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Maternal behavior of the mouse dam toward pups: Implications for maternal

separation model of early life stress

Background: Maternal care is essential for an adequate pup development, as well as for the
health of the dam. Exposure to stress in early stages of life can disrupt this dam-pup
relationship promoting altered neurobiological and behavioral phenotypes. However, there is
a lack of consensus regarding the effects of daily maternal separation (MS) on the pattern of
maternal behavior. Objective: The aim of the study is to compare the patterns of maternal
behavior between mice exposed to MS and controls. Methods: BALB/c mice were subjected
to MS for a period of 180 min/day from postnatal day 2 to 7 (n=17), or designated to be
standard animal facility reared (AFR) controls (n=19). Maternal behaviors were computed as
frequency of nursing, licking pups and contact with pups, and non-maternal behaviors were
computed as frequency of actions without interaction with pups and eating/drinking. A total
of 108 observations of maternal behavior were conducted during these six days and
considering the proportion of maternal and non-maternal behaviors, an index was calculated.
Results: There was no difference when comparing the global index of maternal behavior
between the AFR and MS animals by the end of the observed period. However, the pattern of
maternal behavior between groups was significantly different. While MS dams presented low
frequency of maternal behavior within the first couple days of the stress protocol, but
increasing over time, AFR dams showed higher maternal behavior at the beginning, reducing
over time. Conclusion: Together, our results indicate that MS alters the maternal behavior of
the dams toward pups throughout the first week of the stress protocol and provoked some
anxiety-related traits in the dams. The inversion of maternal behavior pattern could possibly

be an attempt to compensate the low levels of maternal care observed in the first days of MS.
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INTRODUCTION

The relationship between mother and litter is directly involved in the neurobiological
and behavioral development of the pups, as well as for the health of the mother (Jensen Pena
& Champagne, 2013; Liu, Diorio, Day, Francis, & Meaney, 2000; Nephew & Murgatroyd,
2013). The postnatal period is considered a time of major importance in the development, in
which multiple processes (e.g., neurogenesis, migration, synaptogenesis and pruning) are still
occurring, and leading to a susceptibility of the brain towards environmental challenges
(Aisa, Tordera, Lasheras, Del Rio, & Ramirez, 2007; Andersen, 2003). It is well known that
early life adversities during this period could affect structural and functional patterns of brain
development (Andersen & Teicher, 2009). The postnatal period is considered as
“vulnerability window”, in which exposure to a chronic stressor early in life can promote
significant cognitive, neurobiological and behavioral alterations (Adriani & Laviola, 2004;
Aisa et al., 2009; Andersen, 2003; Andersen & Teicher, 2009; Brenhouse & Andersen, 2011).
Studies have shown that rodents exposed to daily periods of separation in the beginning of
life presented increased anxiety (Daniels, Pietersen, Carstens, & Stein, 2004), depressive-like
behavior (Bhansali, Dunning, Singer, David, & Schmauss, 2007) and altered dam-pup
relationship (Bailoo, Jordan, Garza, & Tyler, 2014).

Maternal care is crucial for the adequate development of the pups and this type of
behavior can be classified as any action taken by the mother in order to nourish, soothe and
protect the pups (Kristal, 2009; Pires, Tufik, & Andersen, 2015). In addition to provide
nutrition and safety, it is essential to ensure the necessary stimuli for development (Caldji et
al., 1998; Meaney, 2001), since it was already been observed that variations in the maternal
behavior (MB) can modulate the neuroendocrine and psychological development, as well as
the responses to stress (Francis, Diorio, Liu, & Meaney, 1999; Nephew & Murgatroyd, 2013;

Weaver et al., 2004). There is evidence that dams of pups exposed to stressful situations



demonstrated a decrease in the frequency of maternal behavior when compared to non-
stressed animals (Ivy, Brunson, Sandman, & Baram, 2008). However, there are studies that
point to an increase in maternal behaviors, such as licking, nursing or staying with the pups,
after exposing the pups to Maternal Separation (MS) (Kosten & Kehoe, 2010; Own & Patel,
2013). This increased interaction between mother and pups is suggested as an attempt to
hyper-compensate the maternal care, influenced by stressful periods of separation and
because of the remoteness of the pups (George, Bordner, Elwafi, & Simen, 2010).

