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ARTICLE INFO ABSTRACT

Adverse events in early life have been related to a maladaptive stress response during adulthood, which could
predispose individuals to psychiatric and physiological disorders. The purpose of this work was to study the
implications of repeated maternal separation (RMS) plus a physical stressor (cold stress), voluntary ethanol
consumption and plasmatic levels of corticosterone (Cor) via conflict behavior tests. To this aim, pups were
separated daily from their mothers for one hour and subjected to cold stress (4 °C) between postnatal days (PD) 2
and 20. Control groups were left undisturbed with their mothers. Afterwards, all groups were exposed to vo-
luntary ethanol (6%) or dextrose (1%) intake for 7 days. After a 30-day period of environmental enrichment
(EE), the animals were again exposed to the voluntary intake protocol for 7 days. At 66 days, they were subjected
to different conflict tests. Thereafter, rats were sacrificed by decapitation and blood trunk was collected to
determine plasma corticosterone levels. We demonstrated that early RMS increased both voluntary alcohol in-
take and Cor levels. Moreover, young adult animals showed excessive activity in conflict tests. Whereas in
animals exposed to a non-pharmacological treatment, known as environmental enrichment (EE), the effects
previously obtained were reversed and/or prevented. In summary, we can conclude that the combination of
maternal separation in early life plus cold stress increase both the voluntary exposure to alcohol and disruptive
behaviors. This is a risk factor for the development of chronic diseases such as alcoholism and long-term de-
pression. However, we found that an enriched environment may have a beneficial effect with respect to alcohol
intake and aggressive behaviors.
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and Holtzman, 2008; Jahng, 2011; Carlyle et al., 2012). This model is
associated with alterations in stress reactivity and anxiety-like beha-

1. Introduction

Repeated stressful experiences during childhood are associated with
a high incidence of emotional disorders during adulthood. Adverse
conditions in the neonatal period may have deleterious effects on
neuronal development and cell proliferation, increasing the risks for
behavioral disorders and deficits in emotion recognition and under-
standing. Besides, adverse conditions may also increase drug depen-
dence during adulthood (Chapman et al., 2004; Carr et al., 2013). In
rats, daily separation of newborns from their mothers for some hours
during the first few weeks of birth is known as maternal separation
(MS), and has been suggested as a model of early adversity (Michaels

viors. (Gilles et al., 1996; Meaney, 2001; Kalinichev et al., 2002; Dalle
Molle et al., 2012; Bendre et al., 2015), and with increased ethanol
consumption (Huot et al., 2001; Green et al., 2010; Enoch, 2011;
Goldstein and Volkow, 2011).

Alcohol is a recreational drug that can reduce stress, inhibitions, and
may produce feelings of well-being (Meaney et al., 2002; Rehm et al.,
2009). However, alcohol abuse has become a concerning social problem
all around the world, leading to the creation of specific policies to re-
duce its harmful use and social burden (World Health Organization, and
World Health Organization, 2014).

Abbreviations: ANOVA, two-way analysis of variance; CICUAL, Institutional Committee for the Use and Care of Laboratory Animal rules; Cor, Corticosterone; CRF,
corticotropin-releasing factor; Dex, Dextrose; EE, environmental enrichment; EPM, Elevated Plus Maze; Et, Ethanol; HPA, hypothalamic-pituitary-adrenal; HPLC,
high performance liquid chromatography; IC, impoverished conditions; LDT, Light-Dark transition; MS, maternal separation; OF, Open Field; PD, postnatal day; RMS,
Repeated maternal separation; SEM, standard error of the mean; SC, standard group housing; NPY, neuropeptide Y
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Due to innate differences in various systems of neurotransmitters
(glutamatergic, GABAergic, glycinergic, dopaminergic and ser-
otoninergic) and neuropeptides (neuropeptide Y, corticotropin re-
leasing factor: CRF) as well as to environmental factors that the in-
dividual is exposed to, there will be differences in the initial alcohol
sensitivity, and/or in the reinforcing effects of alcohol intake. Evidences
indicate that the response of an animal to a drug can be affected by
early environmental influences (Ploj et al., 2003; Vengeliene et al.,
2008). The physical and social stimulation of environmental enrich-
ment (EE) plays an essential role during early behavioral and brain
development. The interaction between these factors seems to have
beneficial effects (Bendre et al., 2015), which could be considered
protective or used as a treatment in various behavior disorders
(Nithianantharajah and Hannan, 2006). However, negative childhood
experiences, such as social isolation, increase the vulnerability to be-
havioral disorders in adulthood such as depression and anxiety (
Heinonen et al., 2013). Likewise, it has been observed that positive
experiences with the use of an environmental enrichment (EE) would
reduce the vulnerability to several of these effects. Numerous re-
searches have shown that an EE stimulation causes changes in cellular,
molecular and behavioral studies (Mychasiuk et al., 2012; Baldini et al.,
2013). The consequences of adverse experiences in early life on sub-
stance abuse have been widely studied (Ploj et al., 2003, Jaworski et al.,
2005). Meanwhile, little is known about the effects of EE on voluntary
ethanol consumption.

