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Preclinical studies have clearly indicated that offspring of mothers who suffered sleep
deprivation during pregnancy exhibit anxiety, depression-like behaviors, and cognitive
deficits. The cognitive impairment induced by maternal sleep deprivation (MSD) is
currently poorly treated. Growing evidence indicates that an enriched environment
(EE) improves cognition function in models of Alzheimer’s disease, schizophrenia, and
lipopolysaccharide. However, the effects of EE on hippocampal-dependent learning and
memory, as well as synaptic plasticity markers changes induced by MSD, are unclear.
In the present study, pregnant CD-1 mice were randomly divided into a control group,
MSD group, and MSD+EE group. Two different living environments, including standard
environment and EE, were prepared. When male and female offspring were 2 months,
the open field test and elevated plus maze were used to assess anxiety-like behavior, and
the Morris water maze was used to evaluate hippocampal learning and memory. Western
blotting and real-time fluorescence quantitative polymerase chain reaction were used
to detect the expression of brain-derived neurotrophic factor and Synaptotagmin-1 in
the hippocampus of offspring. The results revealed that MSD-induced offspring showed
anxiety-like behaviors and cognitive impairment, while EE alleviated anxiety-like behavior
and cognitive impairment in offspring of the MSD+EE group. The cognitive impairment
induced by MSD was associated with a decreased brain-derived neurotrophic factor
and an increased Synaptotagmin-1, while EE increased and decreased brain-derived
neurotrophic factor and Synaptotagmin-1 in the hippocampus of mice from the MSD+EE
group, respectively. Taken together, we can conclude that EE has beneficial effects
on MSD-induced synaptic plasticity markers changes and can alleviate anxiety-like
behaviors and cognitive impairment.
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INTRODUCTION

Sleep is a conservative behavior of mammals. Adequate sleep
is conducive to energy recovery, removal of toxic substances,
and consolidation of learning and memory (Xie et al., 2013).
However, in modern society, lack of sleep has become a prevalent
phenomenon in many populations, especially for women during
pregnancy (Sedov et al., 2018). Epidemiological studies have
shown that about half of pregnant women complained about
their sleep, which was characterized by decreased total sleep time,
sleep efficiency, rapid eye movement sleep, and slow-wave sleep
(Wilson et al., 2011). Notably, the abnormal sleep pattern in
the third trimester of pregnancy has been ascribed to conditions
such as nocturia, nausea, discomfort from fetal movements,
difficulty in assuming usual sleep positions, back pain, and
hormonal oscillations, and can lead to chronic sleep deprivation
(Izci-Balserak et al., 2018). Concurrently, the third trimester of
pregnancy is also a critical time for fetal brain and center nervous
system development (Micheli et al., 2011). Clinical studies have
found that chronic sleep deprivation not only increases the risk
of psychiatric disorders inmothers but also has a series of adverse
effects on the offspring (Chang et al., 2010). Due to ethical
limitations, the underlying mechanisms can be explored through
animal models of sleep restriction during pregnancy.

Similarly to many animal models of early life stress,
the maternal sleep deprivation (MSD) model affects fetal
hippocampal synapse development by disrupting the intrauterine
environment (Entringer et al., 2012). Previous studies
have found that MSD-induced rats showed hippocampal-
dependent memory impairment, which was associated with
decreased hippocampal neurogenesis and increased levels
of pro-inflammatory markers due to microglial activation
(Zhao et al., 2014). It is known that hippocampal synaptic
plasticity indicated with long-term potentiation (LTP) is a
cellular mechanism underlying information processing and
memory formation (Yang et al., 2021). The offspring of mothers
subjected to sleep deprivation at different stages of pregnancy
have been found to exhibit anxiety, depressive-like behaviors,
and cognitive deficits, accompanied by impaired LTP and basal
vesicle transmission in the CA1 region of the hippocampus
(Peng et al., 2016). Brain-derived neurotrophic factor (BDNF)
and Synaptotagmin-1 (Syt-1) are two important synaptic
plasticity markers, which have been experimentally confirmed
to be associated with cognitive impairment induced by early
life stress (Thome et al., 2001; Leal et al., 2015). BDNF, a
main neurotrophin in mammals’ hippocampus, is essential
for synaptic transmission and regulates dendritic arborization
and LTP, while Syt-1, a Ca2+-dependent synaptic protein, can
bind with SNARE (soluble N-ethylmaleimide-sensitive factor
attachment protein receptor) complex and directly interacts
with SNAP-25 (synaptosomal-associated protein of 25 kDa)
on a presynaptic membrane to facilitate neurotransmitter
release (Spriggs et al., 2019; Chanaday et al., 2021). Collectively,
gestational sleep deprivation causes emotional and cognitive
dysfunction in offspring, but whether the mechanisms of
cognitive dysfunction involve changes in synaptic plasticity
markers is unclear.