Since there are no conclusive data regarding maternal separation protocol and
maternal behavior, the aim of this study is to investigate the maternal behavior pattern across
the first week of newborn BALB/c mice development in animals exposed to daily maternal
separation and controls, as well as the impact of the MS in anxiety-related phenotypes of the

dams.

MATERIAL AND METHODS
Animals

Male and female BALB/c mice were obtained from the Center for Laboratory
Animals at our university (CeMBE, PUCRS), Brazil. All animals were housed in standard
plastic mouse cages (22 cm x 16 cm x 14 cm) and kept under constant room temperature (21
+ 1°C), humidity (55 + 5%) and ventilation. Furthermore, mice were maintained in a 12-h
light/dark cycle (lights on 6 a.m. to 6 p.m.) with food and water ad libitum.

The breeding procedures consisted in housing two females and one male in the same
cage for a 24 h mating period. After this period, the male was removed and both females
remained together for 15 days, when they were inspected daily for pregnancy. The pregnant
females were individually housed and beginning at gestation-day 18 parturition was inspected

once a day (9 a.m. to 10 a.m.) to verify the presence of pups. The first day pups were found



was defined as postnatal day (PND) 1. During the first 24 h after birth, cross-fostering was
conducted with half of the litter, followed by litter control of 5 to 7 pups per litter. Animals
were randomly assigned to undergo two experimental conditions, MS or standard animal
facility reared controls (AFR). Litters were not sexed at birth to minimize the handling of
pups. For this study 36 dams were utilized, in which 17 were designated for the AFR group
and 19 for the MS group. The dams used for breeding were primiparous and did not had any
other experiences of breeding or manipulation, except for the weekly cage cleaning
performed by the colony technicians. The investigate the effects of MS in anxiety-related
traits in the dams, after the weaning (PND21), the dams were tested in the Open Field Test,
the social interaction test and the light/dark test. All the dams were tested in the same order
and killed immediately after the light/dark test for brain dissections.

All experiments followed the guidelines of the International Council for Laboratory
Animal Science (ICLAS) and were approved by the Ethics Committee on Animal Use

(CEUA) from PUCRS, Brazil under the registration #14/00421.

Maternal Separation (MS)

Maternal Separation procedures were followed as described by previous studies with
BALB/c strain (Bhansali et al., 2007; Wang, Jiao, & Dulawa, 2011). In this protocol, MS
pups were separated daily from their dams for a period of 180 min, during the end of the light
dark cycle (4 p.m. to 7 p.m.), from PND2 to PND7. To begin the MS protocol dams were
removed from home-cage and allocated in a new cage containing standard clean bedding.
Dams were also transferred to another colony room to avoid ultrasonic vocalization between
the dam and pups. Pups were then removed from home-cage and allocated in new cage with
clean bedding. The cage was on top of a digital-regulated heating pad (around 32°C £ 3°C) in

order to prevent stress by hypothermia. At the end of the MS period, litters were returned to



their home-cage followed by the dam. AFR group was left undisturbed in their home-cage
during the separations experiments, except for routine cleaning and housing changes (once a

week).

Maternal Behavior

Observations of maternal behavior during dam-pups interaction were conducted from
PND2 to PND7. The observations were conducted 6 times over a period of 15 minutes (0,
3rd, 6th, 9th, 12th and 15th minute), and were performed during three shifts of the day - 9
a.m., 3:30 p.m. (pre-MS) and 7:15 p.m. (post-MS) - totalizing 18 daily observations. The
frequency of behaviors evaluated were: nursing (N) [dams were nursing in any position],
licking pups (L) [each time dams were liking their pups], contact with pups (C) [dams were
in the nest in contact with pups but not feeding or licking them], retrieving the pups (R)
[when the dams retrieved the pups to the net], no interaction with pups (X) [any behavior
without contact with pups excepted eating or drinking] and eating/drinking (E)(Brown,
Mathieson, Stapleton, & Neumann, 1999; Champagne, Curley, Keverne, & Bateson, 2007).
The behaviors N, L, C and R were categorized as maternal behaviors because they impact
directly on the pup, and can provide physical and emotional care (Pires et al., 2015).
Furthermore, no interaction with the pups (X) and eating/drinking (E) were considered as
behaviors not related with maternal care. We computed total maternal (MB) and total non-
maternal behavior (NMB) by using the sum of all counting of specific behaviors [MB =
N+L+C] and [NMB = X+E]. The behavior of R was not used in the sum of maternal
behaviors due to its low frequency in all groups. Moreover, an index of maternal behavior
was computed by using the formula [MB / (MB + NMB)] to evaluate the relation between

maternal and non-maternal behaviors (Own & Patel, 2013). The observations were performed



silently in the colony room by direct visual observations in front of the cages and the animals

were not handled or perturbed during this procedure.

