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Abstract The endocannabinoids (ECBs) have diverse

physiological functions including the regulation of food

intake and metabolism. In mammals, ECBs regulate feed-

ing primarily through the CB1 receptors within the brain

whereas the CB2 receptors are primarily involved in the

regulation of immune function by direct action on periph-

eral immune cells and central glia. The central effect of

ECBs on feeding behavior has not been studied in non-

mammalian species. Therefore, the present study investi-

gated the effect of CB65, a selective CB2 receptors agonist,

on food intake in the neonatal chicks. In addition, the effect

of astressin, a CRF receptor antagonist, on CB65-induced

food intake was also investigated. Intracerebroventricular

injection of the CB65 (1.25 lg) increased the food intake at

30- and 60-min post-injection significantly as compared to

the control group. Pretreatment with a selective CB2

receptor antagonist, AM630, but not astressin, significantly

attenuated the CB65-induced food intake. These results

suggested that CB2 receptor agonists act on the brain to

induce food intake.
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Abbreviations

ECS Endocannabinoid system

D9-THC D9-tetrahydrocannabinol

CB1 receptor Cannabinoid receptor 1

CB2 receptor Cannabinoid receptor 2

CNS Central nervous system

AEA N-Arachidonoylethanolamine

2-AG 2-Arachidonoylglycerol

CRF Corticotropin-releasing factor

ICV Intracerebroventricular

DMSO Dimethylsolfoxide

ANOVA Analysis of variance

Introduction

Cannabinoid receptors, endocannabinoids and proteins

catalyzing endocannabinoid biosynthesis and inactivation,

constitute the endocannabinoid system (ECS) (Di Marzo

et al. 2004). The history of this system refers to the mid-

1960s, when the major psychoactive component of Cannabis

sativa (marijuana), D9-tetrahydrocannabinol (D9-THC),

was identified (Gaoni and Mecbonlam 1964). The next major

achievement was finding out that D9-THC works by binding

to a set of specific plasma membrane proteins, the ‘canna-

binoid receptors’. To date, two cannabinoid receptors have

been cloned: the cannabinoid receptor 1 (CB1 receptor),

possibly the most abundant G-protein-coupled receptor in

the central nervous system and the cannabinoid receptor 2

(CB2 receptor), expressed abundantly in several immune

cells and tissues (Klein 2005; Pertwee 2005). Although brain

CB1 receptors are coupled to the inhibition of neurotrans-

mitter release, CB2 receptors seem to participate in the

regulation of cytokine release and function (Klein 2005;

Pertwee 2005). It is now believed that, in addition to CB1

receptors that also carry out important functions in peripheral

tissues, CB2 receptors may be present in some brain regions

as well (Pertwee 2005; Van Sickle et al. 2005). Regarding

studies on avian species, few authors have reported
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cannabinoid receptors in birds (Soderstrom and Johnson

2000). It has been reported that CB1 receptor mRNA is

expressed in various regions of chick brain (Stincic and

Hyson 2008). However, there is only one report describing

the presence of a CB2-like protein in the central nervous

system (CNS) of chick embryos (Fowler et al. 2001) while, in

adult chicken, no such evidence is available. The discovery

of cannabinoid receptors suggested the existence of endog-

enous ligands capable of activating them, the ‘endocannab-

inoids’; the two best studied of which are anandamide

(N-arachidonoylethanolamine; AEA) (Devane et al. 1992)

and 2-arachidonoylglycerol (2-AG) (Mechoulam et al. 1995;

Sugiura et al. 1995).

Following the detection of cannabinoid receptors in the

hypothalamus, an important area in food intake regulation,

several researchers provided evidence that the endocanna-

binoid system is involved in appetite regulation. To deter-

mine if CB1 receptors are involved in food intake, Ravinet

Trillou et al. (2004) showed that the stimulation of CB1

receptors is a key component in the development of diet-

induced obesity. Although many experiments indicated that

endocannabinoids regulate food intake through the central

nervous system, evidence suggests that they may also pro-

mote food intake via peripheral sites. Gomez et al. (2002)

found that peripherally injected anandamide promoted

hyperphagia in partially satiated, capsaicin differentiated

rats.

Most of the present knowledge regarding the behavioral

effect of endocannabinoids has been derived from studies

in mammalian species. However, there are few CB1 related

behavioral reports such as memory recall in chicks (Adam

et al. 2008). Furthermore, Novoseletsky et al. (2011)

recently reported that a single intravenous injection or

ingestion of hydrocolloid carriers entrapping inverse ago-

nist of CB1, AM251, leads to transient attenuation of food

intake in chicks which is similar to its effect in mammals.

In the present study, we investigated the central effect of a

CB2 receptor selective agonist on food intake in the neo-

natal chickens for the first time. We also studied the ability

of corticotropin-releasing factor (CRF) neurons, as an

important key mediator of food intake regulation in birds,

to mediate changes in food intake induced by CB2 recep-

tors stimulation.

