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Neonatal stimulation induces sexually dimorphic changes at both
the levels of behavior andneural systems.The e¡ects of such stimu-
lation on emotional reactivitymeasuredby open ¢eld activity have
been inconsistent.We found that among 23-day-old rats, neonatal
novelty exposure induced an opposite pattern of sex di¡erence in

the initial open ¢eld disinhibition. This result suggests that the
e¡ect of early life stimulation on emotional reactivity is sex-depen-
dent and that this early stimulationmodulates the sexual dimorph-
ism in emotional reactivity to a novel environment. NeuroReport
14:1553^1556�c 2003 Lippincott Williams &Wilkins.
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INTRODUCTION
The open field has been used to evaluate an animal’s
emotional reactivity to a relatively unfamiliar environment
[1,6]. Emotional reactivity is typically indexed by an
animal’s level of activity within single or multiple sessions
of open field exposure. The greater the amount of activity an
animal exhibits, the less emotionally reactive the animal is
considered. When the open field exposure begins with
placing the animal in the center of the field, rats tend to
show a freeze response and leave the center with slow and
tentative movement, i.e. a low level of activity [7]. The open
field activity appears to be inhibited by the novel testing
environment. If the animal is repeatedly exposed to the
same open field there can be an increase in activity between
the first two trials of exposure as a result of disinhibition.
Neonatal handling, an early life stimulation method [6,8],

has been repeatedly demonstrated to reduce emotional
reactivity in the open field [6]. Recognizing that the neonatal
handling procedure involves three components (handling of
the pups by the experimenter, separation from the dam, and
exposure to an unfamiliar environment) we recently
developed a new procedure called neonatal novelty
exposure which isolates the last of these three components
[7]. As a result of this procedural modification, we were able
to conclude that repeated brief exposures to a novel cage
during the first three weeks of life was sufficient to induce a
reduction in emotional reactivity, whereas separation from
the dam and the experimenter handling were not necessary
for inducing a reduction in emotional reactivity in the open
field. This procedure has also been shown sufficient to result
in enhanced learning in the Morris water task [7], enhanced
long-term retention of an odor-reward association [7],
enhanced social recognition memory [9], enhanced modula-

tion of synaptic transmission by the stress hormone
corticosterone [10] and enhanced synaptic plasticity [11,12].
Because these previous neonatal novelty studies focused

on male rats, it is not known whether neonatal novelty
exposure will affect the females similarly. Neonatal hand-
ling has been shown to have sex-dependent effects on the
following dependent measures: exploration [13], tail pinch-
induced asymmetry [4], immobility in the swim test [14],
immune response [15], stress response [14], brain mono-
amines [16] and callosal area [2]. However, the results from
open field studies are inconsistent with regard to sex-
specific handling effects [3,5,15,17,18]. Most of the studies
did not find a sex by handling interaction effect.
Although these previous studies primarily focused on

whether the effects of neonatal stimulation differ between
males and females, the same data sets could also be used to
examine whether neonatal stimulation potentiates or
diminishes sex difference. In other words, one could
examine whether the development of sex differences in
these behavioral and neural measures can be facilitated by
neonatal stimulation. In the present study, we measured the
initial disinhibition, a dynamic aspect of open field
behavior, among both male and female rats that experienced
either neonatal novelty exposure or the matched control
condition. We found that neonatal novelty exposure
significantly modified patterns of sex differences in disin-
hibition to a novel open field.

MATERIALS AND METHODS
Animals: Six pregnant Long-Evans hooded dams arrived
at the Psychology Department vivarium 14 days prior to
giving birth (Charles River, Wilmington, MA). The litter size
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of each dam varied from 9 to 16 pups. Of the pups born, a
total of 22 male and 29 female rats were used in this study.
The dams and pups were housed in translucent plastic
cages (51� 25� 22 cm) with a 07.00-19.00 h light:dark cycle
with food and water ad lib. Pups were housed with their
dams until weaning at postnatal day 21. After weaning, all
animals were housed individually.

Neonatal novelty exposure: Within 8 h after birth, litters
were culled to eight pups with B4 males and 4 females in
each litter. Half of the males and half of the females in each
litter were randomly assigned to the Novel group while the
other half were assigned to the home group (split-litter
design). Group membership was distinguished by marking
both hind paws. Each day, from postnatal day 1 to 21, the
dam was first transferred to and remained in a separate
cage. The novel pups were then picked up and placed in a
novel non-home cage lined with fresh sawdust for 3min
while the home pups stayed in the home cage. During
transfer to and from the novel cage, each home pup was
yoked to a novel pup such that every time a novel pup was
touched by the experimenter, its yoked home pup was also
similarly touched. This insures that both novel and home
groups were separated from their dam for an equal amount
of time and that they received the same amount of
experimenter handling. Thus, the only treatment difference
was the brief exposures to the non-home cage. For more
details of this procedure see [7].

