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KOSTAL, L. AND C. J. SAVORY. Behavioral responses of restricted-fed fowls to pharmacological manipulation of 
5-HT and GABA receptor subtypes. PHARMACOL BIOCHEM BEHAV 53(4) 995-1004, 19%.-Effects on environmen- 
tally induced oral stereotypies (object pecking and drinker-directed activity) and other behavior (sitting, standing, pacing, 
preening), of preferential antagonists and agonists of central S-HT and GABA receptor subtypes, were examined in individu- 
ally caged broiler breeder fowls subjected to chronic food restriction. All drugs were injected intravenously at three doses, and 
their effects compared with a saline control treatment. The only significant (p < 0.05) effect of 5-HT antagonists [NAN-190 
(5-HT,,), ketanserin (5-HTZ), MDL-72222 (5-HT,)] was an increase in pacing with ketanserin (0.8 mg/kg). With 5-HT 
agonists, 8-OH-DPAT (5-HT,,) suppressed the two oral stereotypies and increased standing (all 1 .O mg/kg) and preening (0.2 
mg/kg), cY-methylserotonin (5-HT2) suppressed the oral stereotypies and increased sitting (all 1.0 mg/kg), and m-CPBG 
(5-HT,) suppressed drinker-directed activity (1.0 mg/kg). The GABA antagonists (bicuculline (GABA,), 5-aminovaleric acid 
(GABAB) had no effect, and of the GABA agonists [muscimol (GABA,), baclofen (GABA,)], muscimol suppressed preening 
and increased sitting, standing (all 1 .O mg/kg), and pacing (0.2 mg/kg). Most of the significant effects of serotonergic and 
GABAergic agents on behavior here appeared to reflect at least some degree of sedation, and there was no real evidence of 
any specific influence of these compounds on the oral stereotypies within the range of doses tested. 

5-HT (5-hydroxytryptamine, serotonin) GABA (y-aminobutyric acid) Receptor subtypes Antagonists 
Agonists Behavior Oral stereotypies Food restriction Fowls 

GROWING parent stock (breeders) of meat-type chickens 
(broilers) are routinely fed on restricted rations to limit body 
weight at sexual maturity and thereby improve health and 
reproductive performance (23). Birds fed on these rations eat 
only about a third as much as they would with free access to 
food, and are highly motivated to eat at all times (49). They 
are more active than ad lib-fed control birds, and show in- 
creased pacing before feeding time and increased drinking and 
pecking at nonfood objects afterwards. Their expression of 
these activities is often stereotyped in form and is correlated 
positively with the level of food restriction imposed (29,48). 

Such abnormal behavior caused by chronic food restriction 
has features in common with the behavioral syndrome seen 
after pharmacological stimulation of central dopamine recep- 
tors. Thus, in rats, pigs, pigeons, and chickens, hyperactivity 
and stereotyped movements of limb, head, and mouth occur 
during food restriction (l&29,40,47) and after treatment with 

the dopamine receptor agonists amphetamine and apomor- 
phine (7,19,21,39,57,63). These similarities suggest that dopa- 
minergic processes may underlie at least some environmentally 
induced abnormal behavior, and this view is supported by 
evidence that the oral stereotypies of restricted-fed pigs, pi- 
geons, and chickens are suppressed by treatment with the do- 
pamine receptor antagonist haloperidoI (20,30,62). 

From this and related work with broiler breeders it was 
concluded that their oral stereotypies are mainly under dopa- 
minergic control, but that adrenergic and opioid peptide 
mechanisms play a contributory role (30,50). The involvement 
of noradrenaline and opioids may be due, at least partly, to 
their known interactions with dopamine (2,8,12,14,36). 

Another specific behavioral syndrome is induced by stimu- 
lation of central serotonin 5-HT receptors (11,13,25). It, too, 
includes stereotyped limb and head movements that resemble 
components of environmentally induced behavior. Moreover, 
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like amphetamine, the 5-HT receptor agonist 8OH-DPAT 
causes increased locomotion at low doses, and behavioral ster- 
eotypies that arise as its dose is increased do so at lower doses 
in food-restricted rats (5). Such apparent analogies with the 
dopamine syndrome suggest that serotonergic mechanisms 
may also underlie expression of environmentally induced ab- 
normal behavior, and particularly that associated with food 
restriction. In support of this proposal, hyperactivity (wheel 
running) in rats induced by chronic food restriction was found 
to be associated with increased serotonin turnover, and 
suppressed by treatment with 5-HT receptor agonists (44). 
Schedule-induced polydipsia in rats was also suppressed and 
enhanced by 5-HT agonist and antagonist treatments, respec- 
tively (34). 

