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Maternal separation (MS) plays a central role in developing
physiology and psychology during the individual ontogeny
process. MS is used to research the neurobiological
mechanisms of mental disorders and early life stress. In this
study, we investigated the effects of repeated MS and early
handling (EH) on locomotor activity in an open-field test, a
light–dark box test and an elevated plus-maze test of
adolescent rats. The results showed that MS reduced
locomotor activities in the open-field test, and increased
anxiety-like behaviours in the light–dark box test and the
elevated plus-maze test in adolescent rats. These tests
indicated that early life stress caused by MS might induce
anxiety-like behaviours during adolescence. However,
compared with the control group, both the MS and EH
groups showed conflicting anxiety levels. The results also
suggested that females were more prone to showing
anxiety-like behaviour compared with males when suffering
from high-intensity stimulation. However, because of the
low anxiety level associated with EH, the sex difference in

behaviour was not significant. The present study provides
novel insights into the effects of MS and EH on behaviour,
which shows unique anxiety levels different in adolescent
male and female rats. NeuroReport 29:643–649 Copyright
© 2018 The Author(s). Published by Wolters Kluwer Health,
Inc.
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Introduction
Early life stress is one of the risk factors for psychiatric

disorders [1]. Growing evidence shows that stress during

early life not only leads to lasting structure brain changes

and functional deficits but also increases the risk of

mental disorders in youth and adulthood [2].

Early social and environmental deprivation includes early

handling (EH) and maternal separation (MS) [3]. EH is

defined as the separation of rat pups from their mother

for 3–15 min each day. This short-time separation

between mothers and pups simulated mothers leaving to

find food, not wanting to deprive her pups [4]. MS

indicates that mothers and their pups need to be sepa-

rated for long time periods (≥1 h), which leads to

separation anxiety and anxiety-like behaviours [5].

MS is often used to model early life stress in rats [6] and has

led to abnormal behaviours, such as increase in locomotor

activity in an open-field test (OFT) [7], anxiety-related

behaviours in an elevated plus-maze (EPM), prepulse

inhibition deficits and impaired spatial learning in theMorris

water-maze test [8–12]. Similarly, stress responses related to

the hypothalamic–pituitary–adrenal (HPA) axis were repor-

ted in previous studies [13]. Nevertheless, MS anxiety-like

behaviours were inconsistent in previous studies examining

separation frequency and duration tests, where further

research is needed.

The key stage of the HPA axis was found to be

3− 14 days postpartum, which was also shown to be the

stress hyporesponsive period [14]. Numerous studies

have focused on abnormal structural brain abilities,

associated with MS, which include the amygdala, hip-

pocampus, medial prefrontal cortex and nucleus accum-

bens. The hippocampus is believed to play a central role

in learning and memorizing [15], similar to its regulation

of the HPA axis [16]. The decreased number of neuronal

dendritic branches in the hippocampus was related to an

increase in glucocorticoid levels and morphological

changes in hippocampal neurons that could affect

synaptic inputs and anxiety pathways [17,18]. Studies

have confirmed that MS caused the release of gluco-

corticoids, an end product of the HPA axis, which affects

the behaviour of rats [19]. Thus, these studies provide a

certain basis for separation frequency.

The repeated effects of MS on the anxiety level of

rodents were explored in a dynamic and developmental
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view. An EH procedure was implemented to contrast to

an MS procedure. We investigated behavioural changes

in adolescent rats after performing repeated MS [3 h/day

from postnatal day (PND) 1 to 21] and EH (15min/day

from PND 1 to 21) studies to clarify the influence of

different duration and separation frequencies. In a pre-

vious study, frequent separation led to aberrant indivi-

dual behaviour and neural development [9]. This study

also proved that long separation could lead to sig-

nificantly abnormal behaviour [20]. These studies indi-

cated that the duration and frequency of separation are a

matter of concern. The current study was designed to

evaluate the varying degrees of anxiety caused by

MS or EH.

