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The current study aimed to see how the central dopaminergic and cannabinoidergic mechanisms affect melanocor-

tin-induced food intake in neonatal layer chickens. In this regard, 9 experiments were designed. In experiment 1, chicks 

were injected with a control solution, MTII (2.5, 5, and 10 ng). In experiment 2, control solution, L-DOPA (125 nmol), 

MTII (10 ng), and L-DOPA + MTII were applied to the birds. Experiments 3-9 were similar to experiment 2, except 

birds injected with 6-OHDA (150 nmol), SCH23390 (5 nmol), AMI-193 (5 nmol), NGB2904 (6.4 nmol), L-741,742 (6 

nmol), SR141716A (6.25 µg), and AM630 (5 µg) instead of L-DOPA. Then, cumulative food intake was recorded at 30, 

60, and 120 min following injection. According to the results, in comparison with the control group, dose-dependent 

hypophagia was observed in 3-h food-deprived neonatal layer chickens following ICV injection of MTII (2.5, 5, and 10 

ng) (p < 0.05). ICV injection of L-DOPA and SR141716A increased hypophagia induced by MTII in chickens (p < 0.05), 

while 6-OHDA greatly suppressed MTII- induced hypophagia (p < 0.05). In addition, SCH23390 and AMI-193 greatly 

weakened the MTII-induced hypophagia in neonatal layer chickens (p < 0.05). However, NGB2904, L-741742, and 

AM630 had no role in hypophagia induced by MTII (p > 0.05). These results demonstrated that melanocortin-induced 

hypophagia in the neonatal layer chickens is likely mediated by D1, D2, and CB1 receptors.

Dopamine, Cannabinoid, Melanocortin, Food intake, Layer 

chicken

ICV: Intracerebroventricular 
CNS: Central nervous system
CB: Endocannabinoids receptors 
GPCRs: G protein-coupled receptor subtypes  

DA: Dopamine  
ARC: Arcuate nucleus
VMH: Ventromedial hypothalamus 
PVN: Periventricular nucleus 
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Introduction  

One of the most complicated aspects of ani-
mals is appetite regulation that modulates 

a large number of parts in the brain for cooperating 
with signals received from the peripheral organs [1]. 
The appetite is regulated by various neurotransmitters 
through complex neurological pathways in the central 
nervous system (CNS) [2]. Endocannabinoids and 
their receptors (CB1 and CB2) belong to the G pro-
tein-coupled receptor subtypes (GPCRs) with a role in 
several physiological functions in the brain, including 
locomotion nociception, learning and memory, food 
intake, and energetic metabolism [3,4]. Besides, it has 
a regulatory role in immune regulation, endocrine 
processes, cardiovascular system, emesis, and brain 
development [5]. The CB1 receptors are expressed in 
the presynaptic terminals of the brain, and CB2 recep-
tors were previously found on immune system cells 
and organs in the peripheral nervous system (PNS), 
but they are also expressed in CNS [6]. Moreover, 
both CB1 and CB2 receptors have a role in food intake 
regulation in rats [7]. However, little is known about 
the contribution of endocannabinoids to feeding be-
havior in domestic fowl. Some studies claim that just 
the CB1 receptors have a regulatory role in appetite in 
broilers [8, 9]. Recently, a number of studies revealed 
that both CB1 and CB2 receptors have hyperphagic 
effects in the neonatal layer chickens [4, 10, 48, 49]

Dopamine is the main catecholamine neurotrans-
mitter expressed in several nuclei of the brain, such as 
the hypothalamus, substantia nigra, and ventral teg-
mental area. At least five different dopamine receptor 
subtypes have been discovered so far (D1-D5) [11]. At 
least five distinct GPCRs of dopamine affect its medi-
atory effects [11]. The receptors D1 and D2 are found 
frequently than others in the brain. The dopaminergic 
system is involved in a variety of physiological func-
tions, including appetite regulation, locomotor activ-
ity, emotion, and cognition [12]. Food intake reduces 
through D1 and D2 receptors in rats [13]. Besides,  in 
meat-type chickens, hypophagia induced by dopa-
mine is mediated by D1 receptors, while others (D2-
D4) may have no role in appetite regulation [1, 14]. 
Thus, it is evident that no single neuropeptide regu-
lates central feeding behavior and that there are inter-

actions between a broad distributed neural network 
and other neurotransmitters to assess feeding status 
[15, 49]. 

