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(3) 499–509, 1999.—The purpose of the inves-
tigation was to ascertain whether (a) the antiaggressive effects of the 5-HT

 

1A

 

 partial agonist, Gepirone, could be mediated via
its anxiolytic action; (b) the selective 5-HT

 

1A

 

 antagonist, WAY 100635, reversed these effects, and (c) the modulation of
“stress hyperthermia” could be attributed to direct effects of the drugs. Isolated male mice were treated with WAY 100635 (0,
1.5, 2.5, and 5 mg/kg) given 15 min prior to Gepirone (0, 2.5, 5, and 7.5 mg/kg). Rectal temperature was taken before the first
injection and again prior to the behavioral tests. In the first session only, subjects were tested for anxiety on the elevated plus-
maze before the resident–intruder test. Gepirone reduced aggression in a dose-dependent manner. This effect was counter-
acted by all doses of WAY 100635. On the elevated plus maze, Gepirone increased open-arm entries and duration and reduced
risk assessment. The largest dose of WAY 100635 had a mild direct anxiolytic action, but all doses reduced the anxiolytic ac-
tion of the largest dose of Gepirone. Body temperature was decreased dose dependently by Gepirone, an effect prevented by
WAY 100635. The results justify attributing the involvement of the 5-HT

 

1A

 

 receptors in the modulation of aggression and
anxiety. © 1999 Elsevier Science Inc.
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IN a previous article we suggested that the partial 5-HT

 

1A

 

 ag-
onist, Gepirone, suppressed aggression by a resident mouse
by decreasing anxiety caused by invasion of the territory by an
intruder. Furthermore, the 5-HT

 

1A

 

 antagonist, WAY 100135,
counteracted the antiaggressive action of Gepirone (29). The
purpose of the present investigation is to examine whether the
regime of Gepirone previously used does indeed have a direct
anxiolytic action by using the elevated plus-maze as measure
of anxiety before subjecting the animals to a resident–intruder
test. Second, because some dose-related actions of WAY 100135
were ambiguous, various doses of a more selective 5-HT

 

1A

 

 an-
tagonist of the same class, WAY 100635, were administered to
see whether the antiaggressive, anxiolytic, and hypothermic ac-
tions of Gepirone could be reversed.

Ethologically, it is well established that anxiety and aggres-
sion are related. The specific relationship between anxiety and
aggression depends on the situation and its adaptive value.
The defense of one’s territory is obviously advantageous, and

the sudden appearance of an intruder in his cage will be per-
ceived as a threat by the resident. Because isolation is known
to engender anxiety (23) as well as irritability (51,52), the pre-
viously isolated resident will be highly motivated to attack the
intruder (27,40). But if the overall level of anxiety is decreased
by drug treatment, his predilection to fight may also be reduced.

As Gepirone is generally regarded as anxiolytic, both clini-
cally (12,35,38) and under several experimental conditions
(48–50,53), it seemed reasonable to assume that the decreased
level of territorial aggression seen in our previous study could
be due to its anxiolytic action. The increase in attending and
scanning and decreased grooming supports this suggestion,
but a direct measure of anxiety seemed appropriate. The ele-
vated plus-maze is a well-established paradigm for the study
of anxiety. Using this paradigm, Rodgers examined the effects
of the classical 5-HT

 

1A

 

 agonists, and found that anxiolytic ef-
fects were evident at doses low enough not to have debilitat-
ing effects on activity (22,39).
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In a more recent study, File et al. (16) showed that in rats
direct administration of 8-OH-DPAT into the median raphe
nucleus produced a decrease in anxiety in the social interac-
tion test as well as in the plus-maze. This effect was sup-
pressed by simultaneous intracerebral injection of WAY
100635. Conversely, injection of 8-OH-DPAT into the dorsal
hippocampus increased anxiety, an effect antagonized by
WAY100135 (administered SC). The results provided evi-
dence that stimulation of presynaptic receptors results in anx-
iolysis, whereas the postsynaptic receptors are anxiogenic. Al-
though the overall action of 5-HT

