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Maternal deprivation for 24 h produces an immediate increase in basal and stress-
induced corticosterone (CORT) secretion. Given the impact of elevated CORT levels
on brain development, the goal of the present study was to characterize the effects of
maternal deprivation at postnatal days 3 (DEP3) or 11 (DEP11) on emotional behavior
and neuropeptide Y immunoreactivity (NPY-ir) in the basolateral amygdala (BLA) and
dorsal hippocampus (dHPC) of male and female rats. Litters were distributed in control
non-deprived (CTL), DEP3, or DEP11 groups. In Experiment 1, within each litter, one
male and one female were submitted to one of the following tests: novelty suppressed
feeding (NSF), sucrose negative contrast test (SNCT), and forced swimming test (FST),
between postnatal days 52 and 60. In Experiment 2, two males and two females per
litter were exposed to the elevated plus maze and 1 h later, perfused for investigation
of NPY-ir, on PND 52. The results showed that DEP3 rats displayed greater anxiety-like
behavior in the NSF and EPM, compared to CTL and DEP11 counterparts. In the SNCT,
DEP3 and DEP11 males showed less suppression of the lower sucrose concentration
intake, whereas all females suppressed less than males. Both manipulated groups
displayed more immobility in the FST, although this effect was greater in DEP3 than
in DEP11 rats. NPY-ir was reduced in DEP3 and DEP11 males and females in the BLA,
whereas in the dHPC, DEP3 males showed less NPY-ir than DEP11, which, in turn,
presented less NPY-ir than CTL rats. Females showed less NPY-ir than males in both
structures. Because the deprivation effects were more intense in DEP3 than in DEP11,
in Experiment 3, the frequency of nursing posture, licking-grooming, and interaction with
pups was assessed upon litter reunion with mothers. Mothers of DEP11 litters engaged
more in anogenital licking than mothers of DEP3 litters. The present results indicate that
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maternal deprivation changed affective behavior with greater impact in the earlier age
and reduced the expression of NPY in emotion-related brain areas. The age-dependent
differential effects of deprivation on maternal behavior could, at least in part, explain the
outcomes in young adult rats.

Keywords: maternal deprivation, emotional behavior, NPY, amygdala, hippocampus

INTRODUCTION

Affective disorders are highly prevalent with profound impact on
society (Baxter et al., 2013). Depression, for instance, has been
recognized by the World Health Organization as the leading
cause of disability worldwide, and it is estimated that 300
million people of all ages suffer from depression (WHO, 2018).
These disorders result from the interaction between genetic
background and environmental adversity during critical periods
of development, such as infancy and adolescence (Plotsky et al.,
1998; Caspi et al., 2003). Epidemiological and experimental
studies have shown that loss of parental care, due to death of one
or both parents, divorce or abandonment, are major risk factors
for the development of mental disorders and dysregulation
of the hypothalamic-pituitary-adrenal (HPA) axis activity in
adolescence and adulthood (Agid et al., 1999; Tyrka et al., 2008;
Tofoli et al., 2011). Particularly, a recent epidemiological study
showed that loss of the mother by accidents and homicide has
greater impact on young men than women and that parental
death at an earlier (0- to 5-years-old), rather than later age (6-
to 17-years-old) confers higher risk for depression (Berg et al.,
2016). In a large longitudinal study with Canadian children, loss
of a parent, either by death, divorce, or separation, between 4
and 8 years of age is a strong predictor of depression at 16–
20 years of age, for girls but not boys (Bellamy and Hardy,
2015), indicating a sex-dependent impact of early parental
loss.

Maternal deprivation for 24 h in rats is a paradigm used
to mimic the transient loss of maternal care during the stress
hyporresponsive period (SHRP) and represents the removal of
inhibitory regulation that the mother exerts on the offspring’s
HPA axis (Hofer, 1994). The SHRP is an extremely important
developmental phase, lasting from postnatal day (PND) 4
to PND 14, and characterized by adrenal insensitivity to its
trophic hormone, ACTH (Witek-Janusek, 1988) and to most
stressors, ensuring the maintenance of low and stable levels
of corticosterone (CORT), a requirement for proper brain
development (for review, see Rosenfeld et al., 1992). Maternal
behaviors such as licking/grooming and nursing are responsible
for inhibiting the secretion of ACTH and CORT, respectively
(Cirulli et al., 1992; Rosenfeld et al., 1993; Suchecki et al., 1993;
van Oers et al., 1998). In a seminal study, Levine et al. (1991)
demonstrated that the immediate effects of maternal deprivation
on basal, stress-, and ACTH-induced CORT secretion were
dependent on the pups’ age. Thus, at PND 3, i.e., before the onset
of the SHRP, 24 h of deprivation results in a slight increase in basal
and stress-, but not in ACTH-induced CORT levels, whereas at
PND 11, e.g., during the SHRP, it leads to a very robust CORT
response to all challenges (Levine et al., 1991).

The long-term effects of maternal deprivation appear to
depend on the age when it takes place as well as when the
animals are tested. For instance, maternal deprivation on PND
3 reduces hippocampal neurogenesis in prepubertal females,
but not in males (Oomen et al., 2009); it also impairs long-
term potentiation and hippocampal-dependent learning of adult
males under unstressed conditions, but improves these functions
when animals are tested under high CORT levels or stressful
conditions (Oomen et al., 2010), suggesting that this early life
stress may prepare the animal to face adversity in adulthood in
a more adaptive way (Loi et al., 2014). Nonetheless, adult male
and female rats deprived on PND 3 display more anxiety-like
behavior in the light-dark box (Faturi et al., 2010). When pups
are maternally deprived on PND 9, male adolescent rats displayed
increased anxiety-like behavior and social evasion in the social
investigation test (Girardi et al., 2014), while adult males exhibit
behavioral changes reminiscent of schizophrenia symptoms
(Ellenbroek et al., 1998; Husum et al., 2002), and augmented
striatal and cortical dopaminergic tonus and dopamine and
serotonin concentrations in the amygdala (Rentesi et al., 2013).
When imposed on PND 11, maternal deprivation results in
anxiety-like profile in adult male and female rats (Faturi et al.,
2010; Barbosa Neto et al., 2012) and reduces hippocampal
levels of two inhibitory amino acid neurotransmitters in a sex-
dependent way, taurine in males and GABA in females (Barbosa
Neto et al., 2012). Interestingly, juvenile male and female rats
deprived on PND 11 and tested in the open-field exhibit less
anxiety-like behavior than control counterparts, spending more
time in the central part of the apparatus (Suchecki et al.,
2000).

