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Abstract
A decrease of brain allopregnanolone biosynthesis may play a role in emotion, impulsive
behavior, and anxiety spectrum disorders by decreasing GABAergic neurotransmission. In male
mice, four weeks of social isolation induces behavioral dysfunctions such as aggression, fear, and
anxiety-like behavior associated with a decrease in allopregnanolone biosynthesis in selected
corticolimbic structures comprising the basolateral amygdala (BLA), olfactory bulb, hippocampus,
and medial prefrontal cortex. Importantly, no decrease in allopregnanolone biosynthesis has been
found in the striatum and cerebellum. Given the importance of the amygdaloid complex in
emotional behavior, we hypothesized that this brain area may play a pivotal role in decreasing
social isolation-induced aggression. Thus, socially isolated mice were directly infused with S-
norfluoxetine (S-NFLX) or pregnanolone (an analog of allopregnanolone) into the BLA and
striatum. When S-NFLX (2.5, 3.75, and 5 nmol/0.2 μl) or pregnanolone (1.25, 2.5, 3.75, and 5.0
nmol/0.2 μl) is directly infused into the BLA, these agents dose-dependently reduced aggression
(S-NFLX up to 93% and pregnanolone up to 96%) of a socially isolated mouse to a same-sex
intruder. However, S-NFLX (3.75 and 5 nmol) infused directly into the striatum failed to alter
aggression. Allopregnanolone content in the BLA after S-NFLX (3.75 nmol) infusion was
increased by 3-fold and in the hippocampus, by 80%. Allopregnanolone levels did not change in
the olfactory bulb or in the frontal cortex of the same mice. S-NFLX (3.75 nmol) infused into the
striatum failed to increase the levels of allopregnanolone.

These results suggest that S-NFLX, acting as a selective brain steroidogenic stimulant (SBSS),
increases corticolimbic allopregnanolone levels and regulates aggression, which underscore the
pivotal role of the BLA and hippocampus in the regulation of aggressiveness in socially isolated
mice.
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1. Introduction
Cortical, hippocampal, and amygdala principal glutamatergic neurons synthesize
allopregnanolone, a neurosteroid that positively and allosterically modulates GABA action
at post- and extra-synaptic GABAA receptors (Puia et al., 1990; 1991; Belelli and Lambert
2005; Lambert et al., 2009). These GABAA receptors are located on the same dendrites or
cell bodies of the cortical, hippocampal, and amygdala pyramidal and pyramidal-like
neurons that produce allopregnanolone (Agis-Balboa et al., 2006; 2007). Glutamatergic
neuron-produced allopregnanolone has the physiological function of maintaining the
strength of GABAergic neurotransmission (Pinna et al., 2000; Puia et al., 2003; Hosie et al.,
2006) by reaching GABAA receptors at the intracellular site of the receptors (Akk et al.,
2005) or by an autocrine mechanism (Agis Balboa et al., 2006) and regulates several
emotional and cognitive behaviors (Pibiri et al., 2008; Pinna et al., 2008; Frye, 2009).
Exogenously applied allopregnanolone has several pharmacological properties, including
anticonvulsive (Belelli et al., 1989; Matsumoto et al., 2003), anxiolytic (Reddy and
Kulkami, 1997; Barbaccia et al., 2001; Zimmerberg and Kjunski, 2004; Khisti et al., 2000;
Mohler, 2006), antiaggressive (Pinna et al., 2003; 2008), and sedative effects (Norberg et al.,
1987).

The importance of allopregnanolone biosynthesis on brain function is highlighted by
accumulating evidence that by decreasing GABAergic neurotransmission, decreased brain
allopregnanolone levels play a role in several affective and emotional disorders, including
impulsive behavior, anxiety spectrum disorders, PTSD, and depression (Rasmusson et al.,
2006; Nappi et al., 2001; Ströhle et al., 2002; Pearlstein, 2010; Uzunova et al., 1998;
reviewed in Uzunova et al., 2006; Pinna et al., 2006a).