There are various ways in which serotonin interacts with 
the dopaminergic system (6,7,9,42,60), and components of the 
5-HT behavior syndrome are influenced by manipulation of 
dopamine (5,11,13). Hence, 5-HT receptors could be involved 
in expression of environmentally induced abnormal behavior 
through activation of dopaminergic mechanisms. 

The inhibitory neurotransmitter GABA (y-aminobutyric 
acid) could also be implicated in control of abnormal behavior 
for the same reason, because it, too, interacts functionally 
with dopamine. One hypothesis proposes that it regulates ac- 
tivity of dopamine cell bodies in the substantia nigra via a 
striatonigral feedback loop (41). Another hypothesis sug- 
gests that dopamine controls the activity of the striatonigral 
GABAergic pathway, and hence, GABA-mediated inhibition 
of nondopaminergic efferent neurons in the substantia nigra, 
zona reticulata (51). In fowls, central treatment with an inhibi- 
tor of GABA-transaminase activity, at doses that increase 
GABA content, antagonized apomorphine-induced stereo- 
typed behavior, while drugs that inhibit GABAergic neuro- 
transmission produced an intense pattern of stereotyped 
movements (37). On the other hand, local injection of specific 
GABA agonists into the substantia nigra (or its avian ana- 
logue) has been found to cause locomotor and stereotyped 
head movements in rats and pigeons that resemble the behav- 
ior syndrome induced by dopamine agonists (1,3,46,52,53). In 
rats, central administration of the GABA agonist muscimol 
stimulated chewing in the absence of food (32), and food 
deprivation resulted in a decrease in cerebellar GABA recep- 

tors (65). 
There appears to have been no previous study of serotoner- 

gic and GABAergic involvement in avian environmentally in- 
duced abnormal behavior. In a series of experiments reported 
here we investigated the role of 5-HT and GABA receptor 
subtypes in expression of the oral stereotypies shown by indi- 
vidually caged restricted-fed broiler breeders. This was done 
by measuring birds’ behavioral responses after intravenous 
injection of centrally acting preferential antagonists and ago- 
nists of the respective receptors. The 5-HT antagonists tested 
were NAN-190 (5-HT,,), ketanserin tartrate (5-HT,), and 
MDL-72222 (5-HT,), while the 5-HT agonists were 8-OH- 
DPAT (5-HT,,), cu-methylserotonin maleate (5-HT,), and m- 
CPBG (5-HT,). The GABA antagonists were bicuculline 
(GABA,) and 5-aminovaleric acid (GABA,), and the GABA 
agonists were muscimol (GABA,) and baclofen (GABA,). 

METHODS 

Animals and Husbandry 

In each experiment, there were either 10 (Experiments 1 
and 2) or 8 (Experiments 3 and 4) immature female broiler 
breeders (Ross 1, Ross Breeders Ltd., Midlothian, UK), which 

were 11 to 16 weeks old and weighed 1.23 to 1.54 kg (mean 
values) at the time of testing. They were tested in individual 
cages measuring 30 x 45 x 41 cm (w x d x h) in a three- 
tiered battery, where they had been housed for at least 4 weeks 
before testing commenced. They were fed ad lib for the first 2 
weeks of life, and thereafter with weighed restricted rations 
provided daily at 0900 h, according to a standard commercial 
program recommended in the Ross 1 Parent Stock Manage- 
ment Manual. At the time of testing, they received a grower 
diet (150 g/kg protein and 11 .O MJ/kg metabolizable energy) 
in pellet form from a food trough just outside the front of 
each cage, and they consumed all their daily ration in < 15 
min. Drinking water was available ad lib from a 1 liter plastic 
container situated next to the feeder. Lights were on from 
0600 to 2000 h, and ambient temperature was maintained at 
about 21 OC. 

