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Abstract

The objective of the present study was to assess the role of the 5-
HT, ¢ receptor at two specific brain sites, i.e., the dorsal periaque-
ductal gray matter (DPAG) and the medial septal (MS) area, in
maternal aggressive behavior after the microinjection of either a 5-
HT,4c receptor agonist or antagonist. Female Wistar rats were
microinjected on the 7th postpartum day with the selective agonist
a-methyl-5-hydroxytryptamine maleate (5-HT,4c) or the antago-
nist 5-HT,4 ¢, ketanserin. The agonist was injected into the DPAG
at 0.2 N =9), 0.5 (N = 10), and 1.0 ug/0.2 ul (N = 9), and the
antagonist was injected at 1.0 ug/0.2 ul (N = 9). The agonist was
injected into the medial septal area (MS) at 0.2 (N =9), 0.5 (N =7),
and 1.0 pg/0.2 ul (N = 6) and the antagonist was injected at 1.0 ug/
0.2 ul (N =5). For the control, saline was injected into the DPAG (N
= 7) and the MS (N = 12). Both areas are related to aggressive
behavior and contain a high density of 5-HT receptors. Non-
aggressive behaviors such as horizontal locomotion (walking) and
social investigation and aggressive behaviors such as lateral threat
(aggressive posture), attacks (frontal and lateral), and biting the
intruder were analyzed when a male intruder was placed into the
female resident’s cage. For each brain area studied, the frequency
of the behaviors was compared among the various treatments by
analysis of variance. The results showed a decrease in maternal
aggressive behavior (number of bites directed at the intruder) after
microinjection of the agonist at 0.2 and 1.0 ug/0.2 ul (1.6 + 0.7 and
0.9 £ 0.3) into the DPAG compared to the saline group (5.5 = 1.1).
There was no dose-response relationship with the agonist. The
present findings suggest that the 5-HT,, /¢ receptor agonist has an
inhibitory effect on maternal aggressive behavior when microin-
jected into the DPAG and no effect when microinjected into the
MS. Ketanserin (1.0 ug/0.2 ul) decreased locomotion when micro-
injected into the DPAG and MS, but did not affect aggressive
behavior. We interpret these findings as evidence for a specific
role of 5-HT,.c receptors in the DPAG in the inhibition of female
aggressive behavior, dissociated from those on motor activity.
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Clinical and pre-clinical data indicate the
involvement of the serotonergic system in
the modulation of emotional behaviors (1)
such as aggression (for a review, see Ref. 2)
and violent and impulsive behavior (3,4).
Most studies of neurochemical control of
aggression across different species, includ-
ing humans, have demonstrated that high
levels of serotonergic activity are related to
low levels of aggressive or violent behavior in
males (5,6). In females, there are only a few
studies relating aggression to the possible
involvement of the serotonergic system (7-
9).

Among several types of serotonin (5-
hydroxytryptamine, 5-HT) receptors, the 5-
HT, A, 5-HT and 5-HT,»c receptors have
been shown to decrease aggressive behavior
in different animal models (8,10-12). The 5-
HT, A/ receptor has been of particular inter-
est to research on aggression ever since the
finding that low doses of 1-(2,5-dimethoxy-
4-iodophenyl)-2-aminopropane (DOI), a 5-
HT,Anc agonist, decrease aggression in a
relatively specific manner in rats without
impairing locomotor activity (8). Intracere-
broventricular injections of this 5-HT, re-
ceptor agonist (DOI) inhibited maternal ag-
gression without affecting maternal care (7).
Another 5-HT, receptor agonist, 1-(4-bromo-
2,5-dimethoxyphenyl)-2-aminopropane, at
higher doses significantly reduced aggres-
sive behavior in the resident-intruder rat
model (13). 1-(3-Trifluoromethylphenyl)-
piperazine (TFMPP), a 5-HT ¢ receptor
agonist, decreased aggression in mice (11).
In male rats, TFMPP microinjected into the
brain (lateral ventricle) reduced aggression
quite specifically, did not decrease social
interest or exploration, and sometimes even
increased these behaviors when adminis-
tered intraperitoneally (8,14). However,
TFMPP (up to 1 mg/kg) was found to be
ineffective in reducing offensive aggression
in the resident rat model (13) or when it was
administered locally into the dorsal raphe
nucleus of rats. In maternal aggression this
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agonist, when injected icv at the 20 ug
dose, did not change aggression (7). 2,5-
Dimethoxy-4-methylamphetamine, another
5-HT,anc receptor agonist, dose-depend-
ently decreased dominance in rats (14).
o-Methyl-5-hydroxytryptamine maleate
is another agonist with high affinity and
selectivity for 5-HT,, and 5-HT,¢ receptors
(pKi=6.1 and 7.3), respectively (15). The 5-
HT, A/ receptors are directly coupled to a
phosphoinositol second messenger system.
Brain regions such as the hippocampus,
septum, preoptic area, amygdala, and dorsal
periaqueductal gray matter (DPAG) are rich
in 5-HT,a/c receptors. Early studies have
demonstrated that these areas are involved in
aggressive and defensive behavior (9).