In children, the cortisol response to medical examinations
and vaccinations decrease from 6 to 12 months, while from
12 to 18 months of age, there is virtually no cortisol response
to these events, indicating that the SHRP may also occur in
humans. Interestingly, the suppression of cortisol response is
moderated by the quality of parental care, i.e., children of low-
sensitive parents and insecure attachment show higher cortisol
stress response during this period (for review, see Gunnar
and Cheatham, 2003). Studies designed to investigate the long-
term impact of parental loss around the SHRP in humans are
scarce and have resorted on post-institutionalized adolescents.
Assessment of adopted adolescents (average age 12.9 years)
with a history of orphanage-dwelling of approximately 2 years
shows that they exhibit less risk-taking behavior and more
depressive symptoms than adolescents raised by their biological
parents (Loman et al., 2014). Regarding brain structural changes
in early- or late-adopted (before or after 12-months-olds,
respectively) 13- to 14-years-old adolescents, data show reduction
of prefrontal cortex thickness and hippocampal volume, with
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greater impact on the late-adopted subgroup (Hodel et al.,
2015). Moreover, late (after 15 months of age), but not early
adopted 8- to 10-years-old children show greater amygdala
activation, anxiety levels, and impaired emotional regulation
(Tottenham et al., 2010). Collectively, these findings indicate
that the 24 h maternal deprivation paradigm may be a valuable
translational model for the study of short- and long-term
consequences of neonatal adversity-induced vulnerability to
psychiatric disorders.

Recently, the role of neuropeptide Y (NPY) in stress resilience
has gained much attention. The evidence shows that NPY
deficiency is involved in the pathophysiology of emotional
and mood disorders (for review, see Heilig, 2004; Wu et al.,
2011; Kormos and Gaszner, 2013; Thorsell and Mathé, 2017).
Clinical data demonstrate a reduction of NPY cerebrospinal fluid
levels of treatment-resistant depressive (Heilig et al., 2004) and
posttraumatic stress disorder (PTSD) patients (Sah et al., 2009,
2014), whereas pre-clinical studies report reduced NPY levels in
an animal model of PTSD (Cohen et al., 2012) and a potential
therapeutic effect of this peptide in a model of PTSD, since intra-
nasal administration of NPY in rats either prevents (Serova et al.,
2013) or reverses (Serova et al., 2014) the behavioral alterations,
suggesting that this neuropeptide could confer protection against
stress-related psychopathologies.

Disruption of the mother-infant relationship by means of
3 or 6 h of maternal separation leads to increased anxiety-
and depressive-like behaviors (Huot et al., 2001) and reduces
NPY-immunoreactivity (ir; Husum and Mathé, 2002) and
hippocampal levels (Jiménez-Vasquez et al., 2001). Data on the
effects of maternal deprivation on NPY are scarce, but the
evidence indicates an overall reduction: DEP9 animals exhibit
lower NPY levels in the hippocampus and occipital cortex than
control rats (Husum et al., 2002), while DEP3 and DEP11 male
and female adolescents display reduced food intake during the
rats’ active period and lower NPY-ir in the arcuate nucleus of the
hypothalamus than controls (Wertheimer et al., 2016). Therefore,
it appears as though neonatal stress leads to reduction of NPY
in several brain areas involved with motivated and emotional
behaviors, and this effect could represent a neurobiological
underpinning of vulnerability to later psychopathology.

Based on the abovementioned evidence, we hypothesized that
maternally deprived rats would display more anxiety and/or
depressive-like behaviors in a series of behavioral tests and
express less NPY in the basolateral amygdala (BLA), ventral
hippocampus (vHPC) and dorsal hippocampus (dHPC), two
emotional behavior-related brain areas.

MATERIALS AND METHODS

These studies only began after approval of the Ethics Research
Committee of Universidade Federal de São Paulo, in accordance
to the Guidelines of the Brazilian National Council for Control
of Animal Experimentation (Protocols 187322 and 0340/12) and
the National Institutes of Health guide for the care and use
of Laboratory animals. All efforts were made to minimize the
animals’ discomfort and the sample size.

Breeding and Husbandry
Male and female 3-months-old Wistar rats [from Centro de
Desenvolvimento de Modelos Experimentais (CEDEME) of
Universidade Federal de São Paulo, São Paulo, Brazil] were
mated in the Department of Psychobiology, under controlled
temperature (21± 3◦C) and lighting (12 h light/dark cycle; lights
on at 7:00 h). Briefly, one male was housed with two virgin
females for 10 days. Females were individually housed 18 days
after the beginning of mating and wood shavings and paper towel
were provided as nesting material. Cages were inspected daily
and date of birth was designated PND 0. On PND1, litters were
adjusted to four females and four males and randomly assigned
to one of three groups: control, non-deprived (CTL), maternal
deprivation on PND 3 (DEP3) or on PND 11 (DEP11). Cages
were cleaned once every 3 days, by replacing half of the bedding
with clean material, and providing more nesting material. Unless
stated otherwise, animals had free access to food and water during
the entire study.

Maternal Deprivation
Pups assigned to DEP3 or DEP11 groups were removed
from the presence of the dam at 10:00 h and placed in
cages containing bedding from the maternity cage. There they
remained undisturbed for 24 h on a heating pad set at 30–
33◦C. After reunion with the mother, pups were not disturbed
until weaning, which happened on PND 21. At that time, pups
were separated by sex and housed as a litter (siblings were
kept together, four animals per cage; Experiment 1) or in pairs
(Experiment 2) with food and water provided ad libitum, under
the same environmental conditions described above.

Experiment 1
Animals
A total of 30 litters, distributed in three groups (10 litters per
group) were used in this experiment. Testing was carried out
between PND 52 and PND 60, the equivalent to the transition
period from late adolescence to early adulthood. This age range
was chosen because in humans, this period seems to mark the
onset of manifestations of emotional problems (Patten et al.,
2006) and females were tested during the estrous phase; from
PND 52 on, vaginal smears were collected and the female was
tested once estrous phase was detected. This phase of the cycle
was chosen because, together with proestrous, females display
less anxiety-like behavior in classical tests (Marcondes et al., 2001;
Ramos-Ortolaza et al., 2017) and in diestrous, females show more
depressive-like behavior (Walf and Frye, 2010). Moreover, during
diestrous and metestrous, when estradiol levels are low, females
behave more similarly to males (ter Horst et al., 2012), hindering
possible sex differences. To avoid litter effect, one male and one
female from each litter were submitted to one of three behavioral
tests; the remaining couple of animals were decapitated under
basal conditions.

Body and Adrenal Relative Weights
One male and one female were taken from each litter and
weighed. They were decapitated and the adrenals, removed,
cleaned of surrounding fat, and weighed immediately. Relative
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adrenal weight was calculated according to the following
equation: (sum of both adrenals weight [mg]/body weight
[g])× 1000).