Open Field Task

Spontaneous locomotor activity and measures of anxiety-like behavior were evaluated
with the Open Field Test. The animal were placed in the center of a Plexiglas Square Box (33
x 33cm) and allowed to explore for 5 minutes. Video was recorded by a professional video
camera and then analyzed using AnyMaze Software (Stoelting CO, Wood Dale, IL - USA).
The box were divided in the software into 16 squares and 4 center squares were defined as
central zone and the other 12 squares were defined as peripheral zone of the Open Field.
Outcomes measures were total distance covered (in meters), time spent in the center and

frequency of rearing and self-grooming.

Light/Dark Box

The apparatus used for the light/dark box test consisted of a plexiglas chamber (21 x
42 x 20 cm) divided by two sections of equal size where one side was completely dark, with
just one small transition partition and the other side was brightly illuminated at 400 lux. Mice
were placed in the bright side of the box and allowed to freely explore the chamber for 600
seconds. The latency to enter the dark side, the number of transitions and the time in the

bright compartment were used as dependent variables.

Social Interaction Test
The dams were tested in the social interaction test as described by Iniguez. Briefly,
the task consisted of two 150s phases under red light conditions performed in the same open

field arena containing a stainless steel wired enclosure. In the first phase, the tested animal



was placed in the arena and allowed to explore freely without any mice in the enclosure.
Then, in the second phase, immediately after the first, one stranger mouse was placed in the
enclosure and the tested mice were allowed to freely explore in the presence of a stranger
C57 (paired with sex and age). The time that the animal spent exploring the empty enclosure,
as well as the time spent interacting with the stranger mouse was used as a measure of social
interaction. Interaction was considered as directing touching the nose in the enclosure or

when the head was towards the enclosure at a distance lower than 2 cm.

Analysis of Glucocorticoid Receptor mRNA expression

Immediately after the last behavior test, animals were killed by cervical dislocation
and brains rapidly removed for whole hippocampus dissection. Tissue was stored at -80°C
until analysis. Total RNA was extracted using Qiazol protocol by Qiagen. The concentration
of RNA was measured using a NanoDrop and 500 ng from each sample was reverse
transcribed using the miScript II RT kit (Qiagen, Redwood City, CA). cDNA was then used
for RealTime-qPCR performed in the RotorGene using the miScriptSybr Green PCR kit
(Qiagen).

To perform the RT-qPCR, the GAPDH gene was used as the reference gene and
relative expression of the Glucocorticoid Receptor (Nr3c1) was performed in duplicates using
the following primers: Nr3cl: (forward: 5’-GGACCACCTCCCAAACTCTG-3’; reverse: 5’°-
ATTGTGCTGTCCTTCCACTG-3’). GAPDH: (forward: 5’-
GTCATATTTCTCGTGGTTCACACC-3’; reverse: 5’-
CTGAGTATGTCGTGGAGTCTACTGG-3’). The fold change relative expression was

calculated using the AACt method.



Statistical Analysis

All data are presented as group mean =+ standard error of the mean (SEM). Normality
of the data distribution was analyzed for all variables. Repeated Measure ANOVA was used
with a within-subjects factor of days (PND2, PND3, PND4, PND5, PND6, PND7) and a
between-subject factor of group (MS, AFR). Mauchly’s test indicated that the assumption of
sphericity had been violated (¥2(14) = 28.71, p = .012), therefore degrees of freedom were
corrected using Greenhouse-Geisser estimates of sphericity (¢ = 0.76). Student’s ¢ test was
used for parametric variables and Mann-Whitney U for non-parametric variables. To analyze
the between group effects on maternal behavior in each day we compared both groups using
multiple Student’s 7 tests. A P-value < 0.05 was considered statistically significant. Statistical
analyses were performed using SPSS software v.21.0 (SPSS, Chicago, IL, USA) and the

graphs were designed using GraphPad Prism 6 (GraphPad Software Inc., La Jolla, CA, USA).

