
NEUROPHYSIOLOGY / НЕЙРОФИЗИОЛОГИЯ.—2015.—T. 47, № 2 151

UDC 612.3:591.147

A. BAGHBANZADEH,1 Z. HAMIDIYA,1 and M. H. GERANMAYEH1

INVOLVEMENT OF CENTRAL β-ADRENERGIC CIRCUITRY IN FOOD  
AND WATER INTAKE IN CHICKENS

Received December 13, 2013 

We examined the effects of intracerebroventricular (i.c.v.) microinjections of α, β1,2-adrenergic 
agonist, isoproterenol (ISOP), and of a β1,2-adrenoceptor blocker, propranolol (PROP), on 
food and water intake in broiler cockerels deprived of food and water for 3 h. We found that 
ISOP, at a 200 nM concentration and not smaller, significantly (P ≤ 0.05) increased food 
intake but not water intake. PROP microinjected in different doses (20-80 mM) significantly 
(P ≤ 0.05) decreased food intake. These observation suggest a direct orexigenic role for the 
β

1
- and β

2
-adrenergic systems in the regulation of food intake in chickens. The significant  

(P ≤ 0.05) effect of i.c.v. injections of PROP (transient increase in water intake) implies a role 
of the adrenergic system, possibly via α-adrenoceptors, in the regulation of water intake in 
broilers, which is food intake-independent.
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INTRODUCTION

As was shown, hypothalamic or intracerebroventri- 
cular (i.c.v.) microinjections of norepinephrine (NE) 
stimulates feeding in both satiated and hungry rats [1-
3]. At the same time, such injections inhibited drink-
ing in thirsty rats [3] but stimulated water intake in 
satiated rats [4]. It was proposed that NE-induced in-
crease in food intake is associated with stimulation of 
β

2
-adrenoceptors [2, 3, 5, 6]. At the same, it was re-

ported that hypothalamic injections of agonists of β1- 
and β

2
-adrenoreceptors reduced feeding in rats [7]. 

Intracerebroventricular, i.c.v., injections of NE did 
not stimulate feeding behavior of both broiler- and 
layer-type chickens [8, 9], while such administration 
of epinephrine stimulated food intake [8, 9]. Most 
research on food intake in avian species has been 
focused on α-adrenoceptors, while information on 
β-adrenoceptors is scarce. It has been shown that β

1
-

adrenergic agonists stimulated food intake in chickens 
[10], and β

2
-receptor agonists stimulated that in 

broilers [11] and layers [12]. A β
3
-agonist reduced 

food intake of chicks under ad libitum, but not fasting, 
feeding conditions [13]. In rats, hypophagia was in-
duced by administration of β

3
-agonists [14-16], but a 

β
3
-antagonist exerted no effect on food intake [14].

Injections of an adrenergic β1- and β2-adrenoreceptor 
agonist into the lateral hypothalamic area decreased 
food and, especially, water intake in broilers deprived 
of food and water for 3 h [17]. 

In our study, we examined the effect of i.c.v. 
injections of isoproterenol (ISOP), a β

1
- and, 

especially, β
2
-adrenoceptor agonist, and of propranolol 

(PROP), a nonselective β-blocker, on food and water 
intake in broilers. 

METHODS

Forty-eight (for each experiment) 1-day-old Ross 308 
broiler cockerels (Eshragh Hatcheries, Varamin, Iran) 
were housed until 2-week age in a battery-heated room 
with continuous lighting; then they were transferred 
to individual fully computerized cages (TSE 
Systems, Germany), by which the amount of food 
and water intake within each 10-min-long interval 
was automatically recorded. Chickens were provided 
with free access to water and to a broiler starter mash 
ratio (Chineh Feed Mill, Iran) containing 21% protein 
and 3200 kcal/kg metabolizable energy in individual 
feeders. The room temperature was maintained at  
22 ± 2°C. 

Surgery. When chickens weighed approximately 
750 ± 50 g, they were anesthetized and underwent 
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surgery according to the procedure mentioned before 
[18] considering coordinates of the cerebral ventricles 
[19].

