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Cannabinoid–glutamate interactions in the regulation of food
intake in neonatal layer- type chicks: role of glutamate NMDA
and AMPA receptors
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Abstract The involvement of the endocannabinoid system in
the brain functions is likely the conclusion of its capability to
interact with specific neurotransmitters in several brain re-
gions. The present study was designed to examine the role
of the glutamatergic system on cannabinoid-induced hyper-
phagia in chicken. In this survey 10 experiments designed to
investigate interaction of cannabinoidergic and glutamatergic
systems on feeding behavior in neonatal chickens. In experi-
ment 1, chicken were intracerebroventricular (ICV) injected
with saline, 2-AG (2-Arachidonoylglycerol, 5.28 nmol, CB1

receptors agonist), MK-801(NMDA receptor antagonist,
15 nmol) and co-administration of 2-AG + MK-801. In ex-
periment 2, injection of saline, 2-AG (5.28 nmol), CNQX)
AMPA/kainate receptor antagonist, 390 nmol) and their com-
bination (2-AG + CNQX) was done. In Experiment 3, injec-
tions were saline, 2-AG (5.28 nmol), AIDA)mGluR1 antago-
nist, 2 nmol) and 2-AG + AIDA. Experiments 4 and 5 were
similar to experiment 3, except birds injected with LY341495
(mGLUR2 glutamate antagonist, 150 nmol) and UBP1112
(mGLUR3 glutamate antagonist, 2 nmol) instead of AIDA.
Experiments 6–10 followed the procedure similar to experi-
ments 1–5, except chickens received ICV injection of CB65
(CB2 receptor agonist, 3 nmol), instead of 2-AG. Then the
cumulative food intake measured until 120 min post injection.
According to the results, ICV injection of 2-AG and CB65
significantly increased food intake (P < 0.001). Co-injection
of 2-AG and MK-801 significantly amplified hyperphagic

effect of CB1 receptors agonist(P < 0.001). Moreover, co-
administration of CB65 plus CNQX significantly increased
CB65- induced hyperphagia in FD3 neonatal layer-type
chickens (P < 0.001). These results suggest there is an inter-
action between endocannabinoids and glutamatergic systems
via NMDA and AMPA receptors in feeding behavior of neo-
natal layer-type chickens.

Keywords Cannabinoidergic . Glutamatergic system . Food
intake . Chicken

Introduction

Several factors with complicated neurological mechanisms
are responsible for appetite in animals (Levine 2006).
Central food intake regulation is modulated by neurochemical
mediators known as neurotransmitters in several parts of the
brain, e.g. striatum, hypothalamus, amygdala, nucleus tractus
solitaries (NTS) and arcuate nucleus (ARC) (Parker et al.
2014). Cannabinoids (CBs) were originally isolated as psy-
choactive components of marijuana (Δ9-tetrahydrocannabi-
nol; THC). Interestingly, endocannabinoids (ECBs) are pro-
duced in the animal and human body where tissues express at
least two cannabinoidergic (CBergic) receptors: CB1 and CB2

belong to the G protein coupled receptors (GPCRs) (Kangas
et al. 2013). ECBs has a deniable role in numerous physiolog-
ical processes such as the control of movement, nociception,
learning, memory and feeding (Parker et al. 2014; Sharkey et
al. 2014).

CB1 receptors are mainly expressed in presynaptic nerve
terminals of inhibitory and excitatory nerves in the central
nervous system (CNS) in mammalian and birds
(Novoseletsky et al., 2011; Sharkey et al. 2014) and controls
neurotransmitter release (Pertwee, 2005). CB2 receptors are
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plentiful in the peripheral nervous system (PNS), immune
cells and tissues (Pertwee, 2005) but also expressed in the
brain (Onaivi et al. 2012). It is know there are differences on
role of neurotransmitters between avian and mammals
(Zendehedel and Hassanpour, 2014). For example, microin-
jection of DAMGO (a μ-opioid receptors agonist) decreased
food intake in chicks (Bungo et al. 2005; Alimohammadi et al.
2015) but increased in rat (Kaneko et al. 2012). Furthermore,
interestingly comparative physiological studies suggested
there are differences on appetite regulation pathways between
the meat-type (broiler) and layer-type (hens) chickens
(Denbow, 1994; Shiraishi et al. 2011). In this regard CB1

and CB2 receptors have hyperphagic effects in mammals
(Pertwee, 2005) and neonatal layer type chickens(Alizadeh
et al. 2015; Hassanpour et al. 2015) while food intake in-
creases after ICV injection of CB2 receptor agonists in broiler
chicken but CB1 receptors have no effect(Emadi et al. 2011).