The aim of the present study was to
assess the role of the 5-HT,,,,c receptor at
two specific brain sites such as the DPAG
and medial septal (MS) area in maternal
aggressive behavior after the microinjection
of either a 5-HT,,,c receptor agonist or
antagonist.

Female Wistar rats (N = 83; 250-350 g)
were used. Each pregnant female was housed
individually in large observation cages (50 x
50 x 35 cm), with unrestricted access to
water and food and maintained on a 12:12-h
light:dark cycle (lights on at 4 am). The
temperature and the acoustic isolation were
controlled. On the 3rd day postpartum the
females were tested for aggressive behaviors
and only those who showed more than 3
bites during a 10-min test (about 75%) were
used as subjects. To test aggression, male
Wistar rats (N = 83) were used as stimulus
intruder animals.

On the 4th postpartum day, the females
were anesthetized with sodium thiopental
(50 mg/kg, ip) placed in a stereotaxic frame
(David Kopf, Tujunga, CA, USA), and im-
planted with a 23-gauge guide-cannula fixed
with dental cement to the skull. A unilateral
guide-cannula was aimed at the DPAG 1.9
mm lateral to the sagittal line, 4.0 mm below
the dura mater and at a lateral angle of 22°, or
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at the MS 0.2 mm anterior to bregma, 1.0
mm lateral to the sagittal line, 4.0 mm below
the dura mater and at a lateral angle of 10°. All
parameters used were based on the stereo-
taxic coordinates of arat brain atlas. Females
were separated from the litters for 4 + 1 h and
divided into 2 groups according to the site of
cannula placement: DPAG (N =44) and MS
(N = 39), and the behavioral tests were
carried out on the 7th day postpartum.

a-Methyl-5-hydroxytryptamine maleate,
a 5-HT,,pc receptor agonist (RBI, Natick,
MA, USA) and ketanserin, a 5-HT,, ¢ re-
ceptor antagonist (RBI), were diluted in 0.9%
saline. Each animal received only one injec-
tion per brain area of o-methyl-5-hydrox-
ytryptamine maleate (0.2, 0.5 or 1.0 ug) or
ketanserin (1.0 ug). The injection needle (27
gauge) was 2.0 mm longer than the guide
cannula, which remained 2.0 mm above the
area. For each brain area, animals were
randomly assigned to microinjection with
various doses of o-methyl-5-hydroxytryp-
tamine maleate, ketanserin or saline. The
solution was slowly infused using a Hamilton
syringe connected by tubing to the injecting
needle that was left in the DPAG and MS for
a further minute after the injection. The
injection procedure was performed outside
the cage with the dams being gently re-
strained.

In order to reduce the effects of indi-
vidual variations and/or any other non-spe-
cificinfluence, the experiments were grouped
into blocks of animals for each brain area
studied. Each block was randomly distrib-
uted among the various injections.

On the 7th day postpartum the microin-
jections were followed by resident-intruder
tests. The behavioral recordings were started
10 min after the injection of either o-methyl-
5-hydroxytryptamine maleate or saline and
20 min after the injection of ketanserin. The
naive male intruder was placed into the
female’s cage and the behaviors were imme-
diately videotaped for 10 min. The behaviors
(frequency) analyzed during the tests of

maternal aggression were as follows (9):
non-aggressive, such as locomotion and so-
cial investigation, and aggressive, such as
aggressive posture (lateral threat), attacks
(frontal and lateral) and bites directed at the
intruder.