Chemicals. ISOP (a β
1
- and β

2
-adrenoceptor 

agonist) and PROP (nonselective β-blocker) were 
purchased from Sigma-Aldrich Chemie, Germany. All 
solutions were prepared in a pyrogen-free 0.9% NaCl 
solution (saline); the latter also served as the control 
in microinjections.

I.c.v. Injections. Five experiments were conducted 
to determine the effects of i.c.v. microinjections 
of ISOP and PROP on food and water intake; forty-
eight chickens were used in each experiment. In a 
separate experiment, all solutions were injected on 
the same day in replicates of 12 birds, and feeding 
behavior was monitored. Injections were made with a 
29-gauge thin-walled stainless-steel injection cannula 
that extended 0.5 mm beyond the guide cannula. The 
injection cannula was connected to a 10-µl Hamilton 
syringe via a 50-cm-long polyethylene tubing. Several 
days before starting the experiments, the chickens 
were restrained daily to acclimate to the procedure. 
They were deprived of food and water for 3 h prior 
to injection. Solutions were injected within a 30-sec-
long interval, and the injection cannula remained in 
place for an additional 30 sec before removal. After 
injection, all chickens were returned to their cages. 
Tubing and syringes were kept in 70% ethanol, and the 
glassware was autoclaved to render materials pyrogen-
free. Proper location of the guide cannula was verified 
according to i.c.v. injections of methylene blue at the 
end of the experiments after slicing of the frozen brain 
tissue.

Just after the injections, fresh food (in experiments 
1, 3, and 5) and fresh water (in experiments 2 and 4) 
were provided for the birds.

Experiments 1 and 2: Effects of I.c.v. Injections 
of ISOP on Food and Water Intake. Broilers in 
experiments 1 and 2 were injected with pure saline 
(control), or 50, 100, and 200 nM ISOP in 2.5 µl of 
saline into the right lateral ventricle. Cumulative food 
and water intake (g) was recorded at 15, 30, 60, 120, 
and 180 min post injection (p.i). 

Experiments 3 and 4: Effects of I.c.v. Injections 
of PROP on Food and Water Intake. Experiments 
3 and 4 were done to examine the effects of i.c.v. 
injections of 20, 40, or 80 µM PROP in 2.5 µl saline 
and carried out in the same mode as those described 
above. The doses of ISOP and PROP were based on the 
result of a previous study on rats [20].

Experiment 5: Effect of I.c.v. Injections of 

ISOP on Food Intake in PROP-Pretreated Birds. 
In experiment 5, cumulative food intake (g) of 
broiler cockerels following i.c.v. injections of saline 
and combinations of effective doses of the agonist  
(400 nM) and antagonist (40, 80, or 160 µM), each in 
a 1.25 µl volume, was recorded at 15, 30, 60, 120, and 
180 min post-injection. 

In control groups, saline was used in the same 
volume and times of i.c.v. injections were similar to 
those in the treated groups. 

Statistical Analysis. Cumulative food and water 
intake (g) was subjected to one-way analysis of 
variance (ANOVA) at each time period. For treatments 
showing the main effect by ANOVA, means were 
compared by the post-hoc Bonferroni’s and Duncan’s 
multiple range tests. P ≤ 0.05 was considered 
confirmation of significant differences between 
groups. All data are presented below as means ± s.d.

RESULTS

The effects of i.c.v. injections of ISOP on food intake 
are summarized in Fig. 1. Injections of this agent at 
a concentration of 200 nM significantly (P ≤ 0.05) 
increased food intake during the experiment. 

The effects of i.c.v. injections of ISOP on water 
intake are summarized in Fig. 2. As can be seen, none 
of the doses used evoked a significant change in water 
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F i g. 1. Cumulative food intake (g) in broiler cockerels following 
i.c.v. microinjections of three different doses of isoproterenol 
(ISOP). C is the control (injections of saline); 1-3 are experimental 
groups injected with 50, 100, and 200 nM ISOP solutions. Time, 
min, after injections is shown below the diagrams. Means ± s.d. are 
shown; asterisks indicate cases of significant (P < 0.05) differences 
from the control.