The first biological changes studied as a result of EE in rats were the
increase in weight and cortical volume (Rosenzweig et al., 1962;
Rosenzweig and Bennett, 1996). The most striking effects that have
sparked scientific interest in recent years are those concerning the
ability of the EE to increase neurogenesis (Kempermann et al., 1997;
Nilsson et al., 1999; Jaworski et al., 2005; Brown et al., 2003), the
expression of neurotrophins (Falkenberg et al., 1992; Torasdotter et al.,
1998), and the protection against neurodegenerative diseases as well as
emotional and behavioral disorders (Laviola et al., 2008). It has also
been shown that EE up-regulates the number of granular neurons in the
dentate gyrus of rats and mice (Crofton et al., 2015).

The long-term consequences of RMS on alcohol intake in male mice
have already been demonstrated suggesting that stress in early life is a
risk factor, or a crucial one, for alcohol consumption and abuse (Cruz
et al., 2008). Several studies propose the existence of a significant
modulation in the activity of the HPA axis depending on the time span
of MS (Odeon et al., 2017). Usually, prolonged MS has been associated
with an increase in the levels of corticotropin releasing factor (CRF) in
the hypothalamic and extra-hypothalamic areas, and in responses to
adrenocorticotropic hormone (ACTH) and corticosterone (Cor)
(Falkenberg et al., 1992; Torasdotter et al., 1998; Nilsson et al., 1999;
Brown et al., 2003; Lippmann et al., 2007; Dalle Molle et al., 2012).

Taking everything into account, the main objective of this study was
to assess whether a non-pharmacological treatment, EE, could reverse
or attenuate the effects of stress and anxiety, the increase in the vo-
luntary intake of ethanol, and corticosterone levels in young adult rats.

2. Materials and methods
2.1. Animals

Pregnant Wistar rats were obtained from the School of Pharmacy
and Biochemistry, University of Buenos Aires. All the rats were main-
tained under standard laboratory conditions (12 h light—dark schedule),
lights on from 08:00 to 20:00 h, temperature: 21 + 2 °C, with food and
water ad libitum. Dams were housed three per cage during pregnancy.
Animals were handled and sacrificed according to the Institutional
Committee for the Use and Care of Laboratory Animal rules (CICUAL,
School of Pharmacy and Biochemistry, University of Buenos Aires,
Argentina). This Committee, under resolution 3195/15, approved the
present experimental protocol. The CICUAL adheres to the rules of the
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“Guide for the Care and Use of Laboratory Animals” (NIH) (2011 re-
vision) and to the EC Directive 86,/609/EEC (2010 revision) for animal
experiments. All efforts were made to minimize animal suffering and to
reduce the number of animals used. Rat weight and general health were
evaluated weekly.

2.2. Drugs

We obtained Corticosterone (C2505) from Sigma Chemical Co. St.
Louis, MO, USA; and Ethanol (CAS No.: 64-17-5) from Molbase-
Chemical Database.