Experimental Protocol 

The four experiments were done two at a time, 5-HT antag- 
onists [l] and agonists [2] together, and then GABA antago- 
nists [3] and agonists [4]. Birds in one experiment were in 
alternate cages in the battery, separated by birds in the other 
concurrent experiment. Experiments 1 and 2 lasted 5 weeks, 
one being conducted on Mondays and Thursdays and the 
other on Tuesdays and Fridays; birds were weighed on 
Wednesdays. Within each experiment, the 10 birds received 10 
injection treatments (three drugs at three doses and a 0.9% 
saline control). Experiments 3 and 4 lasted 16 days, each being 
conducted on alternate days, and birds being weighed once a 
week. Within each experiment, the eight birds received eight 
injection treatments (two drugs at three doses and two 0.9% 
saline controls). In all the experiments, each bird received a 
different injection treatment on each day according to a Latin 
square arrangement. Low, medium, and high doses of each 
drug were in the proportions 1 : 5 : 25, and were based on 
published information (see below) and pilot trials. All birds 
were injected by wing vein with 1 ml/kg between 1010 and 
1025 h (i.e., 1 h after feeding time), and their behavior was 
recorded on videotape for 3 h after the last injection. 

Measurements were made from the 3-h videorecordings in 
six alternate IS-min periods, commencing at the start, by not- 
ing each injected bird’s behavior in every minute from a single 
“on the dot” observation (56), according to one of six catego- 
ries. These were sitting (only), standing (only), pacing, preen- 
ing (mainly while standing, occasionally while sitting), object 
pecking (at the empty feeder or parts of the cage), or drinker- 
directed activity [drinking was interspersed with, and indistin- 
guishable from, pecking at the water or drinker without drink- 
ing; most birds produced wet fecal droppings indicating 
polydipsia (33)]. The last two activities (but not pacing or 
preening) were stereotyped in form, according to the usual 
definition of stereotypies (38). From these observations were 
calculated proportions of time spent by each bird in each ac- 
tivity in each time period. The computer software used for the 
analysis was written by LK in Turbo Pascal (Borland Interna- 
tional, Scotts Valley, CA). 

Statistical Analysis 

In the 10 x 10 (Experiments 1 and 2) and 8 x 8 (Experi- 
ments 3 and 4) Latin square designs, each injection treatment 
was followed by each of the other treatments once on succeed- 
ing injection days, across all birds, thus balancing any carry- 
over effects of preceding treatments (26). Latin square designs 
must have even numbers of rows and columns to balance such 
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residual effects; this was why there were two saline control 
treatments in Experiments 3 and 4. Birds were injected in a 
different random order each day, so that, across all days, 
treatments were distributed evenly with respect to the time 
after injection (mean 8 min) when videorecording began. Two 
birds died at different times in Experiment 1, and one became 
lame in Experiment 3. As data obtained from these were in- 
complete, they were excluded from the analysis. 

With each of the six activities, responses over the 3 h after 
injection were analyzed on an hourly basis, using mean pro- 
portions of time calculated from the two alternate 15min 
sampling periods in each hour. A (Latin square) ANOVA, 
assessing effects of injection treatment and carryover from 
the preceding treatment, and allowing for differences between 
birds and days, was used to calculate the error variance. This 
value was then used for comparing each of the experimental 
treatments (drug and dose) with the corresponding saline con- 
trol treatment, by Dunnett’s (16,17) multiple comparison test. 
In Experiments 3 and 4, data from the two saline controls 
were averaged for this purpose. 

No statistical comparisons between drugs were made be- 
cause equivalent doses (low, medium, high) of different drugs 
were not equimolar. 

‘Experiment 1, 5-HT Receptor Antagonists 

In all experiments the drugs used came from Research Bio- 
chemicals Incorporated (Natick, MA). 

NAN-190(1-(2-methoxyphenyl)-4-[4-(2-phthalimido)butyl]- 
piperazine hydrobromide) (SHT,,) was dissolved in a mini- 
mal amount of 0.1% ascorbic acid and diluted to required 
concentrations with distilled water; the doses injected were 
0.02,O. 1, and 0.5 mg/kg (22). Ketanserin tartrate (5-HT,) was 
dissolved in distilled water and doses were 0.16, 0.8, and 4.0 
mg/kg (31). MDL-72222 (3-tropanyl-3,5-dichlorobenzoate) 
(5-HT,) was dissolved in a minimal amount of 1 M acetic acid 
and diluted to required concentrations with distilled water; 
doses were 0.16, 0.8, and 4.0 mg/kg (4). Acidic solutions were 
adjusted to pH 5.5-6.5 by titration with 1 M sodium hy- 
droxide. 

Experiment 2, S-HT Receptor Agonists 

8-OH-DPAT [( -t )-2-dipropylamino-8-hydroxy-1,2,3,4-tetra- 
hydronaphthalene hydrobromide] (5-HT,,) was dissolved in 
distilled water and doses were 0.04, 0.2, and 1.0 mg/kg (61). 
o-Methylserotonin maleate (5-HT,) and m-CPBG [ l-(m- 
chlorophenyl)-biguanide hydrochloride] (5-HT,) were dis- 
solved in 0.9% saline and injected in doses 0.04, 0.2, and 1 .O 
mg/kg (24,28). 