Animal models of these disorders associated with a downregulation of allopregnanolone
biosynthesis, such as the bulbectomized rat, a recognized rodent model of depression, and
the socially isolated mouse model of anxiety spectrum disorders, including impulsivity and
PTSD, have been investigated to study the beneficial behavioral actions of several
steroidogenic antidepressants and GABAergic drugs (Matsumoto et al., 1999; Uzunova et
al., 2003; 2004; 2006; Pinna et al., 2000; 2006a; 2006b; 2009; Barbaccia, 2004; Pibiri et al.,
2008). For instance in our laboratory, socially isolated mice show increased aggression
toward intruders, anxiety-like behavior, exaggerated contextual fear conditioning, and
decreased sedative action of barbiturates and benzodiazepines (Matsumoto et al., 1999;
Pinna et al., 2003; 2006a, 2006b; 2009; Guidotti et al., 2001; Pibiri et al., 2008). These
behavioral abnormalities are associated with a decrease in 5α-reductase type I (the rate-
limiting step enzyme in allopregnanolone biosynthesis) and allopregnanolone content in
glutamatergic neurons of several corticolimbic regions, including the basolateral amygdala
(BLA), the hippocampus, and the medial prefrontal cortex (Matsumoto et al., 1999; Serra et
al., 2000; Dong et al., 2001; Pinna et al., 2003; Agis Balboa et al., 2007, Pibiri et al., 2008).
Importantly, no decrease in allopregnanolone or 5α-reductase has been found in GABAergic
neurons of the striatum and cerebellum (Agis-Balboa et al., 2007; Pibiri et al., 2008; Pinna et
al., 2008).

Previous studies have shown that socially isolated mice given systemic injections of the
selective brain steroidogenic stimulant (SBSS), S-norfluoxetine (S-NFLX), or other
steroidogenic antidepressants show a dose-dependent reduction in aggressive behavior,
normalization of contextual fear conditioning, and attenuation of anxiety-like behavior
(Pinna et al., 2003; Pinna et al., 2006a; Pibiri et al., 2008). These behavioral effects of S-
NFLX were associated with a normalization of social isolation-induced reduction of
corticolimbic allopregnanolone content rather than by increases of selective serotonin
reuptake inhibition (Pinna et al., 2003; 2004; 2009; Pinna, 2010). These studies, however,
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did not investigate the neuronal circuitries whereby S-NFLX’s neurosteroidogenic action
results in decreased aggression.

Several previous studies have shown that allopregnanolone has anxiolytic effects when
microinfused into the amygdala and the medial prefrontal cortex but not in the hippocampus
(Engin and Treit, 2007). Likewise, allopregnanolone showed a strong antianxiety action in
the conflict test and the elevated-plus maze when microinfused into the central nucleus of
the amygdala, suggesting that the amygdaloid nucleus could be involved in the mechanisms
underlying the anxiolytic-like action of allopregnanolone (Akwa et al., 1999). Interestingly,
inhibiting 5α-reductase in the amygdala by administering fenasteride resulted in attenuation
of the antianxiety and antidepressive action of allopregnanolone (Walf et al., 2006). More
recent results showed that microinfusion of allopregnanolone in the central region of the
amygdala exerts antidepressant-like effects, however, infusion of allopregnanolone into the
nucleus accumbens and medial prefrontal cortex fails to produce antidepressant effects
(Shirayama et al., 2010).

Thus we hypothesized that by microinfusing S-NFLX into the BLA, pharmacological
stimulation of local allopregnanolone biosynthesis would alleviate aggression whereas
microinjection of S-NFLX into the striatum would fail to reduce aggression in socially
isolated mice. Consequently, to investigate the circuitry involved in the antiaggressive
effects of S-NFLX in socially isolated mice and elucidate whether allopregnanolone
biosynthesis is involved, we microinfused S-NFLX directly into the BLA and into the
striatum. BLA was chosen because of the pivotal role of this key corticolimbic area in the
regulation of emotional disorders and also because this area expresses a dramatic decrease of
allopregnanolone levels following protracted social isolation (Agis-Balboa et al., 2007;
Pibiri et al., 2008). On the other hand, striatal allopregnanolone levels are unchanged after
social isolation and this brain area seems to play only a marginal role in aggressive behavior
and other emotional behaviors (Agis-Balboa et al., 2007). Following direct microinfusion of
S-NFLX or allopregnanolone, we measured both aggressive behavior and allopregnanolone
content in various corticolimbic areas.