RESULTS
Total Maternal Behavior

The first analysis was performed to compare the index of maternal behavior
considering the 108 observations from PND2 to PND7. Overall, the results revealed that
there was no group difference when comparing the index of maternal behavior of AFR and
MS animals (t(34)= 0.437, p = 0.66) (Figure 1). Moreover, we compared the index of
maternal behavior of AFR and MS animals pre-MS (9 a.m. and 3:30 p.m.) and post-MS (7:15
p.m.), but there was no significant difference between the groups (t(34)= 0.148, p = 0.88);
t(25.44)=-1.32, p = 0.19, respectively).

Since some MS protocols use separation from P2 to P15, we ran a separate

experiment in order to verify the maternal behavior from P8 to P15, however we did not find
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any quantitative or qualitative differences between groups during this period (£(7,56) = 0.42,

p = 0.88) (data not shown).

Frequency of Maternal Behavior

Our second analysis sought to investigate the index of maternal behavior pre-MS and
post-MS in each day from PND2 to PND7. When the index of maternal behavior was
analyzed pre-MS in a daily-basis we found a moderate-to-large effect of interaction between
days and group, F(5, 30) = 9.03, p < 0.001, np2 = 0.21 (Figure 2A). Regarding the analysis
post-MS, no interaction was identified F(5, 30) = 0.88, p= 471, np2 = 0.25 (Figure 2B).
During the individual analysis pre-MS we observed that on PND2 (t(34)= 3.556, p = <
0.001), PND3 (t(34)= 3.049, p = 0.004) and PND4 t(34)= 2.408, p = 0.022) there was a
decreased number of maternal behaviors in the MS group when compared to AFR. On PND6
(t(34)= -2.675, p = 0.011) and PND7 (t(34)= -2.818, p = 0.08) the pattern was altered, and
the animals in the MS group presented an increased number of maternal behaviors when
compared to the AFR group. This is interesting since mice are altruistic as they nurse and
feed their young pups, which later withdraw from mother's milk and learn survival strategies
and independent feeding habits in their environment (Dutta & Sengupta, 2016). Daily
analysis of post-MS demonstrated that independently of the day there is no difference in the
frequency of maternal behavior in the animals exposed to maternal separation and control
group: PND2 (t(34)= -1.068, p = 0.293), PND3 (t(34)= 1.125, p = 0.268), PND4 t(34)= -
1474, p = 0.150), PNDS5 (t(34)= -1.497, p = 0.144), PND6 (t(34)= -0.837, p = 0.408) and

PND7 (t(34)= -0.304, p = 0.763).

Individual analysis of maternal behaviors
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In subsequent analysis the aim was to separate the different types of maternal
behaviors and non-maternal behaviors to allow a better understanding of the contribution of
every different type of MB during the first week of the stress protocol. The results for
individual maternal and non-maternal behaviors analyzed are expressed in Figure 3. On
PND2 and PND3 maternal behavior of nursing was observed with more frequency in the
AFR animals when compared to the MS, but in PND7 there was an inversion on this pattern,
observed by a increased frequency of nursing in the MS animals while AFR exhibited a
reduction on this frequency (PND2: U(36)= 55.50, p = 0.001; PND3: U(36)= 92.50, p =
0.029; PND7: U(36)= 87.00, p = 0.029, Figure 3A). On PND2 and PND3 the non-maternal
behavior specified as no interaction was observed with more frequency in the MS animals
when compared to AFR animals, but in PND7 the opposite occurred and no interaction was
observed more frequently in the AFR group (PND2: U(36)= 85.00, p = 0.012; PND3: U(36)=
58.00, p = 0.001; PND7 U(36)= 94.00, p = 0.049, Figure 3B). Furthermore, on PND2 MS
dams presented higher eating/drinking behavior when compared to the AFR group (PND2:
U@36)= 79.00, p = 0.009, Figure 3C). The behaviors of licking did not present any statically
significant difference (PND2: U(36)= 169.5, p = 0.802; PND3: U(36)= 158.5, p = 0.925;
PND4: U(36)=119.5, p = 0.186; PND5: U(36)= 169.0, p = 0.827; PND6: U(36)=179.0, p =
0.594; PND7: U(36)= 193.0, p = 0.195). Contact with pups also did not present statistically
significant difference on any of the days (PND2: U(36)= 156.0, p = 0.876; PND3: U(36)=
132.0, p = 0.363; PND4: U(36)= 127.5, p = 0.285; PND5: U(36)= 157.5, p = 0.900; PND6:
U36)=197.0, p = 0.271; PND7: U(36)= 121.0, p = 0.303). Retrieving the pups was observed

less than 1% of the total observations, so it was not considered for analysis.