Feeding behavior is not regulated using sole neurotransmit-
ter and a complex of neurotransmitters using a wide disturbed
network acts to regulate appetite. Glutamate is the most excit-
atory amino acid in the mammalian and avian brain (Danbolt,
2001). Two major families of glutamate receptors identified:
the ionotropic (iGluR) and metabotropic (mGluR) glutamate
receptors. The previously is subdivided into N-methyl-D-
aspartic acid (NMDA), alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) and kainate receptors (Reid
and Bliss, 2000), and the latter subdivided into group I, group
II and group III receptors (Reid and Bliss, 2000). Although
glutamate receptors are widely distributed in the avian brain
and scarce information exist on the role of glutamate and
GluRs on feeding behavior in the domestic fowl (Zeni,
2000, Baghbanzadeh and Babapour, 2007). Glutamate atten-
uates food intake in chicken and this effect is probably medi-
ated by both ionotropic and metabotropic receptors (Zeni et al.
2000; Baghbanzadeh and Babapour 2007; Zendehdel et al.
2009). In addition, injection of NMDA and AMPA-kainate
receptor antagonists into the ventral striatal and ventral
pallidal areas of the pigeon induced feeding behavior (Da
Silva et al. 2003).

The ECBs has ability to interact with other neurotransmit-
ters in several brain regions. In the synaptic area, ECBs have a
modulatory role than a function as a classic transmitter
(Sánchez-Blázquez et al. 2013a; Vicente-Sánchez et al. 2013).
For example, presynaptic CB1 receptors directly influence
synthesis, release or reuptake of neurotransmitters such as
glutamate, nitric oxide, opioid and GABA in the brain (Cota
et al. 2003; Hassanpour et al., 2015). Pharmacological, elec-
trophysiological and immunohistochemical studies revealed
ECBs acts as retrograde signal molecules in glutamatergic
neurons (Irving et al. 2002). Based on the literature, no report
was found on the interaction of cannabinoidergic (CBergic)
and glutamatergic systems on feeding behavior in neonatal
layer-type chickens. So, the present study designed to

investigate the possible canabinoid-glutamate interaction on
feeding behavior in neonatal layer-type chicks.

Materials and methods

Animals

In this study to determine relation of central glutamatergic and
CBergic systems in control of food intake, 440 day-old layer-
type (Hy-Line) chickens used (Morghak Co. Iran). Animal
handling and experimental procedures performed according
to the Guide for the Care and Use of Laboratory animals by
the National Institutes of Health (USA) and the current laws of
the Iranian government for animal care. Birds at first were
kept for 2 days as flocks. Then, randomly distributed into
individual cages at a temperature of 30 ± 1 °C with
50 ± 2 % humidity until 5 days of age (Olanrewaju et al.
2006). A mesh diet contains 21 % crude protein and
2850 kcal/kg of metabolizeable energy (Chineh Co. Iran) pro-
vided for animals. During the study birds had ad libitum ac-
cess to food and fresh water. A 3-h prior the intracerebroven-
tricular (ICV) injections, animals were food deprived (FD3)
but given free access to water. ICV injections done on day 5 of
age.

Experimental drugs

2-AG (2-Arachidonoylglycerol, a selective CB1 receptors ag-
onist), CB65 (a selective CB2 receptors agonist), MK- 801
(NMDA receptor antagonist), CNQX (AMPA/kainate recep-
tor antagonist), AIDA (mGluR1 antagonist), LY341495
(mGluR2 antagonist), UBP1112 (mGluR3 antagonist) and
Evans blue purchased from Sigma Co. (Sigma, USA) and
Tocris Co. (Tocris, Uk). Drugs, except CB1 receptor agonist
(2-AG), dissolved in absolute dimethyl sulphoxide and then
diluted with 0.85 % saline containing Evans blue at a ratio of
1:250. 2- AG diluted in saline containing Evans blue.