The melanocortin is a neurotransmitter for which 
five subtypes (MC1R-MC5R) have been identified to 
date [16]. It has a prominent role in physiologic func-
tions, including grooming, thermoregulation, learn-
ing, and energy balance regulation [17]. The mela-
nocortin receptors have been identified in the bird's 
brain. Only the melanocortin-3 (MC3R) and mela-
nocortin-4  (MC4R) subtypes of melanocortin recep-
tors are responsible for the central regulation of food 
intake [17]. The MC3R and MC4R are mainly found 
in the arcuate nucleus (ARC), ventromedial hypothal-
amus (VMH), and periventricular nucleus (PVN) re-
gions of the hypothalamus. According to the related 
published studies, the ICV injection of the MC3 and 
MC4 receptors reduces the food intake in rats [18]. 

Dopaminergic neurons interact with the actions 
of cannabinoids in the CNS. Dopaminergic neu-
ronal cell bodies are located in the substantia nigra 
and ventral tegmental area (VTA) and projected to 
the caudate-putamen (CP) and nucleus accumbens 
(NA). The effector neurons in these structures are 
regulated by dopaminergic and cannabinoidergic 
mechanisms [3]. Motor effects of CB1 agonists are 
linked to intracellular responses elicited by D1 and 
D2 receptors in the striatal projection neurons [19]. 
The melanocortin and dopamine mechanisms have 
interactions by which several significant physiological 
functions are regulated [20]. In the ventral tegmental 
area, the MC3R, and MC4R are located in dopami-
nergic neurons innervated by proopiomelanocortin 
(POMC) neurons in the arcuate nucleus [21]. MC4R 
plays a critical role in regulating D1 and D2 recep-
tors in the nucleus accumbens [20]. Activation of the 
dopaminergic neurons in the ventral tegmental area 
by melanocortin and the dopamine-mediated effects 
of reward and reinforcement associated with the food 
intake is suppressed by the dopamine D1 and D2 re-
ceptors in the nucleus accumbens [21]. Studies reveal 
that cannabinoids, dopamine, and melanocortin are 
interconnected in CNS; however, there is little data 
on how their interactions affect the regulation of food 
intake in poultry. Therefore, the current work aimed 
to see how the central dopaminergic and cannabinoi-
dergic mechanisms affect melanocortin-induced food 
intake in neonatal layer chickens.Abbreviations-Cont'd

VTA: Ventral-tegmental area  
POMC: Proopiomelanocortin
FD3: 3-h food-deprived
BW: Body weight 
ACTH: Adrenocorticotropic hormone 
α-MSH: α-Melanocyte-stimulating hormone
NPY: Neuropeptide Y 

Results  
In experiment No.1, a dose-dependent hypopha-

gia was observed following the MTII (2.5, 5, and 10 
ng) ICV injection in the 3-h food-deprived neona-
tal layer chickens 120 min following the injection in 
comparison with the control group (p < 0.05) (Fig. 1).
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In experiment No.2, the MTII (10 ng) ICV in-
jection reduces food intake considerably in the 3-h 
food-deprived layer chickens (p < 0.05), whereas in 
comparison with the control group (p > 0.05), the 
L-DOPA (125 nmol) ICV injection has no significant 
effects on the cumulative food intake. Furthermore, 
the MTII+L-DOPA co-injection greatly increased hy-
pophagia induced by MTII in the chickens (p < 0.05) 
(Fig. 2).

In experiment No.3, hypophagia was observed 
following the MTII (10 ng) ICV injection in the 3-h 
food-deprived layer chickens (p < 0.05). On the oth-
er hand, in comparison with the control group (p > 

Figure 1.
Effect of intracerebroventricular injection of the MTII (MC3/
MC4 receptors agonist) on food intake in the neonatal layer chick-
ens. Data are expressed as mean ± SEM. Different letters (a, b, and 
c) indicate significant differences between treatments at each time 
(p < 0.05).

Figure 2.
Effect of intracerebroventricular injection of L-DOPA (dopamine 
precursor) on hypophagia-induced by MTII (MC3/MC4 recep-
tors agonist) in the neonatal layer chickens. Data are expressed 
as mean ± SEM. Different letters (a, b, and c) indicate significant 
differences between treatments at each time(p < 0.05).