Anxiety-related traits in the dams
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To investigate the impact of MS in the dams we used three different anxiety-related
tests. First, in the open field test, we found that dams exposed to MS did not differ from the
AFR dams in spontaneous locomotor activity (t(10)= 1.933, p = >0.05, figure 4A) as well as
time spent in the center of the apparatus (t(10)= 0.399, p = 0.39, figure 4B). However, when
we look at the rearing in the open field, the MS dams showed a significant increase compared
to AFR dams t(10)= 2.393, p = 0.03, figure 4C). There was no difference in the number of
self-grooming in the open field (t(10)= 1.342, p = 0.20, figure 4D).

Secondly, in the light dark box, the MS dams spent significantly less time in the
bright compartment compared to the AFR dams (t(10)= 2.258, p< 0.05, figure 5A). Also, the
latency to first enter in the dark box was significantly higher in the MS dams (t(10)= 2.287,
p< 0.05, figure 5B). The MS dams did not differ from the AFR dams in the number of
transitions between the dark and the bright side of the apparatus (t(10)= 1.412, p = 0.19,
figure 5C).

Finally, looking at the social interaction test, we found no differences between the MS
and AFR dams in the time spent exploring the empty enclosure, as well as time spent
interacting with the stranger mouse (U(10)= 16.00, p = 0.74 and U(10)= 12.00, p = 0.35,

respectively, Figure 6).

GR mRNA expression

To investigate the long-last consequences of the MS in the brain, we performed a RT-
qPCR of the Glucocorticoid Receptor gene (Nr3cl) in the hippocampus of the dams. Previous
studies showed that a different pattern of expression of this gene in the hippocampus could
lead to a vulnerability to potential injuries following chronic stress (for review, see (Conrad,

2008). We found that dams exposed to MS showed one increased expression of Nr3cl in the
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hippocampus when compared to AFR dams (t(10)= 2.304, p = 0.03, figure 7), suggesting that

they could be vulnerable to potential damage following a chronic stress protocol.

DISCUSSION

The main findings of the present study are (1) overall when all behaviors across all
days of observation are grouped there is no difference in total frequency of maternal behavior
between controls and MS animals, but (2) there is a variation in the pattern of maternal
behavior during the first week of newborn development, but with opposite patterns between
groups. The control group presents increased maternal behavior in the first two days, but it
was possible to identify an inversion on the pattern in the following days in the MS group.
Also, (3) we found that the dams exposed to MS protocol presented some anxiety-related
traits, specifically in the light/dark test as well as an increased expression of GR in the
hippocampus.

In line with our results, previous studies reported that the total maternal behavior is
not altered during early life stress period (Macri, Mason, & Wurbel, 2004; Rice, Sandman,
Lenjavi, & Baram, 2008). However, there are studies reporting an increased (Wei, David,
Duman, Anisman, & Kaffman, 2010) and decreased (Franklin et al., 2010) maternal care
following early life stress. A possible reason for these conflicting results regarding maternal
behavior after exposure to early life stress is that the authors compared the overall scores of
maternal behaviors. Our observations suggest that a daily analysis instead of one overall
score could provide more detailed information on how the pattern of maternal behavior can