The concept of an enriched environment (EE) was proposed
by Hebb in 1947 and is a simple and effective method to improve
cognitive deficits (Alwis and Rajan, 2014). EE is an experimental
paradigm that allows mice to receive sensory, motor, and
social stimulation by placing them in larger devices equipped
with a variety of toys and running wheels (Yu et al., 2020;
Zhang et al., 2021). EE has been found to affect cell survival,
neurogenesis, synaptogenesis, and dendritic morphology in the
hippocampus (Wang et al., 2020). Several findings have indicated
that EE improves activity-dependent synaptic plasticity, LTP,
social interaction, and spatial learning and memory in models
of Alzheimer’s disease, brain injury, Parkinson’s disease, and
schizophrenia (Murueta-Goyena et al., 2019). Our lab has also
shown that long-term EE attenuates the exacerbated age-related
cognitive impairment induced by lipopolysaccharide exposure
during pregnancy (Zhuang et al., 2021).

In this study, we investigated the effects of EE on anxiety
and spatial learning and memory in MSD-induced male and
female offspring via increased dwelling space containing novel
toys at the end of lactation. This study provides evidence for
the establishment of EE as an additional therapy option for
improving brain functioning in offspring who have suffered
fromMSD.

METHODS

Animals
Both male and female CD-1 mice (8 weeks) were purchased from
Beijing Vital River Laboratory Animal Device Co., Ltd. (SPF
grade). The animals were housed in individual cages maintained
at a temperature of 22–25◦C, a 12 h dark-light photoperiod,
and 60%–70% relative humidity. Food and water were available
ad libitum. All procedures were carried out in compliance with
the guidelines for humane treatment set by the Association
of Laboratory Animal Sciences and the Center for Laboratory
Animal Sciences at Anhui Medical University.

Experimental Protocols
The male and female CD-1 mice were acclimated to the new
environment for 2 weeks, and were then paired at a ratio
of 1:2. The 30 female mice with vaginal smear were selected
and randomly assigned to one of the three following groups:
(1) control group (n = 10), (2) MSD group (n = 10), and
(3) MSD+EE group (n = 10). Pregnant mice of the MSD
and MSD+EE groups were put into the BW-NSD404 sleep
deprivation machine (Shanghai Bio-will Co., Ltd.) during the
third period (GD15-GD21) of pregnancy from 12:00 to 18:00.
The sleep deprivation machine ensured that mice remained
awake during deprivation by the continuous work of the running
belt and the speed of the running belt was set to 0.5 m/min.
Concurrently, the pregnant mice of the Control group were put
into the other BW-NSD404 sleep deprivation machine at a speed
of 0 m/min. The mice from the three groups lived in the same
environment during and after sleep deprivation. Mice had free
access to food and water throughout the sleep deprivation period.
After weaning, the offspring from the MSD+EE group (n = 15)
were raised in larger cages (52× 40× 20 cm) with 7–8 mice/cage
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containing various colorful toys, including platforms, a wood
shelter, running wheels, ladders, and plastic tunnels. Objects
were changed twice a week. The offspring from the MSD group
(n = 15) and the Control group (n = 15) were raised in standard
cages (36× 18× 14 cm) with three mice/cage without objects. At
2 months of age, all offspring were examined by behavioral and
molecular experiments (Figure 1).

Open Field Test
In the open field test (OFT), mice were gently placed in the
center of a black wooden box (50 cm × 50 cm × 25 cm) for
5 min, and exploratory behavior was automatically recorded
by the ANY-maze video tracking system (Stoeling, USA). Time
spent in and the number of entries into the central area and total
distance were recorded by ANY-maze software. After each test,
the arena was cleaned with 75% alcohol to avoid the interference
of odor.

Elevated Plus Maze
The elevated plus maze (EPM) consisted of two open arms and
two closed arms arranged at right angles. The height of the maze
was about 50 cm above the ground. At the beginning of the
experiment, mice were put into the central area of the maze with
their head facing the open arms. The number of entries and the
time spent in each armwere recorded for 5min by the ANY-maze
video tracking system. After the recording, the maze was wiped
with 75% alcohol to eliminate the odor of the mouse.