Behavioral Assessment
Novelty suppressed feeding (NSF)
This test is used to assess anxiety-like behavior in rodents and
was validated by (Bodnoff et al., 1988). Fifty-nine adolescent rats
were food deprived for 48 h before the test: CTL (10 females
and 10 males), DEP3 (10 females and 9 males), and DEP11 (10
females and 10 males). At the end of the fasting period, they were
transferred to the testing room and habituated for 60 min. Each
rat was placed in the corner of an unknown plastic cage (110 cm
long × 60 cm wide × 40 cm walls), where a previously weighed
pellet of chow was placed in the other extremity of the cage.
The test was video-recorded and lasted 10 min, during which
the animal could explore the new environment. The latency
for the first bite and the total amount of chow eaten were
recorded and, after the testing period, the rats were returned
to their home-cages, where food pellets were available to be
consumed for 30 min. The post-test food intake was carried out
to eliminate the possibility of lack of motivation to eat, which
would be detected in the known environment. After each test, the
plastic cage was cleaned with alcohol 70%, to eliminate olfactory
signs.

Sucrose negative contrast test (SNCT; Matthews et al., 1996)
This is a test used to assess motivational behavior of rats to
engage in pleasurable activity. It is based on the consummatory
response to a sudden decrease in concentration of a palatable
sucrose solution, in which the suppression of a lesser palatable
solution is expected. Sixty-one adolescent rats were used: CTL
(10 males and 11 females), DEP3 (10 males and 10 females),
and DEP11 (10 males and 10 females). The test was carried out
for 3 consecutive days, and the rats were housed individually
in home-cages during the evaluation period. In the first 2 days,
two identical bottles were offered to the animals, one containing
a 15% sucrose solution and the other, water. The bottles were
switched between days to avoid any possible place preference.
On the third day, the sucrose solution was changed to 2.1%
(less palatable, hence, less attractive). Liquid intake (from each
bottle) was measured every 24 h, by weighing the bottles, and
sucrose preference index (SPI) was estimated by the equation:
volume of sucrose intake/total liquid intake (sucrose + water).
Reduced intake of 2.1%, compared to that of 15% sucrose solution
is the expected behavioral outcome for rats displaying a hedonic
profile (Verma et al., 2010; Girardi et al., 2014). The variation
of SPI between days 2 (15%) and 3 (2.1%) was calculated as
a measurement of suppressed intake of the less concentrated
solution.

Forced swimming test (FST)
This classical test for evaluation of antidepressant drugs is based
on learned helplessness from an inescapable situation (Porsolt
et al., 1977). The protocol used in the present study was modified
by Detke et al. (1995) and Lucki (1997). Sixty animals were used,
corresponding to 10 animals/group/sex. On the first day, each rat
was trained individually, for 15 min, in an acrylic transparent

cylinder, measuring 20 cm in diameter and 50 cm in height
and containing water up to 30 cm (24 ± 1◦C). Twenty-four
hours later, the rats were placed, individually, in the cylinder
for 5 min (testing session) and the sessions were filmed by a
camera positioned in front of the cylinder for posterior behavioral
analysis; frequency of the predominant behavior at every 5 s
was recorded, including swimming (movements throughout the
swim cylinder), climbing (upward directed movements of the
forepaws along the cylinder walls), and immobility (when the
rat stopped all active behaviors and remained floating in the
water with minimal movements, with its head just above the
water). After each training and testing session, the animals
were dried with a soft towel and placed back in their home-
cages, whereas the cylinders were washed to eliminate olfactory
clues.

Experiment 2
Animals
Twenty-eight litters were distributed in CTL (nine litters), DEP3
(10 litters), and DEP11 (nine litters). In each litter, two males and
two females were tested in the elevated plus maze, whereas the
remainder of the litter was not tested and provided baseline values
of parameters published previously (Wertheimer et al., 2016) and
NPY-ir.

Elevated Plus Maze (EPM)
On PND 52, 62 animals (CTL group: 11 males and 9 females;
DEP3 group: 10 males and 12 females; DEP11 group: 10 males
and 10 females), females tested during estrous (detected as
explained above), were exposed to the EPM for assessment of
anxiety-like behavior. The test was conducted between 8:00 and
12:00 h in a maze constructed of wood, painted in brown, with
four arms forming a cross 50 cm above the ground. All arms
were 50 cm in length and 10 cm wide and two opposite arms,
denominated closed, had 40 cm enclosing walls, while the open
arms contained a small 0.5 cm ledge, which served as a tactile
guide for the animals (Cohen et al., 2003). The test was 5 min
long, and each rat was brought to the EPM cubicle and placed
in the central square of the apparatus with its nostril facing one
of the open arms (Pellow et al., 1985), under a 12.5 lux, red
light. Each session was video-recorded for posterior behavioral
analysis. After each test, the EPM was wiped out with a 20%
alcohol solution.

The parameters considered for analysis included the behaviors
reflecting the exploratory activity of the aversive arms: (1)
percentage of visits into the open arms (%VOA – represented
by the ratio between entries into the open arms and total entries
in all arms); (2) percentage of time in the open arms (% TOA –
time spent in the open arms/300 = time of the test); (3) squares
crossed in the OA; and (4) frequency of visits to the extremity
of the OA (number of times that the rat reached the extreme
edge of these arms). Entries were considered when the rats placed
all four paws inside the arms and the same was true for motor
activity.

Anxiety index was calculated according to Mazor et al. (2009),
considering the frequency and time spent in the open arms in
relation to the total exploration of the apparatus. Anxiety index
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stands between 0 and 100 and higher indices indicate higher
anxiety level.

Anxiety index (%) =

1−
[( Time in OAs

Total time of test
)
+

(Entries in the OAs
Total entries

)
2

]
× 100

Tissue Preparation
After the EPM, each animal was taken back to its home-cage,
together with its pair, and 15 min later, one to two males
and females from each litter were anesthetized with sodium
thiopental and submitted to gravity perfusion, only when they
did not display any pain response, using the AutoMate In Vivo
Perfusion System #11-800. The perfusion needle was inserted
into the left ventricle and positioned in the ascendant aorta,
the descendent aorta was clamped above the liver, and the
right auricle was sectioned. After these procedures, 200 mL of
heparinized saline solution at 0.9% was inserted into the left
ventricle. Following the saline wash, the tissue was fixed using
250 mL of PFA at 4% in a phosphate buffered saline solution (PBS,
0.1 M, pH 7.4). At the end of perfusion, animals were decapitated
and their heads kept at 4◦C in a solution of PFA at 4% in 0.1 M
PBS. The following day, brains were removed from the skulls and
infiltrated gradually with sucrose up to 30% in 0.1 M PBS for
crioprotection. After 48 h in the sucrose infiltration, brains were
frozen on containers made of aluminum foil floating in a solution
of dry ice and methanol.

Immunohistochemistry
Brains were cut into 50 µm coronal sections that spanned from
bregma 2.3 to 3.3 mm for the BLA and bregma 4.3–4.6 mm for
the dHPC, using a Leica CM1850 cryostat at −20◦C, according
to the stereotaxic coordinates of the rat brain atlas (Paxinos
and Watson, 1998). Sections were sequentially placed in the
six wells filled with PBS and sucrose anti-freezing solution of a
24-multiwell plate.