ICV injection protocol

Before the initiation of the study, chickens weighed and allo-
cated into treatment groups based on their body weight.
Therefore, the average weight among the groups was made
as uniform as possible. In this study, 10 experiments (each
includes 4 treatment groupswithin 11 replicates in each group;
n = 44 birds per experiment) designed to assume the role of
central glutamatergic and CBergic systems on food intake in
neonatal layer-type chicken. ICV injections were done using a
Microsyringe (Hamilton, Switzerland) without anesthesia in
accordance to Davis et al. (1979) and Furuse et al. (1997).
Briefly in this technique, head of the bird was held with an
acrylic device which the bill holder was 45° and calvarium
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parallel to the surface of the table (Van Tienhoven and Juhasz
1962). A hole was drilled in a plate. This plate was overlaid on
the skull immediately over the right lateral ventricle. Then a
microsyringe was inserted into the ventricle through the hole
and the test solution was injected. Only 4 mm below the skin
of the skull was penetrated by the top of the needle. The
procedure does not cause physiological stress in neonatal
chicks (Saito et al. 2005; Furuse et al. 1999). Each chick
received an ICV injection (with vehicle or drug solution) in
a volume of 10 μL (Furuse et al. 1999). After injection, the
chick was immediately returned to its cage and fresh food and
water were supplied. All experimental procedures were done
from 8:00 A.M. until 3:30 P.M.

Feeding experiments

Experiment 1 designed to examine the effect of ICV injection
of NMDA receptor antagonist on the food intake induced by
CB1 receptor agonist in chickens. So, FD3 chickens were
injected with 15 nmol MK-801)NMDA receptor antagonist),
5.28 nmol 2-AG (CB1 receptor agonist) and co-administration
of MK- 801 + 2-AG.

In experiment 2, FD3 chickens received 390 nmol of
CNQX )AMPA/kainate receptor antagonist), 2-AG
(5.28 nmol) and combination of CNQX +2-AG. Experiment
3 was designed to examine the effect of ICV injection of
2 nmol AIDA) mGluR1 receptor antagonist), 5.28 nmol 2-
AG and AIDA +2-AG on food intake in chickens.
Birds in experiment 4, received ICV injection mGluR2
receptor antagonist (LY341495, 150 nmol), 2-AG
(5.28 nmol) and LY341495 + 2-AG. In experiment 5,
birds injected through ICV with mGluR3 receptor antagonist
(UBP1112, 2 nmol), 2-AG (5.28 nmol) and combination of
UBP1112 + 2-AG.

In experiment 6, chickens were injected with 15 nmol of
MK- 801)NMDA receptor antagonist), 3 nmol of CB65 (CB2

receptor agonist) and combination of MK-801 + CB65.
Experiment 7 was carried on with CNQX (390 nmol), CB65
(3 nmol) and combination of CNQX+CB65. In experiment 8,
birds injected with AIDA (2 nmol), CB65 (3 nmol) and com-
bination of AIDA + CB65. In experiment 9, chicken received
ICV injection of LY341495 (150 nmol), CB65 (3 nmol) and
LY341495 + CB65. In experiment 10, chickens were injected
with 2 nmol of UBP1112, CB65 (3 nmol) and combination of
UBP1112 + CB65. Then chickens were transferred to their
individual cages with water and pre-weighed food. Food con-
sumption was measured at 30, 60 and 120 min post injection.
Food consumption is expressed as a percent of body weight
that body weight impact on the amount of food intake to a
minimum. At the end of the experiments, to recognize accu-
racy of injection, the chicks were sacrificed by decapitation.
Only data from individual chicks were used for analysis that
were confirmed by the existence of Evans blue color in the

lateral ventricle. In each experiment, control groups were
injected like treatment groups with 10 μl saline containing
Evans blue (n = 11). Each group included at least 11 chicks.
Each bird was injected once only. All doses of drugs were
calculated based on previous and pilot studies (Zeni et al.
2000; Chen et al. 2006; Baghbanzadeh and Babapour 2007;
Irwin et al. 2008; Onaivi et al. 2008; Emadi et al. 2011;
Novoseletsky et al. 2011; Seyedali Mortezaei et al. 2013;
Alimohammadi et al. 2015; Alizadeh et al. 2015;
Hassanpour et al. 2015).

Statistical analysis

Cumulative food intake as percent of body weight was ana-
lyzed by repeated measure two-way analysis of variance
(ANOVA) using SPSS 16.0 for Windows (SPSS, Inc.,
Chicago, IL, USA). Data is presented as mean ± SEM. For
treatment showing a main effect by ANOVA, means com-
pared by Tukey-Kramer test. P < 0.05 was considered as sig-
nificant differences between treatments.

Results

Effects and interactions of central CBergic and glutamatergic
systems on cumulative food intake in FD3 neonatal layer- type
chicks are shown in Figs. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10.