2. Materials and Method
2.1 Animals and Tissue Preparation

Adult male Swiss–Webster mice (Harlan Breeders) (18- to 20-g body weight) maintained
under a 12-h dark/light cycle with food and water ad libitum were used for all experiments.
Mice were housed either in groups of five per cage (24 × 17 × 12 cm) or individually
(socially isolated) in a cage of the same size for a time periods of four weeks preceding
surgery, followed by one week of recovery before behavioral and biochemical studies (Pinna
et al., 2003). The vivarium temperature was kept near 24°C and the humidity near 65%.

All of the animal procedures used in our research were approved by the University of
Illinois at Chicago Animal Care Committee.

2.2 Dissection of brain regions
Immediately after decapitation, brains were frozen and the frontal portion cut into 1-mm-
thick slices using a Jacobovitz brain slicer (Zivic Miller). The slices obtained from 1.18 to
0.14 anterior to bregma were mounted on a coverslip kept at 4°C and disks (1.5-mm
diameter) were punched out from these slices, including the striatum and the frontoparietal
somatosensory cortex. Similarly, the slices obtained at 1.06–2.06mm posterior to the bregma
were used to punch out disks (1.5-mm diameter), including the dorsal hippocampus and
BLA.
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2.3 Microinjections of pregnanolone and S-NFLX
Using a stereotaxic apparatus (Kopf Instruments, Tujunga, CA), mice were bilaterally
implanted with 7-mm stainless-steel guide cannulae (26G; Plastics One) under sodium
pentobarbital (50 mg/kg i.p.) anesthesia. Guides were directed toward the BLA (from
bregma, AP −1.4mm; ML +/− 3.1mm; DV −3.7mm) or the striatum (from bregma AP +1.3
mm; ML +/− 1.8 mm; DV −2.0mm). The cannulae were affixed to the skull with dental
acrylic and jeweler’s screws. After post-surgery recovery of 5–7 days, the mice received an
infusion either S-NFLX (gift from Eli Lilly) (2.5 nmol, 3.75 nmol, or 5 nmol/0.2 ul) with a
control of saline or 5β-pregnan-3α-ol-20-one (pregnanolone, an analog of allopregnanolone,
from steraloids) (1.25 nmol, 2.5 nmol, 3.75, or 5.0 nmol in 0.2 ul) with a control of 10% (2-
hydroxypropyl)-β-cyclodextrin (Aldrich) via a 33G stainless steel cannula attached to a 10
μl Hamilton syringe via FEP-tubing (CMA/Microdialysis AB, Stockholm, Sweden), which
extended 1.0 mm beyond the tip of the guide cannula. Drug administration was controlled
by a microinjection pump (CMA/100) that delivered 1 μl to the injection site at a rate of 0.2
μl/min. The internal cannula was left in place for one minute after the end of infusion. The
behavioral test was run 15–20 min after infusion.

2.4 Behavioral testing
2.4.1 Resident–Intruder Test—To test the aggressive behavior of resident male socially
isolated mice, an intruder mouse of the same gender was placed in a resident home cage (24
× 17 × 12) and resident–intruder interactions were videotaped for 10 min. The aggressive
behavior of resident socially isolated mice was characterized by an initial pattern of
exploratory activity around the intruder, which was followed by rearing and tail rattle,
accompanied in few seconds by wrestling and/or a violent biting attack (Pinna et al., 2003;
2005). The number of these attacks and/or amount of wrestling during the 10 min
observation period was recorded.