2.3. Experimental procedures

Rat pups subjected to RMS were separated from their mothers and
exposed to cold (4 °C) for 1 h from postnatal day (PD) 2 to PD20 (Odeon
et al., 2015, 2017). Control pups were left undisturbed with their mo-
thers. The stress treatment usually started at 10:00 h. No mortality was
observed in this group. Separation cages were filled with 3 cm of bed-
ding material so that pups could regulate their temperature by bur-
rowing into it and grouping with littermates. Previous studies suggest
that, under such conditions, pups can effectively regulate their tem-
perature (Farrell and Alberts, 2007; Odeon et al., 2015, 2017). After
1 h, pups were returned to the home cage with their mothers. At PD22,
animals were exposed to voluntary intake of ethanol (6%) or dextrose
(1%) for 7 days. The dextrose solution was calorically equivalent to the
ethanol solution. In this part of the study, three rats were housed per
cage. The animals had free access to ethanol or dextrose, using the two-
bottle free choice method (Crabbe et al., 2011). Afterwards, at PD29
animals were exposed to a 30-day wash-out period. Thereafter, animals
were again exposed to the two-bottle free choice method with ethanol
(6%) or dextrose (1%) from PD59 to PD66. At postnatal day 66, male
rats were subjected to the behavioral tests detailed below. After the
experiment, the animals were sacrificed by decapitation around 11:00 h
(see design in Fig. 1).

Animal behavior was studied by three tests classified as conditional
conflict tests: 1- Elevated plus maze; 2- Light-dark transition; 3- Open
field test (Costall et al., 1989). The test order was followed considering
potentially aversive effects that animals may undergo during the pro-
cedure (Crawley, 2007).

All behavioral tests were carried out in a room adequately prepared
for this purpose, with adjustable light intensity, soundproof walls, and
an air extractor to provide white noise. To minimize olfactory signals,
all devices were cleaned with a 70% ethanol solution after each test.
The animals were filmed with a video camera. The results were ana-
lyzed with the Ethovision XT 7 Noldus program.

2.4. Animals

Pregnant Wistar rats were obtained from the School of Pharmacy
and Biochemistry, University of Buenos Aires. All the rats were main-
tained under standard laboratory conditions (12 h light-dark schedule,
lights on from 08:00 to 20:00 h, temperature: 21 * 2 °C) with food and
water ad libitum. Dams were housed three per cage during pregnancy.
Animals were handled and sacrificed according to the Institutional
Committee for the Use and Care of Laboratory Animal rules (CICUAL,
School of Pharmacy and Biochemistry, University of Buenos Aires,
Argentina). This Committee, under resolution 3195/15, approved the
present experimental protocol. The CICUAL adheres to the rules of the
“Guide for the Care and Use of Laboratory Animals” (NIH) (2011 re-
vision) and to the EC Directive 86/609/EEC (2010 revision) for animal
experiments. All the efforts were made to minimize animal suffering
and to reduce the number of animals used. The weight and general
health of rats were assessed weekly.
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Fig. 1. Schematic representation of the experimental

\l/ \L design used in this study. RMS + cold stress or not
Control Dex EE Dex disturbance (Control group) from postnatal day (PD)
2 to 22. These animals are subjected to the method of
1-C + Dex choice of two bottles: 1% dextrose or 6% ethanol.
PD2 PD22 PD29 PD59 PD66 Then they are exposed 30days to an enriched en-
vironment. Finally, second intake was from PD59-66
\L \L given to drink either water and dextrose: 1% solution
Control Et EE Et (g/100ml) or water and ethaxTolz 6% solution (g/
_——_I 100 ml) to the method of choosing two bottles.
2-C +Et
PD2 PD22 PD29 PD59 PD66
RMS Dex EE Dex
LR ———— — I
PD2 PD22 PD29 PD59 PD66
RMS \l' Et EE Et
crust R el sl |
PD2 PD22 PD29 PD59 PD66
2.5. Drugs each session finished, the animals were taken to their housing condi-

We purchased Corticosterone (C2505) from Sigma Chemical Co. St.
Louis, MO, USA; Ethanol (CAS No.: 64-17-5) from Molbase-Chemical
Database.