 

1A

 

 agonists is to reduce 5-HT
production in the dorsal hippocampus, the opposition of pre-
and postsynaptic receptors may explain the relatively weak
anxiolytic profile seen with systemic administration of 5-HT

 

1A

 

agonists (16,22,28).
The replacement in the present experiment of the newer

compound WAY 100635 for the one used in our previous study
(WAY 100135) was motivated by reports of greater potency
and selectivity (1,18). Autoradiographic, binding, and electro-
physiological assays have demonstrated a high and selective af-
finity for 1A serotonin receptors and strong antagonistic action
both pre- and postsynaptically (11,17,19). Multiple effects of
the classical full agonist 8-OH-DPAT, as well as of various par-
tial agonists, both at the cellular and behavior level, have been
counteracted by WAY 100635 (4,5,17,19,24, 31,54). With par-
ticular reference to the present study, attenuation of antiaggres-
sive activity of 5-HT

 

1A

 

 agonists (32,43) as well as reversal of
their anxiolytic effects (10,16,37,48,54) have been reported. Al-

though in most of the reviewed work WAY 100635 has been
devoid of effects of its own (1,4,8,19,32), recently some direct
anxiolytic effects of WAY 100635 have been mentioned (6,17).
The design of the present study permitted an evaluation of any
such direct action of WAY 100635 on anxiety. In spite of re-
ports that lower doses of WAY 100635 were as effective as the
less selective WAY 100135 on certain processes (9,13,18,19,33,
46), we felt that the better insight on the mode of action of the
two WAY compounds on the modulation of territorial aggres-
sion would be obtained by using comparable doses and timing
of administration for WAY 100635 in the present work as we
used for WAY 100135 in a previous experiment (29). More-
over, the interval between drug injection and behavioral test-
ing could be justified by the report that, using autoradiography,
optimal labeling of 5-HT

 

1A

 

 sites in the brain was obtained 1 h
after IV injections of [

 

3

 

H]WAY 100635 (28).
Finally, the suppression of stress-induced hyperthermia by

Gepirone and its reversal by WAY 100135, observed in our ear-
lier experiment by comparing pre- and posttest rectal tempera-
ture, was further studied by investigating the direct action of the
drugs before subjecting the animals to the resident–intruder
test, this time using the newer compound, WAY 100635.

 

METHOD

 

Experimental protocol was approved by University Bioethi-
cal Commision as being in compliance with the European Co-
munities Council Directive of 24 November 1986 (86/609/EEC).

FIG. 1. Effects of Gepirone and (1)WAY 100635 on attack latency. Mean latencies and SEM of each treatment group. Each line represents the
effects of 0, 2.5, 5, and 7.5 mg/kg of Gepirone given to the same subjects (within-subject factor). The three different lines represent the additional
effect of WAY pretreatment at the 0, ,1.5, 2.5, and 5.0 mg/kg level (between-subjects factor). The total duration of the test was 300 s.
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Subjects

 

All subjects were adult male mice of the BALB/C strain
weighing 35 to 45 g. The heaviest animals were used as RESI-
DENTS. These were housed in individual Plexiglas cages
(size 16 

 

3

 

 10 

 

3

 

 6 cm) for 2–3 weeks before the beginning of
each experiment. The remaining animals (INTRUDERS)
weighed at least 10% less than residents and were placed in
group cages of five animals per cage. All animals received
food and water ad lib, and were kept under 12-h reversed-
light conditions. Tests were carried out during the dark (ac-
tive) period.

 

Drugs

 

Gepirone (Bristol-Myers Squibb Pharmaceuticals Ltd.)
and (

 

1

 

) WAY 100635 ({

 

N

 

-[2-[4-(2-methoxyphenyl)-1-piper-
azinyl] ethyl]-

 

N

 

-(2-pyridinyl)cyclohexanecarboxamide}) (Wy-
eth Research Ltd.) were administered IP diluted in physiolog-
ical saline solution (4 ml/kg). Controls received a similar volume
of saline. All treatments were given only to the resident.
Gepirone was administered 15 min after the pretreatment
with WAY 100635, and testing began 30 min after the second
injection.