2.4.2 Locomotion Measures—A computerized AccuScan 12 Animal Activity
Monitoring System (Columbus Instruments, Columbus, OH) assisted by Versamax software
(AccuScan Instruments, Columbus, OH) was used to quantitatively monitor locomotor
activity in mice, as described (Pinna et al., 1997). Each activity cage consisted of a Perspex
box (20 × 20 × 20 cm) surrounded by horizontal and vertical infrared sensor beams. The
interruptions per 10 min of the horizontal sensors were taken as a measure of horizontal
activity whereas those of vertical sensors measured rearing activity. Activity was recorded
from mice for 10 min beginning 20 min after infusion of vehicle, or 3.75 nmol pregnanolone
or S-NFLX.

2.5 Histological control
The precise locations of the guide cannulae and infusion site were determined at the end of
behavioral experiments in mice that were killed. Brains were removed and sectioned in
coronal sections for tissue dissection. The trajectory of the cannulae was also determined.
Only mice in which the cannulae were positioned in the BLA or striatum according to the
coordinates of the experiment were considered for biochemical and data analyses.

2.6 Measurement of Brain Neurosteroid Content
Extraction, derivatization, and GC-MS analyses of allopregnanolone were performed with
minor modifications as described (Uzunov et al., 1996; Pinna et al 2000; 2003). (i) The
tissues of interest were homogenized in 10 vol. of distilled water containing 2–5 fmol/ml
[3H]allopregnanolone (New England Nuclear) to monitor the HPLC retention profile and
deuterium-labeled allopregnanolone (allopregnanolone-17,21,21,21-D4) (Steraloids) was
used as an internal standard. The supernatants were extracted with ethyl acetate and after
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lyophilization were purified with HPLC as described (Pinna et al., 2000). (ii) The HPLC
fractions containing allopregnanolone were derivatized with heptafluorobutyric acid
anhydride (HFBA) (Supelco) and subjected to GC-mass fragmentography analysis.

Mass fragmentography analysis of derivatized allopregnanolone was performed in the
standard electron impact (EI) mode. The detection limit was ≈10 fmol; the standard curve
was linear between 5 and 105 fmol. For quantification, the m/z ion-monitoring mode was
496 for HFBA-allopregnanolone, 500 for HFBA-D-allopregnanolone.

2.7 Statistical Analyses
Data are given as means ± SEMs unless otherwise indicated. Comparisons between the
control group and each of the treatment groups were performed by one-way ANOVA
followed by Dunnett’s test or Student’s t test, as indicated in the figure legend.

3. Results
3.1 Body weight

Body weight failed to change following installation of cannulae and during the entire
experiment procedure between the treatment groups (not shown).

3.2 S-norfluoxetine or pregnanolone microinfusion into the BLA decreases aggressive
behavior

Histological analyses confirmed that the socially isolated mice included in the data analyses
of aggressive behavior were properly implanted with cannulae in the BLA. The levels of
aggression towards a same sex intruder of socially isolated mice that were implanted with
guide cannulae into the BLA or the striatum were established before drug treatment and the
mice were divided into groups that had similar levels of aggressiveness prior to drug
microinfusions.

S-NFLX microinfused bilaterally into the BLA dose-dependently reduced the number of
attacks by a socially isolated mouse towards an intruder (Figure 1). The dose of 2.5 nmol/0.2
μl of S-NFLX decreased aggression to 21% of control value, and the dose of 3.75 nmol/0.2
μl decreased aggression to 59% of control, whereas 5 nmol/0.2 μl decreased aggression to
93% of control levels (Figure 1).

A bilateral microinfusion of S-NFLX in the BLA appeared to be necessary to successfully
decrease the levels of aggression of socially isolated mice. When socially isolated mice were
microinfused with S-NFLX (3.75 nmol/0.2 μl) either in the right or left BLA, the number of
attacks on an intruder was not changed (54 ± 8 for the S-NFLX-treated and 61 ± 12 for the
vehicle microinfused, n=3–5).