vary throughout the post-natal period.
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During the first two weeks of the post-natal period the offspring depends on their
dams to provide nutrition and maintain body temperature. After the second week the pups
still depend on their mother for milk. Although this is the period of maximum milk
production (Knight, Maltz, & Docherty, 1986) the dams spend more time outside the nest
doing different activities, such as eating and/or building the nest (Kénig & Markl, 1987). To
have a better understanding of the pattern of maternal behavior throughout the first six days
of MS stress, we analyzed the index of maternal behavior during different observation days.
The first days of life are a critical period of development, where the pups are more
vulnerable, and in full cortical development (Aisa et al., 2007; Andersen, 2003). When the
animals were exposed to ELS paradigm, here via maternal separation, we observed a
disruption in the maternal care during the initial post-natal days. This observation is in line
with the findings of Ivy et al (2008) who used a model of restricted bedding material, and
observed an abnormal pattern of maternal behavior in the dams. After exposure to early life
stress, they significantly reduced the frequency of licking and grooming. Interestingly, in our
study during PND6 and PND7 of observation there was an inversion on the pattern. Dams
from the MS group started to increase the maternal behavior frequency in relation to the
control group. Own and Patel (2013) used a similar maternal separation protocol, and
observed that the percentage of maternal care pre-MS during the first two weeks does no
differ between the control and stressed animals, but after analyzing the maternal care post-
reunion they observed a significant increase in maternal care in the animals exposed to
maternal separation. This increase could possibly be explained by an attempt of the dam to
compensate the lack of maternal care in the first couple of days caused by the stress protocol,
and provide a better preparation of the pups for possible environmental challenges (Francis et

al., 1999; Meaney, 2001).
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Regarding the different behaviors analyzed, the nursing behavior is considered critical
for the development of the pup (Caldji et al., 1998). A previous study showed that offspring
from dams with high arched-back nursing, licking and grooming presented lower response to
stress as well as less fear behavior during adulthood (Weaver et al., 2004). Moreover,
disruption on maternal behaviors induces an increased stress reactivity and anxiety-like
behavior in the offspring (Gudsnuk & Champagne, 2012). Our data suggests that the pattern
of maternal behavior observed was driven by alterations on the nursing frequency, which is
essential for the adequate development of the pups (Shoji & Kato, 2009). Furthermore, the
lack of interaction with pups during this critical period of life is represented by the opposite
pattern when compared to nursing. As expected, dams with increased nursing behavior,
demonstrate a decreased no interaction with pups behavior.

Previous studies showed that chronic stress exposure could lead to an anxiety-related
phenotype. In a recent meta-analysis, Tractenberg et al (2016) found that BALB/c mice are
the more vulnerable mice strain to the effects of the MS and numerous evidences highlighted
in that systematic review supports an increased anxiety-like behavior following (Andersen,
2015; Andersen & Teicher, 2009). This data is consistent with our findings and although we
did not followed the pups to investigate some possible long-lasting effects of MS, it is
plausible hypothesize that they would be more vulnerable to stress and present increased
anxiety-like phenotype. One future study addressing this question is guaranteed.

The hippocampus is an important limbic region that regulates some behavioral
measures of anxiety. Following chronic stress, Glucocorticoids Receptors and
Mineralocorticoid receptors (MR) are key players mediating the possible deleterious effects
of chronic stress exposure. In the brain, the densities of these receptors are highest in the
hippocampus (Herman, 1993). Taking into account the role of GR and MR in regulating the

stress response via the HPA axis and the abundance of these receptors in the hippocampus, it
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is important to note that some studies found increased GR and MR expression while other
find decreased. However, it has been suggested that alteration in the expression pattern of
these genes are considered biomarker of mood (McGowan et al., 2009; Medina et al., 2013).

There were a few limitations during the assessment of maternal behavior. Firstly, the
number of observations could be higher because according to Franks (2011) a minimum of
480 observations should be recorded regarding the interaction between dam and pups.
Secondly, maternal behaviors could be evaluated more deeply, for example, arched-back
nursing, blanket nursing and supine nursing as sub groups of the nursing behavior, and
anogenital licking and body licking as sub groups of the licking behavior (Shoji & Kato,
2006). Unfortunately we didn’t assess maternal aggression, despite this could be really
interesting. Finally, we only used BALB/c mice strain because it is a strain known to be more
vulnerable to the effects of stress when compared to other strains, but is also important to
evaluate and compare different mice strains because they may have altered patterns of
maternal care (Shoji & Kato, 2006; Tractenberg et al., 2016).

Interestingly we observed that maternal behavior could be manipulated using one
model of early life stress, which is in line with previous studies successfully showing that this
manipulation could impact how the dams take care of the offspring (Heun-Johnson & Levitt,
2016).What is also interesting is the fact that maternal behavior increases in the end of the
first week of stress protocol. This could be possibly one attempt of the dam to compensate for
the time away from the litter provoked by maternal separation (Francis et al., 1999).
Unfortunately we do not have observations from all the first three weeks after birth, which
corresponds to the pre-weaning period. A future study addressing this question is guaranteed,
and could possibly provide more data to help to understand how the variations of maternal
behavior could be manipulated by a stress protocol. This is interesting because most of the

widely used early life stress protocols rely on the variations of the maternal behavior to
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explain why the pups from stressed moms could be more vulnerable to the stress effects later
in life.