In experiment 1, ICV injection of 2-AG (a selective CB1

receptors agonist, 5.28 nmol) significantly increased food in-
take compared to control group in chickens [F(l,43) = 154.21,
P < 0.001]. ICV injection of 15 nmol MK- 801 (NMDA

Fig. 1 Effect of ICV injection of 2-AG (5.28 nmol), MK- 801(15 nmol)
and their combination on cumulative food intake (% BW) in neonatal
chickens. 2-AG: CB1 receptors agonist, MK- 801: NMDA receptor
antagonist. Data are expressed as mean ± SEM. F and P value for
within and between subject factors are as follows: Time,
F(2,86) = 78.53, P < 0.001; 2-AG, F(l,43) = 154.21, P < 0.001; MK-
801, F(l,43) = 0.08, P > 0.05; MK- 801 × 2-AG interaction,
F(l,43) = 154.29, P < 0.001. Different letters (a, b and c) indicate
significant differences between treatments (P < 0.001)
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receptor antagonist) had no significant effect on cumulative
food intake (% BW) in comparison with control group [F(l,
43) = 0.08, P > 0.05]. Co-administration of 2-AG plus MK-
801 significantly amplified hyperphagic effect of CB1 recep-
tors agonist [Time, F(2,86) = 78.53, P < 0.001; MK- 801 × 2-
AG interaction, F(l,43) = 154.29, P < 0.001] (Fig. 1).

In experiment 2, there was no significant effect on food
intake after ICV injection of 390 nmol CNQX (AMPA/kainate
receptor antagonist)[F(l,24) = 1.07, P > 0.05] and co-

administration of CNQX plus 2-AG had no effect on 2-AG
induced hyperphagia [Time, F(2,37) = 51.07, P < 0.001; 2-
AG, F(l,24) = 74. 98, P < 0.001; CNQX × 2-AG interaction,
F(l,24) = 0.16, P > 0.05] (Fig. 2).

According to the results of experiment 3, AIDA (mGluR1

antagonist, 2 nmol) had no significant effect on cumulative
food intake (% BW) in comparison with control group [F(l,
37) = 1.05, P > 0.05]. Also, co-administration of AIDA plus 2-
AG was not able to alter the hyperphagic effect of CB1

Fig. 2 Effect of ICV injection of 2-AG (5.28 nmol), CNQX(390 nmol)
and their combination on cumulative food intake (% BW) in neonatal
chickens. 2-AG: CB1 receptors agonist, CNQX: AMPA/kainate
receptor antagonist. Data are expressed as mean ± SEM. F and P value
for within and between subject factors are as follows: Time,
F(2,37) = 51.07, P < 0.001; 2-AG, F(l,24) = 74. 98, P < 0.001; CNQX,
F(l,24) = 1.07, P > 0.05; CNQX × 2-AG interaction, F(l,24) = 0.16,
P > 0.05. Different letters (a and b) indicate significant differences
between treatments (P < 0.001)

Fig. 3 Effect of ICV injection of 2-AG (5.28 nmol), AIDA (2 nmol) and
their combination on cumulative food intake (% BW) in neonatal
chickens. 2-AG: CB1 receptors agonist, AIDA: mGluR1 antagonist.
Data are expressed as mean ± SEM. F and P value for within and
between subject factors are as follows: Time, F(2,24) = 81.25,
P < 0.001; 2-AG, F(l,37) = 73.51, P < 0.001; AIDA, F(l,37) = 1.05,
P > 0.05; AIDA × 2-AG interaction, F(l,37) = 0.44, P > 0.05. Different
letters (a and b) indicate significant differences between treatments
(P < 0.001)

Fig. 4 Effect of ICV injection of 2-AG (5.28 nmol), LY341495
(150 nmol) and their combination on cumulative food intake (% BW)
in neonatal chickens. 2-AG: CB1 receptors agonist, LY341495: mGluR2
antagonist. Data are expressed as mean ± SEM. F and P value for within
and between subject factors are as follows: Time, F(2,47) = 64.37,
P < 0.001; 2-AG, F(l,46) = 149.31, P < 0.001; LY341495,
F(l,46) = 1.29, P > 0.05; LY341495 × 2-AG interaction, F(l,46) = 0.01,
P > 0.05. Different letters (a and b) indicate significant differences
between treatments (P < 0.001)

Fig. 5 Effect of ICV injection of 2-AG (5.28 nmol), UBP1112(2 nmol)
and their combination on cumulative food intake (% BW) in neonatal
chickens. 2-AG: CB1 receptors agonist, UBP1112: mGluR3 antagonist.
Data are expressed as mean ± SEM. F and P value for within and between
subject factors are as follows: Time, F(2,56) = 95.14, P < 0.001; 2-AG,
F(l,32) = 81.09, P < 0.001; UBP1112, F(l,32) = 1.48, P > 0.05;
UBP1112 × 2-AG interaction, F(l,32) = 0.07, P > 0.05. Different letters
(a and b) indicate significant differences between treatments (P < 0. 001)
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receptors agonist[Time, F(2,24) = 81.25, P < 0.001; 2-AG,
F(l,37) = 73.51, P < 0.001; AIDA × 2-AG interaction, F(l,
37) = 0.44, P > 0.05](Fig. 3).