 

Apparatus

 

The elevated plus-maze was based on the model described
by Rodgers (41). Two open arms (30 

 

3

 

 5 

 

3

 

 0.25 cm) and two

enclosed arms (30 

 

3

 

 5

 

3

 

 15 cm) extended from a central plat-
form (5 

 

3

 

 5 cm), making the shape of a plus sign. The appara-
tus was elevated 45 cm from the floor. The maze floor was
made of block board covered by formica and grip was pro-
vided on the open arms by a slight lip (0.25 cm). The tests were
performed under normal room illumination, and a video cam-
era was suspended over the apparatus for recording activity.

 

Test Procedures

Elevated plus-maze. 

 

The anxiety test was performed only
once per animal, on its first experimental session. Thirty min-
utes after the second injection, body temperature was mea-
sured and, immediately afterwards, the mouse was placed in
the elevated plus maze for 5 min. The session was recorded on
video and the behavior of the mouse scored according to the
criteria of Rodgers (41).

Traditional measures as well as recently developed etho-
logical measures were scored. Open- and closed-arm entries
and risk assessment behaviors: return, protected, and unpro-
tected head dips and stretches, were scored in frequencies.
Measures of duration were: time spent in the central platform,
open, and closed arms. The following percentages were calcu-
lated: percentage of open-arm entries, open-arm duration,
and protected stretches and head dips. Percentages were re-
ferred to their respective totals.

 

Resident–intruder test. 

 

Immediately after the anxiety test,
the first resident–intruder test was carried out. On subsequent

FIG. 2. Effects of (1) WAY 100635 and Gepirone on attack frequency. Mean frequencies and SEM of each treatment group. Each line repre-
sents the effects of 0, 2.5, 5, and 7.5 mg/kg of Gepirone given to the same subjects (within-subject factor). The three different lines represent the
additional effect of WAY pretreatment at the 0, 1.5, 2.5, and 5.0 mg/kg level (between-subjects factor).
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tests body temperature was measured before injection of the
first drug and again just before the intruder was placed in
the resident’s cage. Aggression tests began on introduction of
the intruder. These were recorded on video for exactly 5 min.

 

Behavior

 

Only the resident’s behavior was scored according to the
criteria of Grant and Mackintosh (21). Although defensive

behaviors such as upright and sideways defensive postures, es-
cape attempts, and flight were occasionally exhibited by the
resident, these were not considered, as they depended on the
aggressive attacks by the intruder. The frequencies of these
behaviors were very low.

 

Aggressive behavior. 

 

Latency for the first attack as well as
the frequencies of attack, chase, and tail rattle were scored.

 

Nonaggressive behaviors. 

 

Social sniff (any part of the body
of the intruder), self-groom, exploratory sniff (subject sniffs

FIG. 3. Effects of (1)WAY 100635 and Gepirone on tail-rattling frequency. Mean frequencies and SEM of each treatment group. Each line
represents the effects of 0, 2.5, 5, and 7.5 mg/kg of Gepirone given to the same subjects (within-subject factor). The three different lines represent
the additional effect of WAY pretreatment at the 0, 1.5, 2.5, and 5.0 mg/kg level (between-subjects factor).

