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Abstract The present study was designed to examine
the role of opioidergic and glutamatergic systems on feed-
ing behavior in neonatal meat-type chicken. In experiment
1, FD; neonatal broilers ICV injected with (A) saline,
(B) DAMGO (p-opioid receptor agonist, 125 pmol), (C)
MK-801 (NMDA glutamate receptors antagonist, 15 nmol)
and (D) combination of DAMGO plus MK-801. Experi-
ments 2-5 were similar to experiment 1, except FD; chicks
ICV injected with CNQX (AMPA glutamate receptors
antagonist, 390 nmol), AIDA (mGLU, receptors antago-
nist, 2 nmol), LY341495 (mGLU, receptors antagonist,
150 nmol) and UBP1112 (mGLUj; receptors antagonist,
2 nmol) instead of MK-801, respectively. In experiments
6-10, FD; chicks ICV injected as the same as procedure to
the experiments 1-5, except to inject with DPDPE (8-opioid
receptor agonist, 40 nmol) instead of the DAMGO. The
experiments 11-15 were similar to the experiments 1-5,
except neonatal broilers ICV injected with U-50488H
(x-opioid receptor agonist, 30 nmol) instead of DAMGO.
Then the cumulative food intake measured until 120 min
post injection. According to the results, ICV injection of
DAMGQO, significantly decreased food intake (P <0.05)
while DPDPE and U-50488H increased feeding behav-
ior compared to the control group (P <0.05). Co-injec-
tion of the DAMGO+MK-801 and DAMGO + AIDA,
significantly decreased DAMGO-induced hypophagia

< Morteza Zendehdel
zendedel @ut.ac.ir

Department of Basic Sciences, Faculty of Veterinary
Medicine, Science and Research Branch, Islamic Azad
University, Tehran, Iran

Department of Basic Sciences, Faculty of Veterinary
Medicine, University of Tehran, P.O. Box: 14155-6453,
Tehran, Iran

in neonatal chicks (P <0.05). Also, co-injection of the
DPDPE + CNQX significantly amplified DPDPE induced
feeding behavior (P <0.05). These results suggested inter-
connection between central opioidergic and glutamatergic
systems on feeding behavior mediates via p- and d-opioid
receptor with NMDA, AMPA and mGLU, receptors in FD;
neonatal broilers. These findings may shed light on the cir-
cuitry underlying interconnection between central opioider-
gic and glutamatergic systems on feeding behavior.
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Introduction

Feeding behavior is modulated by complex neurochemi-
cal pathways in numerous parts of the brain, including the
striatum, hypothalamus and amygdala. To date, numerous
neurotransmitters in the brain have been discovered where
regulate food intake (Ladepeche et al. 2013). Opioids are
inhibitory neurotransmitters which three subtypes of recep-
tors identified, mu (u), delta (3) and kappa (x), belonging
to the G protein-coupled receptors (GPCRs) (Filizola and
Devi 2013). Opioids take part in reward, pain modula-
tion, respiratory, neuroendocrine and food intake regula-
tion in the central nervous system (CNS) (Feng et al. 2012;
Kaneko et al. 2012). For instance, intracerebroventricular
(ICV) injection of [D-Ala?, NMe-Phe*, Gly’-ol]-enkephalin
(DAMGO) and f-casomorphin (u-opioid receptor ago-
nists) inhibited food intake whereas [D-Pen* 5]-enkepha—
lin (DPDPE) (8-opioid receptor agonist) and U-50488H
(x-opioid receptor agonist) increased food intake in neona-
tal layer and broiler chicks (Bungo et al. 2004; Alimoham-
madi et al. 2015; Zendehdel et al. 2015).
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It is well documented that appetite regulates by the inter-
action of various neurotransmitters and complex network.
Another feeding-regulatory factor known involved on food
intake is glutamate (Taati et al. 2011). Glutamate is the
main excitatory neurotransmitter in reward control in the
hypothalamic centers (McFadden et al. 2014). Glutamate
receptors classified into two groups, based on their pharma-
cology and mechanism. The ionotropic receptors include
N-methyl-p-aspartate (NMDA), Kainate and AMPA and
the metabotropic receptors (mGluRs) subtypes (Charles
et al. 2014). Activation of lateral hypothalamic AMPA
receptors increased feeding behavior in rats (Hettes et al.
2010). Injection of NMDA and AMPA-kainite receptor
antagonists into ventral striatal and ventral pallidal areas
induced food intake in the pigeon (Da Silva et al. 2003).
Also, the ICV injection of NMDA receptor antagonist (DL-
APS5) increased food consumption in FD; broiler cockerels
(Taati et al. 2011).

Based on the literature, interconnection exists between
opiate and glutamate receptors (Farahmandfar et al. 2011).
p-opioid receptor activity can be affected by the presynap-
tic modulation of glutamate receptors (Lee and Ho 2013).
Both NMDA and AMPA receptors are involved in the
development phase of opioid sensitization (Sepehrizadeh
et al. 2008a, b). Also, sensitization to opioids can alter the
extracellular glutamate levels in the ventral tegmental area
(VTA) and prefrontal cortex (Hao et al. 2007). Chronic
exposure to opioids alters the glutamatergic synaptic trans-
mission via NMDA receptor (Xu et al. 2003). Morphine
administration changes the extracellular neurotransmit-
ter concentration in the nucleus accumbens (NAcc), VTA
and locus coeruleus (Farahmandfar et al. 2011). Glutamate
NMDAR plays a pivotal role in the desensitization of opi-
oid receptor by morphine in the CNS (Garzén et al. 2012).
Opioids acts on p-opioid receptor regulate glutamate acti-
vated NMDAR currents in the thalamus, locus coeruleus
brainstem, medulla and hippocampal Cornu Ammonis
(CA,) area (Guo et al. 2005; Garzén et al. 2012). Further-
more, opioid receptors are responsible for development of
morphine addiction and NMDA glutamate receptor attenu-
ate morphine withdrawal signs (Kamali et al. 2016). How-
ever, limit observation exists on co-localized AMPA glu-
tamate receptors and p-opioid receptor in the amygdala
(Scavone et al. 2011).