Materials and methods
Experimental animals and maternal separation

Male and female adult Wistar rats were bred by the

Animal breeding centre of the Weifang Medical

University and were treated under controlled environ-

mental conditions (ambient temperature 22°C, 12 h light/

dark cycles, lights on at 8:00 a.m.). The rats received food

and water ad libitum, and experiments followed the

guidelines of the Beijing laboratory animal centre and the

national institutes of health guide for the care and use of

laboratory animals (NIH Publications No. 80-23).

The rats were mated and gave birth to an average of 8–12

pups in one nest. Both dams and pups were used in the

experiment. The date of the pups’ births was designated

as PND 1. On PND 1, all pups in one nest were assigned

randomly to the MS group (n= 22, eight males and 14

females), the EH group (n= 14, six males and eight

females) and the control (Con) group (n= 22, eight males,

and 14 females). According to the previous methods, in

the MS group, the dams were separated from the pups for

three consecutive hours (from 8:00 to 11:00) every day.

The EH group was similar to the MS group, but the

separation was only for 15 min (from 8:00 to 08:15) every

day. These experiments were conducted from PND 1 to

21. The experimental manipulation of the EH group is

associated with increased maternal care [21], and reduced

behavioural and endocrine stress reactivity in the pups

[16]. On PND 21, pups were weaned, and after PND 42,

behavioural tests in pubescent rats were performed in the

following order: light–dark box (LDB), OFT and EPM.

The light–dark box

The LDB test started on PND 42. Pups were placed in a

dark compartment (25 cm× 25 cm× 25 cm) of a dual

chamber apparatus and were allowed to freely explore

both compartments for 5min as described previously [22].

The time that rats spent in the light compartment

(25 cm× 25 cm× 25 cm) and the rate at which they entered

the light compartment were analysed using SPSS (version

18.0; SPSS Inc., Chicago, Illinois, USA). The apparatus was

cleaned with 90% ethanol between each test.

The open-field test

On PND 45, the OFT evaluated movements and

anxiety-related behaviours of the rats to assess response

to separation anxiety [23]. The open-field apparatus

(80 cm× 80 cm× 50 cm) was illuminated by an intensity

of 80 lx. Every pup was placed in the centre of the open

field, and the number of lines crossed (all four limbs) and

the number of times the central zone of the apparatus was

entered were recorded for 5 min. Between each test, the

field was cleaned with 90% ethanol to remove olfactory

cues. The field was divided into 25 equal-sized squares

including one central zone and 24 squares corresponding

to the peripheral zones using maze software (SMART;

Panlab, SL, Barcelona, Spain).

The elevated plus-maze

On PND 49, all pups were evaluated using the EPM test,

which was illuminated using 80 lx illumination. The fol-

lowing parameters were obtained from each pup: the

number of times that they entered the open arm of the

maze, the number of times that they entered the closed

arm of the maze and the time that they spent in the open

arm of the maze. Two anxiety indices were determined

in the experiments: (i) the number of times the rats

entered the open arm of the maze expressed as a per-

centage of the total number of entries and (ii) the amount

of time spent in the open arm of the maze expressed as a

percentage of the total time [24]. The maze was cleaned

with 90% ethanol after each test to ensure that the

environment was free of olfactory cues. The basic design

(time course) of this experiment is shown in Fig. 1.

Statistical analysis

All data were shown as ± SD of the mean. The analyses

were carried out using SPSS 18 software. All behaviour

test data were analysed using univariate analysis of var-

iance. We compared two and three data groups and

analysed the data using one-way analysis of variance,

followed by least significant difference post-hoc tests.

Significance was defined as P less than 0.05.

Results
Anxiety-like behaviours in the light–dark box

In the LDB, the time that rats spent in the light box is

shown in Fig. 2a. A significant effect because of early life

conditions [F (2, 58)= 120.204; P< 0.01] was found, but

the sex of the rats did not affect the test results sig-

nificantly [F (1, 58)= 1.972; P= 0.166]. No significant

interactions were also found between early life conditions

and the sex of the rats [F (2, 58)= 0.497; P= 0.611]. Post-

hoc analysis showed that the MS and EH group rats spent

much less time in the light box than the Con group rats.

