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Steroidogenesis occurs not only in endocrine peripheral glands (i.e., gonads and
adrenal glands) with the formation of steroid hormones but also in the nervous system
through the synthesis of neurosteroids [1]. Indeed, cholesterol is converted by the mito-
chondrial enzyme P450 side-chain cleavage into pregnenolone, and then this steroid, via
different enzymatic pathways, is converted into progesterone (PROG), androgens (e.g., dey-
droepiandrosterone, DHEA, and testosterone, T), estrogens (e.g., 17beta-estradiol, 173-E),
and corticosteroids (i.e., gluco- and mineralocorticoids) [2]. In addition, via the action of the
enzymatic complex 5alpha-reductase and 3alpha- or 3beta-hydroxysteroid oxidoreductase,
PROG and T may be converted into their subsequent metabolites, such as dihydropro-
gesterone, allopregnanolone (ALLO), and isoallopregnanolone (ISOALLO) in the case of
PROG, and dihydrotestosterone, 3alpha-diol, and 3beta-diol in the case of T [3].

All of these molecules are included in the family of “neuroactive steroids” and reg-
ulate, through endocrine mechanisms (i.e., the steroid hormones) and/or paracrine and
autocrine mechanisms (i.e., the neurosteroids), the neural functions [4]. These mechanisms
are put into motion not only through interactions with classical steroid receptors (i.e., an-
drogen, estrogen, glucorticoid, mineralocorticoid, and progesterone receptors) but also via
membrane-bound receptors. For instance, PROG can also bind membrane receptors such
as Sigma-1, membrane PRs (mPRs), and PR membrane components (PGRMCs) [5]. ALLO,
as well as 3alpha-diol, can bind the gamma-aminobutyric acid (GABA)-A receptor [6,7],
whereas the ALLO isomer, ISOALLO, does not bind to the GABA-A receptor but instead
interferes with ALLO binding [8,9]. Moreover, 173-E binds the G-protein-coupled ER 1 [10].
In addition, this steroid [11] and DHEA [12] may potentiate N-methyl-D-aspartate receptor
activity. Neuroactive steroids exert a variety of physiological effects: for instance, they
influence the regulation of memory, learning, myelination, reproductive behavior, and
glial functions [13-19], as well as acting as protective agents in several neurodegenerative
conditions (e.g., Alzheimer’s disease, Parkinson’s disease, multiple sclerosis, traumatic
brain injury, stroke, and peripheral neuropathies) and psychiatric disorders (e.g., depres-
sion, anxiety, and post-traumatic stress) [2,20-29]. Interestingly, sex differences in the levels
and actions of these molecules have been reported under physiological and pathological
conditions [13,30,31]. Indeed, neuroactive steroids play a role in the sex differentiation of
neural tissue during fetal development [32,33] and adult life [34,35]. Neurosteroidogenic
enzymes and the related neuroactive steroid levels differ between the nervous systems of
male and female rodents [2,36] and during the estrous cycle [37]. In addition, sex-specific
alterations in the synthesis and levels of these molecules may occur during neuropathologi-
cal events [2,38-43]. In agreement with this, some neuroactive steroids have been reported
to exert sex-dimorphic neuroprotective effects in different animal models, suggesting a
potential avenue for sex-targeted therapy based on neuroactive steroids [2,13,44,45].

With all of the aforementioned factors in mind, this Special Issue will discuss various
aspects of neuroactive steroids and their use. For instance, as mentioned above, ALLO is a
potent ligand of the GABA-A receptor; however, its function in the nucleus accumbens (a
brain area associated with reward/motivation pathways) has been poorly explored. As
discussed in this Special Issue by Mitchell et al. [46], this neurosteroid, via local synthesis,
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may play an important role in controlling GABA-ergic neurotransmission in this brain area,
providing an important background for its use in postpartum depression. The importance
of the local synthesis of neurosteroids, in terms of the altered metabolism of their substrate
(i.e., cholesterol), is also discussed by Shu and collaborators [47]. Indeed, this manuscript
reports on how the deletion of Cyp46al (an enzyme synthesizing the cholesterol oxidation
product 24S-hydroxycholesterol) has an important impact on brain function. As mentioned
above, altered patterns of neuroactive steroids are associated with neuropathological events.
For instance, as discussed here in Diviccaro et al.’s study of an experimental model of type
2 diabetes mellitus, altered memory abilities are associated with a decrease in ALLO
levels in the hippocampus, as well as neuroinflammation, oxidative stress, mitochondrial
dysfunction, and altered gut microbiome composition [48]. In addition, Heckmann et al.
explored the urinary levels of several steroids in preterm infants and observed that in
early-preterm infants with the highest illness severity (<30 weeks), higher excretion rates of
glucocorticoids and their precursors were associated with severe cerebral hemorrhage [49].
In this Special Issue, Cattane and collaborators report that in their study of an animal
model of prenatal stress, as well as in an in vitro model of hippocampal progenitor cells
treated with cortisol, miRNAs targeting FKBP5 (a stress-responsive gene involved in
the effects of glucocorticoids), such as miR-20b-5p and miR-29¢-3p, were significantly
reduced, suggesting a key role for these miRNAs in sustaining the long-term effects of
stress early in life [50]. As mentioned above, sex is another important variable. Indeed, a
higher prevalence of Parkinson’s disease has been reported in men than in women [51,52],
suggesting a possible role for estrogens in slowing the progression of this pathology.
Furthermore, as reported by Lamontagne-Proulx et al. [53], mice overexpressing the human
alpha-synuclein protein showed a more abrupt nigrostriatal dopamine decrease and an
increase in microgliosis in males. However, at 18 months of age, sex differences were lost,
probably because of the decrease in ovarian function [53]. As mentioned above, previous
studies have also supported the protective role of neuroactive steroids. As reported here by
Esperante and colleagues, treatment with T in an experimental model of amyotrophic lateral
sclerosis (i.e., Wobbler mice) showed a variety of protective effects, including a reduction in
myelin abnormalities, an improvement in motor performance, an enhancement of muscle
mass, and an improvement in strength [54]. Also reported here, namely by Backstrom and
colleagues, is that the progesterone metabolite ISOALLO which, as previously reported,
acts as a GABA-A-modulating steroid antagonist [55,56] may inhibit estrus cycle-dependent
aggressive behavior in rats [57]. Interestingly, similar observations regarding aggression
or irritability and its linkage to the ovarian cycle are made in premenstrual dysphoric
disorder [58]. As proposed in this Special Issue by Barreto [59], tibolone (a synthetic drug
with estrogenic, androgenic, or progestogenic effects), actually used in clinics to treat
menopause-related symptoms, could also be a therapeutic alternative for Alzheimer’s
disease because of its ability to reduce amyloid burden and mitochondrial dysfunction.

Finally, as discussed here by Jevtovic-Todorovic and Todorovic [60], the capabilities
of several steroids to interact with voltage-gated Ca?* channels and GABA-A receptors
suggest that neurosteroids represent a promising and safe new family of anesthetics.

Altogether, the manuscripts included in this Special Issue contribute exciting new dis-
cussions that highlight the important physiological and pathological roles of
neuroactive steroids.

Conflicts of Interest: The author declare no conflicts of interest.
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