We next assessed whether the effect of S-NFLX on aggression is associated with the
neurosteroidogenic effect of this drug. To this end, mice were microinfused bilaterally with
pregnanolone into the BLA. Figure 1 shows that pregnanolone dose dependently (1.25 to 5.0
nmol/0.2 μl) reduced the number of attacks by a socially isolated mouse on an intruder.

3.3 Aggression after S-NFLX microinfusion into the striatum
S-NFLX bilaterally infused into the striatum did not alter the aggressive behavior of socially
isolated mice. Figure 1 shows that microinfusion of 3.75 nmol/0.2 μl with S-NFLX resulted
in aggression that was 113 ± 30 % of control and 5 nmol/0.2 μl resulted in aggression that
was 95 ± 26% of control responses.
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3.4 Allopregnanolone content in several corticolimbic areas after S-NFLX microinfusion
into the BLA

Several corticolimbic areas were dissected in mice decapitated 15 min after bilateral S-
NFLX (3.75 nmol/0.2 μl) or vehicle microinfusion into the BLA or striatum, including the
olfactory bulb, frontal cortex, hippocampus, BLA, and striatum. In these studies, we
confirmed that social isolation elicits a decrease of allopregnanolone levels in all brain
regions studied (Pibiri et al., 2008)., The striatum consistently failed to show a reduction of
allopregnanolone levels (Figure 2). Importantly, in Figure 2 we show that the
allopregnanolone content in the BLA of socially isolated mice was increased by about 3-fold
after S-NFLX (3.75 nmol/0.2 μl). The allopregnanolone content in the hippocampus was
also increased by 80%. However, allopregnanolone levels did not change in the olfactory
bulb or the frontal cortex.

Remarkably, in socially isolated mice that received S-NFLX (3.75 nmol/0.2 μl) infused
bilaterally in the striatum, the levels of allopregnanolone failed to change in the striatum
(Figure 2).

3.5 Locomotor activity in a novel cage
Bilateral microinfusion of S-NFLX (3.75 nmol/0.2μl) or pregnanolone (3.75 nmol/0.2 μl)
into the BLA did not result in differences in locomotor activity (horizontal and vertical
activity) among treated socially isolated mice or mice microinjected with vehicle [horizontal
activity (counts): 3445±480 in vehicle-, 2924±254 in pregnanolone-, and 3657±429 in S-
NFLX-treated mice; vertical activity (counts): 358±81 in vehicle-, 413±51 in pregnanolone-,
and 345±62 in S-NFLX-treated mice; n=5].

4. Discussion
Our results support the hypothesis that allopregnanolone has an antiaggressive effect in the
BLA. This effect is observed by microinfusion of the SBSS S-NFLX at neurosteroidogenic
doses (Figure 1). However, direct application of S-NFLX to the striatum failed to change the
social isolation-induced aggression of a resident male mouse to a same-sex intruder.
Analyses of allopregnanolone levels following S-NFLX microinfusion showed that in this
neurosteroid, levels increased about 300% in the BLA and 80% in the hippocampus when S-
NFLX was infused into the BLA whereas allopregnanolone levels failed to change in the
frontal cortex and olfactory bulb of the same mice (Figure 2). In accordance with the
behavioral correlates, allopregnanolone levels failed to increase in socially isolated mice that
received doses of S-NFLX directly into the striatum (Figure 2). When pregnanolone (an
analog of allopregnanolone) or S-NFLX was injected mono-laterally, for instance only in the
left or right BLA, aggression levels were not decreased, which suggests that bilateral
microinfusion of these compounds into the BLA is necessary to decrease aggressive
behavior. Lack of change in locomotor activity suggests that in socially isolated mice, the
antiaggressive effect of pregnanolone or S-NFLX was not mediated by an impairment of
locomotion. Our results are in accord with and extend a number of previous studies which
have shown that allopregnanolone has anxiolytic or antidepressant effects when
microinfused into the amygdala (Engin and Treit, 2007;Akwa et al., 1999;Shirayama et al.,
2010). However, our results are not in agreement with previous investigations that have
shown that administering allopregnanolone systemically has a bitonic effect on aggressive
behavior with low doses amplifying and larger doses decreasing aggression of mice (Fish et
al., 2002, see also Engel and Grant, 2001). It is conceivable that experimental conditions,
including housing conditions, in pairs (Fish et al., 2002) versus individual caging, which
consistently decreases corticolimbic allopregnanolone levels (present work), or
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administration route (systemic versus local microinfusion) play a role in the observed
behavioral differences of the response to allopregnanolone.