In addition, a significant difference was found between

male and female rats in the MS group [F (1, 21)= 4.643;

P< 0.05].
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The number of rats that entered into the light box is

summarized in Fig. 2b. These results indicate that a sig-

nificant effect was found in the early life condition

[F (2, 58)= 52.793; P< 0.01], but no significant difference

was found between male and female rats [F (1, 58)= 1.156;

P= 0.287]. Similarly, no significant interaction was found

between the early life condition and the sex of the rats

[F (2, 58)= 0.062; P= 0.940]. In the same group, the sex of

the rats did not affect the times that the rats entered the

light compartment in LDB and the post-hoc analysis

showed that the number of entries into the light box of the

Con rats was more significant than both the MS and EH

group rats.

Locomotor activity in the open-field test

The number of lines crossed in the open field is sum-

marized in Fig. 3a. The OFT data found significant results

in the early life condition [F (2, 58)= 34.607; P< 0.01] and

the sex of rats also significantly affected the results

[F (1, 58)= 5.792; P<0.05]. A significant interaction

between the early life condition and the sex of the rats was

found in the number of lines crossed [F (2, 58)= 3.195;

P< 0.05]. In terms of data of each group, post-hoc (least

significant difference) comparisons showed that the num-

ber of lines that the MS rats crossed was significantly larger

than that of the Con and the EH rats. At the same time,

significant differences were observed between male and

female MS rats [F (1, 21)= 9.302; P< 0.01].

The number of entries into the central zone in the open

field is summarized in Fig. 3b. A significant effect was

induced by the early life condition [F (2, 58)= 20.112,

P< 0.01], but the sex of the rats did not affect the results

[F (1, 58)= 0.992, P= 0.324]. Therefore, the interactions

between the groups and the sexes within the groups were

not significant [F (2, 58)= 0.050, P= 0.951].

Fear behaviour in the elevated plus-maze test

For the EPM test, the time that the rats spent in the open

arm of the maze is summarized in Fig. 4a. A significant effect

of the early life condition was found [F (2, 58)=24.667;

P<0.01], but no differences were found between male and

Fig. 1

The basic time course of the study is presented. EH, early handling; EPM, elevated plus-maze; LDB, light–dark box; MS, maternal separation;
OFT, open-field test; PND, postnatal day.

Fig. 2

The effects of each group on behaviour using the light–dark box test include the time spent in the light compartment (a) and the number of entries into
the light compartment (b). Results are expressed as mean ±SDM (*Comparison among groups, P<0.05; #Intragroup comparison, P<0.05). Con,
control; EH, early handling; MS, maternal separation.
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female rats [F (1, 58)=1.972; P=0.166]. The interaction

between the early life condition and the sex of the rats

was also not significant [F (2, 58)=0.122, P=0.885].

Post-hoc analysis showed that the rats in both the MS and

EH groups spent significantly less time in the open arm

of the maze.

In Fig. 4b, the number of entries into the open arm of the

elevated plus-maze is similar to the time spent in the

open arm of the maze. A significant effect of the early life

condition [F (2, 58)= 13.535; *P< 0.01] was found,

whereas no significance was associated with the sex of

the rats [F (2, 58)= 0.004; P= 0.952] or in the interaction

between early life condition and the sex of the rats

[F (2, 58)= 0.459; P= 0.634]. However, post-hoc analysis

showed that the number of entries into the open arm of

the maze by the Con rats was significantly greater than

that of both the MS and the EH group rats.

Discussion
For early life stress, MS plays an important role in phy-

siological and psychological development during indivi-

dual ontogeny, which increases the risk of mental

disorders in each life stage [3,6]. Adolescence is the last

stage of mature brain development. Thus, this study

chose to examine adolescent rats to determine the

different effects of early life on EH and MS in rats.

Periodic MS had a clear impact on abnormal behaviour in

adolescence pups. At the same time, pups that suffered

from EH deficits also showed a disparate adolescence

behavioural expression in the behaviour tests.