Figure 3.
Effect of intracerebroventricular injection of 6-OHDA (a dopa-
mine depletion) on hypophagia-induced by MTII (MC3/MC4 re-
ceptors agonist) in the neonatal layer chickens. Data are expressed 
as mean ± SEM. Different letters (a, b, and c) indicate significant 
differences between treatments at each time(p < 0.05).

Figure 4.
Effect of intracerebroventricular injection of SCH23390 (D1 
receptor antagonist) on hypophagia-induced by MTII (MC3/
MC4 receptors agonist) in the neonatal layer chickens. Data are 
expressed as mean ± SEM. Different letters (a, b, and c) indicate 
significant differences between treatments at each time(p < 0.05).

0.05), the 6-OHDA (150 nmol) ICV injection has no 
significant effects on the cumulative food intake. Also, 
the MTII+6-OHDA co-injection greatly reduced hy-
pophagia induced by MTII in 3-h food-deprived layer 
chickens at 30, 60, and 120 min following the injection 
(p < 0.05) (Fig. 3).

As shown in Figure 4, the MTII (10 ng) ICV injec-
tion greatly reduces cumulative food intake in the 3-h 
food-deprived layer chickens (p < 0.05). In compari-
son with the control group (p > 0.05), the SCH23390 
(5 nmol) ICV injection has no significant effects on 
the cumulative food intake. The MTII+SCH23390 
co-injection greatly weakened hypophagia induced by 
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Figure 5. 
Effect of intracerebroventricular injection of AMI-193 (D2 recep-
tor antagonist) on hypophagia-induced by MTII (MC3/MC4 re-
ceptors agonist) in the neonatal layer chickens. Data are expressed 
as mean ± SEM. Different letters (a, b, and c) indicate significant 
differences between treatments at each time(p < 0.05).

Figure 6. 
Effect of intracerebroventricular injection of NGB2904 (D3 recep-
tor antagonist) on hypophagia-induced by MTII (MC3/MC4 re-
ceptors agonist) in the neonatal layer chickens. Data are expressed 
as mean ± SEM. Different letters (a and b) indicate significant dif-
ferences between treatments at each time(p < 0.05).

Figure 7.
Effect of intracerebroventricular injection of L-741,742 (D4 recep-
tor antagonist) on hypophagia-induced by MTII (MC3/MC4 re-
ceptors agonist) in the neonatal layer chickens. Data are expressed 
as mean ± SEM. Different letters (a, b, and c) indicate significant 
differences between treatments at each time(p < 0.05).

Figure 8. 
Effect of intracerebroventricular injection of SR141716A (CB1 
receptor antagonist) on hypophagia-induced by MTII (MC3/
MC4 receptors agonist) in the neonatal layer chickens. Data are 
expressed as mean ± SEM. Different letters (a, b, and c) indicate 
significant differences between treatments at each time(p < 0.05).

MTII in the chickens at 30, 60, and 120 min following 
the injection (p < 0.05) (Fig. 4).

In experiment No. 5, in comparison with the con-
trol group (p > 0.05), the MTII (10 ng) ICV injection 
greatly reduced food intake (p < 0.05), whereas the 
AMI-193 (5 nmol) ICV injection alone has no signif-
icant effects on the cumulative food intake. The MTII 
+ AMI-193 co-injection greatly suppressed hypopha-
gia induced by MTII in comparison with the control 
group (p < 0.05) (Fig. 5).

In experiment No. 6, in comparison with the con-
trol group (p > 0.05), the MTII (10 ng) ICV injection 

greatly reduced food intake (p < 0.05), whereas the 
NGB2904 (6.4 nmol) ICV injection has no significant 
effects on the cumulative food intake. Furthermore, 
the MTII + NGB2904 co-injection did not significant-
ly affect hypophagia induced by MTII in the chickens 
(p > 0.05) (Fig. 6).

In experiment No.7, in comparison with the con-
trol group (p > 0.05), the MTII (10 ng) ICV injection 
greatly reduced food intake in the 3-h food-deprived 
layer chickens (p < 0.05), whereas the L-741,742 
(6 nmol) ICV injection has no significant effects 
on the cumulative food intake. Furthermore, the 
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Discussion  

MTII+L-741,742 co-injection did not significantly af-
fect MTII induced hypophagia in the neonatal layer 
chickens (p > 0.05) (Fig. 7).

