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We examined the effects of intracerebroventricular (i.c.v.) microinjections of a, , -adrenergic
agonist, isoproterenol (ISOP), and of a B, ,-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
B - and PB_-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 a-adrenoceptors, in the regulation of water intake in
broilers, which is food intake-independent.

Keywords: food and water intake, broiler chickens, intracerebroventricular injections,

isoproterenol, propranolol.
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
Bz-adrenoceptors [2, 3, 5, 6]. At the same, it was re-
ported that hypothalamic injections of agonists of f3 -
and Bz-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 a-adrenoceptors, while information on
B-adrenoceptors is scarce. It has been shown that Bl—
adrenergic agonists stimulated food intake in chickens
[10], and P_-receptor agonists stimulated that in
broilers [11] and layers [12]. A P,-agonist reduced
food intake of chicks under ad /ibitum, but not fasting,
feeding conditions [13]. In rats, hypophagia was in-
duced by administration of B}—agonists [14-16], but a
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B}-antagonist exerted no effect on food intake [14].
Injections of an adrenergic B - and B,-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 B]- and,
especially, Bz—adrenoceptor agonist, and of propranolol
(PROP), a nonselective B-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 Bl- and Bz-adrenoceptor
agonist) and PROP (nonselective B-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.

L.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-ul 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 ul 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 uM PROP in 2.5 pl 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
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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 uM), each in
a1.25 pl 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) ateach 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 [SOP 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.

P u c. 1. KymynsaTuBHI 3HaueHHSI CIOXKHMBaHHS Ki (I') MiBHUKaMHU-

OpoiimepamMu  Ticias BHYTPIMIHBONUTYHOYKOBHX — MIKPOIH €Kil
130IIPOTEPEHOITY B TPHOX PI3HUX J03aX.
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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.

P u c. 2. KyMynsaTuBHI 3HAQUCHHS CIIO)XUBAHHS BOAM IiBHUKaMH-
OpoiilepaMu  TicHsl BHYTPINIHBONUTYHOYKOBHX — MIKpOiH’ €Kil
130IIPOTEPEHOITY.

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 pM at the 30th and 15th min post-injection.

The effect of i.c.v. injection of ISOP on food intake
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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 uM solutions were injected;
other designations are the same as in Figs. 1 and 2.

P u c. 3. KymyasaTuBHI 3Ha4YeHHS CHOXKHUBAHHS XKi IMiBHUKAMH-

OpoiislepaMu  TiciHsl BHYTPINIHBOLNUTYHOYKOBHX — MIKpOiH’€KIil
IIPOIIPAHOJIONY B TPhOX PI3HHX 103aX.
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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.
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P u c. 4. KymynartuBHi 3HaYeHHS CIO)KMBAaHHS BOIW MiBHUKAMU-
Opoiinepamu  Ticas BHYTPIIIHBONITYHOYKOBHX — MIKpOiH’ €KIIii
MIPOIIPAHOTIOITY.
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Fi 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 uM).
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P u c. 5. KymynaTuBHI 3Ha4eHHs CIOXHMBAaHHS DKI MiBHUKaMH-
OpoiinepamMyu  Ticias BHYTPIMIHBONITYHOYKOBHX — MIKpOiH’ €Kil
i3onporepenony (400 HM), sKUM mepenyBald MIKpOiH’ €Kil
MPOIIPAHOJIONY B TPHOX Pi3HUX Ho3ax (40, 80 abo 160 MmxM).

in PROP-pretreated birds is summarized in Fig. 5.
Pretreatment with PROP, a B-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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and other testing variables [6]. In our study, possible
involvement of the central B, and p,-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 -
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 B - and
B,-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 B - and/or B -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
B-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
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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
B-receptors allows the endogenous epinephrine and
NE to be exposed more specifically to a-receptors.
It has been indicated that stimulation of a-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 B-adrenoceptors in the rat bed
nucleus of the stria terminalis decreases food intake,
and this effect can be abolished by co-administration
of a B-adrenoceptor antagonist.

It was shown that NE exerts a mild effect on f,-
receptors, whereas epinephrine and ISOP are very
active with respect to B,-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 f,-
adrenoceptors.

Therefore, our findings suggest that i.c.v. injections
of the B-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 P-adrenoceptor blocker. The latter agent
induces significant transient stimulation of water
intake that might result from relative activation of
a-adrenoceptors exposed to the constitutively released
neurotransmitter.

Further investigations should be carried out to
elucidate separate effects of B - and B,-adrenoceptors
using specific agonists and antagonists of these
adrenergic receptor subtypes. Also, the effect of
B-receptors should be studied under conditions where
a-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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A. Baex6anzaoe', 3. Xamioin!, M. X. I'epanmaiiex’

POJIb HEHTPAJIbHUX b-AAPEHEPTTYHNX MEPEX ¥V
CITOXXMBAHHI 1KI TA BOJIU KYPUATAMU

! Terepaucokuii yuisepcutet (Ipan).
Pesome

Byno pgocnmigkeHO BIIHBU 1HTpaunepeOpPOBEHTPUKYIAPHHUX
MiKpoiH’ekuiii aronicra f, -agpeHopeuentopis izomporepe-
HoJly Ta 61okaropa B -aJpeHOpPeLenTOpPiB NPONPAHOIONY Ha
CIIOKMBAHHS ki Ta BoaM OpoiinepamMu-miBHUKaMu, mo30asie-
HUMU 1K1 Ta mUTBa mpoTsroM 3 roxa. Bussumocs, mo izonpo-
TepeHoa y KoHmeHTpamii 200 HM (ane He MeHIIE) iCTOTHO
(P <0.05) mocuiroBaB CrOXUBaHHSA 1ki, ane He Bonu. [Ipompa-
HOJIOJN, iH €KOoBaHHUH y pi3zHUX mo3ax (20-80 mxM), BiporigHO
3MEHIIYBaB CIOXKMUBaHHSA 1Ki. OTpuMaHi JaHi CBilYaTh Ha KO-
PHCTB TiMOTE3 MPO OPEKCUTEHHY POIIb Bl- Ta Bz-anpeHeprquHx
CHCTEM y peryisauii cmoXuBaHHS 1Xi Kypdatamu. lcToTHHI
(P < 0.05) edexr iH’exniii mpompaHoaoIy (THMYacoBe 3poc-
TaHHS CIIO)XMBAHHS BOJN) BKa3y€e Ha MEBHY POJIb aJpeHEPTiUuHOT
CHCTEMH LIOJO0 PETYNALil CIOKMBAaHHS BOIM Opoilnepamu; mei
edeKT, BiporigHO, peali3yeThCcs yepe3 a-apeHOPEIENTOPH Ta €
HE3aJeXHUM BiJ BIUIMBIB HA CIIOKMBAHHS 1XKIi.
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