In the LDB test, both theMS and EH group rats spent less

time and entered the light compartment of the LDB fewer

times than the Con group rats, which indicated that both

the EH and MS group rats had enhanced anxiety-like

behaviours and decreased exploratory behaviour on the

LDB test, which was consistent with several previous

studies documenting adverse effects [12,24]. Nevertheless,

there was no significant difference between the EH and

MS group rats, although the EH group rats spent more

time in the light compartment compared with the MS

group rats. The lack of changes present in the LDB test

creates uncertainty about what impact the difference in

exploratory behaviour has between the EH and the MS.

However, in the MS group, female rats spent significantly

less time in the light compartment, which suggests that

periodic long MS might affect females more than males,

but because of the lower anxiety level in the EH group

compared with the MS group, the difference in behaviour

between male and female rats was not significant.

Fig. 3

The effects of each group on behaviour in the open-field test include the number of lines crossed (a) and the number of entries into the central zone
(b). Results are expressed as the mean±SDM (*Comparison among groups, P<0.05; #Intragroup comparison, P<0.05). Con, control; EH, early
handling; MS, maternal separation.

Fig. 4

The effects of each group on behaviour in the elevated plus-maze test include the amount of time spent in the open arm of the maze (a) and the
number of entries into the open arm of the maze (b). Results are expressed as the mean±SDM (*Comparison among groups, P<0.05; #Intragroup
comparison, P<0.05). Con, control; EH, early handling; MS, maternal separation.
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The OFT data indicate that repeated MS (one daily

period of 3 h from PND 1 to 21) increased spontaneous

locomotor activity in pubescent rats. At the same time,

female rats showed significantly higher movement com-

pared with male rats in the MS group. However, there

was no significant difference in locomotor activity in the

OFT between the EH group compared with the Con

group. Together, these results suggest that female rats

are more susceptible to MS than male rats, but that

neither female nor male rats were significantly impacted

by EH. Similarly, Qiong et al. [25] reported that MS in

rats (4 h from PND 1 to 21) resulted in a significant

increase in locomotor activity in the OFT. Anderson and

Teicher [26] also found that MS (3 h from PND 1 to 14)

significantly increased locomotor activity in adult rats.

However, Rana et al. [27] indicated that after repeated

MS (3 h from PND 1 to 14), the Wister adult rats had

significantly lower locomotor activity compared with rats

presented with decreased MS (15 min from PND 1 to

14). Chang et al. [28] reported a similar conclusion to that

of the study by Rana. We previously suggested that

because individuals express anxiety through behaviour

differently, any abnormal behaviour, whether expressed

through increased or decreased locomotor activity, sig-

nifies increased anxiety [29].

Although there was no significant difference in locomotor

activity, Markostamou et al. [30] showed that the EH

group (15 min from PND 1 to 6) spent less time in the

centre of the open field compared with the NMS or MS

(3 h from PND 1 to 6) group. Also, in the study by Qiong

et al. [25], the MS group pups spent them the most time

in the central area during puberty, but did not as adult

rats. However, in our present study, the results showed

that there was no significant difference between the EH

and the Con group and that the number of times that the

MS group rats entered into the central zone was less than

that in the other two groups. Different behavioural phe-

notypes have been reported depending on the various

MS protocols used. Thus, in the OFT, we suggested that

EH enhances the anxiety-like behaviour of pubescent

rats, but does not increase locomotor behaviour. High

anxiety levels caused by MS increased the locomotor

activity in rats in the open-field region and avoidance

behaviour in the central region. In addition, the negative

effect of MS on female rats was more evident than that in

male rats.

In the present study, anxiety-like behavioural data in the

EPM test showed that both the EH group and the MS

group showed enhanced anxiety-like behaviour com-

pared with the Con group, especially in pubescent rats in

the MS group. Although the MS group rats spent less

time in the open arm of the maze, no significant differ-

ences were found between the MS group and the EH

group. Also, the sex of the rats did not affect the result. In

previous studies, the influence of MS on rats was similar.

