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Summary The enzyme 5a-reductase (5aR) catalyzes the conversion of testosterone and other
D4-3-ketosteroids into their 5a-reduced metabolites. Of the five members of the 5aR family, the
type 2 enzyme (5aR2) plays a key role in androgen metabolism, and is abundantly distributed in
the urogenital system. Although 5aR2 has been reported to be highly expressed in the brain during
early developmental stages, little is currently known on its anatomical and cellular distribution in
the adult brain. Thus, the present study was designed to determine the detailed localization of
5aR2 in the adult rat brain, using a highly specific polyclonal antibody against this isoform.
Parasagittal and coronal sections revealed 5aR2 immunoreactivity throughout most brain regions,
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1. Introduction

Steroid 5a-reductases (5aRs) are a family of enzymes cata-
lyzing the saturation of the 4,5 double bond of the A ring of
several D4-3-ketosteroid substrates, including progesterone,
glucocorticoids, mineralocorticoids and androgens (see Rus-
sell and Wilson, 1994; Paba et al., 2011). Of the five known
5aRs, only the types 1 (5aR1) and 2 (5aR2) are believed to be
physiologically involved in steroidogenesis. Although these
two isoenzymes share common genetic components (Langlois
et al., 2010), similar size and catalytic activities (see Paba
et al., 2011), their differences in substrate affinity and
anatomical distribution suggest that they exert distinct phy-
siological functions. In particular, 5aR2 is posited to convert
testosterone into its metabolite 5a-androstan-17b-ol-3-one
(dihydrotestosterone; DHT), the most potent androgen hor-
mone, which stimulates the acquisition of the majority of
secondary sexual traits in men (Breedlove, 1992).

In the central nervous system (CNS), 5aR catalyzes the
main rate-limiting reaction for the synthesis of neurosteroids
such as allopregnanolone (AP), a derivative of progesterone
that regulates stress and anxiety responses by acting as a
potent allosteric modulator of the g-aminobutyric acid A
(GABAA) receptor (Barbaccia et al., 2001; Girdler and Klatz-
kin, 2007). In addition to AP, other 5a-reduced neurosteroids
have been associated with important functions in the brain;
for example, DHT and its metabolite 5a-androstan-3a,17b-
diol (3a-diol), have been shown to play cardinal roles in the
regulation of emotion and cognition, stimulation of myelina-
tion as well as development of sexually dimorphic areas in the
central nervous system (Valencia et al., 1992; Goldstein and
Sengelaub, 1994; Beyer and Hutchinson, 1997; Frye et al.,
2001; Melcangi et al., 2003; Sato et al., 2004; Edinger and
Frye, 2005).

Previous research has shown that numerous brain regions
produce DHT from testosterone, suggesting the presence of
5aR2 in their neural tissues. Nevertheless, while several stu-
dies have shown that 5aR1 is abundantly expressed in the CNS
throughout all developmental stages (Poletti et al., 1998), the
brain distribution of 5aR2 was originally considered essentially
limited to late fetal and early postnatal periods (Poletti et al.,
1998). In contrast with this finding, subsequent studies have
documented the presence of 5aR2 in brain regions of adult
rodents and humans, albeit at lower levels than 5aR1 (Nor-
mington and Russell, 1992; Lephart, 1993; Torres and Ortega,
2003, 2006; Kimoto et al., 2010; Bortolato et al., 2011). In
humans, whereas 5aR1 immunoreactivity is present in both
neurons and glia, 5aR2 distribution has been found only in

pyramidal cells, but not in small neurons and glial cells,
pointing to cell-specific patterns in the expression of this
enzyme throughout the brain (Eicheler et al., 1994; Aumüller
et al., 1996).

Recently, the whole localization of the 5aR2 transcript in
the adult mouse brain was reported in the Allen Brain Atlas,
showing that the molecule is indeed present in most brain
regions, and particularly expressed in the olfactory lobe,
neocortex, hippocampus and cerebellum (http://mouse.b-
rain-map.org/gene/show/60858). In spite of these results,
the complete anatomical and cellular distribution of 5aR2
protein in the brain remains elusive.

Here we report the detailed localization of 5aR2 in the
brain of the adult rat, as detected by immunohistochemical
analyses performed with a highly specific anti-5aR2 polyclo-
nal antibody. In addition, the distribution of this enzyme in
neurons, glia and GABAergic cells were carried by double-
labeling immunostaining, analyzed by CLSM. Finally, we
visualized the presence of 5aR2 in cortical pyramidal neurons
by means of the simultaneous Golgi-Cox and immunofluor-
escence staining.

2. Methods

2.1. Animals

Male Sprague—Dawley rats (220—250 g; Charles River, Como,
Italy) were used in all experiments. Animals were housed in
groups of four at a temperature of 24 8C and with 60% humidity
under a 12-h light/dark cycle (lights on from 0700 to 1900 h).
All experimental procedures were conducted between 0900 h
and 1300 h, with methods aimed at minimizing environmental
stress, in view of its impact on brain 5aR2 expression (Sánchez
et al., 2009; Bortolato et al., 2011). Experiments were carried
out in accordance with the guidelines of the European Com-
munities Directive of 24 November 1986 (86/609/EEC) and the
Italian Legislation (D.P.R. 116/92).

2.2. Brain tissue preparation

Rats were deeply anaesthetized with Equithesin (0.97 g pen-
tobarbital, 2.1 g magnesium sulphate, 4.25 g chloral
hydrate, 42.8 mL propylene glycol, 11.5 mL ethanol 90%,
5 mL kg�1, intraperitoneal) and transcardially perfused with
4% paraformaldehyde and 0.1% glutaraldehyde in 0.1 M phos-
phate-buffered saline (PBS, pH 7.4). Brains were rapidly
removed and post-fixed in the same fixative for 6 h. After
repeated washing in 0.1 M PBS, brains were cryoprotected in

with strong immunolabeling in the layers III and VI of the prefrontal and somatosensory cortex,
olfactory bulb, thalamic nuclei, CA3 field of hippocampus, basolateral amygdala and Purkinje cell
layer of cerebellum. Lower 5aR2 levels were detected in the hypothalamus and midbrain.
Moreover, double labeling fluorescence with confocal laser scanning microscopy (CLSM) revealed
that 5aR2 is localized in neurons, but not in glial cells. Specifically, the enzyme was documented in
the pyramidal neurons of the cortex by CLSM analysis of simultaneous Golgi-Cox and immunofluo-
rescent staining. Finally, low levels of 5aR2 expression were identified in GABAergic cells across
the cortex, hippocampus and striatum. These findings show that, in the adult brain, 5aR2 is
distributed in critical regions for behavioral regulation, suggesting that the functional role of this
isoform is present throughout the entire lifespan of the individual.
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