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The effect of S5-HT,_ /26 receptor agonist microinjected
into central amygdaloid nucleus and median preoptic
area on maternal aggressive behavior in rats
Efeito sobre o comportamento materno agressivo de
ratos da microinjecao do agonista seletivo de
receptores 5-HT,, , no nucleo central da amigdala
e na area pre-optica medial

Rosa Maria Martins de Almeida,' Marcia Giovenardi,®' Simone
Perroni da Silva,’ Veronica Paz de Oliveira,' Dirson Joao Stein'

Abstract

Objective: Much evidence supports the hypothesis that 5-hydroxytryptamine (5-HT) activation is related to the inhibition of
aggression. We examined potentially pro- and anti-aggressive effects of the 5-HT,, . receptor agonist on specific brain sites.
Method: Female Wistar rats on the 7" day postpartum were microinjected with the selective 5-HT, 400 FECEPLOr agonist, o-methyl-5-
hydroxytryptamine maleate (0.2 to 1.0 ug/0.2 ul) into the central amygdaloid nucleus and median preoptic nucleus. For each
brain area studied, the frequency of the behaviors: locomotion, social investigation, lateral threat, attacks (frontal and lateral),
and biting the intruder were compared among the various treatments by an Analysis of Variance, followed when appropriate, by
Tukey'’s test. Results: Microinjection of the selective 5-HT,, . receptor agonist, a-methyl-5-hydroxytryptamine maleate into central
amygdaloid nucleus increased maternal aggression in the absence of concurrent changes in non-aggressive behavior. By contrast,
microinjection of the selective 5-HT,, ,.receptor agonist at several dilutions into the median preoptic nucleusdid not alter aggressive
behavior. Conclusions: The current and earlier data with pro- and anti-aggressive effects of the 5-HT,, , receptor agonist, when
microinjected into the median preoptic nucleus relative to the central amygdaloid nucleus, medial septum and periaqueductal
grey area in female rats point to functionally separate serotonin receptor populations in the amygdaloid-septal-hypothalamic and
periaqueductal gray matter areas controlling aggressive behavior. It is possible that amygdaloid 5-HT,, , receptors may increase
aggressive behavior in lactating females as a result of changes in fear.
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Resumo

Objetivo: Resultados de muitos estudos sustentam a hipdtese de que a serotonina (5-HT) esta relacionada com a inibicdo do
comportamento agressivo. Foram examinados os efeitos potenciais pro e anti-agressivos do agonista de receptores 5-HT,, .. em
regides especificas do cérebro. Método: Ratas fémeas Wistar no sétimo dia pds-parto receberam microinje¢oes do agonista
seletivo de receptores 5-HT,, .., o-methyl-5-hydroxytryptamine maleate (0,2 a 1,0 ug/0,2 ul), no nticleo central da amigdala e
nucleo pré-éptico medial. Para cada area estudada, as freqiiéncias dos comportamentos: locomogéo, investigacédo social, postura
de ameaca, ataques (frontal e lateral) e ato de morder um intruso, foram comparadas entre os diferentes tratamentos por uma
andlise da variancia, seguida quando apropriado do teste de Tukey. Resultados: Os resultados mostraram que a microinje¢cdo do
agonista seletivo o-methyl-5-hydroxytryptamine maleate no nucleo central da amigdala aumentou a agressividade materna, mas
n&o foram encontrados efeitos estatisticamente significativos no comportamento agressivo apds a microinje¢do do agonista seletivo
de receptores 5-HT,, ,.no nucleo pré-optico medial nas diferentes diluigbes estudadas. Conclusdes: Os dados atuais e prévios
sobre os efeitos pré e anti-agressivos do agonista dos receptores 5-HT,, .. quando microinjetado no nticleo pré-éptico medial, em
comparacado com a microinjegdo no nucleo central da amigdala, no septo medial (MS) e substéncia cinzenta periaqueductal em
ratas apontam para populagdes funcionalmente independentes de receptores na amigdala-septo-hipotdlamo e substéncia cin-
zenta periaqueductal, que sdo responsaveis pelo controle do comportamento agressivo. E possivel que os receptores 5-HT,,,. da
amigdala possam aumentar o comportamento agressivo das fémeas lactantes, como resultado de mudancas decorrentes do

estado emocional de medo.
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Introduction

Clinical and pre-clinical data have pointed to the involvement
of brain 5-HT in emotional behaviors! such as aggression?
and violent and impulsive behavior.?

One model for the study of aggressive behavior in females is
maternal aggression, a type of aggression with a substantial
fear component. Differently from males, the aggressive behavior
of lactating female rats comprises besides the offensive pattern
the defensive component. In the lactating female rat, high
levels of aggressive behaviors against male and female intruders
are displayed during the first 10 days after delivery, and thereafter
aggression declines to very low levels.* Surprisingly, in female
rats, only a few studies relate aggression to the activity in
brain 5-HT systems.®

Among several types of 5-HT receptors, stimulation of the
5-HT,, 5-HT ;and 5-HT,, . receptors has been shown to
decrease aggressive behavior in different animal models.®
Clinically, the most frequently targeted sites are the 5-HT,,
receptors for the management of aggressive outbursts. For
example, drugs such as the antipsychotic risperidone effectively
reduces aggressive behavior in various patient subgroups.