In conclusion, the results indicate that MS alters the pattern of maternal behavior
throughout the first week of the stress protocol. The lack of maternal care that occurs in the
first couple of days is followed by an increase in maternal care in the MS dams during the
subsequent days. Furthermore, the alterations on the frequency of nursing and no interaction
with pups are the main responsible for the observed pattern. These alterations in the maternal
care pattern are followed by anxiety-related traits in the dams following MS, as well as
increased expression of GR mRNA. To fully comprehend the pattern and alterations in the
maternal behavior, new studies could look at the specific variations during the pre-weaning
period, considering that in our observation the maternal care pattern was altered throughout

this period.
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FIGURE CAPTIONS

Figure 1. Effects of MS on the index of maternal behavior. No significant difference was
observed when the index of maternal behavior from the AFR and MS animals was compared.
Data presented as mean + standard error of the mean (SEM), as well as estimated marginal
means and confidence interval; AFR: n=17 e MS: n=19. ¢ student test for independent

samples.

Figure 2. Effects of MS on the daily frequency of maternal care pre-MS and post-MS.
Analysis of the maternal index pre-MS throughout the 6 days showed an interaction between
days and group, but this effect was not observed post-MS. Pre-MS on PND2, PND3 and
PND4 there was an increased number of maternal behaviors in the AFR group when
compared to the animals exposed to MS. On PND6 and PND7 the pattern was altered, and
the animals in the MS group presented an increased number of maternal behaviors when
compared to the AFR group. Post-MS there was no difference between animals exposed to
stress and control group. Data are expressed as mean =+ standard error of the mean (SEM), as
well as estimated marginal means and confidence interval; AFR: n=17 e MS: n=19. Repeated

Measure ANOVA and ¢ student test for independent samples * p < 0.05.

Figure 3. Analysis of different maternal behaviors throughout the days. A) Maternal behavior
of nursing was more frequent on PND2 and PND3. There was an inversion on the frequency
of nursing on PND7; AFR: n=17 and MS: n =19 B) The non-maternal behavior of no
interaction was more frequent on PND2 and PND3. There was a decrease in the MS group
regarding no interaction behavior on PND7 when compared to control; AFR: n=17, MS:
n=19. C) On PND2 MS dams presented higher eating/drinking behavior when compared to

the control group. AFR: n=17, MS: n=19. Data is presented as the mean of the observed
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behaviors + SEM, as well as estimated marginal means and confidence interval. Mann-

Whitney U test * p < 0.05.

Figure 4. Open Field Test comparing MS-exposed dams to AFR. A) Dams exposed to MS
presented the spontaneous locomotor activity as the controls; B) Dams exposed to MS did not
differ from the AFR dams in time spent in the center of the apparatus; C) MS dams showed a
significant increase in the number of rearing compared to AFR dams; D) There was no
difference in the number of self-grooming in the open field test; Data presented as mean +
standard error of the mean (SEM),; AFR: n=6e MS: n=6. ¢ student test for independent

samples. * p <0,05.

Figure 5. The light/dark box test comparing MS-exposed dams to AFR. A) MS dams spent
significantly less time in the bright compartment compared to the AFR dams; B) latency to
first enter in the dark box was significantly higher in the MS dams; C) MS dams did not
differ from the AFR dams in the number of transitions between the dark and the bright side of
the apparatus. Data presented as mean + standard error of the mean (SEM); AFR: n=6e MS:

n=>6. tstudent test for independent samples. * p < 0,05.

Figure 6. The social interaction test comparing MS-exposed dams to AFR did not showed
any statistical significant differences between groups. Data presented as mean + standard

error of the mean (SEM); AFR: n=6e MS: n=6.

Figure 7. MS-exposed dams present increased Glucocorticoid Receptor mRNA expression.

AFR: n=6e MS: n=6. Hippocampal gene expression normalized to GAPDH using the AACt
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method and relative to AFR. Data presented as mean + standard error of the mean (SEM) * p

<0,05.