In experiment 4, ICV injection of 2-AG (5.28 nmol) sig-
nificantly increased the amount of food intake [2-AG, F(l,
46) = 149.31, P < 0.001]; but the sub-effective dose of
LY341495 (mGluR2 antagonist, 150 nmol) had no effect on
food intake [F(l,46) = 1.29, P > 0.05]. Furthermore, co-
injection of LY341495 (150 nmol) and 2-AG (5.28 nmol)
had no effect on the orexigenic effect of 2-AG [Time, F(2,

47) = 64.37, P < 0.001; LY341495 × 2-AG interaction, F(l,
46) = 0.01, P > 0.05].

In experiment 5, ICV administration of 2-AG (5.28 nmol)
significantly increased cumulative food intake [F(l,
32) = 81.09, P < 0.001]; while the sub-effective dose of
UBP1112 (mGluR3 antagonist, 2 nmol) had no effect on food
intake [F(l,32) = 1.48, P > 0.05]. Furthermore, the orexigenic
effect of 2-AG (5.28 nmol) on food intake was not affected by
UBP1112 (2 nmol) [Time, F(2,56) = 95.14, P < 0.001;

Fig. 6 Effect of ICV injection of CB65 (3 nmol), MK-801(15 nmol) and
their combination on cumulative food intake (% BW) in neonatal
chickens. CB65: CB2 receptors agonist, MK-801: NMDA antagonist.
Data are expressed as mean ± SEM. F and P value for within and
between subject factors are as follows: Time, F(2,94) = 59.83,
P < 0.001; CB65, F(l,43) = 81. 35, P < 0.001; MK-801, F(l,43) = 1.35,
P > 0.05; MK-801× CB65 interaction, F(l,43) = 0.05, P > 0.05. Different
letters (a and b) indicate significant differences between treatments
(P < 0.001)

Fig. 7 Effect of ICV injection of CB65 (3 nmol), CNQX (390 nmol) and
their combination on cumulative food intake (% BW) in neonatal
chickens. CB65: CB2 receptors agonist, CNQX: AMPA antagonist.
Data are expressed as mean ± SEM. F and P value for within and
between subject factors are as follows: Time, F(2,56) = 41.35,
P < 0.001; CB65, F(l,14) = 79. 13, P < 0.001; CNQX, F(l,14) = 0.17,
P > 0.05; CNQX × CB65 interaction, F(l,14) = 127.01, P < 0.001.
Different letters (a, b and c) indicate significant differences between
treatments (P < 0.001)

Fig. 8 Effect of ICV injection of CB65 (3 nmol), AIDA (2 nmol) and
their combination on cumulative food intake (% BW) in neonatal
chickens. CB65: CB2 receptors agonist, AIDA: mGluR1antagonist.
Data are expressed as mean ± SEM. F and P value for within and
between subject factors are as follows: Time, F(2,61) = 70.12,
P < 0.001; CB65, F(l,59) = 40. 91, P < 0.001; AIDA, F(l,59) = 0.34,
P > 0.05; AIDA × CB65 interaction, F(l,59) = 0.04, P > 0.05. Different
letters (a and b) indicate significant differences between treatments
(P < 0.001)

Fig. 9 Effect of ICV injection of CB65 (3 nmol), LY341495 (150 nmol)
and their combination on cumulative food intake (% BW) in neonatal
chickens. CB65: CB2 receptors agonist, LY341495: mGluR2
antagonist. Data are expressed as mean ± SEM. F and P value for
within and between subject factors are as follows: Time,
F(2,84) = 63.40, P < 0.001; CB65, F(l,39) = 73. 48, P < 0.001;
LY341495, F(l,39) = 1.02, P > 0.05; LY341495 × CB65 interaction,
F(l,39) = 0.09, P > 0.05. Different letters (a and b) indicate significant
differences between treatments (P < 0.001)
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UBP1112 × 2-AG interaction, F(l,32) = 0.07, P > 0.05]
(Fig. 5).