Experiment 3, GABA Receptor Antagonists 

All GABA receptor antagonists and agonists were dis- 
solved in 0.9% saline. ( - )-Bicuculline methiodide (GABA,) 
was injected in doses 0.08, 0.4, and 2.0 mg/kg (59), and 5- 
aminovaleric acid hydrochloride (GABA,) in doses 0.8, 4.0, 
and 20.0 mg/kg (59). 

Experiment 4, GABA Receptor Agonists 

Muscimol hydrobromide (GABA,) was injected in doses 
0.04, 0.2, and 1 .O mg/kg (53), and (+)-baclofen (GABA,) in 
doses 0.08,0.4, and 2.0 mg/kg (54). 

RESULTS 

Experiment 1, 5-HT Receptor Antagonists 

With the saline control treatment, overall mean propor- 
tions of time spent in different activities in Experiment 1 were 
0.0% sitting, 43.6% standing, 0.7% pacing, 7.2% preening, 
32.5% object pecking, and 16.0% drinker-directed activity. 
From the Dunnett’s tests, the only significant (p < 0.05) ef- 
fect of experimental treatment on behavior was with the me- 
dium dose of ketanserin, which stimulated pacing in the first 
hour after injection (Fig. 1). 

Experiment 2, 5-HT Receptor Agonists 

With the saline treatment, overall mean proportions of 
time spent in different activities in Experiment 2 were 2.2% 
sitting, 45.6% standing, 0.4% pacing, 7.9% preening, 30.2% 
object pecking, and 13.8% drinker-directed activity. Com- 
pared with the antagonists in Experiment 1, effects of the 
5-HT receptor agonists on behavior were more pronounced. 
Thus, in the first hour after injection, the high doses of all 
three agonists and the medium dose of cr-methylserotonin sup- 
pressed drinker-directed activity, and the high doses of 
8-OH-DPAT and cr-methylserotonin suppressed object peck- 
ing (Fig. 2). Also in the first hour, standing and preening were 
stimulated by the high and medium doses of I-OH-DPAT, 
respectively, and sitting was stimulated by the high dose of 
cr-methylserotonin. 

Experiment 3, GABA Receptor Antagonists 

With the saline treatment, overall mean proportions of 
time spent in different activities in Experiment 3 were 0.0% 
sitting, 48.8% standing, 1.2% pacing, 12.1% preening, 27.7% 
object pecking, and 10.2% drinker-directed activity. Neither 
GABA receptor antagonist had any significant effect on be- 
havior (Fig. 3). 

Experiment 4, GABA Receptor Agonists 

With the saline treatment, overall mean proportions of 
time spent in different activities in Experiment 4 were 0.2% 
sitting, 42.1 QJo standing, 0.7% pacing, 14.7% preening, 25.6% 
object pecking, and 16.7% drinker-directed activity. The only 
significant effects on behavior were with muscimol, which 
suppressed preening and stimulated sitting and standing in the 
first hour with the high dose, and stimulated pacing in the 
third hour with the medium dose (Fig. 4). 

DISCUSSION 

The purpose of these experiments was to investigate the 
role of 5-HT and GABA receptor subtypes in expression of 
oral stereotypies shown by caged restricted-fed broiler breed- 
ers; i.e., object pecking and drinker-directed activity. The re- 
sults indicate that these activities were influenced only by the 
5-HT receptor agonist treatments, and not by the 5-HT antag- 
onists or GABAergic agents. 