2.6. Elevated Plus Magze (EPM)

The EPM consisted of four arms of equal dimensions (50cm
long X 10 cm width), connected by a central area (100 cm?) and sus-
pended 1 m from the floor. Two arms, enclosed by walls of 40 cm high,
were perpendicular to two opposed open arms. To avoid falls, the open
arms were surrounded by a wooden wall of 0.5 cm high. Each animal
was placed in the center of the EPM, always towards the same open
arm. We measured the time that animals spent in both the open and
closed arms compared to the total time spent exploring arms. We also
measured the number of times the animals entered the open arms.
Generally, each animal was observed for 5min. Once each session
finished, the animals were taken to their housing condition. The ap-
paratus was cleaned with a 70% EtOH solution after each test.

2.7. Light-dark transition

This behavioral procedure exploits the natural tendency of rodents
to avoid open and/or brightly lit spaces. This study has been shown to
be sensitive to anxiety-like behaviors in mice (Bourin and Hascoét,
2003). The apparatus consisted of a square wooden box
(60 x 90 x 90 cm) with two compartments. One compartment was il-
luminated with a bright light, whereas the other one was dark and had
an opaque roof. Both sides were divided by a removable wall. Before
beginning the test, rats were always placed in the illuminated side and
at the same angle. Then, we removed the slide that divided both
compartments and quantified the time that the animals spent in the
illuminated side, before crossing to the dark compartment. We counted
a “transition” when the animals entered the dark side on all fours. It
was recorded the time spent in the dark side of the apparatus, as well as
the number of transitions between sides. In general, each animal was
observed for a time lapse of 5 min. Under normal conditions rats tend to
stay in the illuminated side for short periods of time. Any state of an-
xiety further decreases the latency time to enter the dark side. The
apparatus was cleaned with a 70% EtOH solution after each test. Once

tion.
2.8. Open field test

To assess locomotor activity in a novel setting, animals were placed
in the center of the box. The apparatus consisted of a delimited square
wooden (60 X 90 X 90 cm) with black walls, and a transparent floor
divided in 25 equal sections by thin black lines. The arena was illu-
minated by an incandescent light placed 200 cm above the field. Before
beginning the test, rats were placed at the center of the apparatus and at
the same angle. Exploratory activity was counted considering the
amount of sections crossed by the animal, as well as the number of
times the animal entered the central square. The animal movements
were recorded by a video camera suspended 1 m above the field, and
animals were tested for 30 min. The experiments were always per-
formed at the same time and place, and under similar temperature
(23°C) and light (701x) conditions. The apparatus was cleaned with a
70% EtOH solution after each test. Once each session finished, the
animals were taken to their housing condition.

3. Environmental enrichment

To evaluate the effects of environmental enrichment on the vari-
ables of interest, subjects from each experimental group were housed in
EE cages for 30 days during the washout period (Fig. 1). Enriched en-
vironments are “a combination of complex inanimate and social sti-
mulation” (Sztainberg and Chen, 2010). EEs were generally constituted
by bigger housing cages (60 X 60 X 25cm) in which animals were
hosted in larger groups (6 animals per cage) and into which a variety of
objects were introduced: platforms, running wheel plastic, wooden
toys, rattles, ropes and food (cheese, quince or apple). Four different
combinations were designated, and the objects were changed once a
week to avoid habituation and to maintain a novel environmental
factor (Witt, 2007; Mora et al., 2007; Simpson and Kelly, 2011). In
control groups, animals were housed in groups of 4 in traditional cages
(40 x 25 x 17 cm) without the addition of any object. This is known as
IC (impoverished conditions) + SC (standard group housing). Both
types of cages (enriched and standard) were in the same air-conditioned
room (temperature: 20 = 2°C) with a 12:12h light-dark cycle (lights
on at 8:00 ha.m.). Both food and water were provided ad libitum.
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4. Hormonal measurement

In order to assess the function of the HPA axis in this model we
measured plasmatic levels of corticosterone by HPLC.