Shreya et al. [31] reported that early MS (3 h from PND 2

to 14) enhanced the fear behaviour of adult rats in the

EPM test. Similarly, Markostamou et al. [30] found that

MS for 3 h each day from PND 1 to 6 enhanced fear

behaviour in adult rats. Trujillo reported a similar result

that MS (4.5 h from PND 1 to 21) produced a greater fear

level during the EPM test in juvenile rats [32].

However, similar to the separation of dams and pups for

15 min/day from PND 1 to 21 in this study, the influ-

ences of EH separation were different from that of other

types of separation. No fear was observed in adult rats

[20]. Furthermore, the research of Oines et al. [32] (EH
10min from PND 2 to 14) reported results similar to

those of Markostamou and colleagues. In this study, we

found that the reason for the differences in the test

results was because adolescence is a critical interval in

life. Adolescence is particularly susceptible to the onset

of specific neuropsychiatric diseases [26]. Repeated EH

throughout lactation affected the anxiety-like behaviour

of adolescence rats. Nevertheless, when the rats entered

the juvenile stages of development and because of dif-

ferences in individual development, this impact dis-

appeared. This phenomenon may possibly be associated

with the release of brain-derived neurotrophic factor

(BDNF) after stress. BDNF, upon release into the brain,

is distributed widely throughout the central nervous and

peripheral nervous systems [30,33]. BDNF can adjust the

division, differentiation and maturity of nervous system

growth [34]. After suffering chronic stress, BDNF levels

in different brain regions can change to offset the impact

of neurons [35]. Future studies will explore changes in

the brain that are associated with BDNF after stressful

events occur and with the developmental stages, and will

focus on changes in brain processing in all areas of

the brain.

It is interesting that after comparing the results of each

behaviour test, we found that the impact from EH on

individual behaviour was specific. The results in both the

LDB and the EPM tests reported that EH has a sig-

nificant impact on rats. This situation was similar to that

of the MS group rats. Therefore, we suggested that in

both the LDB and the EPM tests, young rats in the EH

and MS groups responded robustly to new environments,

indicating an increase in anxiety levels. However, in the

OFT, because of the anxiety-level differences, the MS

group rats showed significant abnormal behaviour, but

the EH group rats did not [36,37]. Thus, during puberty,

repeated EH deficits caused the rats to respond robustly

in the LDB and EPM tests, which indicated that EH

deficits could increase anxiety levels in a short period,

which was not as severe as that observed in the

MS group.

To summarize, the different effects of MS and EH on

anxiety in the present study could be induced by dif-

ferences in the duration and frequency of separation.

However, it is certain that high-frequency EH has a
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negative influence on pubescent rats. In addition, across

laboratories, not only do the frequency and duration of

MS periods vary considerably but also the time points at

which the manipulation is performed during the pre-

weaning period [4]. Therefore, on the one hand, we can

further refine the experimental design. The interaction

between the duration, frequency and time point of

separation at different ages is interesting, and clearly

worthy of further investigation to discover more specific

explanations. However, MS, as an animal model that

induces anxiogenic state, is used in combination with

other models to simulate multiple stressful life events.

On the basis of these approaches, the effects of these

multiple stressors on behaviours, HPA-axis activity and

biochemical changes in the central nervous system can be

investigated, which could provide more insight into the

relevant mechanisms underlying the effects of early

adversity on subsequent vulnerability to stressors.

Conclusion
This study found that repeated MS induced enhanced

locomotor activity in the OFT and abated exploratory

behaviour of pubescent rats in both the LDB and EPM

tests. EH abated the exploratory behaviour of pubescent

rats in the EPM test. These results indicated that MS

significantly increased anxiety levels in individuals and

that EH enhanced anxiety levels slightly, which was

expressed by the abnormal behaviour of fear memory. At

the same time, female rats were more prone to showing

anxiety-like behaviour compared with male rats in the

presence of high-intensity stimulation. Further research

is needed to study the interaction between the duration

and the frequency of separation at different ages.
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