 

TABLE 1

 

NONAGGRESSIVE BEHAVIOUR OF RESIDENTS

Gepirone Doses
(WAY 

 

5

 

 0)

Gep 

 

5 

 

0 Gep 

 

5

 

 2,5 Gep 

 

5

 

 5 Gep 

 

5

 

 7,5 ANOVA

Mean 

 

6

 

 SE Mean 

 

6

 

 SE Mean 

 

6

 

 SE Mean 

 

6

 

 SE

 

F

 

(3,132)

 

p

 

Exploratory sniffing 30.3 

 

6

 

 3.5 33.0 

 

6

 

 3.6 37.4 

 

6

 

 4.2 41.8 

 

6

 

 2.2 3.63 .015
Attending 3.3 

 

6

 

 1.9 11.3 

 

6

 

 6.0 31.2 

 

6

 

 7.7 37.5 

 

6

 

 14.4 5.28 .002
Social sniffing 8.1 

 

6

 

 2.11 18.5 

 

6

 

 4.2 8.0 

 

6

 

 2.8 15.0 

 

6

 

 4.8 2.77 .044

 

WAY Doses
(Gepirone 

 

5 

 

0)

WAY 

 

5

 

 0 WAY 

 

5

 

 1,5 WAY 

 

5

 

 2,5 WAY 

 

5

 

 5 ANOVA

Mean 

 

6

 

 SE Mean 

 

6

 

 SE Mean 

 

6

 

 SE Mean 

 

6

 

 SE

 

F

 

(3,44)

 

p

 

Grooming 5.1 

 

6

 

 8.2 4.7 

 

6

 

 1.1 9.5 

 

6

 

 2.2 8.4 

 

6

 

 2.3 5.13 .004

Mean and standard error (SE) of behaviours that showed significant effects of Gepirone alone 
(exploratory and social sniffing, and attending) or WAY alone (grooming).
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cage or air) were scored as frequencies, whereas sitting at-
tending (the subject is sitting still while scanning the sur-
roundings or intruder) was scored as duration in seconds.

 

Scoring

 

The main investigator marked the scoring sheet each time
a specific behavior occurred. Some of the measures were
taken twice, and correlation between them were calculated,
and found to be above 0.80. The mean of both scores were
used for statistical analysis.

 

Body Temperature

 

Rectal temperature was taken twice per subject in each
session: before the first injection and before any experimental
test. The mouse was restrained manually, and a normal fever
thermometer was inserted into the anus for 2 min.

 

Statistics

 

An SPSS computer program was used for statistical analy-
sis. Kolmogorov-Smirnof test showed that data followed a
normal distribution, allowing the use of paramentrical tests.
The attack latency, frequency, or duration of aggressive behav-
ioral elements were analyzed by repeated-measures ANOVA
with one within-subject factor (Gepirone) and one between-
subject factor (WAY), while frequency, duration, and per-
centage calculations of anxiety measures were analyzed by a

factorial analysis, with two independent factors, WAY and
Gepirone. 

 

t

 

-Test for related and independent samples, respec-
tively, were calculated where appropriate.

 

Experimental Design

 

A two-factor (4 

 

3

 

 4) design was used: Gepirone had four
dose levels (1, 2.5, 5, and 10 mg/kg), and the pretreatment
with WAY had four (0, 1.5, 2.5, and 5 mg/kg). There was a to-
tal of 16 combinations of treatments. Forty-eight residents
were used (three residents per cell) and in the case of the ag-
gression tests, the factorial design was repeated four times.
Anxiety tests were performed only once per subject, being the
first experimental procedure to which each animal was ex-
posed. Therefore, the total number of tests was 240 (192 ag-
gression tests plus 48 anxiety tests). In each experimental ses-
sion, each animal was injected twice: in the first place with
WAY, and 15 min afterwards with Gepirone. The test started
30 min after the second injection. In the first test session, be-
cause an elevated plus-maze test was interpolated, the resi-
dent–intruder tests began 50 min after the first injection in-
stead of 45 min. By means of the repetition, every subject
always received the same preliminary dose of WAY (be-
tween-subjects factor), followed by each of the four Gepirone
treatments in a different order (within-subjects factor). To
control for the possible effect of a repeated aggressive experi-
ence, four “special controls,” injected twice with saline before
each session, were tested on four consecutive occasions, to-
gether with the experimental subjects.

