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Changes in endogenous neonatal levels of the neurosteroid allopregnanolone (AlloP) as well as a single 24 h pe-
riod of early maternal separation (EMS) on postnatal day (PND) 9 affect the development of the central nervous
system (CNS), causing adolescent/adult alterations including systems and behavioural traits that could be related
to vulnerability to drug abuse. In rats, somebehavioural alterations caused by EMS can be neutralised by previous
administration of AlloP. Thus, the aim of the present work is to analyse if manipulations of neonatal AlloP could
increase adult alcohol consumption, and if EMS could change these effects. We administered AlloP or finasteride,
a 5α-reductase inhibitor, from PND5 to PND9, followed by 24 h of EMS at PND9. At PND70wemeasured alcohol
consumption using a two-bottle free-choicemodel (ethanol 10% (v/v)+glucose 3% (w/v), and glucose 3% (w/v))
for 15 days. Ventral striatum samples were obtained to determine monoamine levels. Results revealed that neo-
natal finasteride increased both ethanol and glucose consumption, and AlloP increased alcohol intake compared
with neonatal vehicle-injected animals. The differences between neonatal groups in alcohol consumption were
not found in EMS animals. In accordance, both finasteride and AlloP animals that did not suffer EMS showed
lower levels of dopamine and serotonin in ventral striatum. Taken together, these results reveal that neonatal
neurosteroids alterations affect alcohol intake; an effect which can be modified by subsequent EMS. Thus,
these data corroborate the importance of the relationship between neonatal neurosteroids and neonatal stress
for the correct CNS development.

© 2016 Elsevier Inc. All rights reserved.
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Introduction

During development, rat cortical levels of the neurosteroid (NS)
allopregnanolone (AlloP) fluctuate greatly (Grobin and Morrow,
2001): rat pups present a first prenatal peak that lasts until birth
followed by a progressive decrease during the first week of life; in the
secondweek, a new elevation in AlloP levels occurs, reachingmaximum
values between postnatal day (PND) 10 and PND14. The alteration of
this pattern has been related to several behavioural alterations in ado-
lescence and/or adulthood (Darbra et al., 2014; Darbra and Pallarès,
2009, 2010, 2012; Grobin et al., 2006; Llidó et al., 2013; Mòdol et al.,
2013, 2014), showing that neonatal AlloP levels might play an impor-
tant role during development. Regarding anxiety and exploratory be-
haviour, we have observed that sub-chronic neonatal administration
(fromPND5 to PND9) of AlloP induces an anxiolytic-like profile in adult-
hood in the elevated plus-maze test (EPM) (Darbra and Pallarès, 2012),
and an acute neonatal injection of AlloP in PND5 increases novelty-

directed locomotion measured in the open field (OF) in adulthood
(Darbra and Pallarès, 2009). By contrast, the sub-chronic neonatal ad-
ministration of finasteride (Finas), an inhibitor of the enzyme 5α-
reductase needed for the progesterone conversion to AlloP (Azzolina
et al., 1997), decreases the locomotor activity in the Boissier exploration
test in adolescence (Darbra and Pallarès, 2010). Moreover, manipula-
tions of neonatal AlloP levels alter the behavioural responses to sys-
temic progesterone or hippocampal AlloP administration in adulthood
(Darbra et al., 2014; Mòdol et al., 2013, 2014).

On the other hand, alterations in the mesolimbic pathway have also
been found. In this sense, neonatal administration of pregnenolone, the
progesterone precursor, alters striatal and cortical dopaminergic activi-
ties in adulthood (Muneoka et al., 2009, 2002; Muneoka and Takigawa,
2002); and neonatal AlloP administration alters the striatal dopaminer-
gic activity in adulthood (Muneoka et al., 2009). Thus, neonatal AlloP
manipulations could affect adolescent and adult behaviours related to
dopamine function, such as drug seeking behaviour (Nutt et al., 2015).