After completion of all behavioral tests,
the dams were deeply anesthetized with an
overdose of sodium thiopental. Brains were
perfused with 0.9% saline solution followed
by 10% formol. They were removed and
fixed in 10% formol and later cut into 50-um
coronal slices on a vibratome. The slices
were placed on gelatinized microcover slides
and stained with cresyl violet. The positions
of the cannula tips were determined by mi-
croscopic analysis and only the animals with
an exact localization were used for analysis
(75%).

The frequency of each behavioral param-
eter for each animal group is reported as
mean = SEM. For each brain area studied, the
frequency of the behavioral measures was
compared among the various treatments by
an analysis of variance (ANOVA), followed
by the Newman-Keuls test when appropri-
ate. In all cases, the alpha level was set at
0.05. Frequency was the parameter chosen
because most of all behaviors showed a very
short duration. Duration was recorded and
analyzed, but the results led to the same
conclusions as those reached for frequency.

Figure 1 shows that a-methyl-5-hydrox-
ytryptamine maleate, at doses of 0.2 and
1.0 ug/0.2 wl microinjected into DPAG,
significantly decreased the frequency of bites
directed at the intruder (Fy39 = 10.43,
P = 0.001) when compared to the saline
group. Also, the 5-HT,, ¢ receptor agonist
at the doses of 0.2, 0.5, and 1.0 ug/0.2 ul
significantly decreased the frequency of bites
(F4309) = 10.43, P = 0.001) compared to the
ketanserin group.

Similarly, the frequency of attacks was
also reduced by 1.0 ug/0.2 ul of the 5-HT, 5>
receptor agonist (F 39 = 3.57, P = 0.01)
compared to both the saline and ketanserin
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Figure 1. Effects of a-methyl-
5-hydroxytryptamine maleate
(5-HT2a/2c), ketanserine and/or
saline microinjected into the dor-
sal periaqueductal gray matter
(DPAG) in a dose range of 0.2-
1.0 pg/0.2 ul. Data are reported
as the mean frequency + SEM
of lateral threats, attacks and
bites during a 10-min test
against an intruder male by lac-
tating female rats. N = number
of animals. @P < 0.05 compared
to the saline group; PP < 0.05
compared to the ketanserin
group (ANOVA followed by the
Newman-Keuls test).

Figure 2. Effects of a-methyl-5-
hydroxytryptamine maleate (5-
HT2a/20), ketanserine and/or sa-
line microinjected into the me-
dial septal area (MS) in a dose
range of 0.2-1.0 pg/0.2 pl. Data
are reported as the mean fre-
quency + SEM of lateral threats,
attacks and bites during a 10-
min test against a male intruder
by lactating female rats. N =
number of animals. @P < 0.05
compared to the saline group
(ANOVA followed by the New-
man-Keuls test).
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groups.

Locomotion (walking) and social investi-
gation (sniffing the intruder) were used to
evaluate the general conditions of the fe-
males, in order to detect possible symptoms
of the 5-HT syndrome. The motor behaviors
were not altered significantly by any dose of
o-methyl-5-hydroxytryptamine maleate mi-
croinjected into the DPAG when compared
to the data from the saline group (results not
shown). Ketanserin at the dose of 1.0 ug/0.2
ul significantly decreased the frequency of
walking (F33;y=15.11, P =0.005) only when
compared to the data for the saline group
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(26.9 + 3.3; 64.3 = 4.9, respectively).
Figure 2 shows that o-methyl-5-hydrox-
ytryptamine maleate microinjected into the
MS at the dose of 0.5 ug/0.2 ul significantly
decreased the frequency of bites directed at
the intruder (F434, = 2.78, P = 0.04) when
compared to the values for the ketanserin
group. The other doses did not alter signifi-
cantly the maternal aggressive behavior to-
ward the intruder (results not shown). The
locomotor activity was not altered by the
agonist. Ketanserin at the dose of 1.0 ug/0.2
ul significantly decreased the frequency of
locomotion (F 34 = 2.97, P = 0.03) com-
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pared to the saline group (56.2+5.2,72.8 +
8.7, respectively).

The present findings show that the 5-
HT,Acreceptor agonist o--methyl-5-hydrox-
ytryptamine maleate has an inhibitory effect
on maternal aggressive behavior when mi-
croinjected into the DPAG but not when
microinjected into the MS. Ketanserin had no
effect on aggressive behavior when microin-
jected into the DPAG or MS at the 1.0 ug
dose, but this dose affected behavior since it
reduced locomotor activity. It can be antici-
pated that higher ketanserin doses inhibit
maternal aggression, but in a behaviorally
non-specific manner.