However, researches were done on interconnection
of the opioidergic and glutamatergic systems, but scarce
information exists on food intake regulation. Addition-
ally, despite various researches done to investigate central
pathways responsible in appetite regulation in mammals,
but aspects of appetite regulation in poultry remains quite
limited (Denbow 1994). It is well documented central path-
ways for appetite regulation is differing between mamma-
lian and birds (Zendehdel and Hassanpour 2014). So, it is
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logical to assume the regulatory mechanisms governing
these processes in birds (Furuse 2002). So, this study was
to find the possible interconnection of the opioidergic and
glutamatergic systems on food intake in neonatal broilers.

Materials and Methods
Animals

In this study, 1-day-old meat-type male chickens (Ross 308)
were purchased from local hatchery (Morghak Co. Iran).
Birds were kept as flocks for 2 days then randomly trans-
ferred into individual cages at a temperature of 30+ 1°C
with 50+2 percent humidity (Olanrewaju et al. 2006). A
commercial diet provided during the study containing 21%
crude protein and 2850 kcal/kg of metabolizable energy
(Chineh Co. Iran). All birds received ad libitum food and
fresh water during the study. Just 3 h prior the ICV injec-
tions, chicken were food deprived (FD;) but had free access
to water. The injections were applied to all birds at 5 days
of age. Animal handling and experimental procedures were
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.

Experimental Drugs

DAMGO (p-opioid receptor agonist), DPDPE (8-opioid
receptor agonist), U-50488H (k-opioid receptor agonist),
MK-801 (NMDA glutamate receptors antagonist), CNQX
(AMPA glutamate receptors antagonist), AIDA (mGLU,
receptors antagonist), LY341495 (mGLU, receptors
antagonist), UBP1112 (mGLUj; receptors antagonist) and
Evans blue were purchased from Sigma Co. (Sigma, USA)
and Tocris Co. (UK). Drugs at first dissolved in absolute
dimethyl sulfoxide (DMSO) then diluted with 0.85% saline
containing Evans blue at a ratio of 1/250. DMSO with this
ratio does not have cytotoxic effect (Blevins et al. 2002; Qi
et al. 2008).

ICV Injection Procedures

In this study, 15 experiments designed to investigate inter-
connection of opioidergic and glutamatergic systems on
cumulative food intake in neonatal meat-type birds (each
experiment includes four groups within 11 replicates in
each group). Prior to each experiment, the chicks were
weighed and based on their body weight divided into exper-
imental groups so the average weight between treatment
groups was as uniform as possible. ICV injection applied
using a microsyringe (Hamilton, Switzerland) without
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anesthesia according to the technique previously described
by Davis et al. (1979) and Furuse et al. (1997) which head
of the birds was held with an acrylic device while the bill
holder was 45° and calvarium parallel to the surface of
table (Van Tienhoven and Juhasz 1962). In a plate a hole
was drilled which the skull over the right lateral ventricle
immediately overlaid through this plate. A microsyringe
was inserted into the right ventricle via the hole and tip of
the needle penetrated 4 mm beneath the skin of the skull.
It is revealed that, there is no injection-induced physiologi-
cal stress using this method in neonatal chicks (Saito et al.
2005). Each chick received an ICV injection (with vehicle
or drug solution) in a volume of 10 pL (Furuse et al. 1999).
The control group received control solution (saline contain-
ing Evan’s blue 10 pL) (Furuse et al. 1999). Right away
after injection, FD; birds returned to their individual cages
and supplied fresh water and food (pre-weighed). Cumula-
tive food intake (gr) was measured at 30, 60 and 120 min
post the injection. Food consumption was calculated as a
percentage of body weight (BW) to minimize impact of
BW on the amount of food intake. Each bird just used once
in each experimental group. At the end of the experiments,
accuracy of placement of the injection in the ventricle was
verified by presence of Evans blue followed by slicing the
frozen brain tissue. All experimental procedures were done
from 8:00 a.m. until 3:30 p.m.

Feeding Experiments

In this study, 15 experiments were designed, each with
four treatment groups (n=44 in each experiment). In
experiment 1, four groups of FD; chicks received a dose
of either the ICV injection of (A) control solution, (B)
DAMGO (p-opioid receptor agonist, 125 pmol), (C)
MK-801 (NMDA glutamate receptors antagonist, 15 nmol)
and (D) combination of DAMGO plus MK-801. Experi-
ments 2-5 were similar to experiment 1, except FD; chicks
ICV injected with CNQX (AMPA glutamate receptors
antagonist, 390 nmol), AIDA (mGLU, receptors antago-
nist, 2 nmol), LY341495 (mGLUR, receptors antagonist,
150 nmol) and UBP1112 (mGLU; receptors antagonist,
2 nmol) instead of MK-801, respectively. In experiment 6,
fowls ICV injected with (A) control solution, (B) DPDPE
(8-opioid receptor agonist, 40 nmol), (C) MK-801 (NMDA
glutamate receptors antagonist, 15 nmol) and (D) combi-
nation of DPDPE plus MK-801. In experiments 7-10, FD;
chicks ICV injected as the same as procedure to the experi-
ments 6, except injection with CNQX (390 nmol), AIDA
(2 nmol), LY341495 (150 nmol) and UBP1112 (2 nmol)
was done instead of MK-801, respectively. In experiment
11, FD; birds ICV injected with (A) control solution,
(B) U-50488H (x-opioid receptor agonist, 30 nmol), (C)
MK-801 (NMDA glutamate receptors antagonist, 15 nmol)