FIG. 4. Effects of (1)WAY 100635 and Gepirone on rectal temperature. The graph represents the mean and SEM of temperatures (8C) taken
before the test. Each line represents the effects of 0, 2.5, 5, and 7.5 mg/kg of Gepirone given to the same subjects (within-subject factor). The
three different lines represent the additional effect of WAY pretreatment at the 0, 1.5, 2.5, and 5.0 mg/kg level (between-subjects factor).
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RESULTS

 

Resident–Intruder Test

Aggressive behavior (Figs. 1, 2, and 3). 

 

Gepirone decreased
all measures of aggression in a dose-dependent manner [at-
tack latency, 

 

F

 

(3, 132) 

 

5

 

 8.99, 

 

p

 

 

 

,

 

 0.001; attack frequency,

 

F

 

(3, 132) 

 

5

 

 15.00, 

 

p

 

 

 

,

 

 0.001; tail rattling, 

 

F

 

(3, 132) 

 

5

 

 2.51, 

 

p

 

 

 

5

 

0.06]. There was no ceiling effect, as even with the largest
dose (7.5 mg/kg) some attacks did occur. WAY had absolutely
no effect on aggression insofar as none of the doses of WAY
produced levels of aggression different from controls. All
doses of WAY reduced the action of Gepirone to the level of
the controls, there being no difference in the efficacy of any of
the doses. The interaction between Gepirone and WAY was
highly significant on all measures [attack latency, 

 

F

 

(9, 132) 

 

5

 

2.76, 

 

p

 

 

 

,

 

 0.01; attack frequency, 

 

F

 

(9, 132) 

 

5

 

 2.37, 

 

p

 

 

 

,

 

 0.05;
tail rattling, 

 

F

 

(9, 132) 

 

5

 

 2.58, 

 

p

 

 

 

,

 

 0.01].

 

Nonaggressive behavior (Table 1). 

 

Exploratory sniffing was
increased by Gepirone in a dose-dependent manner. Although
there appeared to be a significant overall effect of Gepirone
on social sniffing, there was no consistent pattern attributable
to the various doses. Attending was increased by Gepirone,
particularly with the larger doses. Grooming was not affected.
WAY had no direct effects, except on grooming, which was
increased. There were no significant interactions between
Gepirone and WAY on any measures. These results indicate
that the decreased aggression with Gepirone could not be at-
tributed to sedation. There was no observable evidence of
motor impairment. The increase in attending suggests more

attention being paid to the environment, including the in-
truder, before initiation of an attack.

 

Special controls. 

 

The special controls showed no difference
in any of the measures of aggressive or nonaggressive behavior
between the four tests, indicating that fighting experience had
no influence. The order of testing of animals receiving various
drug regimens should, therefore, not confound the results.

 

Body temperature (Fig. 4). 

 

Gepirone had a marked direct
dose-dependent hypothermic action, 

 

F

 

(3, 126) 

 

5

 

 9.21, 

 

p

 

 

 

,

 

0.001, whereas WAY increased body temperature, 

 

F

 

(3, 42) 

 

5

 

15.94, 

 

p

 

 

 

,

 

 0.001. Furthermore, WAY completely prevented
the temperature rise induced by Gepirone. This effect was not
dose dependent [interaction, 

 

F

 

(9, 126) 

 

5

 

 2.29, 

 

p

 

 

 

,

 

 0.05].

 

Elevated Plus-Maze

Open- and closed-arm entries (Fig. 5). 