Open field test: At 23 days of age and two days after
weaning, animals were exposed to an open field (60� 60�
20 cm) during four 20 s trials. An experimenter who was
blind to the treatment condition tested animals in groups of
eight. Each trial in the present study began with placing the
animal in the center of the open field (to maximize the initial
fear response). At the beginning of each trial, the animal was
briefly covered by a cardboard box of similar size to the
animal’s body length and width. When the box was lifted,
the animal was allowed to freely ambulate. After each trial,
the animal was returned to its home cage, which was placed
within the testing room. In order to minimize interference
with the animal’s behavior, the experimenter remained at
the same location in the room during all trials. Open field
sessions were videotaped by a camera mounted directly
above the open field for offline analysis. Activity levels were
defined as the number of squares traversed and were
measured offline by a coder who was blind to treatment
conditions.
Open field testing parameters differ widely from study to

study. A single session could be as long as several minutes
[5,22] or as short as 20 s [7] as was in the present study. The
number of sessions can vary from one [5,17] to over a dozen
[3]. The time span for multiple sessions ranges from o1 h
(present study) to 42 weeks [3]. We reasoned that the
longer two rats are exposed to an identical environment
during a session, the more similar their behavior will
become. Averaging or totaling the activity levels over a
longer period of time in the open field might have made the
initial differences in the open field behavior undetectable in
some of the previous studies. Thus, we used a short trial
duration (20 s per trial) to increase the likelihood of

capturing individual differences in the initial responses
upon first entering a novel environment. Furthermore, we
used short intertrial intervals (ITIs; 5min) to more rapidly
reduce the initial fear response to the novel environment
over repeated trials. This combination of 20 s trial duration
and 5min ITIs has been previously demonstrated to be
effective in revealing a neonatal novelty exposure effect on
the open field activity in male rats [7].

Statistical analysis: Because multiple rats from the same
litter were used, we first tested for a litter effect on these
dependent measures. Significant litter effects were found
which suggested the need for using the litter, instead of
individual rat, as the unit of analysis. Consequently, novelty
exposure, sex, and trial were considered as within-factors.
Based on previous studies, we predicted specific patterns of
results. Accordingly, contrasts and directional tests were
used.

RESULTS
Emotional reactivity is typically measured by average
activity across several trials [6]. Our previous study suggests
that testing for a group difference using an average measure
of several trials may fail to detect group differences present
in the dynamic aspects of trial-to-trial behavior. Specifically,
in a water maze study [7], the novel and home groups did
not differ when their performance was indexed by an
average swimming latency measure, yet novel animals
displayed more rapid reduction in swim latency across the
initial two trials, thus showing more rapid learning.
Here, to capture the dynamic aspect of open field

emotional reactivity, we similarly examined changes in
open field activity across the initial two trials (T1 and T2).
Rats typically became briefly immobilized upon entering
the center of an open field for the first time [7]. Based on this
previous finding, we expected to find an initial increase in
open field activity from T1 to T2. Such an increase in activity
can be considered to reflect how quickly an animal becomes
disinhibited to an initially novel environment. For the
purpose of comparison, we also performed statistical tests
on the more conventional average measure as well as a trial
one (T1) baseline measure. All analyses were conducted
using litter as the unit of analysis.
Figure 1a shows that there was an initial decrease

between T1 and T2 in the length of time it took the rats to
become ambulatory and to leave the center square. This
latency remained stable between T2 and T4. Figure 1b
shows a corresponding increase between T1 and T2 in the
amount of open field activity and a later small decrease
between T3 and T4. Both open field activity level and the
latency to leave the center square showed a significant
quadratic trend (activity: F(1,5)¼30.531, p¼0.003; latency:
F(1,5)¼17.751, p¼0.008).
Trial-to-trial open field activity for the novel males and

females is shown in Fig. 2a and for the home males and
females in Fig. 2b. The baseline emotional reactivity was not
significant for neither the main effects nor the sex by novelty
interaction (p40.20). The interaction effect on the average
emotional reactivity measure was nearly significant
(p¼0.074). In contrast, the novelty by sex interaction effect
on the initial disinhibition measure (T2�T1) was significant
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(F(1,5)¼9.072, p¼0.015; effect size Z¼0.803; Fig. 3c). Among
the novel animals, the disinhibition was higher for the males
than for the females (Fig. 3, right). An opposite pattern was
found among the home rats, with the disinhibition in the
females higher than in the males (Fig. 3, left). Similar
analysis performed on the latency to leave the center square
did not yield any statistically significant results although
similar patterns were found.