and (D) combination of U-50488H plus MK-801. In
experiments 12—-15, were similar to experiment 11, except
FD; chicks ICV injected with CNQX (390 nmol), AIDA
(2 nmol), LY341495 (150 nmol) and UBP1112 (2 nmol)
instead of MK-801, respectively. Treatments procedure in
experiments is presented in Table 1. Each bird was injected
once only. These doses of drugs were calculated based on
previous (Steinman et al. 1987; Zeni et al. 2000; Bungo
et al. 2004, 2005; Baghbanzadeh and Babapour 2007
Shojaei et al. 2015; Zendehdel et al. 2009, 2012, 2015;
Alimohammadi et al. 2015) and our pilot experiments (un-
published data). Right away after injection, chickens were
returned to their individual cages and provided ad libitum
food (pre-weighed) and water. Cumulative food intake
recorded at 30, 60 and 120 min after injection.

Statistical Analysis

Data is presented as mean+SEM (standard error of the
mean). Cumulative food intake (as percent of body weight)
was analyzed by repeated measure two-way analysis of
variance (ANOVA) using SPSS 16.0 for Windows (SPSS,
Inc., Chicago, IL, USA). For treatment showing a main
effect by ANOVA, means compared by Tukey—Kramer test.
P <0.05 was considered as significant differences between
treatments.

Results

Effects and interactions of central opioidergic and gluta-
matergic systems on cumulative food intake in FD; neona-
tal meat-type chicks are shown in Figs. 1, 2, 3, 4, 5, 6, 7,
8,9,10, 11, 12, 13, 14 and 15. In this study to examine the
possible interaction between these two systems, effective
and sub-effective doses of pharmacological agents were
administered to confront nullifying effects of the agents.

In experiment 1, ICV injection of an effective dose of
DAMGO (u opioid receptors agonist, 125 pmol) signifi-
cantly decreased food intake until 120 min post injection
compared to control group (P <0.05). So, the 125 pmol
DAMGO was selected to induce a decrease in food intake
of chickens without affecting other non-ingestive behavio-
ral parameters such as sedation (e.g., activity of chicks).
ICV injection of sub effective dose of MK-801 (15 nmol)
had no significant effect on food intake (P>0.05). Also,
co-administration of MK-801 and DAMGO significantly
inhibited hypophagic effect of DAMGO in neonatal broilers
(P<0.05) [treatment effect: F(3, 80)=401.5, P<0.0001;
time effect: F(2, 80)=1035, P <0.0001; treatment and time
interaction: F(6, 80)=6.347; P<0.0001; Fig. 1].

In experiment 2, hypophagia observed after ICV injec-
tion of DAMGO (125 pmol) in FD; neonatal chicken
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Table 1 Treatments procedure in experiments 1-15

Exp. 1 ICV injection Exp. 9 ICV injection
Groups Groups

A CS* A CS*

B DAMGO (125 pmol) B DPDPE (40 pmol)

C MK-801 (15 nmol) C LY341495 (15 nmol)
D DAMGO + MK-801 D DPDPE +1Y341495
Exp. 2 ICV injection Exp. 10 ICV injection
Groups Groups

A CS* A CS*

B DAMGO (125 pmol) B DPDPE (40 pmol)

C CNQX (390 nmol) C UBP1112 (2 nmol)
D DAMGO +CNQX D DPDPE+UBPI1112
Exp. 3 ICV injection Exp. 11 ICV injection
Groups Groups

A CS* A CS*

B DAMGO (125 pmol) B U-50488H (30 pmol)
C AIDA (2 nmol) C MK-801 (15 nmol)
D DAMGO + AIDA D U-50488H + MK-801
Exp. 4 ICV Injection Exp. 12 ICV Injection
Groups Groups

A CS* A CS*

B DAMGO (125 pmol) B U-50488H (30 pmol)
C LY341495 (15 nmol) C CNQX (390 nmol)
D DAMGO +LY341495 D U-50488H + CNQX
Exp. 5 ICV injection Exp. 13 ICV injection
Groups Groups

A CS* A CS*

B DAMGO (125 pmol) B U-50488H (30 pmol)
C UBP1112 (2 nmol) C AIDA (2 nmol)

D DAMGO+UBP1112 D U-50488H + AIDA
Exp. 6 ICV injection Exp. 14 ICV injection
Groups Groups

A CS* A CS*

B DPDPE (40 pmol) B U-50488H (30 pmol)
C MK-801 (15 nmol) C LY341495 (15 nmol)
D DPDPE + MK-801 D U-50488H +LY341495
Exp. 7 ICV injection Exp. 15 ICV injection
Groups Groups

A CS* A CS*

B DPDPE (40 pmol) B U-50488H (30 pmol)
C CNQX (390 nmol) C UBP1112 (2 nmol)
D DPDPE + CNQX D U-50488H+ UBP1112
Exp. 8 ICV injection

Groups

A CS*

B DPDPE (40 pmol)
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Table 1 (continued)

Exp. 8 ICV injection
C AIDA (2 nmol)
D DPDPE + AIDA

DAMGO p-opioid receptor agonist, DPDPE §-opioid receptor agonist, U-50488H k-opioid receptor agonist, MK-801 NMDA glutamate recep-
tors antagonist, CNOX AMPA glutamate receptors antagonist, AIDA mGLUR, glutamate receptors antagonist, LY341495 mGLUR, glutamate
receptors antagonist, mGLUR; glutamate receptors antagonist, /CV intracerebroventricular injection. CS* control solution