Materials and methods

Animals

A day-old-male Ross broiler chicks were purchased from a

local hatchery (Mahan Company, Kerman, Iran). The

chicks were housed in a temperature- and humidity-

controlled battery (30�C, 45–50%, respectively) with

continuous light. They had free access to water and a

commercial starter diet (21% protein and 2,900 kcal

metabolizable energy). On the day prior to injection, birds

were placed in individual cages and 3-day-old chicks were

used for intracerebroventricular (ICV) injection.

ICV injection

CB65, a selective CB2 receptors agonist, AM630, a selective

CB2 receptors antagonist, and astressin, a non-selective CRF

antagonist, were purchased from Tocris Bioscience Com-

pany (Missouri, Bristol, UK). CB65 and AM630 were dis-

solved in 5% dimethylsolfoxide (DMSO) containing 0.1%

Evans Blue. Astressin was dissolved in 0.85% saline, con-

taining 0.1% Evans Blue. Drugs were injected intracer-

ebroventricularly in a volume of 10 ll, using a microsyringe

as described by Davis et al. (1979) and Furuse et al. (1997)

without anesthesia. Briefly, head of the chick was held with

an acrylic device in which the bill holder was 45� and the

calvarium was parallel to the surface of table as described by

Van Tienhoven and Juhasz (1962). A hole was made in a

plate overlying the skull immediately over the right lateral

ventricle. Then a microsyringe was inserted into the right

lateral ventricle through the hole and the test solution was

injected. The top of the needle was penetrated only 4 mm

below the skin of skull. This procedure was considered not to

induce any physiological stress (Saito et al. 2005).

Feeding experiments

Before each experiment, birds were weighed and distri-

buted into experimental groups based on their body weight

so that the average weight between treatment groups was as

uniform as possible. The birds were deprived of food for

3 h before ICV injections, but given free access to water.

At the end of the experiment, chicks were killed with an

ether overdose induction. The presence of Evans Blue dye

in the lateral ventricle confirmed a successful injection.

Birds with no trace of the dye in their lateral ventricle were

not used for data analysis.

Experiment 1 was performed to examine whether ICV

injection of the CB65 at a dose range of 0.312–5 lg affects

food intake in chicks. Food intake was measured for 3 h

after injection.

Experiment 2 was conducted to investigate the effects of

the AM630 on the CB65-induced food intake. Each chick

was injected once only with DMSO, CB65, AM630 and

CB65 co-injected with AM630. The dose of CB65 applied

in this experiment was chosen according to the experiment

1 which increased food intake significantly. The dose of

AM630 (5 lg) used here was chosen according to the

preliminary trials.
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The involvement of CRF in the feeding effects of CB65

was determined by ICV co-injection of astressin (22 lg)

and CB65 in experiment 3. This experiment was conducted

similarly to the second experiment except that astressin

was used in place of AM630. The dose of astressin was

selected based on those of Saito et al. (2005).

Statistical analysis

The data were expressed as mean ± SEM. Feed intake was

analyzed at each time period by analysis of variance (ANOVA)

using the general linear modeling procedure. In experiments 2

and 3, the model included CB65 by CB2 antagonist or CRF

antagonist interaction. Comparisons among treatment groups

were made using Tukey’s multiple range tests.

A P value less than 0.05 was considered to be significant.

Results

Experiment 1 was conducted to study the effect of CB2

receptor stimulation on food intake (Fig. 1, panel a and b).

Food intake was significantly increased in chicks given

ICV with a dose of 1.25 lg CB65 at 30 and 60 min post-

injection. In panel b, a tendency to increase in food intake

was observed, but there was no significant difference

between the treatments and control groups. These results

suggested that CB65 as a selective CB2 receptor agonist

affects food intake in a very limited dose range.

Experiment 2 was carried out to confirm the stimulatory

effect of CB65 on food intake by blocking of CB2 recep-

tors. The statistical analysis for feeding data in experiment

2 revealed that there is an interaction between the CB65

and AM630. Significant increase in food intake, induced by

CB65 was reobserved in experiment 2 and 3 although these

increasing effects lasted longer (Figs. 2, 3). The results also

indicated that the effect of CB65 on food intake is atten-

uated by pretreatment with a selective CB2 antagonist

AM630 (Fig. 2). AM630 alone did not alter food intake

significantly as compared to the control group.

Experiment 3 was done to investigate whether the

stimulatory effect of CB65 is mediated by CRF neurons. As

shown in Fig. 3, administration of astressin, increased food

intake in comparison with the control group but food intake

was not significantly changed in chicks given CB65 plus

astressin compared to chicks injected with the CB65 alone.

Furthermore, there was no interaction between CB65 and

astressin on food intake obtained by statistical analysis.

Discussion

This study provides the first demonstration of hyperphagia

induced by central administration of a selective CB2

Fig. 1 Cumulative food intake following ICV injection of CB65 with

doses a greater than 1 lg and b lesser than 1 lg in neonatal chicks.