4.1. Determination of corticosterone

Following decapitation (11:00h), 15ml of trunk blood were col-
lected in a conical tube with heparin. Plasma was separated by cen-
trifugation (3000g during 15min at 4°C) and frozen at —70°C.
Plasmatic Cor concentration was determined by high performance li-
quid chromatography (HPLC) (Retana-Marquez et al., 2003; Odeon
et al., 2015, 2017). Cor was extracted from 200 pl of plasma by adding
4 ml of diethyl ether-dicloromethane (60:40). We added to each tube
100 ul of internal standard (Phenytoin 1 mg/ml diluted in methanol).
The organic phase was evaporated with nitrogen at 37 °C. Samples were
resuspended with 150 ul of mobile phase (acetonitrile-water, 40:60),
vortexed (15s) and injected into the HPLC system. The guard column
Hypersil GOLD C18, particle size 5pm, 250 X 4.6 mm (Thermo Fisher
Scientific Inc.) was equilibrated using HPLC-grade acetonitrile-water
(40:60 v/v) at a flow rate of 1 ml/min. A series of standards (normal
human plasma with Cor, covering the range of 0.1-1 pg/ml) were used
in daily work. A regression line between the peak heights and the
concentration of Cor was calculated and used to determine Cor con-
centration in the samples.

5. Statistical analysis

All data are expressed as mean + standard error of the mean
(S.E.M.). In the experiments of liquid intake behavioral parameters, EE
and Cor levels, and the statistical significance were assessed with a two-
way analysis of variance (ANOVA). When the interaction was sig-
nificant, simple effects were reported. Also, a post hoc Bonferroni test
was performed. In the rest of the experiments, one-way ANOVA and
post hoc Tukey test were used to analyze the significance of the dif-
ferences. Values of p < 0.05=*; p < 0.01 =**; p < 0.001 = ***
were considered statistically significant.

It was used the Infostat statistical program (developed by the
InfoStat Group), teacher-researchers of Statistics and Biometry and
Experimental Design of the National University of Cérdoba (FCA- NC).
It is available online: http://www.infostat.com.ar/

6. Results
6.1. Ethanol consumption

Fig. 2 shows ethanol consumption during the second intake as g
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Fig. 2. Second voluntary ethanol intake expressed in Volume (ml) of ethanol
(Et) consumed/kg body weight/day for 7 days, with a 30-day period of en-
vironmental enrichment between intakes.
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ethanol/kg rat body weight/day. During the second two-bottle free
choice procedure (PD66) in adult rats, stressed animals consumed
ethanol by > 292% (t = 2.804 df = 12; **p < 0.01) compared with
their respective control groups. Volume (ml) of 2nd voluntary intake of
ethanol per rat in 7 days, with a 30-day period of EE between intakes
(n =6). Two-way ANOVA, RMSX EE. (F;, 20 =80.17); C + EE
t=1.874 gl =10; RMS (t=11.73 gl = 10); RMS + EE (t = 11.53
gl = 10).

Apart from that, when we studied water consumption, we obtained
similar intake values than those of dextrose. Hence, the increase in li-
quid consumption is specific to EtOH (Fig. 2).

6.2. Behavioral studies

To study possible long-term behavioral changes on stressed animals,
we performed a set of conflict tests. The tests were performed in the
following order, as recommended by Crawley (2007): A- Elevated Plus
Maze (Fig. 3A); B- Light-Dark Transition (Fig. 3B); C— Open Field Test
(Fig. 3C).

Elevated Plus Maze (Fig. 3A) shows the percentage of time spent
exploring the open arms. The animals of both RMS + Dex and
RMS + Et groups spent significantly more time exploring the open
arms. Controls were performed considering the total distance traveled
and the number of entries to both arms. One-way ANOVA
(Fy,38 = 6678, p = 0,0034) showed that RMS + Et animals spent sig-
nificantly more time exploring the open arms of the maze (t = 5.421,
***p < 0,0001) than their respective control groups.

Fig. 3B exhibits how much time the animals spent in the illuminated
side during an LDT test. We observed similar values in the time spent in
the illuminated side within the two control groups (C + Dex; C + Et)
and within the stressed groups (RSM + Dex; RMS + ET). One-way
ANOVA (F2;34 = 20.18, *** p < 0.0001) revealed significant differ-
ences between controls and stressed groups, since the latter spent sig-
nificantly more time walking around the illuminated side than their
respective controls.