5 q[@Control

@DAMGO (125 pmol)
mMK- 801 (15 nmol)
4 | aMK- 801+DAMGO

Cumulative food intake (g/100g BW)

Time (min)

Fig. 1 Effects of intracerebroventricular injection of control solution,
DAMGO (p-opioid receptor agonist), MK-801 (NMDA glutamate
receptors antagonist) and a combination of DAMGO plus MK-801
on cumulative food intake (g/100 g BW) in neonatal chicks. Data are
expressed as mean+SEM. Different letters (a and b) indicate signifi-
cant differences between treatments at each time (P <0.05)

5 q[@Control

@DAMGO (125 pmol)
mCNQX (390 nmol) a
4 1| oCNQX+DAMGO I

Cumulative food intake (g/100g BW)
o

30 60 120
Time (min)

Fig. 2 Effects of intracerebroventricular injection of control solu-
tion, DAMGO (up-opioid receptor agonist), CNQX (AMPA glutamate
receptors antagonist) and a combination of DAMGO plus CNQX on
cumulative food intake (g/100 g BW) in neonatal chicks. Data are
expressed as mean+ SEM. Different letters (a and b) indicate signifi-
cant differences between treatments at each time (P <0.05)
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Fig. 3 Effects of intracerebroventricular injection of control solution,
DAMGO (u-opioid receptor agonist), AIDA (mGLUR; glutamate
receptors antagonist) and a combination of DAMGO plus AIDA on
cumulative food intake (g/100 g BW) in neonatal chicks. Data are
expressed as mean=+ SEM. Different letters (a, b and c) indicate sig-
nificant differences between treatments at each time (P <0.05)

[ @Control

@DAMGO (125 Pmol)
mLY341495 (150 nmol) a a
4] BLY341495+DAMGO

Cumulative food intake (g/100g BW)

%7/
/
30 60 120
Time (min)

Fig. 4 Effects of intracerebroventricular injection of control solu-
tion, DAMGO (p-opioid receptor agonist), LY341495 (mGLUR,
glutamate receptors antagonist) and a combination of DAMGO plus
LY341495 on cumulative food intake (g/100 g BW) in neonatal
chicks. Data are expressed as mean=+SEM. Different letters (a and
b) indicate significant differences between treatments at each time
(P<0.05)
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[ @mControl

DAMGO (125 pmol)
@mUBP1112 (2 nmol) a
4 4| _BUBP1112+DAMGO

Y

Cumulative food intake (g/100g BW)

7

Time (min)

Fig. 5 Effects of intracerebroventricular injection of control solution,
DAMGO (p-opioid receptor agonist), UBP1112 (mGLUR; glutamate
receptors antagonist) and a combination of DAMGO plus UBP1112
on cumulative food intake (g/100 g BW) in neonatal chicks. Data are
expressed as mean+ SEM. Different letters (a and b) indicate signifi-
cant differences between treatments at each time (P <0.05)

|| mControl

aDPDPE (40 pmol)
6 1| mMK- 801 (15 nmol) a
OMK- 801+DPDPE

N

_

Cumulative food intake (g/100g BW)

30 60 120

Time (min)

Fig. 6 Effects of intracerebroventricular injection of control solu-
tion, DPDPE (8-opioid receptor agonist), MK-801 (NMDA glutamate
receptors antagonist) and a combination of DPDPE plus MK-801 on
cumulative food intake (g/100 g BW) in neonatal chicks. Data are
expressed as mean+SEM. Different letters (a and b) indicate signifi-
cant differences between treatments at each time (P <0.05)

compared to control group (P<0.05). There was no
significant effect on food intake after ICV injection
of 390 nmol CNQX (P>0.05). Also, co-injection of
DAMGO plus CNQX had no significant effect on cumu-
lative food intake in neonatal chicks (P>0.05) [treat-
ment effect: F(3, 80)=386.3, P<0.0001; time effect: F(2,
80)=873, P<0.0001; treatment and time interaction: F(6,
80)=4.173; P<0.0001; Fig. 2].

In experiment 3, significant decrease in feeding
behavior observed after ICV injection of DAMGO (125
pmol) in FD; neonatal birds until 120 min post injection
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@DPDPE (40 pmol) a
6 1| mcNax (390 nmol) a

o CNQX+DPDPE

Cumulative food intake (g/100g BW)

30 60 120

Time (min)

Fig. 7 Effects of intracerebroventricular injection of control solu-
tion, DPDPE (8-opioid receptor agonist), CNQX (AMPA glutamate
receptors antagonist) and a combination of DPDPE plus CNQX on
cumulative food intake (g/100 g BW) in neonatal chicks. Data are
expressed as mean=+ SEM. Different letters (a, b and c) indicate sig-
nificant differences between treatments at each time (P <0.05)

o}

]| mControl a
aDPDPE (40 pmol)
5 -{| MAIDA (2 nmol)
OAIDA+DPDPE

N\
N

Cumulative food intake (g/100g BW)
w

30 60 120

Time (min)

Fig. 8 Effects of intracerebroventricular injection of control solu-
tion, DPDPE (8-opioid receptor agonist), AIDA (mGLUR, gluta-
mate receptors antagonist) and a combination of DPDPE plus AIDA
on cumulative food intake (g/100 g BW) in neonatal chicks. Data are
expressed as mean+SEM. Different letters (a and b) indicate signifi-
cant differences between treatments at each time (P <0.05)

compared to control group (P<0.05). ICV injection of
sub-effective dose of AIDA (2 nmol) had no significant
effect on food intake (P>0.05) while co-injection of the
DAMGO+ AIDA, significantly decreased DAMGO-
induced hypophagia in neonatal chicks (P <0.05) [treat-
ment effect: F(3, 80)=69.07, P<0.0001; time effect: F(2,
80)=834.1, P<0.0001; treatment and time interaction:
F(6, 80)=6.19; P <0.0001; Fig. 3].

