetic 
pathway by the melanocortinergic signaling.

As an important part of the reward pathway, the 
major dopaminergic pathways are involved in 
the VTA, NAc and the prefrontal cortex [4, 6, 
29-31]. A study of Alvaro et al also indicated 
that expression of MC4R mRNA was found to 
be enriched in the periaqueductal gray, stria-
tum and NAc [23]. Several recent studies have 
found that the activity of the dopamine D1-type 
receptor (D1R) is tightly interconnected for pro-
cedural memory learning via central MC4R [32-
34]. Cui et al demonstrated that MC4R is co-
located with the D1R-positive cells in the 
striatum, and found that restoration of MC4R-
mediated signaling in D1R-positive neurons 
normalized procedural learning and procedural 
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memory learning in the cued water maze also 
required MC4R-mediated signaling in D1R-
positive neurons, suggesting that MC4R-
mediated signaling in distinct regions of the 
striatum is critical for learning various aspects 
of procedural memory learning and food reward 
[32]. Though these data indicated anatomical 
intertwinement of two pathways, further 
research is needed to delineate their regulatory 
functions.

Otherwise, some reports indicated that the VTA 
is one of the highest sites of MC3R expression. 

facture and release dopamine into the stria-
tum. Zhou et al reported that between tyrosine 
hydroxylase mRNA expression in the rat SN and 
the levels of striatal dopamine were significant-
ly decreased in Parkinson’s disease rat models 
induced by 6-hydroxy-dopamine injection into 
SN [35], suggesting that the dopaminergic 
activities of SN and striatum involved in the 
regulation of movement. Mena-Segovia et al 
reported that a substantial projection from the 
pedunculopontine tegmental nucleus (PPTg) 
innervates dopaminergic neurons of the SN 
pars compacta (SNc), which in turn modulate 

Figure 1. Summary diagram showed that the sympathetic and motor path-
way between the several CNS nuclei and skeletal muscle. Left (blue line): As 
an important part of the reward pathway, the major dopaminergic pathways 
are involved in the VTA, NAc and the prefrontal cortex. Injection of recombi-
nant PRV-614 expressing red fluorescence protein (RFP) into the gastrocne-
mius muscle resulted in retrograde infection of the ipsilateral intermedio-
lateral nucleus (IML) of spinal segments, VTA, nucleus accumbens and the 
prefrontal cortex neurons in spinally transected transgenic MC4R-GFP mice; 
PRV-614/MC4R-GFP neurons were detected in the VTA, nucleus accumbens 
and the prefrontal cortex, suggesting that the VTA, nucleus accumbens and 
the prefrontal cortex may play an important role in the sympathetic pathway 
by the melanocortinergic signaling. Right (green line): Dopaminergic motor 
functions are linked to a separate pathway, and the major dopaminergic mo-
tor pathways are involved in the substantia nigra and the striatum. PRV-614 
was injected into the gastrocnemius muscle of surgically sympathectomized 
transgenic MC4R-GFP mice as a specific transsynaptic retrograde tracer. Af-
ter 3, 4, 5 or 6 days, spinal cord and brain were collected for immunofluores-
cence staining. The temporal order of PRV-614 labeled neurons was found 
in the ventral horn (VH) motor neurons of spinal segments on day 3; pedun-
culopontine tegmental nucleus (PPTg) and substantia nigra on day 4-5; and 
the dorsal striatum (caudate and putamen) on day 5-6. We found that PRV-
614/MC4R-GFP double-labeled neurons in the VH, PPTg, substantia nigra 
and the dorsal striatum, suggesting that the PPTg, substantia nigra and the 
dorsal striatum may play a major role in the initiation of skeletal muscle tone 
by the melanocortinergic and catecholaminergic pathway. Some drawings 
were taken from Qing-Xiong Hong (Epilepsy & Behavior 2014) and Hong-Bing 
Xiang (Brain 2013).

Lippert et al characterized the 
neurochemical identity of the 
MC3R neurons in the VTA and 
determined the effects of 
global MC3R deletion on VTA 
DA homeostasis by using a 
MC3R-GFP transgenic mouse 
and a MC3R knockout mouse 
strain, and found that the 
MC3R was expressed in up to 
a third of dopaminergic neu-
rons of the VTA and Global 
deletion of the MC3R increas- 
ed total dopamine by 42% in 
the VTA and decreases su- 
crose intake and preference 
in female but not male mice, 
suggesting the function of 
MC3R in regulation of the 
mesolimbic dopaminergic sys-
tem and reward [10]. Further 
work on elucidating the differ-
ence of MC3R and MC4R in 
the VTA will contribute to 
understand the important 
mechanisms of reward regula- 
tion.

Cross interaction of two sys-
tems in motion regulation

As a part of the regulation of 
motor functions, dopaminer-
gic projections are linked to a 
separate pathway. The major 
dopaminergic motor path-
ways are involved in the sub-
stantia nigra (SN) and the 
striatum. In this pathway, 
dopaminergic cell bodies lo- 
cate within the SN and manu-
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striatonigral and striatopallidal pathways [36], 
suggesting there are interconnections between 
the basal ganglia and the PPTg.

By using a mouse line expressing GFP under 
MC4R gene promoter, we systemically investi-
gated MC4R signaling in the motor neuronal 
circuitry between the skeletal muscle and the 
several CNS nuclei in surgically sympathecto-
mized transgenic MC4R-GFP mice by combin-
ing double immunohistochemistry and retro-
grade tracing techniques (Figure 1). Recom- 
binant PRV-614 expressing red fluorescence 
protein (RFP) was injected into the gastrocne-
mius muscle of mice as a specific trans-synap-
tic retrograde tracer [37-42]. After 3, 4, 5 or 6 
days, spinal cord and brain were collected for 
immunofluorescence staining. The temporal 
order of PRV-614 labeled neurons was found in 
the ventral horn (VH) motor neurons of spinal 
segments on day 3; PPTg and SN on day 4-5; 
and the dorsal striatum (caudate and putamen) 
on day 5-6. We found that PRV-614/MC4R-GFP 
double-labeled neurons in the VH, PPTg, SN 
and the dorsal striatum (Figure 1). Otherwise, 
TH/MC4R-GFP double-labeled neurons in the 
PPTg [43], SN and the dorsal striatum. These 
data indicated that the PPTg, SN and the dorsal 
striatum may play a major role in the initiation 
of skeletal muscle tone by the melanocortiner-
gic and catecholaminergic pathway.

Conclusion

The data available at present have expanded 
our understanding to cross interaction of mela-
nocortinergic and dopaminergic system in neu-
ral modulation. It is obvious that the melano-
cortinergic and dopaminergic system are more 
intimately connected than traditionally believed 
from the knowledge accumulated during the 
past two decades. Further investigations are 
clearly needed to to understand the impact of 
cross interaction of the melanocortinergic and 
dopaminergic system by specific pharmacologi-
cal interventions in neural modulation.
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