Fig. 3C shows the percentage of time that the animals spent in the
center of the arena in the Open Field (OF) test. Stressed animals spent a
significantly greater time exploring the center of the arena than their
control counterparts. One-way ANOVA, (F2;35 = 6886, p = 0,0032).

As described in the introduction, EE plays a key role in the de-
termination of behavioral phenotypes. In this sense, we were interested
in evaluating if EE may possible reverse the effects of RMS + cold stress
in some of the variables studied.

We aimed to assess the potential of EE to revert the effects of RMS
and ethanol consumption. Behavioral reversal was confirmed given that
the RMS + EE group drank the same levels of ethanol as the control
group.

In order to study the possible effect of the enriched environment on
the behavior of stressed animals, we repeated the set of conflict tests.
They were carried out in the same order as established previously
(Crawley, 2007): A- Elevated Plus Maze (Fig. 4A); B- Light-Dark Tran-
sition (Fig. 4B); C- Open Field Test (Fig. 4C).

Fig. 4A (EPM) demonstrates the percentage of time spent exploring
the open arms, either by rats reared in standard cages or in EE cages,
during the wash-out period. Control “t= 3.248 gl =277, RMS
“t =5.421 gl=18", RMS + Dex “t=4.703 gl = 20", RMS + Et
“t =6.703 gl = 21”.

As Fig. 4B illustrates, both C + Dex + EE and C + Et + EE in-
creased the time spent exploring the illuminated sides, but when to-
gether, such as RMS + Dex + EE or RMS + Et + EE, the time spent
exploring the illuminated sides decreased to control levels. Controls
““t=3112 gl =27 ““, RMS ““t=2977 gl=21 ““, RMS + Dex
“t = 4.703 gl = 20” RMS + Ethanol ““t = 3.279 gl = 22 ““. This may
indicate that EE and RMS increase the exploration of the aversive en-
vironment in different ways, possibly by opposite mechanisms. For
instance, by an increase in the impulsive behavior due to RMS, with the
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Fig. 3. Conflict tests. A) Elevated plus maze (EPM), percentage of time (% time) spent in the open arm. Controls corresponding to the test were performed (total
distance traveled and number of entries to both arms). B) Light/dark transition test (LDT), percentage of time (% time) spent on the light side. The controls
corresponding to the test were performed (total distance traveled and number of entries to both arms). C) Open field (OF), percentage of time (% time) spent on the
center. The controls corresponding to the test were performed (total distance traveled).

consequent decrease in anxiety caused by EE which leads to an increase
in exploratory behavior.

In Fig. 4C, we found that this effect was successfully reverted by EE,
both in ethanol and dextrose RMS + EE groups (t = 6703,
***p < 0,0001). It was reverted up to control levels (**p < .01).
Controls ““t =3.112 gl=27 “¢, RMS ““t=2977 gl=21 “
RMS + Ethanol ““t = 3.279 gl = 22 ““,

Behavioral reversal was confirmed in terms of ethanol intake, since
the RMS+ EE group drank the same levels of ethanol as the control
group. We observed an anxiolytic effect in control groups through the
behavioral tests. This effect has been described by other authors
(Simpson and Kelly, 2011) (Figs. 4A, B, C).

Given that behavioral studies have shown that chronic stress in
adults produces high levels of anxiety and that the type of tests used
serves to assess exploratory activity- aversive environment, our hy-
pothesis is that these animals may have altered levels of impulsivity.
This would explain the behavioral response observed in diverse studies
as well as the increase in ethanol intake.

Fig. 5 illustrates the plasmatic concentration of Cor across the dif-
ferent groups, as measured by HPLC. We performed a two-way ANOVA,
RMSXEE (F2;34 = 5348, p = 0,0096). Significant simple effects: test t:
RMS + Dex vs RMS + Dex + EE “t = 3776 gl = 12”. Stressed animals
had a significantly lower plasmatic Cor concentration. The decrease in
Cor was reversed by RMS + EE, + Ethanol or the combination of both
RMS + Et and RMS + Et + EE until reaching the levels of the control

group.