In experiment 4, ICV injection of effective dose of
DAMGO (125 pmol) significantly decreased food intake
in comparison to control group (P <0.05). ICV injection of
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@aDPDPE (40 pmol)

5 4| @LY341495 (150 nmol)
BLY341495+DPDPE

o
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—

Cumulative food intake (g/100g BW)
W

Time (min)

Fig. 9 Effects of intracerebroventricular injection of control solution,
DPDPE (8-opioid receptor agonist), LY341495 (mGLUR, glutamate
receptors antagonist) and a combination of DPDPE plus LY341495
on cumulative food intake (g/100 g BW) in neonatal chicks. Data are
expressed as mean+ SEM. Different letters (a and b) indicate signifi-
cant differences between treatments at each time (P <0.05)

7 1[@Control

@ DPDPE (40 pmol)

1| muBP1112 (2 nmol)
aUBP1112+DPDPE

Cumulative food intake (g/100g BW)

Time (min)

Fig. 10 Effects of intracerebroventricular injection of control solu-
tion, DPDPE (&-opioid receptor agonist), UBP1112 (mGLUR; glu-
tamate receptors antagonist) and a combination of DPDPE plus
UBP1112 on cumulative food intake (g/100 g BW) in neonatal
chicks. Data are expressed as mean+SEM. Different letters (a and
b) indicate significant differences between treatments at each time
(P<0.05)

sub-effective dose of LY341495 (mGLU, receptors antag-
onist, 150 nmol) had no significant effect on food intake
(P>0.05). Co-injection of the DAMGO plus LY341495
had no effect on DAMGO-induced hypophagia in neona-
tal broilers (P> 0.05) [treatment effect: F(3, 80)=117.46,
P <0.0001; time effect: F(2, 80)=509.7, P <0.0001; treat-
ment and time interaction: F(6, 80)=7.26; P<0.0001;
Fig. 4].

In experiment 5, hypophagia observed after ICV
injection of DAMGO (125 pmol) in FD; neonatal birds

@U-50488H (30 nmol) a
5 4| mMKk- 801 (15 nmol) :
aMK- 801+U-50488H

N\
S

. =

Cumulative food intake (g/100g BW)

30 60 120
Time (min)

Fig. 11 Effects of intracerebroventricular injection of control solu-
tion, U-50488H (x-opioid receptor agonist), MK-801 (NMDA glu-
tamate receptors antagonist) and a combination of U-50488H plus
MK-801 on cumulative food intake (g/100 g BW) in neonatal chicks.
Data are expressed as mean+ SEM. Different letters (a and b) indi-
cate significant differences between treatments at each time (P <0.05)

6 [mControl
@U-50488H (30 nmol)
5 4{|mCNQX (390 nmol)
OCNQX+U-50488H

Y

Cumulative food intake (g/100g BW)

30 60 120

Time (min)

Fig. 12 Effects of intracerebroventricular injection of control solu-
tion, U-50488H (k-opioid receptor agonist), CNQX (AMPA glu-
tamate receptors antagonist) and a combination of U-50488H plus
CNQX on cumulative food intake (g/100 g BW) in neonatal chicks.
Data are expressed as mean+SEM. Different letters (a and b) indi-
cate significant differences between treatments at each time (P <0.05)

(P<0.05). ICV injection of the sub-effective dose of the
UBPI1112 (mGLU; receptors antagonist, 2 nmol) had no
significant effect on food intake (P >0.05). Co-administra-
tion of the DAMGO+UBP1112 had no significant effect
on p-opioid receptors agonist-induced hypophagia in neo-
natal chicks (P>0.05) [treatment effect: F(3, 80)=63.52,
P<0.0001; time effect: F(2, 80)=927.13, P<0.0001;
treatment and time interaction: F(6, 80)=5.74; P<0.0001;
Fig. 5].

In experiment 6, ICV injection of the DPDPE (8-opioid
receptor agonist, 40 pmol) significantly increased food
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]| mControl

@ U-50488H (30 nmol)
5 4| mAIDA (2 nmol)
OAIDA+U-50488H

N\
N

Cumulative food intake (g/100g BW)
N

Time (min)

Fig. 13 Effects of intracerebroventricular injection of control solu-
tion, U-50488H (x-opioid receptor agonist), AIDA (mGLUR; glu-
tamate receptors antagonist) and a combination of U-50488H plus
AIDA on cumulative food intake (g/100 g BW) in neonatal chicks.
Data are expressed as mean+ SEM. Different letters (a and b) indi-
cate significant differences between treatments at each time (P <0.05)
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Fig. 14 Effects of intracerebroventricular injection of control solu-
tion, U-50488H (k-opioid receptor agonist), LY341495 (mGLUR,
glutamate receptors antagonist) and a combination of U-50488H
plus LY341495 on cumulative food intake (g/100 g BW) in neona-
tal chicks. Data are expressed as mean+ SEM. Different letters (a and
b) indicate significant differences between treatments at each time
(P<0.05)

intake in neonatal chicks compared to control group
(P<0.05). ICV injection of the sub-effective dose of the
NMDA glutamate receptors antagonist (MK-801, 15 nmol)
had no effect on feeding behavior in neonatal chicks
compared to control group (P>0.05). Co-injection of
DPDPE +MK-801 had no significant effect on cumulative
food intake (P>0.05) [treatment effect: F(3, 80)=103.82,
P <0.0001; time effect: F(2, 80)=641.49, p<0.0001; treat-
ment and time interaction: F(6, 80)=4.91; P<0.0001;
Fig. 6].
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Fig. 15 Effects of intracerebroventricular injection of control solu-
tion, U-50488H (x-opioid receptor agonist), UBP1112 (mGLUR;
glutamate receptors antagonist) and a combination of U-50488H
plus UBP1112 on cumulative food intake (g/100 g BW) in neonatal
chicks. Data are expressed as mean+SEM. Different letters (a and
b) indicate significant differences between treatments at each time
(P<0.05)