The results of experiment 6 showed CB65 (a selective CB2

receptors agonist, 3 nmol), significantly increased cumulative
food intake [F(l,43) = 81. 35, P < 0.001]; but the sub-effective
dose of MK- 801 (15 nmol) had no effect on feeding [F(l,
43) = 1.35, P > 0.05]. In addition, the orexigenic effect of
CB65 (3 nmol) did not alter in the co-injection of MK- 801
(15 nmol) and CB65 (3 nmol) [Time, F(2,94) = 59.83,
P < 0.001; MK-801× CB65 interaction, F(l,43) = 0.05,
P > 0.05] (Fig. 6).

In experiment 7, administration of 390 nmol CNQX
(AMPA/kainate receptor antagonist) had no significant effect
on cumulative food intake (% BW) in comparison with con-
trol group [F(l,14) = 0.17, P > 0.05]; while co-administration
of CB65 (3 nmol) plus CNQX significantly increased hyper-
phagic effect of CB65 in FD3 neonatal layer-type
chickens[Time, F(2,56) = 41.35, P < 0.001; CB65, F(l,
14) = 79. 13, P < 0.001; CNQX × CB65 interaction, F(l,
14) = 127.01, P < 0.001] (Fig. 7).

In experiment 8, injection of 3 nmol CB65 significantly
increased the amount of cumulative food intake [F(l,
59) = 40. 91, P < 0.001]. Also, administration of AIDA
(mGluR1 antagonist, 2 nmol) had no significant effect on food
intake in neonatal chick [F(l,59) = 0.34, P > 0.05]. However,
co-injection of CB65 plus AIDA had no effect on CB65 in-
duced hyperphagia in layer-type chickens [Time, F(2,
61) = 70.12, P < 0.001; AIDA × CB65 interaction, F(l,
59) = 0.04, P > 0.05] (Fig. 8).

In experiment 9, administration of LY341495 (mGluR2

antagonist, 150 nmol) had no effect on food intake in neonatal
chick [F(l,39) = 1.02, P > 0.05]. Furthermore, co-injection of

LY341495 (150 nmol) and CB65 (3 nmol) had no effect on
CB65 (3 nmol) induced hyperphagia [Time, F(2,84) = 63.40,
P < 0.001; CB65, F(l ,39) = 73. 48, P < 0.001;
LY341495 × CB65 interaction, F(l,39) = 0.09, P > 0.05]
(Fig. 9).

In experiment 10, ICV injection of the effective dose of
CB65 (3 nmol) significantly increased cumulative food con-
sumption [F(l,56) = 51.45,P < 0.001]; but UBP1112 (mGluR3

antagonist) at dose of 2 nmol had no effect on food intake [F(l,
56) = 0.18, P > 0.05]. Additionally, the hyperphagic effect of
CB65 (3 nmol) was not affected by co-injection of UBP1112
and CB65 [Time , F(2 ,74) = 85 .27 , P < 0.001 ;
UBP1112 × CB65 interaction, F(l,56) = 0.06, P > 0.05]
(Fig. 10).

Discussion

The present survey support physiologically relevant interac-
tions between CBergic and glutamatergic systems on food
intake in FD3 neonatal layer-type chickens. Despite psycho-
active constituent of Cannabis sativa (marijuana) is known
scince past decades, the role of CBergic system is not fully
elicited. ECBs produced from arachidonic acid on the cell
membranes. Difference exist between ECBs and other neuro-
transmitters. Almost all neurotransmitters are water-soluble
and stored in high concentrations in vesicles. After depolari-
zation, neurotransmitter releases from the presynaptic terminal
into the synaptic cleft, binds to its specific receptors on the
postsynaptic neuron (Nicoll and Alger 2004). CB1 receptor
identified in the both inhibitory and excitatory terminals in
central and peripheral neurons and glial cells (D’Addario
et al. 2014). As observed in this study food intake increased
via both CB1 and CB2 receptors in FD3 layer-type chicks
which was similar to mammals (Di Marzo et al. 2001; Chen
et al. 2006; López, 2010; Wiley et al. 2012) but dissimilar to
broilers which only CB2 receptors affect feeding (Emadi et al.
2011; Novoseletsky et al. 2011). This inconsistency might due
to the differences in localization, affinity or expression of CB1

receptors between layer- and broilers (Emadi et al. 2011;
Novoseletsky et al. 2011). CB2 receptors act on the immune
system and indirectly altered feeding behavior (Emadi et al.
2011). CB2 receptors are primarily expressed in the cells and
organs of the immune system but identified in the CNS
(Onaivi et al. 2008). Previously, Fowler et al. (2001) reported
that a CB2-like protein exists in the CNS of neonatal chicks
and disappears in adult chickens (Fowler et al. 2001). The
suggested mechanism for hyperphagic effect of CBergic sys-
tem in mammals is that CB receptors impress their orexigenic
effect by blocking POMC neurons and stimulation of NPY
neurons in the ARC nucleus (Verty et al. 2004; Lim et al.
2010; D’Addario et al. 2014).