7. Discussion

The present work shows the behavioral and neurochemical changes
induced by RMS + cold stress in young adult rats.

RMS increases the voluntary intake of ethanol. This treatment
showed alterations in the HPA axis by decreased corticosterone levels.

Some of the following effects were reversed using a non-pharma-
cological treatment, such as the enriched environment: ethanol intake,
the behavioral response in conflict tests, and the levels of hormones
related to stress.

Many animal models have been developed to observe not only the
effects of alcohol intake on specific social situations, but also to assess
the participation of genetic factors (Anacker and Ryabinin, 2010). We
have found an animal model to study the voluntary intake of ethanol in
rats. The most used animal models propose that in adulthood, a stress
factor should be simultaneous with the offer of the liquid or drug to be
studied. The postnatal period and the bond between mother and child
are particularly important in the development and conformation of the
response to normal stress and emotional behavior (Ellenbroek and
Cools, 2000; Pryce et al., 2005). This model allows us to study the long-
term effects of adverse stimuli in early life and to link them with sub-
stance abuse vulnerability.

Lodge and Lawrence (2003) demonstrated an interaction between
the dysregulation of the HPA axis induced by isolation and alcohol. This
study indicated that the activation of the HPA axis was important for
the preference towards ethanol observed in socially isolated adult rats.
We have demonstrated a decrease in basal levels of Corticosterone, one
of the stress hormones of the HPA axis induced by RMS + cold stress.
Besides, plasma corticosterone levels decreased in the treated groups.
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environment during the period between intakes. C) Open Field: Percentage of time on the lit side in rats with standard treatment and rats reared in an enriched

environment during the period between ingests.

Corticosterone (pg/ml)

Fig. 5. Plasma corticosterone levels measured by HPLC Rats subjected to
chronic postnatal stress, the two voluntary intakes of ethanol with a period
(30 days) of environment enriched between intakes.

These results point to a lower basal hormone level of the axis that could
be due to the increase in the hippocampal receptors MR and GR. These
receivers are responsible for the regulation of the axis negative feed-
back.

Masini et al., 2012 demonstrated the adaptive capacity of the HPA
axis before the repetition of a stressor. Our model not only shows ha-
bituation through decreased levels of the hormones involved in the

repetition of the stimulus, but also that this is a long-term effect. We
found these levels decreased even in adulthood, 60 days after starting
the treatment. The animals generate a response, but the hormonal peak
is still lower than the controls.

These results show the great effect that RMS + cold stress has on the
developing CNS, how RMS + cold stress can exert long-term effects and
alter the response to stress throughout an individual's life.

We analyzed the relationships between the neurochemical and
hormonal parameters of RMS + cold stress, alcohol consumption, and
animal behavior. To this aim, we studied the possible alterations of
anxiety levels in rodents for which we performed three conflict tests:
EPM, LDT and OF. We observed in all tests the same animal behavior:
increased exploration time in aversive environments. This would in-
dicate a decrease in anxiety levels. The elevated cross EPM and the
light-dark transition box are some of the most widely used models for
the study of unconditioned anxiety and have been well characterized
and validated both ethologically and pharmacologically (Pellow and
File, 1986; Rodgers and Dalvi, 1997; Crawley, 2007). It is considered
that the behavior in the open arms of the EPM indicates lower levels of
anxiety. Anxiolytics, such as benzodiazepines and low doses of alcohol,
increase the behavior in open arms just as anxiogenic drugs decrease it
(Pellow and File, 1986).

Other behavioral studies show that both acute stress in adolescents
and adults, and chronic stress in adults cause an increase in the levels of
anxiety (Pryce et al., 2005; Spencer et al., 2015). Apart from that, the
tests we have used to evaluate the relation exploratory activity-aversive
environment, allow as to deduce that the levels of impulsivity in these
animals could be altered. This may explain the behavioral response
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observed among the different tests as well as the increase in ethanol
consumption.