Р и с. 1. Кумулятивні значення споживання їжі (г) півниками-
бройлерами після внутрішньошлуночкових мікроін’єкцій 
ізопротеренолу в трьох різних дозах.
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intake. 
The effects of i.c.v. injections of PROP on food 

intake is summarized in Fig. 3. Such injections, 
at all doses used, decreased food intake during the 
experiment; the respective shift demonstrated a 
significant (P ≤ 0.05) difference at 30 min post-
injection. 

The effect of i.c.v. injection of PROP on water 
intake is summarized in Fig. 4. PROP transiently 
increased water intake at concentrations of 20 and  
40 µM at the 30th and 15th min post-injection.

The effect of i.c.v. injection of ISOP on food intake 

in PROP-pretreated birds is summarized in Fig. 5. 
Pretreatment with PROP, a β-adrenergic antagonist, 
practically abolished the effect of ISOP on food intake. 

DISCUSSION

There is compelling evidence that adrenergic synaptic 
transmission plays an important role in the control 
of feeding [11, 21, 22] and drinking behavior. Any 
alteration of the brain NE level can either increase or 
decrease eating depending on the site of application 
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F i g. 2. Cumulative water intake (g) in broiler cockerels following 
i.c.v. microinjections of three different doses of ISOP. Designations 
are the same as in Fig. 1.

Р и с. 2. Кумулятивні значення споживання води півниками-
бройлерами після внутрішньошлуночкових мікроін’єкцій 
ізопротеренолу.
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F i g. 3. Cumulative food intake (g) of broiler cockerels following 
i.c.v. microinjections of three different doses of propranolol 
(PROP). In groups 1-3, 20, 40, and 80 µM solutions were injected; 
other designations are the same as in Figs. 1 and 2.

Р и с. 3. Кумулятивні значення споживання їжі півниками-
бройлерами після внутрішньошлуночкових мікроін’єкцій 
пропранололу в трьох різних дозах.
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F i g. 4. Cumulative water intake (g) in broiler cockerels following 
i.c.v. microinjections of three different doses of PROP. Designations 
are the same as in Fig. 3.

Р и с. 4. Кумулятивні значення споживання води півниками-
бройлерами після внутрішньошлуночкових мікроін’єкцій 
пропранололу.
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F i g. 5. Cumulative food intake (g) in broiler cockerels following 
i.c.v. microinjections of 400 nM ISOP pretreated with i.c.v. 
injections of three different doses of PROP (40, 80, and 160 µM). 

Р и с. 5. Кумулятивні значення споживання їжі півниками-
бройлерами після внутрішньошлуночкових мікроін’єкцій 
ізопротеренолу (400 нМ), яким передували мікроін’єкції 
пропранололу в трьох різних дозах (40, 80 або 160 мкМ).
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and other testing variables [6]. In our study, possible 
involvement of the central β1 and β2-adrenergic 
systems on food and water intake in broiler chickens 
was examined. 

Experiment 1 showed a significant (P ≤ 0.05) 
increase in food intake, but only at the highest dose of 
ISOP applied. This is in agreement with observations 
of Baile et al. [23], who showed that i.c.v. injections of 
ISOP intensified feeding in sheep and cattle, although 
Leibowitz [7] indicated that hypothalamic injection 
of ISOP suppressed feeding behavior in rats. Stujii 
and Bray [24] showed that administration of a β2-
adrenergic agonist into the third cerebral ventricle 
reduced food intake in Zucker fatty and lean rats. 
Our previous findings [17] showed that injections of 
low doses of ISOP into the intralateral hypothalamic 
area resulted in a significant transient reduction of 
food intake in broilers, while higher doses of this 
agent induced increased intake; the latter change was, 
however, statistically insignificant. 

The results of Experiment 2 indicated that ISOP at 
all doses used exerted no significant (P ≤ 0.05) effects 
on water intake in broilers. Our previous data where 
much higher doses of ISOP were microinjected into 
the hypothalamus showed an inhibitory effect on water 
intake [17]. In rats, some investigations of the effects 
of peripheral administration of ISOP and consequent 
increased water intake through stimulation of β1- and 
β2-adrenoceptor activity, respectively, resulted in an 
increase in renin release and decrease in the blood 
pressure [25]. 