Fig. 10 Effect of ICV injection of CB65 (3 nmol), UBP1112 (2 nmol)
and their combination on cumulative food intake (% BW) in neonatal
chickens. CB65: CB2 receptors agonist, UBP1112: mGluR3antagonist.
Data are expressed as mean ± SEM. F and P value for within and between
subject factors are as follows: Time, F(2,74) = 85.27, P < 0.001; CB65,
F(l,56) = 51.45, P < 0.001; UBP1112, F(l,56) = 0.18, P > 0.05;
UBP1112 × CB65 interaction, F(l,56) = 0.06, P > 0.05. Different letters
(a and b) indicate significant differences between treatments (P < 0.001)
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In this study, we used of sub effective dose of antagonists
which blocks receptor but without effect on food intake to
assay possible interaction between glutamatergic and
CBergic systems in food intake of chicken. To our knowledge
this paper is the first report on the specific role of glutamater-
gic receptors on feeding behavior induced by CBergic system
in neonatal layer-type chicken. Glutamate, is the main excit-
atory neurotransmitter in the CNS of mammals and other ver-
tebrates (Lin et al., 2015) and glutamatergic transmission is
important for controlling neuronal activity and involved in
processes such as plasticity, learning and memory, neural de-
velopment and appetite (Zeni et al., 2000; Tasca et al., 2004).
Glutamate plays an important role in food intake control and
manipulation of its vesicular concentration affects feeding be-
havior in broilers (Baghbanzadeh and Babapour 2007).
Several researches reported glutamate attenuates food intake
in broiler cockerels and this effect is probably mediated by
both ionotropic and metabotropic receptors (Zeni et al. 2000;
Baghbanzadeh and Babapour 2007; Zendehdel et al. 2009).
Evidence shown NMDA receptors may mediate some aspects
of eating and satiety (Duva et al., 2005). Neurons use gluta-
mate as a co-transmitter which acts via AMPA/kainate-
mediated excitatory post synaptic potentials (EPSPs)
(Ciranna 2006; Liu and Salter 2010). Glutamate probably at-
tenuates food intake via ionotropic and metabotropic receptors
in broiler cockerels (Baghbanzadeh and Babapour 2007).
Ionotropic glutamate receptor antagonist increased food in-
take and decreased in latency of birds to start feeding while
metabotropic glutamate receptor antagonist, severely reduced
food intake and increased the latency to start feeding
(Baghbanzadeh and Babapour 2007).

Our results showed MK-801 (NMDA receptor antagonist)
significantly amplified hyperphagic effect of 2-AG (CB1 re-
ceptors agonist). In this regard, our previous study showed
that the glutamate via NMDA receptors dose dependently
decreased food consumption in FD3 broiler cockerels (Taati
et al. 2011). Also, Da Silva et al.(2003) reported microinjec-
tions of NMDA and AMPA-kainite receptor antagonists into
ventral striatal and ventral pallidal areas of the pigeon induced
feeding behavior (Da Silva et al. 2003). Thus, glutamate may-
be impress its hypophagic effect through NMDA and AMPA-
kainite receptors in birds. On the basis of our results, hyper-
phagic effect of CBergic system is maybe mediated via
NMDA and AMPA/Kainate receptors. The CBergic system
not only modulates neurotransmitters release, but it may also
influence the expression and/or release of other feeding related
neurotransmitters (Emadi et al. 2011). Previously, it is report-
ed the reduction in corticostriatal synaptic transmission during
CB1 receptor activation mediated by a presynaptic decrease in
glutamate release (Gerdeman and Lovinger, 2001; Huang
et al., 2001). CBs are able to activate a comparatively greater
number of G-proteins per occupied receptor in brain.
Activation of CB1 receptors inhibits adenylate cyclase, N-

and P/Q-type Ca2 + channels, activate mitogen-activated pro-
tein kinase and enhance inwardly rectifying K+ channels
(Sánchez-Blázquez et al. 2013a). CB1 receptors are present
at high density on the presynaptic terminals of glutamatergic
synapses and stimulation of CB1 receptors associated with a
reduction in glutamate release (Ferna’ndez-Ruiz, 2010).