AlloP fluctuates with stress, specifically, AlloP brain and plasma
levels increase after acute stress (Purdy et al., 1991), while they de-
crease after chronic stress (Serra et al., 2000). Changes in AlloP levels
due to stress have also been reported during the neonatal period (Frye
et al., 2006; Kehoe et al., 2000). Neonatal stress causes behavioural
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alterations in adolescence and adulthood related with several hor-
monal, neurotransmitter and functional disturbances (for a review see
Fumagalli et al., 2007). Between PND4 and PND14 rats are in the stress
hyporesponsive period (SHRP) (Sapolsky and Meaney, 1986). During
SHRP rats show attenuated adrenocorticotropin (ACTH) and corticoste-
rone (CORT) responses to environmental stressors (Rosenfeld et al.,
1992; Sapolsky andMeaney, 1986),which is thought to represent a pro-
tectivemechanism to prevent the detrimental effects of increased levels
of CORT on the brain (de Kloet et al., 1988; Ellenbroek and Cools, 2002).
Severe stressors during this period can overcome the SHRP and elicit in-
creases in both ACTH and CORT, causing multiple neurodevelopmental
alterations. A single period of 24 h of early maternal separation (EMS)
in PND9 represents a potent stressor that increases basal CORT levels
(Avishai-Eliner et al., 1995; Suchecki et al., 1995; Viveros et al., 2010)
and enhances the responsiveness of thehypothalamic-pituitary-adrenal
(HPA) axis to further stressors, both neonatally (Avishai-Eliner et al.,
1995; Suchecki et al., 1993, 1995), and in adulthood (Lehmann et al.,
2002; Viveros et al., 2009). In addition to affect the correct maturation
of theHPA axis, 24 h of EMS on PND9 also causes a neurodevelopmental
delay (Ellenbroek et al., 2005), alters serotonergic function in the pre-
frontal cortex and amygdala (Rentesi et al., 2013) and increases symp-
toms related to schizophrenia in animal models (Ellenbroek et al.,
2005; Fumagalli et al., 2007). Moreover, EMS (in PND9)modifies the lo-
comotor response to amphetamine, suggesting an altered development
of themesolimbic dopaminergic system (Ellenbroek et al., 2005); and it
alters dopaminergic function in striatum, prefrontal cortex and amyg-
dala in adulthood (Rentesi et al., 2013). In a previous workwe observed
that 24 h of EMS in PND9 increased novelty-induced locomotor activity
and decreased head-dipping behaviour on Boissier exploration test in
adolescence, and caused an anxiolytic-like profile in the EPM in adult-
hood (Llidó et al., 2013). Interestingly, neonatal administration of
AlloP prior the EMS (10 mg/kg per day, between PND5 and PND9) neu-
tralized the EMS effects on novelty-induced exploration in adolescence,
but not the EMS effects on adult anxiety scores on the EPM (Llidó et al.,
2013). Other authors have shown that, when applied concomitantly
with the stressful challenge, GABA-positive NS such as THDOC can at-
tenuate the behavioural and neuroendocrine consequences of repeated
maternal separation during early life (Patchev et al., 1997); moreover, a
single administration of 2 mg/kg of AlloP injected just prior 12 h of EMS
in PND5 counteract the increasedHPA response to subsequent stressors
both in infants and adult rats (Mitev et al., 2003). In the same sense,
early deprivation neutralizes the anxiolytic-like profile of neonatal
AlloP (5 mg/kg) measured in the EPM in adult age (Zimmerberg and
Kajunski, 2004). Thus, interactions between neonatal stress and AlloP
alterations have been described, suggesting that the increase in brain
AlloP levels could be related to amechanism that counteract the delete-
rious effects of stress. It has also been suggested that transient increase
of NS biosynthesis may contribute to stress hyporesponsiveness during
early infancy (Mitev et al., 2003).

Thereby, considering that: (a) neonatal manipulation of NS such
as AlloP alters adult behaviours related to anxiety, novelty seeking
and pre-attentional processes (Gizerian et al., 2006; Darbra and
Pallarès, 2009, 2010, 2012; Llidó et al., 2013); (b) neonatal AlloP
levels in the second week of life seem to be important for the matu-
ration of several brain structures, such as dopaminergic systems
(Gizerian et al., 2006; Muneoka et al., 2009) and GABAergic
thalamo-cortical connections (Grobin et al., 2003, 2006); (c) AlloP
levels are normally increased after stress situations in order to neu-
tralize their deleterious effects (Purdy et al., 1991; Girdler and
Klatzkin, 2007); (d) the application of environmental stressors dur-
ing the neonatal SHRP can overcome it and elicit increases in CORT
levels (Avishai-Eliner et al., 1995; Suchecki et al., 1995; Viveros
et al., 2010); and (e) previous AlloP manipulations can neutralize
some of the neonatal stress effects (Llidó et al., 2013; Mitev et al.,
2003); the experimental manipulation of neonatal NS, including
AlloP, can be a good model to study neonatal disturbances that can

affect brain maturation and subsequent individual responses to envi-
ronmental stimuli in adult ages.