Sections stored in PBS/sucrose anti-freezing solution at
−20◦C were washed extensively with PBS and then incubated
at 4◦C for 48 h with anti-NPY developed in rabbit (Sigma-
Aldrich, Brazil). For the analysis of BLA, vHPC, and dHPC,
a 1:1000 dilution was used. After being washed in PBS,
all sections were incubated at room temperature for 2 h
using a biotinylated secondary anti-rabbit antibody (Vector
Laboratories, Burlingame, CA, United States) in a 1:600 dilution.
Immunocomplex was made visible by using the Vectastain Elite
ABC kit (Vector Laboratories, Burlingame, CA, United States)
according to manufacturer’s instructions and then stained with
DAB (0.5 mg/mL) for 15 min. Finally, sections were mounted
onto gelatine-coated microscope slides and allowed to air dry.
Slides were then covered with mounting media and coverslips.

The images were visualized using an Olympus BX50
(Olympus, Japan) light microscope and recorded digitally.
Neurons marked on both hemispheres of the BLA and of the
vHPC and dHPC were individually counted by A.S.M., who had
no knowledge of the experimental group or sex of each animal

and NPY immunoreactivity (NPY-ir) in these structures was
estimated by averaging cell counts of 6 sections per structure.

Experiment 3
Previous studies demonstrate that aspects of maternal care
can modulate the activity of the pup’s HPA axis activity;
thus, replacement of nursing and anogenital licking during the
maternal deprivation period prevents, almost completely, the
effects of maternal absence at all levels of the HPA axis (Rosenfeld
et al., 1993; Suchecki et al., 1993; van Oers et al., 1998). Moreover,
natural variations in maternal care result in distinct behavioral
profiles in adulthood, inasmuch as the offspring of mothers
engaging in high levels of arched-back nursing and anogenital
licking display low levels of fear and stress reactivity (Caldji
et al., 1998; Champagne et al., 2003). Therefore, we recorded the
frequency of different nursing postures: passive, when the mother
laid on its back and pups approached the nipples; blanket, when
the mother laid on top of the litters; arched-back nursing, when
the mother arched its back to allow pups to reach its nipples
(Rees et al., 2005); licking-grooming, the mother licked the pup’s
body; and anogenital licking-grooming, when the mother licked
the anogenital area of the pup.

Animals
Twelve litters were used, seven DEP3 and five DEP11. At the end
of the deprivation period, litter and mother were reunited and
maternal behavior was recorded during 1 h, at 10:00, 14:00, and
17:30 h. Every 3 min, maternal behavior (s) was (were) recorded,
making up for 20 recordings per hour at each time-point; the
sum of all recordings provided the total frequency. Importantly,
the behaviors were not mutually exclusive and the mother could
engage in two behaviors at the same time; in that case, both were
recorded.

Statistical Analysis
Physiological (body weight and relative adrenal weight),
behavioral parameters from novelty suppressed feeding (NSF)
and forced swimming test (FST), EPM, and NPY-ir were analyzed
by a two-way ANOVA with sex (male, female) and group (CTL,
DEP3, DEP11) as main factors. Data on daily SPI in the sucrose
negative contrast test (SNCT) were analyzed by a three-way
ANOVA for repeated measures with sex, group, and day as main
factors. The difference of SPI between days 3 (2.1%) and 2 (15%)
was analyzed by a two-way ANOVA with sex and group as main
factors. Post hoc analyses were done by the Newman–Keuls test
and the level of significance was established at p < 0.05.

Analysis of maternal behavior was done by the Mann–
Whitney U-test, with the level of significance set at p < 0.05.

Cohen’s d effect size was calculated for all behavioral and
neurochemical data. This index measures the magnitude of
an effect (or percentage of overlap between groups) based on
the means and standard deviations of each comparison group;
the calculator is available at https://www.uccs.edu/lbecker/.
Interpretation of the d values can be found at https://www.
uccs.edu/lbecker/effect-size, where values between 0.5 and 0.8
represent moderate effect, whereas those above 0.81 represent
large effect.
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TABLE 1 | Body and relative adrenal weights of adolescent male and female rats, kept with the mother – control (CTL) or maternally deprived on postnatal days 3 (DEP3)
or 11 (DEP11).

Body weight (g)

CTL DEP3 DEP11

Males 232.64 ± 29.9 (11) 201.10 ± 32.9 (10)∗ 212.00 ± 20.9 (10)∗

Females 192.09 ± 19.8 (11)U 179.90 ± 17.4 (10)∗U 179.90 ± 18.8 (10)∗U

Relative adrenal weight

CTL DEP3 DEP11

Males 0.19 ± 0.02 0.23 ± 0.05∗ 0.21 ± 0.04

Females 0.26 ± 0.03U 0.30 ± 0.02∗U 0.29 ± 0.04U

Animals were not tested and the results are presented as mean ± SEM of the number of animals shown in parenthesis. ∗ – Different from CTL group; U – different from
males.

TABLE 2 | Number of positive NPY-immunoreactive cells in the ventral hippocampus (vHPC) of adolescent male and female rats, kept with the mother – control (CTL) or
maternally deprived on postnatal days 3 (DEP3) or 11 (DEP11).

NPY positive neurons in the vHPC

CTL DEP3 DEP11

Males 83.77 ± 15.4 (13) 85.54 ± 22.6 (11) 79.20 ± 16.6 (15)

Females 76.54 ± 9.2 (11)U 60.70 ± 12.4 (10)U 72.54 ± 13.8 (11)U

The results are presented as mean ± SD of the number of animals shown in parenthesis. U – Different from males.

RESULTS

Experiment 1
Body and Relative Adrenal Weights (Table 1)
Main effects of sex [F(1,56) = 26.058; p < 0.00001] and group
[F(2,56) = 4.731; p< 0.02] were revealed for body weight. Females
were lighter than males (p < 0.0002) and DEP3 and DEP11
rats, regardless of sex, were lighter than their CTL counterparts
(p < 0.04, for both groups).

Regarding the relative adrenal weight, there were also main
effects of sex [F(1,56) = 69.111; p < 0.00001] and group
[F(2,56) = 5.451; p < 0.007]. Females’ adrenals were heavier
than males’ and those of DEP3 were heavier than adrenals of
CTL rats (p < 0.006); DEP11 males and females tended to have
heavier adrenals than CTL counterparts (p = 0.07; Table 1),
with, respectively, moderate and high magnitudes for males and
females (Table 4).

Novelty Suppressed Feeding (Figure 1)
Two-way ANOVA detected main effect of group for the latency
to eat the pellet [F(2,54) = 5.925; p < 0.005]; both DEP3 males
and females took longer to eat than CTL and DEP11 (p < 0.05).
As for the amount consumed, females ate less than males
[F(1,54) = 30.682; p < 0.0001].