In addition, the 5-HT,, ,. receptors have been of a particular
interest to preclinical research on aggression since low doses
of 1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI), a
5-HT,, ,. receptor agonist, decrease aggression in a behaviorally
specific manner in rats without impairment of motor activity.”
Intracerebroventricular (ICV) injections of this 5-HT, receptor
agonist (DOI) inhibited maternal aggression without affecting
maternal care.® The current studies focus on a-Methyl-5-
hydroxytryptamine maleate, another agonist that shows high
affinity for 5-HT,, and 5-HT,. receptors (Ki = 6.1 and 7.3,
respectively).® Brain regions such as the hippocampus, septum,
preoptic area, amygdala and dorsal periaqueductal gray matter
are rich in 5-HT,, . receptors.'

Two specific brain sites such as median preoptic nucleus
(MnPO) and central amygdaloid nucleus (CeM) which are
implicated in the neural control of aggressive behavior and
which contain a high density of 5-HT,, , receptors were selected
as targets for microinjections with the selective agonist
o-Methyl-5-hydroxytryptamine maleate to assess its effects on
maternal aggression.

Method

1. Animals

Female Wistar rats (n = 59), 3-4 months old and weighing
between 250-350 g were used. The animals were maintained
on an inverted 12:12 light:dark cycle, lights on at 4:00 am.
To test for aggressive behavior, male Wistar rats (n = 59)
were used as a stimulus intruder. On the 4" postpartum day
each female was implanted with guide cannulae.

2. Surgery

On the 4" postpartum day, the females were anesthetized
with sodium thiopental (50 mg/kg) IP), placed in a
stereotaxic frame (David Kopf; Tujunga, CA, USA), and
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implanted with a guide cannula (G30) fixed with dental
cement to the skull. A unilateral guide cannula was aimed
at MnPO: 0.3 mm anterior to the bregma, 1.0 mm lateral
to the mid-saggital line, 4.0 mm below the dura mater,
and bilateral guide cannulae at CeM: 2.3 mm posterior to
the bregma, 4.0 mm lateral to the mid-saggital line, 4.6 mm
below the dura mater. All the parameters were based on
Stereotaxic Brain Rats Atlas.

Experiments were performed in accordance with the NIH
Guide for Animal Care and Use and they were approved by the
Research Committee of the University.

3. Drugs and injections

o-Methyl-5-hydroxytryptamine maleate, a 5-HT,, .. receptor
agonist (RBI, Natick, MA, USA) was diluted in 0.9% saline.
Each animal received only one injection per brain area of
a-Methyl-5-hydroxytryptamine maleate (0.2; 0.5 or 1.0 ug)
or saline. The injection volume was 0.2 ul.

4. Behavioral tests

On the 7" day postpartum, the microinjections were
performed and followed by resident-intruder tests. The
behavioral recordings began 10 minutes after the injection of
either a-Methyl-5-hydroxytryptamine maleate or saline. The
naive male intruder was placed into the female’s cage and
immediately the behaviors were videotaped for 10 min. In the
experiments, locomotion and social investigation were used
to evaluate the general behavioral capacities of the females,
in order to detect possible symptoms of the 5-HT syndrome.

5. Histological analysis

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 and thereafter with
10% formol. They were removed and fixed in 10% formol and
latter cut on a vibratome in 50-micron coronal slices. The
slices were placed on gelatinized microcover slides and stained
with cresyl violet. Positions of the cannulae tips were
determined via microscopic analysis and only the animals with
an exact localization were used (50%, Figures 1 and 2).

6. Analysis

The frequency of each behavior was expressed as mean =+
SEM (Standard Error Mean). For each brain area studied, the
frequency of the behavioral measures was compared across
the various treatments by analysis of variance (ANOVA),
followed when appropriate by the Tukey’s post-hoc test. In all
cases, the alpha level was set at 0.05.

Results

When microinjected into CeM, the 5-HT,, ,. receptor agonist
o-methyl-5-hydroxytryptamine at 0.2 ug/0.2 ul, bilaterally,
significantly increased the biting response directed toward
the intruder when compared to the group treated with saline
[F(3,20) = 2.68; p = 0.05]. The frequency of attacks against
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Figure 1 - Schematic representation of coronal section the female rat brain showing the injection sites of saline and/or o-Methyl-5-
hydroxytryptamine maleate (A). Filled circles represent the site of the microinjection into centromedial amygdaloid nuclei (CeM; B.).
Representative photomicrograph of needle trajectory and microinjection into the CeM (C). Abbreviations: CeL, lateral amygaloid

nucleus; CeC, central amygaloid nucleus, caps.

the intruder by the female resident also showed a significant
increase across the different dilutions studied (Figure 3).
Specifically, the dilution at 0.2 pg/0.2 ul increased attacks
when compared to groups treated with 0.5 ng/0.2 ul and
1.0 nug/0.2 ul [F(3,20) = 3.173; p = 0.04]. The non-
aggressive behaviors such as locomotion and social
investigation did not show any statistically significant changes
across the dilutions studied when compared to the saline
group [F(3,20) = 0.219; p = 0.882 and F(3,20) = 2.418;
p = 0.09; respectively].