In experiment 7, hyperphagia observed after ICV injec-
tion of the DPDPE (40 pmol) in neonatal broilers compared
to control (P <0.05). Administration of the CNQX (AMPA
glutamate receptors antagonist, 390 nmol) had no effect
on the food consumption in FD; neonatal birds (P> 0.05)
while co-injection of the DPDPE+CNQX significantly
amplified DPDPE induced feeding behavior (P <0.05)
[treatment effect: F(3, 80)=57.04, P<0.0001; time effect:
F(2, 80)=841.94, P<0.0001; treatment and time interac-
tion: F(6, 80)=11.37; P<0.0001; Fig. 7].

In experiment 8, ICV injection of the DPDPE (40 pmol)
significantly increased food intake in neonatal broilers
compared to control (P <0.05). ICV administration of the
AIDA (mGLU;, receptors antagonist, 2 nmol) had no sig-
nificant effect on feeding behavior in comparison to the
control group (P>0.05). ICV injection of the AIDA with
DPDPE could not significantly alter DPDPE-induced food
intake in neonatal broilers (P> 0.05) [treatment effect: F(3,
80)=149.82, P<0.0001; time effect: F(2, 80)=1032.08,
P <0.0001; treatment and time interaction: F(6, 80)=5.91;
P <0.0001; Fig. 8].

In experiment 9, ICV injection of the DPDPE (40 pmol)
significantly increased food intake in neonatal broilers
compared to control (P <0.05). ICV administration of the
mGLU, receptors antagonist (LY341495, 150 nmol) had no
significant effect on feeding behavior (P> 0.05). Also, co-
administration of LY341495 plus DPDPE had no effect on
food intake induced by DPDPE (P> 0.05) [treatment effect:
F(3, 80)=85.17, P<0.0001; time effect: F(2, 80)=731.56,
P <0.0001; treatment and time interaction: F(6, 80)=9.31;
P <0.0001; Fig. 9].
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In experiment 10, hyperphagia observed after ICV injec-
tion of the &-opioid receptor agonist (DPDPE, 40 pmol)
in FD; neonatal broilers compared to control (P <0.05).
ICV administration of the mGLUR; receptors antagonist
(UBP1112, 2 nmol) had no significant effect on food intake
in neonatal broilers compared to control (P> 0.05). In addi-
tion, co-injection of the UBP1112+DPDPE was not able
to fluctuate DPDPE-induced food intake (P> 0.05) [treat-
ment effect: F(3, 80)=70.66, P <0.0001; time effect: F(2,
80)=1018.35, P<0.0001; treatment and time interaction:
F(6, 80)=5.95; P<0.0001; Fig. 10].

In experiment 11, ICV administration of the U-50488H
(x-opioid receptor agonist, 30 nmol) significantly
increased food intake in FD; neonatal broilers compared
to control (P<0.05). ICV injection of sub-effective dose
of MK-801 (15 nmol) had no significant effect on food
intake (P>0.05). Also, co-administration of MK-801 and
U-50488H had no effect on U-50488H-induced hyperpha-
gia in neonatal broilers (P>0.05) [treatment effect: F(3,
80)=97.40, P<0.0001; time effect: F(2, 80)=642.18,
P<0.0001; treatment and time interaction: F(6,
80)=10.36; P<0.0001; Fig. 11].

In experiment 12, ICV injection of the U-50488H
(30 nmol) significantly increased food intake in FDj
broilers compared to control (P <0.05). There was no
significant effect on food intake after ICV injection of
390 nmol CNQX (P>0.05). Also, co-administration of
the U-50488H plus CNQX had no significant effect on
cumulative food intake in neonatal chicks (P> 0.05) (treat-
ment effect: F(3, 80)=73.59, P<0.0001; time effect: F(2,
80)=921.47, P<0.0001; treatment and time interaction:
F(6, 80)=4.15; P<0.0001; Fig. 12).

In experiment 13, injection of the U-50488H (30 nmol)
significantly increased food intake in FD; broilers com-
pared to control (P<0.05). Administration of the AIDA
(mGLU, receptors antagonist, 2 nmol) had no signifi-
cant effect on food intake (P>0.05). Co-injection of the
U-50488H plus AIDA had no significant effect on food
intake induced by U-50488H in neonatal chicks (P> 0.05)
[treatment effect: F(3, 80)=132.06, P <0.0001; time effect:
F(2, 80)=583.19, P<0.0001; treatment and time interac-
tion: F(6, 80)=14.36; P<0.0001; Fig. 13].