As shown in Figure 8 (experiment No.8), in com-
parison with the control group (p > 0.05), the MTII 
(10 ng) ICV injection greatly reduces food intake (p < 
0.05), whereas the SR141716A (6.25 µg) ICV injection 
has no significant effects on the cumulative food in-
take. In addition, the MTII+SR141716A co-injection 
greatly increased hypophagia-induced by MTII in 
comparison with the control group (p < 0.05) (Fig. 8).

In experiment No.9, in comparison with the 
control group (p > 0.05), MTII (10 ng) ICV injec-
tion greatly reduced food intake (p < 0.05). Also, the 
AM630 (5 µg) ICV injection has no significant effects 
on the cumulative food intake. Furthermore, the MTII 
+ AM630 co-injection did not significantly affect hy-
pophagia induced by MTII in 3-h food-deprived neo-
natal layer chickens (p > 0.05) (Fig. 9).

Figure 9. 
Effect of intracerebroventricular injection of AM630 (CB2 recep-
tor antagonist) on hypophagia-induced by MTII (MC3/MC4 re-
ceptors agonist) in the neonatal layer chickens. Data are expressed 
as mean ± SEM. Different letters (a and b) indicate significant dif-
ferences between treatments at each time (p < 0.05).

This research aimed to see how the melanocortin 
interacts with the dopaminergic and cannabinoidergic 
mechanisms to affect food intake in the neonatal layer 
chickens. As far as we know, this is the first study con-
ducted to show how central melanocortin-induced 
hypophagia interconnect with these mechanisms in 
layer chickens. The results demonstrated dose-depen-
dent hypophagia following the MTII (2.5, 5, and 10 
ng) ICV injection in the 3-h food-deprived neonatal 
layer chickens. According to Ahmadi et al. [29, 30], 
the MTII (2.5, 5, and 10 ng) ICV injection reduces 
feeding behaviors in neonatal meat-type chickens in a 
dose-dependent manner. The MC3/4R activation re-
duces feeding behavior in rodents, while the MC3/4R 
antagonist ICV injection increases food intake [31]. 
Although both MC3R and MC4R are expressed in the 
rat brain, only MC4R appears to be found in the bird's 
brain [32]. A group of peptides known as melanocor-
tin includes adrenocorticotropic hormone (ACTH) 
and various types of POMC-derived α-MSH in the 
pituitary gland.

 [33]. POMC and α-MSH contribute to food in-
take regulation, of which; the latter is a key endoge-
nous ligand for MC3R and MC4R in the arcuate nu-
cleus [34, 35]. Also, the agouti-related protein (AgRP) 
is a natural antagonist of MC3R and MC4R, which is 
often co-expressed with neuropeptide Y(NPY), and 
the α-MSH effects can be suppressed by their co-in-
jection [18]. Despite the identification of melanocor-
tin-related signaling pathways regulating mammals' 
central food intake, little is known about melanocor-
tin in birds [36]. According to the literature, hypopha-
gia induced by MTII seems to be weakened with a 

protein kinase A (PKA) inhibitor [37].
The MTII+L-DOPA co-injection increased hy-

pophagia induced by MTII in the chickens. The 
MTII+6-OHDA co-injection greatly suppressed hy-
pophagia induced by MTII in the chickens. Also, 
co-injection of MTII+D1 receptors antagonist great-
ly suppressed hypophagia induced by MTII in the 
chickens. The co-injection of MTII+D2 receptors 
antagonist greatly suppressed hypophagia induced 
by MTII. Food intake reduces through D1 and D2 
receptors in rats [13]. Besides, the D1 receptors me-
diate hypophagia induced by dopamine in the chick-
ens, whereas others (D2-D4) may not be involved in 
appetite regulation of meat-type chickens [1]. Mela-
nocortin acts through MC4R on mesolimbic dopa-
mine pathways on feeding behavior and motivation 
to food intake suppressed in rats by the MCR agonist 
ICV injection into the ventral tegmental area contain-
ing dopaminergic neurons [38]. However, this effect 
is reversed by the SHU9119 (MCR antagonist) ICV 
injection [38]. The anorexigenic and orexigenic ef-
fects of α-MSH and AgRP were blocked completely, 
respectively, by the nonselective α-flupenthixol (do-
pamine antagonist), reflecting dopamine signaling 
pathways are involved in the regulating melanocortin 
peptides and AgRP effects [39]. The process includes 
dopaminergic neurons in the ventral tegmental area, 
responsible for the effects of reward and reinforce-
ment, and MC4R expressing neurons in the nucleus 
accumbens [39]. MC4R regulates D1 and D2 neurons 
in the nucleus accumbens and is elicited to consume 
sweet foods [20]. Activation of dopaminergic neurons 
in the ventral tegmental area by melanocortin and D1 
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Materials & Methods  
Animals