Figure also shows the results of o-Methyl-5-hydroxytryptamine
maleate microinjected into MnPO. In the currently used dilution
range, this compound did not change the aggressive behavior
towards intruders. Furthermore, the locomotor activity did not
undergo any significantly statistical changes when compared
to the saline group [F(3,31) = 0.024; p = 0.995].
Similarly, the social investigation did not show any significant
changes when compared to the saline group [F(3,31) = 0.715;
p = 0.551].

Discussion

The key findings of the present studies are the anatomically
differentiated effects of the 5-HT,, ,. receptor agonist, a-Methyl-
5-hydroxytryptamine maleate. When injected into CeM, this
agonist increased the frequency of attacks by the female

resident toward the intruder. However, this compound had no
effects on maternal aggressive behavior when it was
microinjected into MnPO. The general motor activity in the
lactating females and the exploratory activity or social
investigation (e.g., sniff the intruder) remained without
significant alteration after the administration of 5-HT,, .. re-
ceptor agonist in either brain area.

Previously, we have found that microinjection of the
selective 5-HT,, ,. receptor agonist (0.2 to 1.0 pg/0.2 pl) into
dorsal periaqueductal gray matter (DPAG), but not into medial
septum, significantly and specifically inhibited aggression,
and this inhibitory effect extends to aggression in lactating
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Figure 2 - Schematic representation of coronal section the female
rat brain showing the injection sites of saline and/or a-Methyl-5-
hydroxytryptamine maleate (A). Filed circles represent the site
of the microinjection into median preoptic area (MnPO; B).
Representative photomicrograph of needle trajectory and
microinjection into the MnPO (C).
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female rats.!! Although binding studies found a higher density
of these receptors in limbic areas, it is interesting to note
that a-Methyl-5-hydroxytryptamine maleate, the 5-HT,, ,. re-
ceptor agonist, is more effective in reducing the aggressive
behavior in mesencephalic rather than in diencephalic or
telencephalic areas.!! It is possible that these receptors might
have more sensitivity at these dilutions in mesencephalic
areas in female rats. Studies with lesions, electrical
stimulation and cellular activation via immediate early gene
expression have established the MnPO as an area that is
critically involved in maternal behavior'?!3 and there is
evidence for its role in maternal aggressive behavior,
particularly in hamsters. The MNPO is a brain region which
contains 5- HT,, .. receptors, but the results from the current
experiment suggest that these receptors are less significant
in the modulation of maternal aggressive behavior.

It is clear that the behavioral effects of 5-HT,, ,. receptor
agonist were related to the dilution studied. It is noteworthy
that a specific increase in maternal aggression was seen at a
particular dilution of a-Methyl-5-hydroxytryptamine maleate
when microinjected into the CeM. By contrast, after the
microinjection of the lower dilutions, a reduction of the ma-
ternal aggression was not seen. The increase in aggressive

behavior after amygdaloid microinjections of the 5-HT,, .. re-

ceptor agonist may be due to the modulation of fear processes
in the lactating female.

Figure 3 - Effects of a-Methyl-5-hydroxytryptamine maleate and/
or saline microinjected into the medial preoptic nucleus
(MnPO) and the central amygdaloid nucleus (CeM) a dose
range of 0.2-1.0 pg/0.2 pul on the mean frequency + SEM of
lateral threat, attacks and bite during a 10-min test against a
male intruder by lactating female rat. In all figures n indicates
the number of animals in each group and in cases. Indicates
significant difference compard to 0.5 pg group; * indicates
significant diffence compared to 1.0 ng group

Previously, we have found that the anti-aggressive effects of
5-HT,, ,. receptor agonist were highly effective when injected
into the dorsal periaqueductal gray matter as compared to the
septal structure. It is also important to note that periaqueductal
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gray matter is proposed as the final efferent structure that orga-
nizes aggressive behavior. Electric stimulation of DPAG leads to
a chain of events collectively named the defense reaction.!*

There are reciprocal pathways that connect the DPAG to the
amygdala. The amygdala-periaqueductal gray system is
considered as an important anatomical substrate for autonomic
responses of emotional behaviors.'® Both structures constitute
the so-called aversion system with stimulatory functions for
aggressive behaviors. Parts of the amygdala seem to integrate
environmental stimuli, and this information is conveyed to the
periaqueductal gray matter where the degree of threat of those
stimuli is processed.'* In the DPAG, it can be conceived that
the aversive nature is integrated and aggressive behavior is
organized. The DPAG has been hypothesized to assume an
integrative role that is responsible for organizing the final
response, in the present case to generate aggressive behavior.®

In conclusion, the 5-HT, , receptor agonist, o-Methyl-5-
hydroxytryptamine maleate, microinjected into CeM at the
specific dilution 0.2 pg/0.2 ul promotes aggressive behavior
relative to the groups treated with the higher dilutions of the
drug dose. Microinjections into MnPO in female rats caused
no effect on maternal aggression.
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