DISCUSSION
Modulation of sexual dimorphism in open field disinhibi-
tion by neonatal novelty exposure: In the open field, rats
are known to show emotional reactivity, indicated by a lack
of movement when initially exposed to a novel environment
[7] and to show a disinhibition, or a reduction in this
emotional reactivity, by an increase in locomotion as they
become familiarized to the initially novel environment [6].
In contrast to the typical measure of average activity levels,
we used the changes in activity between the first two
exposures to measure behavioral disinhibition in a novel
open field. We were able to demonstrate a significant sex by
neonatal novelty interaction effect on this initial disinhibi-
tion in the open field (Fig. 3). This sex difference is opposite
in direction for the novel and home animals: among the
novel animals, males showed a greater initial disinhibition
than females; among the home animals, females showed a
greater initial disinhibition than males. This pattern of sex
differences indicates that neonatal novelty exposure modu-
lates sexual dimorphism in the dynamic adaptation to a
novel environment.

Possible mediating mechanisms: Neonatal stimulation via
handling [6,8] and neonatal novelty exposure [7] has been
shown to produce a cascade of physiological [19,20],
neurophysiological [10–12] and neuroanatomical [20,21]
changes. Among these changes, the most reliable finding
is that neonatal stimulation results in a reduction in the
duration of the hypothalamic-pituitary-adrenal (HPA) axis
response to stress [19,20]. Not only does neonatal stimula-
tion produce parallel changes in HPA-axis and open field
behavior at the level of treatment groups, it has also recently
been shown that corticosterone concentration measured
after behavioral stress correlates significantly, at the level of
individuals, with open field activity (unpublished data).
Interestingly, the difference in stress responses between
males and females is similar to that between the handled
and non-handled. The adult males have a shorter lasting
corticosterone response than the females to physiological
stress [22] and a smaller corticosterone response to exposure
to a novel environment [13,23]. These similar patterns
suggest that HPA-axis is a potential converging point at
which early life stimulation exerts its modulatory influence
on sexual dimorphism.

Origin of increased sex differences in open field disinhibi-
tion: How neonatal novelty exposure facilitates sex differ-

Fig.1. Temporal patterns of open ¢eld behavior across four consecutive
trials (T1^T4) for all animals. (a) latency (time to move away from the
center square) and (b) activity (number of squares traversed).

Fig. 2. Temporal patterns of open ¢eld activity across four consecutive
trials (T1^T4). (a) Novel males versus novel females. (b) Home males
versus home females.

Fig. 3. Neonatal novelty exposure potentiates sex di¡erences in the
initial increase of open ¢eld activity fromT1toT2.
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ences in open field disinhibition is not yet clear. The
interaction between maternal behavior and neonatal novelty
exposure may be one source of this facilitation. Dams are
known to display a discriminative response towards her
pups, with greater licking and grooming directed towards
males than females [24]. Neonatal handling increases licking
and grooming in general [25], and thereby can amplify any
existing preferential maternal care towards the male.
Because dams showing greater licking and grooming have
offspring with reduced corticosterone responses to acute
stress [25], this amplified sex difference in maternal care is
likely to result in an amplification of sex difference in stress
response. Therefore, neonatal novelty exposure can enhance
sex difference in stress response via existing maternal
discrimination. The enhanced sex difference in stress
response in turn can manifest itself behaviorally as an
enhanced sex difference in disinhibition to novelty pre-
sented in an open field among the neonatal novelty exposed
animals relative to their matched controls.

Significance of increased sex differences in open field
disinhibition: The observation that a very subtle neonatal
stimulation can produce, among 23-day-old animals, a sex
difference in disinhibition to a novel environment opposite
to that among the controls has important implications. First,
sexual dimorphism in a non-sexually oriented behavior can
be induced quite early by a uniformly applied early life
experience. Second, because sex differences can be observed
very early on in life, observation based on one sex alone
should not be casually generalized to the other sex, as is
often done implicitly in many biomedical studies. Third,
because the observed sex by neonatal novelty interaction is
manifested in behavioral response patterns to novelty, such
an interaction may also affect measures of cognitive
functions under novel learning or testing situations.

Relationship to previous studies: Several studies [5,15,18]
failed to detect an interaction between sex and the handling
treatment. This discrepancy between previous studies and
the present results may be due to differences in trial
duration (3–20min vs 20 s) and inter-trial intervals (24 h vs
5min). By spreading testing trials over a longer time period
than that used in the present study, Bronstein et al. [3]
detected a sex by handling interaction with the direction of
the interaction opposite to changes observed in the present
study. The main cause of the difference between these two
studies is most likely that the present study dealt with short-
term dynamic changes in response to a novel environment

while the Bronstein et al. study dealt with long-term
changes. It is not presently known whether neonatal novelty
exposure will affect short- and long-term response changes
to the open field differentially.

CONCLUSIONS
Using the initial increase in activity as a measure for
disinhibition and a novel open field testing sequence,
consisting of four 20 s trials with B5min ITIs, we observed,
among 23-day-old animals, that neonatal novelty exposure
induced an opposite pattern of sex difference in this open
field disinhibition. This finding suggests that sex differences
in emotional reactivity to a novel environment can be
modulated at a very early age by neonatal stimulation.
Whether neonatal stimulation can modulate sex differences
in related cognitive functions as well as in synaptic plasticity
remains to be explored.
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