Of note, the neuronal networks responsible for the regulation of aggression and fear
responses involve hippocampal and cortical pyramidal neuron excitatory glutamatergic
projections to the BLA (Nelson and Trainor, 2007; Milad et al., 2007; Rauch et al., 2006;
LeDoux, 2000; Akirav and Maroun 2007; Sah and Westbrook, 2008; Sacco and Sacchetti,
2010). We have shown that socially isolated mice express a marked downregulation of
allopregnanolone biosynthesis in the amygdala, hippocampus, olfactory bulb, and frontal
cortex (Pibiri et al., 2008). In these brain areas, the reduction of allopregnanolone levels is
most probably mediated by a downregulation of 5α-reductase type I expression in
glutamatergic neurons (Agis-Balboa et al., 2007; Pibiri et al., 2008; reviewed in Pinna et al.,
2009; Pinna, 2010).

It is conceivable that in socially isolated mice, a decrease in allopregnanolone biosynthesis
in principal glutamatergic neurons of the amygdala, frontal cortex, and hippocampus may
trigger increased excitability by reducing the inhibitory potency of GABA action at GABAA
receptors located post- and extra-synaptically on the same glutamatergic neurons that
synthesize allopregnanolone (Agis-Balboa et al., 2007; reviewed in Sah and Westbrook,
2008; Pinna et al., 2008; Pinna, 2010). It is also likely that this could be the underlying
mechanism that leads to the increased aggression and exaggerated contextual fear
conditioning seen in socially isolated mice (Pibiri et al., 2008; Pinna, 2010; see also Makkar
et al., 2010).

The present study underscores the pivotal role of allopregnanolone not only on corticolimbic
circuits but also on the amygdaloid complex in particular, which acts as a relay center in the
regulation of several emotional behavioral responses to environmental stimuli.

The fact that microinfusions of S-NFLX into the BLA trigger an increase of
allopregnanolone levels in the amygdala and hippocampus but not in the cortex and
olfactory bulb suggests that the BLA neurosteroidogenic network may extend to the
hippocampus. This possibility has been previously hypothesized in a study which
demonstrated that a microinfusion of allopregnanolone in the ventral tegmental area elicits
anti-anxiety and social and sexual behavioral changes by increasing hippocampal and
cortical allopregnanolone levels (Frye and Rhodes, 2006; 2008). It remains to be further
clarified whether the levels of allopregnanolone in the hippocampus may be increased
simply because of a diffusion of S-NFLX or allopregnanolone from the BLA to other
corticolimbic areas or because of an activity-dependent mechanism.