A total of 396 one-day-old layer chickens (Hy-Line) were pur-
chased from a local hatchery (Morghak Co., Iran). Birds were kept 
in stabilizing electrically heated batteries at a temperature of 32 
ºC ± 1, with a relative humidity of 40-50% and a 23:1 lighting/
dark period [22]. They were held as flocks for two days, and then 
a single cage was allocated per bird randomly. During the study, 
the birds were fed with a commercial diet comprising 2850 kcal/
kg metabolizable energy and 21% crude protein, with unlimited 
access to diet and freshwater (Chineh Co., Iran). The 3-h food-de-
prived was applied before the injections, while the birds had un-
limited access to water. ICV injections were performed at five days 
of age. Animal handling and experimental practices were carried 
out in accordance with the Guide for the Care and Use of Labo-
ratory Animals, National Institutes of Health, USA (publication 
No. 85-23, revised 1996) and existing Iranian government animal 
welfare regulations, which were approved by the Institutional An-
imal Ethics Committee (IAEC), Faculty of Veterinary Medicine, 
University of Tehran.

Experimental medications
The used medications, including MTII (MC3 and MC4 re-

ceptors), SCH 23390 (D1 receptor antagonist), AMI-193 (D2 re-
ceptor antagonist), NGB2904 (D3 receptor antagonist), L-741,742 
(D4 receptor antagonist), L-DOPA (precursor of dopamine), 
6-OHDA (6-hydroxy dopamine), SR141716A (CB1 receptor an-
tagonist), AM630 (CB2 receptor antagonist), and Evans blue were 
purchased from Sigma-Aldrich (USA) and Tocris Co (UK). All of 
the medications were first dissolved in absolute dimethyl sulfox-
ide (DMSO) and then diluted with 0.85% saline containing Evans 
blue with a ratio of 1/250 (0.4% DMSO). The resulting mixture 
containing Evans blue-contained DMSO/saline mixture was uti-
lized as a control group.

ICV injection protocol
Birds were randomly divided into nine study groups, each 

with four sub-groups (n = 44). The chickens were weighed and 
divided into study groups concerning their body weight before 
each experiment, ensuring that the mean body weight between 
treatment groups was as standardized as possible. The chickens 

and D2 neurons of the nucleus accumbens suppress-
es the dopamine-mediated feeding behavior [21]. In 
the ventral tegmental area, both MC3R and MC4R 
are expressed in dopaminergic neurons innervated 
by POMC-expressing neurons in the arcuate nucle-
us [21]. Data on the colocalization of dopamine and 
MCR in neurons for their regulatory role in appetite 
regulation and food intake support the melanocor-
tin-dopamine interactions [40]. In this regard, Yoon 
and Baik [41] reported that MC4R and D2 receptors 
in the hypothalamic area are responsible for food in-
take and control of energy homeostasis.