Values are expressed as means ± SEM. Significant difference between

treatments at each time point represented: a 30 min, F(3,33) = 2.912;

60 min, F(3,33) = 2.955; 120 min, F(3,32) = 1.57; 180 min,

F(3,33) = 0.966; b 30 min, F(2,23) = 0.724; 60 min, F(2,22) = 3.904;

120 min, F(2,22) = 0.694; 180 min, F(2,24) = 1.26. The numbers of

chicks used for the time-course experiment are as follows: Control

(n = 9); CB65 0.325 lg (n = 9); CB65 0.612 lg (n = 7); CB65

1.25 lg (n = 11); CB65 2.5 lg (n = 10); CB65 5 lg (n = 7)

P \ 0.05. *Significant with Control #Significant with CB65 (1.25 lg)
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Fig. 2 Cumulative food intake following ICV co-injection of CB65

(1.25 lg) and AM630 (5 lg) in neonatal chicks. Values are expressed

as means ± SEM. Significant difference between treatments at each

time point represented: 30 min, F(3,29) = 2.956; 60 min, F(3,32) =

3.155; 120 min, F(3,27) = 3.696; 180 min, F(3,30) = 5.036. The

numbers of chicks used for the time-course experiment are as follows:

control (n = 11); CB65 1.25 lg (n = 7); AM630 5 lg (n = 6);

CB65 1.25 lg plus AM630 5 lg (n = 9) P \ 0.05. *Significant with

CB65 (1.25 lg)
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receptor agonist in chicks (Fig. 1). Also the attenuation of

CB65 induced hyperphagia by a selective CB2 receptor

antagonist, confirmed that CB2 receptors are involved in

this effect (Fig. 2). In the current study, CB65 was effec-

tive at a limited dose in chicks. In mammals, CB2 receptors

are present mainly on immune cells in peripheral tissues to

modulate cytokine release (Svizenska et al. 2008). How-

ever, regarding their presence in the central nervous sys-

tem, multiple recent investigations have revealed that CB2

receptors are expressed in brain microglia during neuro-

inflammation (Atwood and Mackie 2010). Though, there

are controversial reports concerning the complete absence

or widespread expression of CB2 receptors in neurons

(Atwood and Mackie 2010). There are also controversial

investigations regarding the central effect of ECS on

feeding behavior of small rodents. Based on the study of

Gomez et al. (2002), central CB1 receptors do not play a

role in food intake of partially satiated rats. It has been

shown that ICV injection of AM630 increases chow intake

in overnight deprived rats (Werner and Koch 2003). Onaivi

et al. (2008) have also shown that following 12-h food

deprivation, a peripheral injection of CB2 agonist, (PEA)

and a CB2 antagonist, (AM630) in mice decreases and

increases food intake respectively, which is not consistent

with the present study. It is assumed that the CB2 receptors

may likely act on the immune system, which indirectly

alters appetite through changes in the activity of the

digestive system (Onaivi et al. 2008). In the current study,

it seems that the central stimulatory effect of CB65 on food

intake is a result of direct action on the brain tissues

including either neural or glial cells. It was reported that

the CB2 receptors agonist reduce inflammatory response in

neurodegenerative diseases resulting from the activation of

brain microglial cells. Stimulation of CB2 receptors sup-

presses microglial activation (Ehrhart et al. 2005). It is hard

to ignore that the central injection of drugs, applied in the

present study, is of particular importance for selecting

between peripheral (potentially non-neural) and central

(presumably neural) mechanisms of action. However, in

chicks there is no evidence for expression or function of

CB2 receptors in the microglia and neurons. The increases

in food intake observed in the current study following ICV

injection of 1.25 lg CB65, are difficult to interpret;

because no existing literature, reports feeding behavior

effects following central administration of CB2 receptor

agonists or antagonists. The present data point to the need

for further basic study of CB receptors in chicks.

CRF is a principal regulator of the hypothalamic–pitui-

tary–adrenal axis and is suspected to play an important role in

a variety of endocrine systems (Benoit et al. 2000). CRF and

its family peptides are thought to be of great importance in

the control of food intake in chickens. It is believed that

central administration of CRF family peptides reduce food

intake in chicks (Furuse et al. 1997; Denbow et al. 1999).

Therefore, it can be expected that administration of CRF

receptor antagonist, astressin, increases food intake as it is

shown in Fig. 3. Evidence suggests that, in chickens, some

regulatory neurotransmitters, including ghrelin, glucagons-

like peptide-1 and bombesin, affect food intake through CRF

neurons (Zhang et al. 2001; Meade and Denbow 2003; Saito

et al. 2005). However, our finding showed no interaction

between endocannabinoid CB2 receptor and CRF (Fig. 3).

As a result, it may be concluded that the CB65 increases food

intake through systems other than the CRF pathway.

In conclusion, our findings provided functional evidences

for the presence of CB2 cannabinoid receptors in chick brain.

Moreover, it was realized that these receptors are involved in

increasing food intake and the CRF system does not play a

role in this effect. The detail sites within the chick brain

involved in the hyperphagic effect of the CB2 receptors and

the mechanisms underlying this effect remains to be clari-

fied. Nonetheless, our findings in neonatal chicks are

inconsistent with the results seen in small rodents.
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