CBs produce their effects by reducing the pre synaptic
release of glutamate or interfering with post-synaptic
NMDAR-regulated signaling pathways in several physiolog-
ical function(Sánchez-Blázque et al. 2013b). CB1 receptor has
direct interactions with NMDARs (Hampson et al. 2011) in
post synaptic neurons (Liu et al. 2009). However direct mech-
anism for how CB1 receptor interacts with glutamatergic neu-
rons, suggested activation of CB1 receptor inhibits glutamater-
gic synaptic transmission through a presynaptic site of action
(Sánchez-Blázquez et al. 2013a). Thus, endocannabinoids in
the synaptic function appeared more agreeable with a modu-
latory role rather than with a function as a classic transmitter.
CBs acts on presynaptic Cav2.1 (P/Q-type) channels via Ca2+

channel function or secondary by modulation of protein ki-
nase. This might consequently altered voltage-dependent Ca2+

channel phosphorylation (Vicente-Sánchez et al. 2013). Also,
activation of CB1 receptor produce long-lasting neurochemi-
cal and functional changes in glutamatergic system (Hampson
et al. 2011). CB1 and NMDARs colocalize on neuronal bodies
and dendritic processes in the nervous system suggesting for
possible interconnection. For instance, activation of CB1 re-
ceptor protects NMDAR-mediated neurotoxicity and stimu-
lates the removal of excess cytosolic Ca2+ (Liu et al. 2009).
Moreover, CB1 receptor blocks endogenous increase in Ca2+

via direct inhibition of NMDAR Ca2+ influx (Liu et al. 2009).
Thus, besides interacting with distant signaling pathways,
cannabinoids can also directly affect the NMDAR calcium
channel.

Our results indicated that CB2-induced hyperphagia is
probablymediated via AMPA-kainite receptors. In this regard,
Suarez et al. (2008) suggested the decreased expressions of
AMPA glutamate receptors induced by developmental THC
exposure could lead to functional alterations via inhibit gluta-
matergic neurotransmission and clearly demonstrate an inter-
action between CBs and the glutamatergic system. Despite
AMPA/kainate receptors not allow to penetrating enough
Ca2+ to cells, the large flux of Na+ leads to depolarization of
the cell. This phenomenon activates voltage-sensitive Ca2+

channels and facilitate NMDA receptor activation and indi-
rectly lead to accumulation of intracellular Ca2+ levels
(Hampson et al. 2011). In vitro studies revealed THC protect
neurons from NMDA receptor toxicity which suggests CB
neuroprotection might independent of CB receptor activation
(Hampson et al. 2011). CB1 couples to NMDA receptor via
histidine triad nucleotide-binding protein 1 proteins (HINT1),
then CBs stimulate their cointernalization. So, CBs decrease
NMDA receptor activity and provides neuroprotection
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(Sánchez-Blázquez et al. 2013a). The CB regulation of
NMDA receptor function is lost in the absence of HINT1 or
protein kinase A (Sánchez-Blázquez et al. 2013a).

CBs are abundant at presynaptic sites, they are also present at
postsynapses. In this context, CB and NMDA receptor colocal-
ize on neuronal bodies and dendritic processes in certain areas of
the nervous system. CB and NMDA receptor co-localize at
postsynapses in the brain. CBs reduce the primary Ca2+ influx
through activated NMDA receptor. Secondly, CBs stimulates
removal of excess cytosolic Ca2+ and decrease cell permability
to Ca2+ and in this manner reduce the exocytosis of glutamet
from the gulatamatergic neurons. In this scenario, CBs agonists
disassembleNMDA receptor through the co-internalization CB1

receptor with NR1 subunit (Sánchez-Blázquez et al. 2013a).
Perhaps the role of CBs on gulamatrgic receptors on feeding
behavior modulates via this theory, however the accuracy of this
idea is still unclear. In fact, interactions exist among CBergic and
glutamatergic systems, however, in this study we were not able
to find a study to compare the obtained results with it.

To our knowledge we think there is interaction between
CBergic and glutamatergic systems on central food intake
regulation via CB1 and CB2 recepos with NMDA and
AMPA receptors in chicks. The findings of current study can
use as basic information and further research required to clar-
ify any direct interaction of cellular and molecular signaling
pathways in the interconnection between CBergic and gluta-
matergic systems on feeding behavior in avian.
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