In previous related work (30,50) it was proposed that the 
increased sitting (an activity not normally seen) and standing 
observed after treatment with some dopaminergic and adren- 
ergic compounds reflected varying degrees of sedation. The 
increases in those activities here in the first hour after injection 
of the high dose (1.0 mg/kg) of all three 5-HT receptor ago- 
nists (Fig. 2) and the GABA, receptor agonist muscimol (Fig. 
4) can be similarly interpreted, and hence, this apparent seda- 
tion may have been responsible for concomitant suppression 
of the oral stereotypies (Fig. 2) or preening (Fig. 4). 
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FIG. 1. Mean (n = 8) proportions of time spent per bird in different activities in three hours (from two alternate 
15-min periods per hour) after intravenous injection (1 ml/kg) of either saline (open columns) or low (dotted 
columns), medium (slanted rule columns), or high (filled columns) doses of three 5-HT receptor antagonists (see the 
Method section for actual doses) in Experiment 1. The superscript above a column represents a significant difference 
from the saline treatment in that hour; “p < 0.01. 
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When there were no significant increases in sitting or stand- 
ing to indicate sedation, the medium dose (0.2 mg/kg) of the 
5-HT,, agonist 8-OH-DPAT caused increased preening in the 
first hour after injection. It also caused consistent vocalization 
and scratching behavior immediately after injection (not seen 
with other treatments), but this was not recorded systemati- 
cally. The scratching response may correspond to the treading 
component of the 5-HT behavior syndrome described in ro- 
dents and pigeons (11,13,25). Increased preening (or groom- 
ing) has not been referred to as part of the 5-HT syndrome, 
and in restricted-fed broiler breeders it may in some contexts 
be causally and functionally equivalent to object pecking and 
drinking (48). Displacement preening has been identified as a 
response to frustration of feeding in fowls (15). However, 
neither preening nor the two oral stereotypies were influenced 
here by the 5-HT,, antagonist NAN-190 (Fig. 1). 

In rats, schedule-induced polydipsia and hunger-induced 
wheel running were attenuated by treatment with a 5-HT, ago- 
nist, and the former activity was enhanced by a 5-HT, antago- 
nist (34,44). Neither of these reports (34,44) provided infor- 
mation about other behavioral responses, so it cannot be 
judged whether the inhibitory effects of 5-HT agonists re- 
pprted there were associated with any evidence of sedation. In 
the present study, attenuation of the two oral stereotypies with 
medium (0.2 mg/kg) and high (1 .O mg/kg) doses of the 5-HTz 
agonist a-methylserotonin was associated with such evidence 
(see above); and the medium (0.8 mg/kg) dose of the 5-HT, 
antagonist ketanserin stimulated pacing but not oral activity. 

The response to m-CPBG (Fig. 2), which has high affinity 
for 5-HT, receptors (28), provides evidence of 5-HT, binding 
sites in the fowl. This was in doubt because Peroutka (43) 
found no significant specific binding of [3H]-quipazine, an- 
other selective 5-HT, agonist, in chicken brain membranes, 
although quipazine itself was behaviorally active in chicks 
(64). The high (1 .O mg/kg) dose of m-CPBG had a nonsignifi- 
cant biphasic effect on object pecking (Fig. 2) that resembled 
that of a high (8.0 mg/kg) dose of bromocriptine, a D, dopa- 
mine receptor agonist, on the same activity in a previous ex- 
periment (30). This analogy may be no coincidence because 
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there is evidence of interaction between 5-HT, receptors and 
dopaminergic systems (60). Thus, in vitro activation of 5-HT, 
receptors stimulated dopamine release from rat striatum (6), 
which is part of a mechanism controlling expression of am- 
phetamine-induced stereotypies (27). Blockade of 5-HT, re- 
ceptors did not antagonize such stereotypies (lo), but did sup- 
press amphetamine-induced locomotion through inhibition of 
dopamine activity in the mesolimbic system (9). In the present 
study, blockade of 5-HT, receptors with MDL-72222 had no 
significant effect on behavior (Fig. 1). 

The GABA, receptor agonist muscimol was the only 
GABAergic agent to influence behavior here. It caused in- 
creased sitting and standing and reduced preening with the 
high (1 .O mg/kg) dose, and a delayed increase in pacing with 
the medium (0.2 mg/kg) dose (Fig. 4). This is similar to its 
biphasic action on locomotor activity described in mice 
(53,58). Typically, locomotion and spontaneous motility, in 
species including ducks, geese, and chick embryos, are stimu- 
lated by GABA antagonists and suppressed by GABA agonists 
when treatments are administered either systemically or cen- 
trally (35,41,45,55). In the present study there was no such 
effect of GABA antagonists on locomotor activity (Fig. 3). 
Also, in contrast to the reported effects of centrally adminis- 
tered GABA antagonist and agonist treatments on stereotyped 
behaviors in fowls (37), there was no indication that such 
treatments influenced the oral stereotypies of restricted-fed 
broiler breeders when administered systemically. 

In conclusion, most of the significant effects of serotoner- 
gic and GABAergic agents on behavior in the present study 
appeared to reflect at least some degree of sedation, and there 
was no real evidence of any specific influence of these com- 
pounds on the oral stereotypies within the range of doses 
tested. 
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