 

There was no differ-
ence between groups in total entries, which is a good measure
of activity. An increase in the percent of entries into open
arms vs. total entries (open plus closed arms) is the most eco-
nomical way of showing a decrease in anxiety. Although the
overall effect of Gepirone did not reach significance because
of the large variability, the graph shows that the higher doses
of Gepirone increased open arm entries. Indeed, follow-up
analysis revealed a significant effect at 7.5 mg/kg [Sal vs. 7.5
mg Gep, 

 

t

 

(4) 

 

5

 

 5.48, 

 

p

 

 

 

,

 

 0.01]. Surprisingly, WAY alone also
increased open-arm entries, albeit only with the largest dose
[Sal vs. 5 mg WAY, 

 

t

 

(4) 

 

5

 

 2.89, p , 0.05]. Although the over-
all interaction factor did not reach significance, the graph

FIG. 5. Effects of (1)WAY 100635 and Gepirone on open-arm entries. Open-arm entries expressed as the percentage of total entries [open-
arm entries 4 (open- 1 closed-arm entries) 3 100]. Mean and SEM of each treatment group. Each line represents the effects of 0, 2.5, 5, and 7.5
mg/kg of Gepirone and the three different lines represent the additional effect of WAY pretreatment at the 0, 1.5, 2.5, and 5.0 mg/kg level.
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shows that all doses of WAY prevented the rise produced by
Gepirone [7.5 mg Gep vs. 7.5 mg Gep 1 various doses of
WAY: 1.5 mg: t(4) 5 3.84, p , 0.05; 2.5 mg: t(4) 5 2.97, p ,
0.05; 5 mg, t(4) 5 2.95, p , 0.05].

Time spent on open and closed arms (Fig. 6). An increase
in the percent of time spent in the open arms vs. total (open
plus closed arms plus center) similarly reflects a decrease in
anxiety. Gepirone increased the time spent in the open arms,
the overall effect almost reaching significance, F(3, 47) 5 3.19,
p 5 0.08, with follow-up analysis showing a highly significant
effect of the largest dose of Gepirone [Sal vs. 7.5 mg Gep, t(4) 5
29.57, p , 0.001]. Again, the largest dose of WAY also in-
creased the time spent on the open arms [Sal vs. 5 mg WAY,
t(4) 5 3.39, p , 0.05]. Together with Gepirone, however,
WAY at all dose levels counteracted the Gepirone induced
increase [7.5 mg Gep vs. 7.5 mg Gep 1 various doses of WAY:
1.5 mg: t(4) 5 4.11, p , 0.05; 2.5 mg; t(4) 5 3.47, p , 0.05;
5 mg: t(4) 5 4.75, p , 0.01].

Protected and unprotected head dips (Fig. 7). The percent of
head dips performed from the protected areas of the open
platform in relation to all head dips (protected and unpro-
tected) is a measure of risk assessment. A decrease in pro-
tected dips reflects a decrease in anxiety. Although the great
variability resulted in ANOVAs not being significant, follow-
up analysis shows that the decrease shown on the graph with
the largest dose of Gepirone is significant [Sal vs. 7.5 mg Gep,
t(4) 5 3.75, p , 0.05]. Furthermore, the largest dose of WAY,

given alone also decreased protected head dips, suggesting
anxiolytic action [Sal vs. 5 mg WAY, t(4) 5 2.68, p 5 0.056].
Combination of any dose of WAY with 7.5 mg Gepirone,
however, completely inhibited the effect of Gepirone (7.5 mg
Gep vs. 7.5 mg Gep 1 various doses of WAY: 2.5 mg: t(4) 5
2.96, p , 0.05; 5 mg: t(4) 5 5.73, p , 0.01]. An ANOVA per-
formed on the direct measure of total protected head dips re-
vealed a significant interaction between WAY and Gepirone,
F(9, 47) 5 2.471, p , 0.05.