It has been observed that EE produces a reversal in alcohol con-
sumption due to RMS. This is the main result of these experiments,
since a reversal in alcohol intake will allow us to delve into the re-
lationship between stress and alcohol consumption.

Some studies indicate that EE could play a protective role in the self-
administration of other psychostimulant substances such as ampheta-
mine (Bardo et al., 2001; Green et al., 2002). However, these data are
not consistent with the increase in alcohol and cocaine consumption
observed by Fernandez-Teruel et al. (2002), and Hill and Powell
(1976), or with the increase in conditioned place preference before the
administration of opioid k-agonists (Smith et al., 2003). In general,
results in favor of reduced self-administration in animals in enriched
environments are only obtained when low drug doses are used. An-
xyolitics, such as benzodiazepine and ethanol in low doses increment
the exploration of open arms, and anxiogenic drugs decrease it (Pellow
and File, 1986; Rodgers and Dalvi, 1997; Crawley, 2007).

When we studied the hormonal response, we observed that the EE
produced a significant increase in the basal levels of corticosterone in
the stressed group, although a decrease is seen in the control group.

Regarding the influences of EE on the basal levels of the HPA axis
hormones, the results are not consistent, although in general, they seem
to indicate a decrease in emotional reactivity and a greater adaptation
to stressful stimuli (Fox et al., 2006).

There is no consensus regarding the effects of RMS on basal corti-
costerone levels. There are works in which no differences in basal
corticosterone levels were found (Pham et al., 1999; Roy et al., 2001;
Francis et al., 2002). Other reports suggest that EE decreases the ac-
tivity of the HPA axis in basal conditions (Mohammed et al., 1993;
Larsson et al., 2002) or through the exposure to stressful situations (Roy
et al., 2001; Francis et al., 2002; Welberg et al., 2006). It has also been
pointed that enriched animals have higher baseline corticosterone le-
vels than controls (Benaroya-Milshtein et al., 2004; Mohammed et al.,
1993; Moncek et al., 2004). Clearly, the results are very variable and
difficult to interpret. In our investigation, the groups that experienced
RMS and received an EE showed an increase in corticosterone com-
pared with the non-enriched groups. In this case, the EE counteracted
the negative effects of RMS on the HPA axis. The reversal produced by
the EE with regard to the effect of RMS is more important than the
increase or decrease of HPA hormones and its possible implications, for
which we should carry out a deeper study.

On the other hand, the EE also reversed the behavioral effects in the
conflict tests. In the control group, the treatment increased the per-
centage of time in the aversive sites, which we interpreted as an an-
xiolytic effect. Conflict tests are widely used to evaluate the anxious
behavior of rodents, thus the increased time in aversive places is in-
dicative of lower levels of emotion or anxiety (Pellow and File, 1986).
This result shows a general reduction of emotion, which is consistent
with other works (Fernandez-Teruel et al., 2002; Benaroya-Milshtein
et al., 2004; Friske and Gammie, 2005; Schneider et al., 2006). It has
been suggested that in classical anxiety tests the decrease in emotion-
ality frequently perceived in animals reared in enriched environments
could be explained in terms of a reduction in phobia of novelty, which
in turn, increases the motivation to explore new spaces (Ferndndez-
Teruel et al., 2002; Roy et al., 2001).

The experimental protocols of EE vary among different laboratories.
For example, there can be differences in time duration, the age at which
the EE is applied, the number of animals per cage, the size of the cages,
the objects used for the treatment, etc. On the whole, it is not well-
defined which component of EE causes the changes observed.

It can be seen, that the novelty achieved by periodically changing
objects, or their position in space, provides additional stimulation that
can improve the formation of cognitive maps. All these factors allow an
increase in stimulation, physical activity, and in the ways of interacting
with the individuals that are part of the environment.
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8. Conclusion

We have demonstrated the susceptibility and vulnerability during
the early life of an individual, the ability to adapt to adversity, and the
great plasticity of the central nervous system (CNS). We found that
while negative experiences during childhood could induce drug use as
well as neurochemical and behavioral disorders in the long term, po-
sitive experiences such as growing up in an enriched environment can
reverse these effects.
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