Sucrose Negative Contrast Test (Figure 2)
Interactions between sex and day [F(2,110) = 5.45; p < 0.01] and
between group and day [F(4,110) = 2.71; p < 0.04] were observed
for sucrose preference. DEP3 and DEP11 males suppressed the
intake of 2.1% sucrose solution less than CTL rats (p < 0.004),

whereas all females, regardless of group, displayed less reduction
of this solution intake than males (p < 0.0001).

Forced Swimming Test (Figure 3)
Both DEP3 males and females swam less than DEP11
counterparts (p < 0.0006 for both comparisons), which, in
turn, swam less than the respective CTL groups (p < 0.0005)
(Group effect [F(2,54) = 50.808; p < 0.0001]). Regarding the
frequency of climbing behavior (Figure 3B), group effect was
detected [F(2,54) = 10.5; p < 0.0005] and DEP3 males and females
displayed less climbing than both DEP11 and CTL counterparts
(p < 0.001, for both). Frequency of immobility (Figure 3C) was
higher in DEP3 than DEP11 rats (p < 0.0005), which in turn,
was higher than CTL counterparts (p < 0.005) [F(2,54) = 62.53;
p < 0.0001].

Experiment 2
Elevated Plus Maze
Percentage of entries in the OA (Figure 4A)
An interaction between sex and group was detected
[F(2,56) = 3.808; p< 0.03] and, although there were no differences
among males, DEP3 females entered the open arms significantly
less than both CTL and DEP11 counterparts (p < 0.005 for both
comparisons).

Percentage of time in OA (Figure 4B)
Main effect of group was observed [F(2,56) = 9.642; p < 0.0005],
with both DEP3 males and females spending less time in the
OA than CTL and DEP11 counterparts (p < 0.005 for both
comparisons).
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TABLE 3 | Frequency (median – 25 and 75 percentile) of the main components of maternal care on the day of reunion of the litters with their mothers.

Behavior/time Group Statistics

DEP3 DEP11

Passive nursing

10:00 h 0 (0− 0) 0 (0− 0) U = 14.0; p < 0.7

14:00 h 0 (0− 4) 0 (0− 0) U = 10.0; p < 0.3

17:00 h 0 (0− 4) 0 (0− 0) U = 15.0; p < 0.8

Total 0 (0− 5) 0 (0− 1) U = 14.0; p < 0.7

Blanket nursing

10:00 h 15 (11− 16) 16 (1− 17) U = 16.5; p < 0.9

14:00 h 16 (14− 19) 14 (14− 18) U = 15.0; p < 0.8

17:00 h 16 (11− 20) 11 (10− 12) U = 6.5; p < 0.08

Total 45 (39− 48) 29 (29− 42) U = 7.5; p < 0.2

Arched-back nursing

10:00 h 1 (1− 2) 2 (0− 12) U = 15.0; p < 0.8

14:00 h 0 (0− 2) 0 (0− 1) U = 15.0; p < 0.8

17:00 h 0 (0− 0) 1 (0− 1) U = 11.0; p < 0.4

Total 2 (1− 6) 2 (2− 13) U = 15.0; p < 0.8

Licking-grooming

10:00 h 4 (1− 6) 4 (2− 5) U = 17.0; p = 1.0

14:00 h 1 (1− 3) 2 (1− 2) U = 16.5; p < 0.9

17:00 h 1(0− 2) 0(0− 1) U = 12.5; p < 0.5

Total 8 (3− 9) 5 (5− 7) U = 13.0; p < 0.6

Anogenital licking-grooming

10:00 h 7 (6− 9) 9 (7− 9) U = 13.5; p < 0.6

14:00 h 1 (0− 3) 2 (2− 3) U = 7.5; p < 0.2

17:00 h 0 (0− 2)# 5 (2− 5) U = 4.0; p < 0.03

Total 9 (7− 12)# 15 (12− 16) U = 5.0; p < 0.05

Interaction with pups

10:00 h 19 (19− 20) 17 (17− 19) U = 10.0; p < 0.3

14:00 h 20 (16− 20) 20 (16− 20) U = 17.5; p = 1.0

17:00 h 16 (14− 20) 16 (16− 17) U = 17.0; p < 1.0

Total 53 (50− 59) 51 (48− 53) U = 10.0; p < 0.3

# – Significant difference from DEP11, by the Mann–Whitney U-test (p < 0.05).

Anxiety index (Figure 4C)
Main effect of group was observed [F(2,56) = 10.734; p < 0.0002],
confirming that DEP3 rats, regardless of sex, displayed higher
anxiety index than their CTL and DEP11 counterparts (p< 0.001
for both comparisons).

Squares crossed in the OA (Figure 4D)
Exploratory activity in the open arm was reduced in both male
and female DEP3 rats, compared with the other groups (main
effect of Group [F(2,56) = 7.734, p < 0.001]).

Visits to the extremity of the OA (Figure 4E)
Again DEP3 males and females approached the extreme portion
of the open arm less than CTL and DEP11 counterparts (main
effect of Group [F(2,56) = 8.193; p < 0.0008]).

Immunohistochemistry for NPY
An initial analysis considering condition (basal or post-EPM) did
not reveal differences in NPY-ir for any of the regions evaluated
[BLA: F(1,60) = 0.000; p < 0.99; dHPC: F(1,59) = 0.453; p < 0.50;

vHPC: F(1,59) = 1.494; p < 0.23]. Therefore, data were pooled
across this variable.

Basolateral amygdala
NPY-ir in the BLA was reduced in both deprived groups
compared to CTL (group effect [F(2,66) = 27.71; p < 0.0001]); in
addition, deprived females exhibited less NPY-ir than their male
counterparts (p < 0.01 for DEP3 and p < 0.02 for DEP11; sex
effect [F(1,66) = 20.435; p < 0.0001]). These results are shown in
Figure 5.

Ventral hippocampus
Main effect of sex [F(1,65) = 11.814; p < 0.001], but not of group
or interaction between factors, was detected; females showed
significantly less NPY-ir in the ventral hippocampus than males
(p < 0.001). Values of NPY-ir in this area are shown in Table 2.

Dorsal hippocampus
An interaction between group and sex was shown
[F(2,65) = 17.403; p < 0.0001]. NPY-ir was lower in DEP3
than in DEP11 males (p < 0.001), which, in turn, was lower than
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FIGURE 1 | Latency to the first bite in the chow pellet (A) and amount of
chow consumed (B) in a 10 min session of novelty suppressed feeding test.
Animals were maintained with their mothers (CTL), deprived on postnatal day
(PND) 3 (DEP3) or on PND 11 (DEP11) and tested between PNDs 52 and 60.
Data are presented as mean ± SEM of 9–10 animals/group/sex. ∗ – Different
from CTL group; # – different from DEP11 group; U – different from respective
male group.

in CTL counterparts (p < 0.001). In females, both manipulated
groups displayed less NPY-ir than CTL group (p < 0.01 for both
DEP3 and DEP11), without any difference from each other. In
addition, NPY-ir was lower in females than in males (p < 0.01).
These results are shown in Figure 6.