In adulthood, AlloP levels have been related with several aspects of
alcohol abuse and addiction. Many studies have reported an increase
in endogenous AlloP concentrations after an acute ethanol administra-
tion, even though inter-species response varies (see Porcu and
Morrow, 2014 for review). In adult male rats the AlloP increase has
been found in a dose- and time-dependent manner in the cerebral cor-
tex, hippocampus, bed nucleus of the stria terminalis, and plasma
(Barbaccia et al., 1999; Cook et al., 2014), and it seems to modulate
some of the ethanol effects (Morrow et al., 2001). Moreover, ethanol
consumption does not increase AlloP levels in the plasma or cerebral
cortex of dependent rats, a fact which has been related to the loss of al-
cohol pharmacological effects (tolerance) after chronic alcohol use
(Morrow et al., 2001). On the other hand, the administration of AlloP
has proved to increase the consumption of alcohol in adult non-
dependent rats but decrease it in adult dependent rats (Morrow et al.,
2001). This last effect is also found when the AlloP is administered di-
rectly in the hippocampus (Martín-García et al., 2007), suggesting that
this structure could play a role in themaintenance of ethanol consump-
tion. Furthermore, AlloP levels decrease in subjects with alcohol with-
drawal (Romeo et al., 1996), and AlloP administration in the
hippocampus consistently decreases the withdrawal symptoms in rats
(Martín-García and Pallarès, 2005).

Given that (1) changes in neonatal AlloP levels alter novelty-
directed locomotion and anxiety responses, traits which have been re-
lated to vulnerability to initiate drug abuse (Belin and Deroche-
Gamonet, 2012), and can also alter adult striatal and cortical dopami-
nergic function, which can be related to drug reinforcing properties;
and that (2) adult endogenous AlloP levels seem important for alcohol
intake, tolerance and withdrawal; we hypothesise that alterations in
neonatal AlloP levels could increase drug abuse vulnerability in adult-
hood, and particularly alcohol abuse. Moreover, since EMS also causes
behavioural and developmental alterations that can be relatedwith vul-
nerability to drug abuse, and given our previous results showing that
some of the adolescent behavioural alterations induced by EMS can be
avoided by previous neonatal AlloP administration (Llidó et al., 2013);
we hypothesise that the alterations on voluntary alcohol consumption
related to neonatal AlloP manipulations could differ depending on
whether animals have or have not suffered subsequent EMS. For this
purpose, we administered 10 mg/kg of AlloP or 50 mg/kg of Finas
from PND5 to PND9, and performed a single period of 24 h EMS on
PND9. In adulthood (PND70) we measured the voluntary alcohol con-
sumption using a two-bottle free-choice model for 15 consecutive
days. After the alcohol consumption period, ventral striatum samples
were obtained to determine monoamine levels. This is the first study
that investigates the possible implications of altered neonatal AlloP
levels in adult alcohol consumption and its possible relationship with
neonatal stress.

Material and methods

Animals

116 Male Wistar rats derived from 25 pairings raised in the
Laboratori de Psicobiologia at Universitat Autònoma de Barcelona
were used. 14 couples were assigned to the no-EMS group and the
other 11 couples were assigned to the EMS group, obtaining only one
litter from each couple. Animals were housed in a temperature-
controlled animal room (22–24 °C) on a 12 h light/dark cycle (light on
from 8:00 to 20:00) and allowed with food and water ad libitum. 48 h
after mating, males were separated from females. Pregnant females
were controlled twice a day to establish the exact date of birth of the off-
spring (called day0). Onday 0 the litterwas reduced to10 animals. Each
litter was assigned to different neonatal treatment, and all animals
within a litter received the same experimental manipulations. Weaning

12 A. Llidó et al. / Hormones and Behavior 82 (2016) 11–20



Download English Version:

https://daneshyari.com/en/article/322672

Download Persian Version:

https://daneshyari.com/article/322672

Daneshyari.com

https://daneshyari.com/en/article/322672
https://daneshyari.com/article/322672
https://daneshyari.com