Protected and unprotected stretches (Fig. 8). Similarly, stretches
performed from the protected areas of the open arm are mea-
sures of risk assessment whose decrease reflects lowered anxi-
ety. On this measure also (percent protected stretch vs. pro-
tected plus unprotected), ANOVAs failed to reach significance,
but follow-up analysis showed the anxiolytic effect of 7.5 mg
Gepirone was highly significant [Sal vs. 7.5 mg Gep, t(4) 5
8.47, p , 0.001]. The decrease engendered by 5 mg WAY
alone did not reach significance. Combination of any dose of
WAY with 7.5 mg Gepirone completely inhibited the effect of
Gepirone [7.5 mg Gep vs. 7.5 mg Gep 1 various doses of
WAY: 1.5 mg: t(4) 5 2.84, p , 0.05; 5 mg: t(4) 5 3.5, p , 0.05].
ANOVA of the direct measure of protected stretches again
supported this effect, because the interaction between WAY
and Gepirone was significant, F(9, 47) 5 2.263, p , 0.05.

Returns. The lessened necessity for risk assessment shown
by an attenuation in protected behavior was supported by a
decrease in the frequency of returning into a closed arm from

FIG. 6. Effects of (1)WAY 100635 and Gepirone on time spent in open arms. Time spent in open arms expressed as the percentage of total
time (300 s) [time in open arms 4 (time in open 1 time in closed arms 1 time in center) 3 100]. Mean and SEM of each treatment group. Each
line represents the effects of 0, 2.5, 5, and 7.5 mg/kg of Gepirone. The three different lines represent the additional effect of WAY pretreatment
at the 0, 1.5, 2.5, and 5.0 mg/kg level.
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the center platform, occasioned by Gepirone at all dose levels,
F(3, 47) 5 5.219, p , 0.01. Although ANOVA showed no sig-
nificant effect of WAY alone or in interaction with Gepirone,
follow-up measures indicated that WAY inhibited Gepirone
at the highest dose [7.5 mg Gep vs. 7.5 mg Gep 1 1.5 mg
WAY, t(4) 5 3.02, p , 0.05].

DISCUSSION

It is now accepted that serotonin, via its action at 5-HT1A
as well as 1B receptor sites, has an influence on intermale ag-
gression (2,3,36,47). In the present experiment, the antiag-
gressive properties of the partial 5-HT1A agonist, Gepirone,
were confirmed in an experimental paradigm similar to the
one reported previously (29). Latency to the first attack was
increased in a dose-dependent manner, and there was a very
clear dose-dependent inhibition of both overt attack and
threat (tail rattling). As in the previous study, this was accom-
panied by increased exploratory sniffing and more time spent
in a posture of watchfulness and attending, suggesting that the
animal was less disturbed by the intrusion into his territory
and, therefore, less inclined to impulsive attack. We suggested
that this reduction in aggressiveness may have been concomi-
tant with a decrease in anxiety, which seemed to fit with the
well-known anxiolytic action of Gepirone and other (full or
partial) 5-HT1A agonists (32,39,41,44).

To ascertain whether Gepirone exerts anxiolytic effects in
our strain of mice and under our laboratory conditions, all the

animals were tested in an elevated plus-maze prior to being
subjected to the resident–intruder test. This order of proce-
dure was adopted so that differential experience in the aggres-
sion test would not confound the findings. Although the re-
sults were not very robust, there was a clear indication that
Gepirone decreases anxiety, particularly at the higher dose
levels. Both the classical measures (increased open-arm en-
tries and time) and the more sensitive risk assessment mea-
sures described by Rodgers (41,42), i.e., head dips and attend
stretch postures revealed an anxiolytic profile. It is interesting
to note that the base levels of total, open- and closed-arm en-
tries and time spent in open, closed arms, and center corre-
sponded closely to those reported by Rodgers for his controls,
even though he used a different strain of mice. Similarly, the
total, protected, and unprotected head dips and stretches
showed similar levels and ratios as Rodgers’ controls. This
supports the contention that our apparatus is indeed measur-
ing the same parameters related to anxiety. The great individ-
ual variability between our subjects may be attributable to the
stressful conditions before the elevated plus-maze test. Whereas
Rodgers kept his animals in a dim light for 2 h prior to the
test, our subjects were taken from the animal room into a
brightly lit experimental room and given two injections and
temperature recordings within the hour before the test. It is
well known that results on the elevated plus-maze are sensi-
tive to immediate pretest conditions (15,25,42). Finally, the
weak anxiolytic response to low doses of a 5-HT1A partial ago-
nist administered systemically may be associated with a mixed
response of pre- and postsynaptic receptors, as suggested by