The results of Cohen’s d effect size can be found in
Table 4 (comparison between groups, for each sex) and Table 5
(comparison between sexes, in each group).

Experiment 3
The results of maternal behaviors, including the statistical
analysis, are presented in Table 3. Of all behaviors recorded,
only anogenital licking and grooming was significantly different
between the groups. Mothers of DEP11 pups engaged more in
this behavior, reaching statistical differences at 17:30 h (p < 0.03)
and total frequency during the day (p < 0.05).

DISCUSSION

In the present study, we tested the impact of maternal deprivation
imposed in two moments of the neonatal development,
immediately before (DEP3) and in the midst of the SHRP
(DEP11), on physiological variables, such as body weight gain

FIGURE 2 | (A) Sucrose preference index and (B) variation of sucrose intake
between Days 3 (2.1% sucrose concentration) and 2 (15% sucrose
concentration) in the sucrose negative contrast test. Animals were maintained
with their mothers (CTL), deprived on postnatal day (PND) 3 (DEP3) or on
PND 11 (DEP11) and tested between PNDs 52 and 60. Data are presented as
mean ± SEM of 10–11 animals/group/sex. ∗ – Different from CTL group;
U – different from respective male group.

and relative adrenal weight, and on emotional behavior and
NPY-ir in the BLA, vHPC, and dHPC of male and female rats.
Impairment of body weight gain replicated previous findings
(Wertheimer et al., 2016), and in the present study, we also found
that females, regardless of their infancy history, showed heavier
adrenals than their male counterparts; in addition, maternal
deprivation on PND 3 resulted in the heaviest adrenal weights
both in males and females, suggesting that DEP3 adolescents
may be under chronic stress (Jankord et al., 2011). There was a
clear distinctive age-dependent effect of maternal deprivation on
emotional behavior, inasmuch as DEP3 adolescents of both sexes
displayed the highest anxiety index and the greatest frequency
of immobility in the FST; DEP11 adolescents, in turn, displayed
more immobility than their CTL counterparts. The greater
impact of maternal deprivation at an earlier age recapitulated
a recent epidemiological study (Berg et al., 2016), providing an
important face validity for this model of vulnerability. Despite
this clear behavioral differentiation, the expression of NPY in
three well-known areas involved with anxiety- and depressive-
like behaviors was altered by maternal deprivation on both
periods of development and in both sexes.
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FIGURE 3 | Frequency of swimming (A), climbing (B), and immobility (C) during a 5 min session of the forced swimming test. Animals were maintained with their
mothers (CTL), deprived on postnatal day (PND) 3 (DEP3) or on PND 11 (DEP11) and tested between PNDs 52 and 60. Data are presented as mean ± SEM of 10
animals/group/sex. ∗ – Different from CTL group; # – different from DEP11.

All behavioral assessments in females were carried out
during the estrous phase, which, together with proestrous, is
characterized by lesser anxiety-like profile among the phases
of the cycle. For instance, female rats in estrous behave
similarly to males in the elevated T maze (Gouveia et al.,
2004) and EPM (Marcondes et al., 2001), whereas in the

open field, they are less anxious than in the other phases of
the cycle (Ramos-Ortolaza et al., 2017). Interestingly, females
tested in the EPM and in the punished conflict test are less
anxious and more responsive to NPY anxiolytic effect in late
proestrous than in metestrous (Molina-Hernández et al., 2006).
Comparing all estrous phases in the punished conflict test,
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FIGURE 4 | Percentage of visits (A) and time spent (B) in the open arms (OA); anxiety index (C); number of squares crossed in the OA (D) and number of times that
the animals reached the far end of the OA (E) during a 5 min session in the elevated plus maze. Animals were maintained with their mothers (CTL), deprived on
postnatal day (PND) 3 (DEP3) or on PND 11 (DEP11) and tested between PNDs 52 and 60. Data are presented as mean ± SEM of 9–12 animals/group/sex.
∗ – Different from CTL group; # – different from DEP11.

it has been observed that during late proestrous and estrous,
females are less anxious and more responsive to diazepam
than in metestrous and diestrous (Molina-Hernández et al.,
2001). Data regarding depressive-like behavior, on the other
hand, seem to be controversial; on the one hand, neither
the FST (Ramos-Ortolaza et al., 2017) nor the saccharin
preference test (Borrow and Cameron, 2017) is influenced
by the estrous cycle. On the other hand, findings show that
female hormones protect ovariectomized animals in tests of
depressive-like behavior (Bredemann and McMahon, 2014;
Ibrahim et al., 2016). In the present study, the behaviors
displayed by CTL animals in the NSF and EPM were in
agreement with the abovementioned findings. The NSF is a
test that responds to acute benzodiazepine treatment and to
chronic antidepressant administration, being regarded as a test
for anxiety-like behavior (Ramaker and Dulawa, 2017), with a
strong motivational component. Therefore, we could argue that
DEP3 males and females exhibited less motivation to eat in
the novel environment. Although the statistical analysis did not
detect a difference between CTL and DEP11 females, Cohen’s
d effect size indicated a moderately relevant effect. On the
contrary, contrasting DEP3 and DEP11 females did not reveal
any relevance, suggesting that DEP11 females may also display
less motivation to eat.

The SNCT test evaluates the response of animals to a shift
in reward, by habituating them to a 15% sucrose solution and

then shifting it to 2.1%, i.e., a much less palatable solution
(Matthews et al., 1996). The behavioral response to change of
a familiar solution (15%) with a novel one (2.1%) reflects the
comparison between expectancy and reality. Therefore, animals
are expected to reduce the intake of the lesser concentrated
solution (Matthews et al., 1996). Although all males reduced
the 2.1% solution intake, the reduction was greater in the CTL
group (approximately 50%, meaning that CTL animals were
indifferent to the new solution), whereas DEP3 and DEP11
males still preferred the less palatable solution. The smaller
response of deprived animals to the shift in rewarding valence
of the stimulus could be interpreted as resembling the blunted
hedonic behavior of depressive patients, but this is speculative,
for we could not find any published work on the predictive
validity of this test. However, the results of the FST are in line
with the results of the SNCT, since both manipulated groups,
regardless of sex, displayed more immobility and, particularly,
DEP3 animals also displayed less climbing than the other groups.
The FST is a model of learned helplessness (Porsolt et al.,
1977), widely used to assess the efficacy of antidepressant drugs.
However, there have been claims that this test assesses the
animal’s coping style, providing a distinction between active
(climbing and swimming) and passive coping (immobility;
de Kloet and Molendijk, 2016); therefore, the FST can be
better regarded as a test that objectively detects the depressive-
related behavioral state of the animal (Cryan et al., 2005b),