Based on the results, co-injection of MTII + CB1 
receptors antagonist increased hypophagia induced 
by MTII while CB2 receptors had little effect on hy-
pophagia induced by MTII in the neonatal layer chick-
ens. Food intake increases through both CB1 and CB2 
receptors in the layer chickens, similar to mammals 
[7, 41, 43], but not in broilers where only the CB2 re-
ceptors interact on feeding [8, 9]. The SR141716SA 
or AM251 ICV injection reduced food intake in nor-
mal mice but not in CB1 knockout mice, indicating 
that the endocannabinoids contribute to appetite 
by activating CB1 receptors [41]. Also, AM251 has 
been shown to decrease food intake in food-restrict-
ed rats [15]. In the present study, the potential effect 
of SR141716A (an analog of AM251) was examined 
on food intake in 3-h food-deprived birds. Based on 
the evidence, an interaction exists between melano-
cortin and cannabinoidergic mechanisms on feeding 
behavior through MC4R and CB1 receptors [44]. 
SR141716 and α-MSH weakened food intake, and 
ICV injection of sub-effective doses of SR 141716 and 
α-MSH weakened baseline food intake synergistically 
[44]. Both cannabinoid and melanocortin receptors 
localized in the hypothalamus and administration of 
THC, SR141716, and MTII lead to c-fos expression, 
a marker of neural activation [44]. Despite direct cel-
lular mechanisms underlying the interconnection of 
these systems, it is assumed that they may interact 
at the signal transduction by increasing cAMP syn-
thesis through an effect on Gi proteins. GPCRs in-
clude cannabinoids and melanocortin, and blockade 
of CB1 receptors and stimulation of MC4R enhance 
cAMP production [45]. Additionally, it is assumed 
that synergistic interaction between the cannabinoi-
dergic and melanocortin mechanisms is mediated by 
the opioidergic system [44]. Also, leptin synoptically 
interacts with the melanocortinergic neurons, while 
cannabinoid and NPY systems are modulated by the 
melanocortin system. Thus, signaling by melanocor-
tin receptor seems to be downstream of leptin recep-
tors and upstream of the endogenous cannabinoid, 
NPY, and opioid-producing neurons. Given the ap-
proximate 300 million years of evolutionary distance 

between mammals and birds, it is not surprising that 
the differences in the central food intake and energy 
expenditure regulation have been identified [9].  

In conclusion, these results indicated that melano-
cortin-induced hypophagia is mediated through D1, 
D2, and CB1 receptors in the neonatal layer chickens. 
In a rat model, many studies have been conducted on 
the central regulation of food intake. It is well estab-
lished that the central food intake regulation differs in 
mammals and birds [14]. As a result, it is reasonable 
to believe that regulatory systems in birds manage 
these processes [10]. As shown, there has never been 
a study on the melanocortin interconnection with 
dopaminergic and cannabinoidergic mechanisms on 
food intake in birds. Therefore, the authors could not 
compare the results. This data can be seen as a starting 
point for learning about the central regulation of feed-
ing behavior in chickens. 



43

RESEARCH ARTICLE IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Interaction between melanocortin with cannabinoids and 
dopamine

Bameri et al., IJVST 2021; Vol.13, No.2                                
DOI:10.22067/ijvst.2021.69380.1028

Authors' Contributions  

Acknowledgements 

All authors provided critical feedback and helped 
shape the research, analysis and manuscript.

The authors thank the central laboratory (Dr. Ras-
tegar Lab.) of the Faculty of Veterinary Medicine, the 
University of Tehran for cooperation. This research is 
conducted as a part of the PhD thesis of the first au-
thor.

1. Zendehdel M, Ghashghayi E, Hassanpour S, Baghbanzadeh A, 
Jonaidi H. Interaction between opioidergic and dopaminergic 
systems on food intake in neonatal layer type chickens. Int J 
Peptide Res Ther. 2016; 22:83-92.

2. Shojaei M, Yousefi A, Zendehdel M, Khodadadi M. Food intake 
regulation in birds: the role of neurotransmitters and hor-
mones.Iran J Vet Med. 2020; 14:99–115.

3. Fernández‐Ruiz J, Hernández M, Ramos JA. Cannabinoid–do-
pamine interaction in the pathophysiology and treatment of 
CNS disorders. CNS Neurosci Ther. 2010; 16(3):e72-e91.

4. Alizadeh A, Zendehdel M, Bababpour V, Charkhkar S, Hassan-
pour S. Role of a cannabinoidergic system on food intake in 
neonatal layer-type chicken. Vet Res Commun. 2015; 39:151–
157.

5. Storr MA, Sharkey KA. The endocannabinoid system and gut-
brain signalling. Current Opinion Pharmacol. 2007; 7:575–
582.

6. Sierra S, Luquin N, Rico AJ, Gómez-Bautista V, Roda E, Dope-
so-Reyes IG, Vázquez A, Martínez-Pinilla E, Labandei-
ra-García JL, Franco R, Lanciego JL. Detection of cannabinoid 
receptors CB1 and CB2 within basal ganglia output neurons 
in macaques: changes following experimental parkinsonism. 
Brain Struct Funct. 2015;220(5):2721-38. 