The locomotion and the exploratory ac-
tivity (sniffing the intruder) of the females
showed no significant alteration after micro-
injection of a-methyl-5-hydroxytryptamine,
indicating a high degree of behavioral speci-
ficity of this compound regarding both brain
structures.

Most of experimental studies have used
5-HT agonists from the 5-HT, family such as
8-OH-DPAT, a 5-HT, 5 receptor agonist, or
TEMPP, a 5-HT ), receptor agonist. Both
agonists reduce aggression in different ex-
perimental procedures but cause impairment
of motor activity or stimulation (7,9,12).
However, several recently developed 5-HT 5
receptor agonists like alnespirone and S-
15535 have more specific anti-aggressive
effects in male rats (16). The 5-HT  recep-
tor agonists, such as CP-94,253, anpirtoline
and zolmitriptan, have shown anti-aggres-
sive effects in male mice when administered
systemically (17). Unfortunately, these com-
pounds were not available for the present
study and could not be examined in specific
structures related to aggressive behavior in
male or female subjects. In future experi-
ments, it will be relevant to assess the role of
the 5-HT g receptor agonists in specific
brain areas of female and male rats and mice.

The 5-HT, A/ receptor agonist acts pref-
erentially on excitatory postsynaptic recep-
tor sites. The 5-HT,, receptor is coupled to

the phosphoinositol signaling system. Its
activation causes the hydrolysis of phos-
phatidyl-inositol 4,5-biphosphate located in
the cell membrane through phospholipase C
(a G protein-activated enzyme), giving rise to
the formation of both inositol 1,4,5-triphos-
phate (IP;) and diacylglycerol, which act like
intracellular second messengers. IP; plays
an important role in various physiological
processes by releasing calcium from intra-
cellular stores after binding to its specific
receptors. The 5-HT, 4 receptors are mainly
located in the claustrum, tuberculum olfac-
torium, anterior olfactory nucleus, striatum,
hypothalamus, septum, amygdala, and peri-
aqueductal gray matter. Although binding
studies found a higher density of these recep-
tors in limbic areas, it is interesting to note
that a-methyl-5-hydroxytryptamine male-
ate, the 5-HT,4 ¢ receptor agonist, is more
effective in reducing the aggressive behavior
in mesencephalic (DPAG) than in diencepha-
lic or telencephalic areas (Giovenardi M, da
Silva SP, de Oliveira VP and Stein DJ, unpub-
lished data from our laboratory). It is pos-
sible that these receptors might have more
sensitivity at these doses in mesencephalic
areas of female rats. In the DPAG, the
behavioral effects of the 5-HT,, ¢ receptor
agonist were more evident than in the septal
structure. It is important to emphasize that
the DPAG has been proposed as the final
efferent structure that organizes aggressive
behavior (18).

Electric stimulation of the DPAG leads to
a chain of events collectively named the
defense reaction. In the rat, such stimulation
evokes behaviors which include brisk run-
ning, jumping and autonomic changes (19).
Microinjection of the 5-HT, , agonist recep-
tor (8-OH-DPAT) into the DPAG decreased
the aggressive behavior of lactating females
towards the intruder (9).

There are reciprocal pathways that con-
nect the DPAG to the amygdala. The amyg-
dala-periaqueductal gray system is consid-
ered to be an important anatomical substrate
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for autonomic responses of emotional be-
haviors (20). Both structures constitute the
so-called aversion system with stimulatory
functions on aggressive behaviors. Parts of
the amygdala seem to synthesize environ-
mental stimuli, and this information is con-
veyed to the DPAG where the degree of
threat of those stimuli is processed (18). It
may be proposed that the aversive nature is
integrated and aggressive behavior is orga-
nized in the DPAG. The role of the DPAG is
tointegrate and emit the final response, in the
present case the generation of aggressive
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behavior (9).

The present results suggest that activa-
tion of 5-HT, ¢ receptors in the DPAG, but
not in the MS, is significant for the behavior-
ally specific inhibition of aggression, and this
inhibitory role extends to aggression in lac-
tating female rats.
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