Frontiers in Behavioral Neuroscience | www.frontiersin.org 10 August 2018 | Volume 12 | Article 159

https://www.frontiersin.org/journals/behavioral-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


fnbeh-12-00159 August 3, 2018 Time: 18:23 # 11

Miragaia et al. Maternal Deprivation, Emotion and NPY

FIGURE 5 | Photomicrograph of the basolateral amygdala (BLA) of one control rat at 10x (A) and 40x magnification (B). Number of NPY-immunoreactive neurons in
the BLA (C) of animals maintained with their mothers (CTL), deprived on postnatal day (PND) 3 (DEP3) or on PND 11 (DEP11) and perfused between PNDs 52 and
60. Data are presented as mean ± SEM of 11–15 males and 10–12 females/group. Scale bar in A = 100 µm; scale bar in B = 50 µm. ∗ – Different from CTL group;
U – different from respective male group.

since previous exposure to stressors increases immobility time
(Weiss et al., 1981). The behaviors displayed in this test can be
differentially altered by antidepressants, insofar as noradrenergic-
targeted antidepressants increase climbing, whereas serotonin-
targeted antidepressants increase swimming time (Cryan et al.,
2002, 2005a). The fact that DEP3 animals displayed less
climbing and swimming could indicate that the activity of their
noradrenergic and serotonergic brain systems was impaired
by maternal deprivation. To the best of our knowledge, there
have been no reports on the activity of these neurotransmitter
systems in DEP3 rats. However, maternal deprivation on PND
9 leads to increased serotonin activity (Rentesi et al., 2010, 2013),
whereas on PND 11, maternal deprivation increases 5-HT levels
in the hypothalamus and reduces in the frontal cortex (Cabbia
et al., 2018), suggesting an age-dependent and region-specific
outcome of the neonatal adversity on this neurotransmitter
system.

The results of the EPM are in line with reports on differential
behavioral response depending on the estrous cycle, at least
regarding the spatiotemporal analysis and motor behavior. In
addition to these classical parameters, we also assessed the
locomotor behavior in the open arms and the frequency of
visits to the extremity of the open arms, in order to understand

how aversive these sites were to the animals. We observed that
DEP3 adolescents also ambulated in and reached the extremity
of the open arms less than their CTL and DEP11 counterparts.
The profile herein displayed by DEP11 adolescents in anxiety-
like behavior tests extends previous findings showing longer
exploration of the center part of the open field and less grooming
than CTL rats, clearly indicating reduced anxiety-like behavior
(Suchecki et al., 2000).

Affective behavior is regulated by a number of
neurotransmitters, including noradrenaline (Kalk et al.,
2011), serotonin (Ressler and Nemeroff, 2000), and gamma-
aminobutyric acid (GABA) (Löw et al., 2000). In the last decades,
NPY has gained much attention as a potential anxiolytic,
screened in different behavioral tests, such as the Montgomery’s
maze, elevated plus maze, and Vogel conflict test (Heilig et al.,
1989), having been proposed to both attenuate (Serova et al.,
2013) and reverse (Serova et al., 2014) the behavioral alterations
induced by a model of PTSD. In addition, pre-clinical and clinical
studies indicate NPY involvement with depressive-like behavior
and depression, respectively. On the one hand, different classes of
antidepressants increase NPY-like immunoreactivity, including
tricyclic drugs (Heilig et al., 1988), electroconvulsive therapy
(Jiménez-Vasquez et al., 2007), lithium (Husum et al., 2000), and
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FIGURE 6 | Photomicrograph of the dorsal hippocampus (dHPC) of one control rat at 10x (A) and 40x magnification (B). Number of NPY-immunoreactive neurons in
the dHPC (C) of animals maintained with their mothers (CTL), deprived on postnatal day (PND) 3 (DEP3) or on PND 11 (DEP11) and perfused between PNDs 52 and
60. Data are presented as mean ± SEM of 11–15 males and 10–11 females/group. Scale bar in A = 100 µm; scale bar in B = 50 µm. ∗ – Different from CTL group;
# – different from DEP11; U – different from respective male group.

selective serotonin reuptake inhibitors (Nikisch et al., 2005),
suggesting that this neuropeptide may be a mediator of several
antidepressant therapies. On the other hand, low NPY levels are
found in the cerebrospinal fluid of depressed patients (Westrin
et al., 1999; Heilig et al., 2004; Ozsoy et al., 2016) and in genetic-
(Caberlotto et al., 1998, 1999), lesion- (Goyal et al., 2009), and
stress-induced animal models of depression (Sergeyev et al.,
2005).

In the present study, maternal deprivation resulted in less
NPY-ir in the BLA in both sexes, while an age-dependent
differential effect of this early adversity was found in the dHPC
of males only, with DEP11 male adolescents presenting a lesser
impact than DEP3 ones. With regard to sex differences, levels of
NPY-ir were lower in females than in males in all three regions
analyzed; females also showed greater vulnerability on tests
involving motivational aspects, such as the sucrose preference in
the SNCT, as the magnitude of suppression of the less palatable
sucrose solution was smaller than that of males, regardless of
the infancy history. In fact, evidence indicates that the activity
of the NPY system affects motivated behaviors, as demonstrated
by studies showing that alcohol-preferring rats display lower
NPY levels in the hippocampus, amygdala, and frontal cortex

than non-preferring rats (Ehlers et al., 1998), whereas increased
production of NPY in the amygdala of transgenic rats prevents
escalated ethanol intake in a model of drug dependence (Thorsell
et al., 2007).

Several studies evaluating the effects of endogenous NPY
show that this neuropeptide is related to stress resilience.
For instance, NPY-deficient mice display hypolocomotion and
increased anxiety-like behavior measured in the acoustic startle
response test (Bannon et al., 2000), open field, elevated
plus maze, and light-dark box tests, with males being more
affected than females (Karl et al., 2008). In contrast, transgenic
rats overexpressing NPY in the CA1 and CA2 areas of
the hippocampus are resistant to stress-induced anxiety-
like behavior in the elevated plus maze and in the Vogel
conflict test (Thorsell et al., 2000). Individual variability
in the reaction to a traumatic event leading to PTSD-like
behavior was also shown to correlate with NPY levels in
the amygdala and periaqueductal gray, i.e., exposed animals
showed lower NPY levels than non-exposed and those classified
as affected, i.e., exhibiting the greatest behavioral changes,
showed lower levels than non-affected animals (Cohen et al.,
2012). These findings strongly support the role of NPY
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TABLE 4 | Pairwise calculation of Cohen’s d effect size.