Notwithstanding the mechanism whereby allopregnanolone levels are increased in the
hippocampus, it is likely that allopregnanolone levels in the hippocampus regulate
aggressive behavior. Several other studies have shown that allopregnanolone infused into
the hippocampus produces an antidepressant-like effect in rats subjected to the forced swim
test through actions on GABAA receptors located on neurons of the lateral septum and
dorsal hippocampus (Rodriguez-Landa et al., 2009). Further, activation of allopregnanolone
biosynthesis by stimulating peripheral mitochondrial benzodiazepine receptors in the dorsal
hippocampus has also proven to exert an anxiolytic effect in the elevated-plus maze and the
shock-probe burying test (Bitran et al., 2000). Finally, in a previous study these authors
reproduced this anxiolytic effect by microinfusion of the allopregnanolone precursor
pregnanolone into the hippocampus (Bitran et al., 1999). However, another investigation
reported that these anxiolytic effects were not observed when allopregnanolone was
microinfused into the hippocampus (Engin and Treit, 2007).
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S-NFLX microinjected into the striatum fails to modulate aggression and does not increase
the levels of allopregnanolone in this brain region. Given the elevated density of medium
spiny neurons that possess the enzymatic machinery to produce allopregnanolone from
progesterone (Agis-Balboa et al., 2007) this finding remains a surprising result that requires
further investigation at the enzymatic level. Of note, this brain region as well as the
cerebellum fails to show a downregulation of neurosteroidogenic enzyme expression and
allopregnanolone levels following a protracted period of social isolation (Agis-Balboa et al.,
2007; Pibiri et al., 2008). This finding suggests that neurosteroidogenesis in GABAergic
long projecting neurons may not be susceptible to environmental stressors such as social
isolation, although it efficiently decreases allopregnanolone biosynthesis in glutamatergic
neurons (Agis-Balboa et al., 2007). Likewise, GABAergic long projecting neurons also
seem to fail to respond to agents that stimulate neurosteroidogenesis (Pinna et al., 2010).
Interestingly, in agreement with our study, infusions of allopregnanolone into the striatum
failed to exert behavioral effects (Shirayama et al., 2010). These authors showed that
microinfusion of allopregnanolone into the cerebral ventricle, the CA3 region of
hippocampus or the central region of amygdala exerted antidepressant-like effects; however,
infusion of allopregnanolone into the nucleus accumbens and medial prefrontal cortex fails
to produce antidepressant effects (Shirayama et al., 2010). Thus, the effects of SBSS drugs
on neurosteroid biosynthesis are not expressed globally throughout the brain but appear to
be region- and neuron-specific. This is an advantage for the treatment of psychiatric
disorders associated with a downregulation of neurosteroid expression such as depression or
PTSD because the selective action of SBSS offers a suitable alternative to using drugs with
global action on the brain and severe side effects such as those induced by benzodiazepines
(Pinna et al., 1997).

Our report demonstrates for the first time that the S-NFLX-mediated increase of
allopregnanolone levels in the BLA and hippocampus exerts a potent antiaggressive action,
suggesting that these areas play a pivotal role in the regulation of aggression. It remains to
be clarified whether the microinfusion of neurosteroidogenic drugs upstream of the BLA,
such as a direct application in the hippocampus or in the frontal cortex, also exerts a similar
antiaggressive action by normalizing the glutamatergic excitatory outflow that reaches the
amygdaloid complex from these brain regions.
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Figure 1.
Dose-related inhibition of aggressive behavior (% of vehicle-treated mice) elicited by
microinfusions of S-NFLX and pregnanolone in socially isolated male mice that have been
implanted bilaterally with guide cannulas into the BLA or striatum. Each value is the mean
± SEM of 4–8 mice. Drugs were microinfused 15–20 min before the test. *, P < 0.05; **, P
< 0.01, when pregnanolone- or NFLX-treated mice were compared with vehicle-treated
mice, one-way ANOVA followed by Dunnett’s test.
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Figure 2.
The decrease of allopregnanolone content in selected corticolimbic structures of socially
isolated mice is reversed by microinfusing S-NFLX (3.75 nmol/0.2 μl) bilaterally into the
BLA. Each value is the mean ± SEM of five mice. *, P < 0.05 and **, P < 0.01
allopregnanolone content of socially isolated mice treated with S-NFLX compared with
vehicle-treated socially isolated mice (Student’s t test). OB, olfactory bulb; FC, frontal
cortex; BLA, basolateral amygdala; HIP, hippocampus; STR, striatum. # Striatal
allopregnanolone levels determined following a bilateral microinfusion of S-NFLX (3.75
nmol/0.2 μl) in the striatum.
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