In experiment 14, hyperphagia observed after ICV injec-
tion of the U-50488H (30 nmol) in FDj; broilers compared
to control (P <0.05). Sub-effective dose of the LY341495
(mGLU, receptors antagonist, 150 nmol) had no effect
on cumulative food consumption in FD; neonatal birds
compared to the control group (P>0.05). Co-injection
of the U-50488H+LY341495 had no significant effect
on U-50488H- induced hyperphagia in neonatal chicks
(P>0.05) [treatment effect: F(3, 80)=70.24, P<0.0001;
time effect: F(2, 80)=809.96, P<0.0001; treatment and
time interaction: F(6, 80)=5.01; P <0.0001; Fig. 14].

In experiment 15, injection of the U-50488H (30 nmol)
significantly increased food intake in FD; broilers com-
pared to control group (P<0.05). The ICV injection of
the sub-effective level of the UBP1112 (mGLU; recep-
tors antagonist, 2 nmol) had no effect on feeding behav-
ior in FD; neonatal broiler (P>0.05). Co-injection of
the U-50488H+UBP1112 had no significant effect
on U-50488H- induced food intake in neonatal chicks
(P>0.05) [treatment effect: F(3, 80)=95.42, P<0.0001;
time effect: F(2, 80)=954.13, P<0.0001; treatment and
time interaction: F(6, 80)=28.27; P <0.0001; Fig. 15].

Discussion

The present study was designed to investigate the possible
interconnection of glutamatergic and opioidergic systems
on food intake in neonatal broiler chicks. Obtained results
imply ICV injection of DAMGO, significantly decreased
food intake while DPDPE and U-50488H increased feeding
behavior in FD; neonatal broilers. As observed, injection of
the MK-801 + DAMGQO significantly inhibited hypophagic
effect of DAMGQO. Interconnection exists between p-opioid
receptors agonist and NMDA glutamate receptors in FD;
neonatal broilers. It is reported the NMDA receptors
involved in the p-opioid receptors sensitization in CA;
of the rat hippocampus (Farahmandfar et al. 2011). Also,
behavioral sensitization to opioids can alter the glutamate
level in the VTA and prefrontal cortex (Farahmandfar et al.
2011). Despite, the direct mechanism for how these two
systems interacts is not fully elicited, but it is reported opi-
ates impress their effects by activating p-opioid receptors
which are belongs to the GPCRs. These GPCRs regulate
diverse effectors such as inwardly rectifying Kt channels,
voltage-activated Ca** channels, NMDA, adenylyl cyclase
and phospholipases C (Garzon et al. 2012). Interestingly,
similar amino acid sequences have been identified in
NMDA and p-opioid receptors supporting a direct physical
association between these systems (Garzon et al. 2012).
According to the results, perhaps interconnection exist
between central opioidergic and glutamatergic systems
on central food consumption by p- and 8-opioid receptors
with NMDA, AMPA and mGLU, glutamate receptors in
broilers. Co-injection of the DAMGO plus AIDA signifi-
cantly decreased DAMGO-induced hypophagia in neonatal
chicks. These results suggested interconnection between
central p-opioid and mGLUR, glutamate receptors. It is
reported, alteration in the glutamatergic system underlying
the physical and psychological dependence on morphine.
Based on the literature, ICV injection of the metabotropic
glutamate receptors antagonist amplified feeding behavior
in broiler cockerels (Baghbanzadeh and Babapour 2007).
Neurons use glutamate as a co-transmitter which acts via

@ Springer



166

Int J Pept Res Ther (2018) 24:157-169

AMPA/kainite mediated excitatory post synaptic potentials
(EPSPs) (Liu and Salter 2010). Glutamate—opioid interac-
tions are known one of the important neural pathways in
the brain which play crucial role in stress, pain and addic-
tion (Guo et al. 2005). It is known certain glutamatergic
projection could be impacted by opioids (Guo et al. 2009).
The mGLUR, widely distributed in the NAcc providing the
morphological evidence for their role in reward behaviors
and drug addiction (Mitrano et al. 2008).

In this study, co-injection of the DPDPE plus CNQX,
amplified 8-opioid receptor induced feeding behavior via
AMPA glutamate receptors. It is reported, opioid recep-
tor stimulation within the ventral medial prefrontal cortex
(vmPFC) induces feeding via recruitment of glutamate
signaling in rats (Mena et al. 2013). For instance, co-
injection of DAMGO followed by blocking of the AMPA
receptors within the NAcc shell enhanced food intake in
rats (Mena et al. 2013). ICV injection of AMPA receptors
agonist (but not NMDA) suppresses feeding behavior while
simultaneously engendering locomotor hyperactivity and
rearing behavior in rat (Mena et al. 2013). Also, the ICV
injection of glutamate and HQCA (ionotropic glutamate
antagonist) reduced food intake while MSPG (metabotropic
glutamate receptors antagonist) increased feed intake and
the latency to start feeding in broiler cockerels (Baghban-
zadeh and Babapour 2007). Da Silva et al. (2003) reported
microinjections of NMDA and AMPA-kainite receptors
antagonists into ventral striatal and ventral pallidal areas of
the pigeon induced feeding behavior. So, it seems there is
difference in central food intake regulation between avian
and mammals. Given the estimated 300 million years of
evolutionary distance between avian and mammalian, it is
not amazing differences involved in the central food intake
regulation and energy expenditure (Novoseletsky et al.
2011). For example, ICV injection of p-opioid receptors
agonist decreased food intake in chicks (Bungo et al. 2005;
Alimohammadi et al. 2015) but increased in the rat (Le
Merrer et al. 2009; Kaneko et al. 2012).