In Experiment 3, a significantly decreased (P ≤ 0.05)  
food intake at all doses of PROP used was found  
30 min post injection. This is consistent with our 
findings in Experiment 1 and suggests an orexigenic 
role for β1- and/or β2-adrenoceptors. Thus, even the 
lowest dose of PROP exerted an inhibitory effect 
on food intake. This is not consistent with our 
previous findings where lower doses of PROP into 
the hypothalamus increased food intake significantly 
[17]. Tsujii et al. [26] indicated that PROP injected 
into the third cerebral ventricle increased food intake 
in lean rats, but no change was observed in fatty rats. 
Naka et al. [27] showed that application of timolol, a 
β-adrenoceptor antagonist, to the bed nucleus of the 
stria terminalis has no effect on food intake in rats.

The results of Experiment 4 indicated that PROP 
induced a significant (P ≤ 0.05) transient increase 
in water intake by chickens. These observations are 
in agreement with our previous findings [17] that 
suggested a stimulatory effect of PROP on food and 

water intake. As was found [28], blocking of one type 
of adrenoreceptors may enhance the responsiveness 
of the other type. We believe that occupation of 
β-receptors allows the endogenous epinephrine and 
NE to be exposed more specifically to α-receptors. 
It has been indicated that stimulation of α-receptors 
has a stimulatory effect on food and water intake in 
mammals [29] and birds [12, 30]. 

Our findings in Experiment 5 indicated that the 
effect of ISOP on food intake is agonist-specific and 
can be abolished by pretreatment with PROP. This is 
in accordance with our previous findings [17]. Naka 
et al. [27] showed that, unlike what is observed in 
chickens, activation of β-adrenoceptors in the rat bed 
nucleus of the stria terminalis decreases food intake, 
and this effect can be abolished by co-administration 
of a β-adrenoceptor antagonist.

It was shown that NE exerts a mild effect on β2-
receptors, whereas epinephrine and ISOP are very 
active with respect to β2-receptor sites [31]. On the 
other hand, epinephrine, and not NE, stimulates food 
intake in birds. Thus, it may be concluded that the 
orexigenic effects of ISOP are more dependent on β2-
adrenoceptors.

Therefore, our findings suggest that i.c.v. injections 
of the β-adrenoreceptor agonist into food- and water-
deprived broiler cockerels induce an orexigenic effect 
but do not influence water intake. The orexigenic 
effect is specific and can be abolished by pretreatment 
with a β-adrenoceptor  blocker. The latter agent 
induces significant transient stimulation of water 
intake that might result from relative activation of 
α-adrenoceptors exposed to the constitutively released 
neurotransmitter. 

Further investigations should be carried out to 
elucidate separate effects of β1- and β2-adrenoceptors 
using specific agonists and antagonists of these 
adrenergic receptor subtypes. Also, the effect of 
β-receptors should be studied under conditions where 
α-adrenoceptors are blocked. The effects of longer 
and shorter food and water deprivations will also be a 
potential topic for future studies. 
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РОЛЬ ЦЕНТРАЛЬНИХ b-АДРЕНЕРГІЧНИХ МЕРЕЖ У 
СПОЖИВАННІ ЇЖІ ТА ВОДИ КУРЧАТАМИ
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Р е з ю м е

Було досліджено впливи інтрацеребровентрикулярних 
мікроін’єкцій агоніста β1,2-адренорецепторів ізопротере-
нолу та блокатора β1,2-адренорецепторів пропранололу на 
споживання їжі та води бройлерами-півниками, позбавле-
ними їжі та питва протягом 3 год. Виявилося, що ізопро-
теренол у концентрації 200 нM (але не менше) істотно  
(P ≤ 0.05) посилював споживання їжі, але не води. Пропра-
нолол, ін’єкований у різних дозах (20–80 мкM), вірогідно 
зменшував споживання їжі. Отримані дані свідчать на ко-
ристь гіпотез про орексигенну роль β

1
- та β

2
-адренергічних 

систем у регуляції споживання їжі курчатами. Істотний  
(P ≤ 0.05) ефект ін’єкцій пропранололу (тимчасове зрос-
тання споживання води) вказує на певну роль адренергічної 
системи щодо регуляції споживання води бройлерами; цей 
ефект, вірогідно, реалізується через α-адренорецептори та є 
незалежним від впливів на споживання їжі.
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