FIG. 7. Effects of (1)WAY 100635 and Gepirone on protected head dips. Protected head dips expressed as the percentage of total head dips
(protected 1 unprotected). Mean and SEM of each treatment group. Each line represents the effects of 0, 2.5, 5, and 7.5 mg/kg of Gepirone. The
three different lines represent the additional effect of WAY pretreatment at the 0, 1.5, 2.5, and 5.0 mg/kg level.
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File (16) and Rodgers’ group (6,7,22). Direct administration
of the 5-HT1A receptor agonist, 8-OH-DPAT, into the median
raphe nucleus was anxiolytic, whereas injection into the dor-
sal hippocampus was anxiogenic (14,16). Systemic administra-
tion would be expected to produce mixed effects, with anxiol-
ysis predominating.

A recent study with a new ligand of serotonin 5-HT1A re-
ceptors (S15535), which produces a net inhibition of seroton-
ergic transmission by activation of presynaptic autoreceptors
and blockade of postsynaptic receptors, showed that this com-
pound had anxiolytic as well as antiaggressive properties (32).
Moreover, these effects were counteracted by WAY 100635.
These findings would seem to support our hypothesis regard-
ing concomitant reduction of aggression and anxiety by a se-
rotonin agonist.

The more recently developed compound, WAY 100635,
was used in the present experiment instead of WAY 100135,
which was used previously (29). Although the dose range
overlapped, a lower dose was added because the newer com-
pound is reported to be more potent (9,13,18,19,33,46). On the
whole, the results were very similar with both compounds, al-
though the newer substance had more consistent effects. This
was to be expected, because WAY 100635 has been shown to
be more selective as an 5-HT1A antagonist (1,11,17, 19,20). In
the resident–intruder test of the present study, all doses of
WAY counteracted the aggression inhibiting tendency of
Gepirone on every measure without having any direct effect.

In the elevated plus-maze, WAY counteracted the anxiolytic
effects of Gepirone, as was to be expected from an 5-HT1A an-
tagonist. The largest dose of WAY (5 mg/kg), on the other
hand, had a direct anxiolytic effect, a somewhat surprising
findings but in line with a recent report (6).

Finally, with regard to body temperature, the well-docu-
mented hypothermic action of Gepirone was confirmed (8,30),
as well as its reversal by 5-HT1A antagonists (19,26,45). There
was a marked dose-dependent decrease in body temperature
between the time of injection and temperature measurements
(45 min), which was completely inhibited by all doses of
WAY. A recent study on hypothermic action of 8-OH-DPAT
showed that systemic administration of the drug resulted in
maximum temperature reduction between 20 and 30 min after
injection, which continued for up to 1 h, a response that was
markedly attenuated by prior administration of WAY 100635
(34). In our previous study(29), where temperature was taken
immediately before the first injection and after completion of
the resident–intruder test, we showed that stress-induced hy-
perthermia was attenuated by Gepirone and restored by WAY.
The present results indicate that this response could be attrib-
uted to the direct actions of both drugs on body temperature.

In conclusion, the present work support our contention
that Gepirone exerts its antiaggressive effects through a re-
duction in anxiety by its agonistic action on 5-HT1A receptors,
and that WAY 100635 counteracts these effects through its
antagonist action on the same receptors.

FIG. 8. Effects of (1)WAY 100635 and Gepirone on protected stretches. Protected stretches expressed as the percentage of total stretches
(protected 1 unprotected). Mean and SEM of each treatment group. Each line represents the effects of 0, 2.5, 5, and 7.5 mg/kg of Gepirone. The
three different lines represent the additional effect of WAY pretreatment at the 0, 1.5, 2.5, and 5.0 mg/kg level.
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