In rat brain, in the lateral cerebroventricle regions,
k-opioid receptor systems are regulated by the AMPA glu-
tamate receptor (Minowa et al. 2003). It is reported NMDA
and AMPA receptors are involved in the opioid sensitiza-
tion (Sepehrizadeh et al. 2008a, b). AMPA and NMDA
receptors are localized to the postsynaptic membrane of
glutamatergic synapses, where they are organized into
large macromolecular signaling complexes (Garzén et al.
2012). However, the direct pathway responsible for inter-
connection of 5-opioid and AMPA receptors are unknown,
mechanism(s) introduced for observed results. It is sug-
gested opiates transiently activates the PI;K/Akt/nNOS
pathway leading to recruitment of protein kinase C (PKC)
and Raf-1 to the histidine triad nucleotide-binding protein
1 (HINT)) at the C terminus of opioid receptors in a redox
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and zinc dependent manner (Garzén et al. 2012). This
mechanism(s) connect opioid receptors activation with that
of the Raf-1/MAPK pathway and probably with the regu-
lation of NMDAR function via AMPA receptors (Garzén
et al. 2012).

Microinjection of AMPA receptors antagonist into the
VTA attenuated morphine withdrawal symptoms, sug-
gesting the AMPA receptors are involved in the morphine
withdrawal process (Guo et al. 2009). Interestingly, opioid
receptor and the AMPA subunit were frequently associ-
ated with common intracellular organelles, as well as adja-
cent areas of the surface membrane (Beckerman and Glass
2011). AMPA receptors are formed ligand-gated ion chan-
nels composed of various subunits termed as GluR,_, (Guo
et al. 2009). It is described alterations in AMPA-GIuR,
in response to both acute and chronic morphine exposure
in the VTA, a midbrain dopaminergic region integral to
reward and reinforcement (Glass et al. 2008). Chronic
opioid exposure induced an increased presence of AMPA-
GluR,; immuno-reactivity at the plasma membrane and
post-synaptic densities of the forebrain-projecting (motiva-
tion and drug-seeking) and of limbic structure projecting
(locomotor and reward) VTA neurons (Glass et al. 2008).
Opioid was shown to inhibit glutamate release through the
reduction of Ca’" influx into the terminal (Scavone 2011).
As observed in this study, food intake amplified via co-
injection of the 8-opioid receptors agonist and AMPA glu-
tamate receptors antagonist. It seems, amplified hyperpha-
gia might relate to the hyperphagic effect of the d-opioid
receptors agonist in one hand, and on the other hand the
blockade of the AMPA glutamate receptors. However, there
was no previous report on the interconnection of the opioi-
dergic system and glutamate inotropic receptors on feed-
ing behavior even in mammals. So, no report was found to
compare the results with it. These findings may shed light
on the circuitry underlying interconnection between central
opioidergic and glutamatergic systems on feeding behavior.
Obtained results indicate for functional interconnection of
opioidergic and glutamatergic systems in appetite regula-
tory centers of the hypothalamus.

Dopamine has played key role in glutamate and opi-
oids activity through the activation of D, and mGLU,
receptors (Schotanus and Chergui 2008). The cellular
mechanisms of the alteration of extracellular glutamate
concentration in the CNS remain to be investigated.
Glutamate releases from vesicles in presynaptic termi-
nals by a Ca** dependent mechanism and it is controlled
through a wide range of presynaptic receptors including
opioid receptors (Guo et al. 2005). It is possible mor-
phine may directly activate the opioid receptors in the
appetite regulatory centers of the brain to regulate the
level of glutamate (Guo et al. 2005). It is assumed there
are interconnections between central glutamatergic,
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opioidergic and dopaminergic systems in the VTA. Dopa-
mine modulates glutamatergic signals in the NAcc origi-
nating from the amygdala and hippocampus (Tzschentke
and Schmidt 2003). ICV injection of Naloxone (opioid
antagonist) decreased dopamine and increase glutamate
in morphine-dependent rats (Guo et al. 2005). The dopa-
mine releasing effect of glutamate in the NAcc may be
predominantly mediated by AMPA (rather than NMDA)
receptors in the amygdala and hippocampus (Tzschentke
and Schmidt 2003). Food restriction increases glutamate
receptor-mediated burst firing of dopamine neurons in
addicted mice (Branch et al. 2013). Recently, Taheri-
yan et al. (2016) reported dopamine-induced hypopha-
gia is mediated via NMDA and mGlu, receptors in FD;
neonatal meat-type chicken. On the other hand correla-
tion reported between dopaminergic (DAergic) and opi-
oidergic systems on feeding control where ICV injection
of DAMGQO significantly decreased food intake but co-
injection of DAMGO plus D, like receptors antagonist
diminished DAMGO-induced hypophagia in neonatal
layer (Zendehdel et al. 2016). Perhaps, several neuro-
transmitter systems modulate effects of opioidergic and
glutamatergic neurons. So, further researches seem to be
needed to determine possible pathways.

In conclusion, the results of the current results sug-
gested ICV injection of the DAMGO plus MK-801
and DAMGO plus AIDA decreased DAMGO-induced
hypophagia in neonatal chicks. Moreover, ICV admin-
istration of the DPDPE plus CNQX amplified DPDPE
induced feeding behavior. These results suggested inter-
connection between central opioidergic and glutamater-
gic systems on feeding behavior mediates via p- and
d-opioid receptors with NMDA, AMPA and mGLU,
receptors in FD; neonatal broilers. There was no previous
study on the role of central opioidergic and glutamater-
gic systems on food intake in avian. Most research on
central food intake regulation has done with rat models,
whereas considering few investigations done in birds. So,
we were not able to compare our results with it. These
observations can be used as base information on central
food intake regulation in birds. The authors recommend
further investigation need to clarify direct cellular and
molecular signaling pathways of the opioidergic and glu-
tamatergic systems with other receptors in physiology of
food intake regulation in poultry.
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