Parameter Males Females

CTL × DEP3 CTL × DEP11 DEP3 × DEP11 CTL × DEP3 CTL × DEP11 DEP3 × DEP11

Body weight 1.00 0.80 0.4 0.65 0.63 0.00

Adrenal weight 1.05 0.63 0.44 1.57 0.85 0.32

NSF latency 1.22 0.18 0.93 1.12 0.69 0.21

NSF intake 0.18 0.46 0.55 0.00 0.15 0.17

NSCT Day 3 1.18 1.26 0.01 0.08 0.23 0.26

NSCT Day 2–Day3 1.14 1.19 0.11 0.08 0.13 0.39

FST swimming 4.00 0.63 2.41 2.71 1.62 1.29

FST climbing 0.87 0.36 1.22 1.73 0.69 1.21

FST immobility 3.69 0.59 2.61 3.08 2.01 1.63

% visits to OA 0.63 0.22 0.29 1.42 0.24 1.35

%TOA 0.96 0.05 1.02 0.78 1.04 1.45

Anxiety index 1.01 0.17 0.86 1.16 0.53 1.44

Squares in OA 1.28 0.07 1.20 0.75 0.42 1.13

Extremity OA 1.18 0.12 1.44 0.65 0.60 1.14

NPY-ir BLA 1.89 1.41 0.05 2.85 2.36 0.33

NPY-ir dHPC 4.46 1.48 2.49 5.28 4.85 0.09

NPY-ir vHPC 0.09 0.28 0.32 1.45 0.34 0.90

Numbers in italic represent moderate magnitude of the effect, whereas bold numbers represent large magnitude of the effect. BLA, basolateral amygdala; dHPC, dorsal
hippocampus; CTL, control group; DEP3, rats maternally deprived on postnatal day 3; DEP11, rats maternally deprived on postnatal day 11; FST, forced swimming test;
NPY-ir, neuropetide Y immunoreactivity; NSCT, negative sucrose contrast test; NSF, novelty suppressed feeding; OA, open arms; TOA, time in open arms; vHPC, ventral
hippocampus.

TABLE 5 | Calculation of Cohen’s d effect size between sexes, in each group, for
all parameters.

Parameter Males × Females

CTL DEP3 DEP11

Body weight 1.60 0.81 1.61

Adrenal weight 2.75 1.84 2.00

NSF latency 0.71 0.77 0.01

NSF intake 1.34 2.20 1.10

NSCT D3 1.23 0.31 0.46

NSCT D2–D3 1.21 0.18 0.61

FST swimming 0.17 0.71 0.56

FST climbing 1.04 0.08 0.07

FST immobility 0.76 0.63 0.50

% visits to OA 1.15 0.45 1.15

%TOA 0.12 0.20 1.02

Anxiety index 0.72 0.09 1.33

Squares in OA 0.24 0.32 0.76

Extremity OA 0.20 0.42 0.72

NPY-ir BLA 0.96 1.64 0.88

NPY-ir dHPC 1.62 1.34 1.05

NPY-ir vHPC 0.57 1.36 0.44

Numbers in italic represent medium magnitude of the effect, whereas bold numbers
represent large magnitude of the effect. BLA, basolateral amygdala; CTL, control
group; D2, Day 2; D3, Day 3; DEP3, rats maternally deprived on postnatal day 3;
DEP11, rats maternally deprived on postnatal day 11; dHPC, dorsal hippocampus;
FST, forced swimming test; NPY-ir, neuropetide Y immunoreactivity; NSCT, negative
sucrose contrast test; NSF, novelty suppressed feeding; OA, open arms; TOA, time
in open arms; vHPC, ventral hippocampus.

as a resilience factor and, based on the expression of
this neuropeptide and on the behavioral profile displayed
by maternally deprived rats, we hypothesize that maternal
deprivation on PNDs 3 and 11 leads not only to increased
vulnerability to emotional disorders but most likely to other
psychopathological conditions as well, including PTSD and
alcohol/drug abuse.

The age-dependent differential effects of maternal deprivation
were intriguing; the ages were selected because they represent
different stages of the developmental stress response. Thus, at
PND 3, pups are more immature, but capable of secreting
CORT in response to stressors, whereas at PND 11, pups
are more mature but in the midst of the SHRP (Levine
et al., 1991). Interestingly, maternal deprivation leads to much
higher basal and stress-induced CORT levels in DEP11 than
in DEP3 pups (Levine et al., 1991; Suchecki and Tufik, 1997;
Faturi et al., 2010). Therefore, we expected DEP11 animals to
display more behavioral alterations than DEP3 ones, but the
results seemed to point to the opposite direction, suggesting
that the impact of maternal deprivation on later behavior and
neurobiology may be mediated by factors other than increased
CORT levels.

In an attempt to understand the behavioral results of this
study, we investigated whether maternal behaviors were different
upon reunion with the pups as a function of the pups’ age.
This idea was based on the fact that adult animals submitted to
neonatal handling, a brief manipulation repeated daily during the
pre-weaning period (Levine, 1967) display less fear behavior in
the open field and NSF (Caldji et al., 2000b); interestingly, this
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early life stimulation alters maternal behavior so that mothers
increase the frequency of licking and grooming of their pups (Liu
et al., 1997). Our results showed that mothers of DEP11 pups
engaged more in anogenital licking and grooming than mothers
of DEP3 pups, whereas all other behaviors were similar between
the groups. This result is remarkable, because the frequency that
mothers care for and interact with their pups decreases as a
function of the litter’s age (Ader and Grota, 1970; Grota and Ader,
1974). For instance, licking and grooming (Champagne et al.,
2003) and nursing bouts (Grota and Ader, 1974) are naturally less
frequent in the second than in the first postnatal week and yet,
after maternal deprivation no such age difference was observed
for nursing and interaction with pups. As for anogenital licking,
it is fairly stable from PND 2 until PND 14, in males, whereas
it is lower in females than in males from PND 7 on (Moore
and Morelli, 1979). Numerous findings demonstrate that the
offspring of mothers that display greater frequency of licking and
grooming are more resilient to stress and fear-related situations
in adulthood (Meaney et al., 1989; Liu et al., 1997; Caldji et al.,
2000a; Menard et al., 2004), suggesting that DEP11 animals
might be resilient in tests relevant for anxiety behavior because
of the level of anogenital licking and grooming received after
reunion with the mother. However, a more thorough evaluation
of maternal behavior in Wistar rats before and after maternal
deprivation is worth carrying out in future studies.

CONCLUSION

Maternal deprivation resulted in age- and sex-dependent
changes in affective behaviors and in the expression of NPY
in the basolateral amygdala and dHPC of adolescent rats.
Animals deprived on PND 3 were more affected than those
deprived on PND11 and females displayed greater changes
in motivation-related behaviors than males. Our data suggest

that NPY may be a vulnerability factor, but not a main
mediator of the effects of maternal deprivation on later
behavior, and that increased maternal care toward pups
might have conferred greater resilience to DEP11 young adult
rats.
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