7. Alizadeh A, Zendehdel M, Babapour V, Charkhkar S, Hassan-
pour S. Role of cannabinoidergic system on food intake in 
neonatal layer-type chicken. Vet Res Commun. 2015; 39:151–
157.

Authors have no potential conflicts of interest.
Competing Interests

References 

were ICV injected once in each of the experiments by applying a 
microsyringe (Hamilton, Switzerland) with no anesthesia, as de-
fined by Davis et al. [23] and Furuse et al. [24]. According to Van 
Tienhoven and Juhasz [25], the head of the chickens was held with 
an acrylic device with a 45º bill holder and a calvarium parallel 
to the table surface. The right lateral ventricle's skull was pierced 
using an orifice plate. When a microsyringe was inserted into the 
ventricle through the orifice plate, the injected needle tip was just 
4 mm under the skull skin [26]. All injections were performed in 
a volume of 10 μL [27]. The control group received control solu-
tion (10 μL) [27]. In newly hatched chickens, this method causes 
no physiological stress [28]. The chickens were sacrificed by de-
capitation at the end of trials to demonstrate injection accuracy 
confirmed by Evans blue and sliced frozen brain tissues. Although 
birds in each of the groups were given injections, only the data 
for those who had dye in their lateral ventricle were analyzed (11 
chickens per group). All experiments were conducted from 08:00 
a.m. to 1:30 p.m.

Feeding experiments
To examine the potential effect of specific dopaminergic (D1, 

D2, D3, and D4) and cannabinoidergic (CB1 and CB2) receptors 
on the melanocortin-induced feeding behavior in the 3-h food-de-
prived newly hatched chickens, nine experiments were conduct-
ed. In experiment No.1, the control solution and MTII (MC3 and 
MC4 receptors; 2.5, 5, and 10 ng) were injected into chickens. In 
experiment No.2, control solution, L-DOPA (125 nmol), MTII (10 
ng), and a combination of them were injected intracerebroventric-
ularly. In experiment No.3, the 3-h food-deprived birds were in-
tracerebroventricularly injected with a control solution, 6-OHDA 
(150 nmol), MTII (10 ng), and 6-OHDA + MTII co-injection. In 
experiment No.4, the 3-h food-deprived layer chickens were intra-
cerebroventricularly injected with control solution, SCH23390 (5 
nmol), MTII (10 ng), and received the SCH23390+MTII co-injec-
tion. In experiment No.5, the control solution, AMI-193 (5 nmol), 
MTII (10 ng), and a combination of them were intracerebroven-
tricularly injected into the birds. In experiment No.6, chickens 
were intracerebroventricularly injected with control solution, 
NGB2904 (6.4 nmol), MTII (10 ng), and NGB2904 + MTII. In 
experiment No.7, control solution, L-741,742 (6 nmol), MTII (10 
ng), and L-741,742 + MTII were injected. In experiment No.8, the 
3-h food-deprived birds were intracerebroventricularly injected 
with control solution, SR141716A (6.25 µg), MTII (10 ng), and 
SR141716A+MTII. In experiment No.9, control solution, AM630 
(5 µg), MTII (10 ng), and AM630 + MTII were injected. Immedi-
ately following the injection, food was provided to the birds, and 
cumulative food intake (g) was measured at 30, 60, and 120 min 
following the injection. Food intake (g) was calculated as percent 
of body weight (g/100g BW) to minimize the effect of body weight 
on the amount of food intake. The doses of medications were de-
termined according to the previous studies [4, 10, 29, 30]. 

Statistical analysis
In this study, nine experiments were designed. Each experi-

ment included four groups (I-IV). In all groups, a sole injection 
was done. Also, the result of each experiment was apart from the 
other experiments. Cumulative food intake (as a percent of body 
weight) from each experiment was analyzed by repeated measure 
two-way analysis of variance (ANOVA). All analyses were con-
ducted using SPSS 16.0 for Windows (SPSS, Inc., Chicago, IL, 
USA). Means were compared by Tukey Kramer test (p < 0.05), and 
data was presented as mean ± SEM (standard error of the mean). 

Research involving human participants and/or 
animals

This manuscript does not contain any studies with human 
subjects performed by any of the authors. According to the Guide 
for the Care and Use of Laboratory Animals, all experiments were 
executed and were approved by the institutional animal ethics 
committee.
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