Morris Water Maze
The Morris water maze (MWM) was used to assess the spatial
learning and memory abilities of mice. The protocol used in
this study was similar to those described previously (Wu et al.,
2020). The test was divided into two parts: a learning phase and
a memory phase. During the learning phase, mice were trained
in a circular black pool (diameter 120 cm, height 30 cm) over
four trials per day for seven consecutive days to find the hidden
platform. Mice were allowed to rest on the platform for 30 s
if they failed to find the hidden platform within 60 s. During
the memory phase, a probe trial task was performed after the
hidden platform had been removed. All trials were recorded and
analyzed using the ANY-maze tracking system.

Western Blotting
The Western blotting procedure was performed as previously
described (Zhuang et al., 2021). Hippocampal tissue was lysed in
RIRA lysis buffer, and protein concentrations were determined
using a BCA Protein Assay Kit. The protein samples were
electrophoretically separated and then blotted onto nitrocellulose
membranes. Protein levels were determined via incubation
against antibodies of BDNF (1:1,000; Abcam, Cambridge, UK)
and Syt-1 (1:1,000; Bioss, Beijing, China). Bands were visualized
by enhanced chemiluminescence and quantified using ImageJ
software.

Real-Time Fluorescence Quantitative
Polymerase Chain Reaction
Total RNA was extracted from the hippocampal tissue by adding
Trizol lysate. The purity of the extracted RNA was assessed

TABLE 1 | Primer sequences.

Gene Forward primer (5’→3’) Reverse primer (5’→3’)

β-actin AGTGTGACGTTGACATCCGT TGCTAGGAGCCAGAGCAGTA
BDNF TTACTCTCCTGGGTTCCTGA ACGTCCACTTCTGTTTCCTT
Syt-1 GTCCTTCTAGTCGTGACCTG GCCTGATCCTTCATGGTCTT

using a spectrophotometer. RNA was reverse-transcribed to
cDNA using the ReverAidTM First-Strand cDNA Synthesis
Kit. The transcripts were amplified by quantitative real-time
polymerase chain reaction. The reaction system consisted of 5 µl
of 2× SYBR Green Mixture, 1 µl of upstream primer, 1 µl of
downstream primer, 1 µl of cDNA, and 2 µl of RNase Free
water. The reaction conditions were as follows: a single cycle of
pre-denaturation at 95◦C for 1 min, and a total of 40 cycles at
95◦C for 20 s and 60◦C for 1 min. The primer sequence is shown
in Table 1.

Data Analysis
All values are expressed as the mean ± standard error of the
mean. Repeated-measure analysis of variance (ANOVA) was
used to analyze data from the MWM test. Data of anxiety-like
behaviors, cognitive cognition, and synaptic plasticity markers
were analyzed using a two-way analysis of variance with
Tukey’s least-significant difference post-hoc test to compare
differences between the three groups. Differences were
considered significant at P < 0.05. All data analyses were
performed using GraphPad 8.0.

RESULTS

Environmental Enrichment Reverses
Anxiety-Like Behavior Induced by Maternal
Sleep Deprivation
First, we evaluated the effect of MSD on anxiety-like
behaviors using the OFT and EPM, and assess the potential
therapeutic effects of EE. Two-way ANOVA revealed a
significant treatment effect for center time (F(2,84) = 16.97,
P < 0.01; Figure 2A) and number of the center entries
(F(2,84) = 40.42, P < 0.01; Figure 2C) among the three
groups during the OFT. The post hoc analysis confirmed
that the mice from the MSD group exhibited more
anxiety-like behaviors than the control group (Ps < 0.05),
and EE reversed this abnormal mental state (Ps < 0.05).
Similarly, a two-way ANOVA revealed significant between-
group differences in open arms time (F(2,84) = 14.69,
P < 0.01; Figure 2B) and number of the open arms entries
(F(2,84) = 41.23, P < 0.01; Figure 2D) during the EPM. Post
hoc analysis revealed that EE normalized the anxiety-like
behavior associated with MSD (Ps < 0.05). There were no
differences in the total distance among the three groups
during the OFT and EPM, which indicated that MSD did
not impair the motor ability of offspring (Figures 2E,F).
Collectively, the OFT and EPM results indicated that
EE had a healing effect on anxiety-like behaviors caused
by MSD.
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FIGURE 1 | Timeline of the experiment (see “Experimental Protocols” Section for details).

FIGURE 2 | The effect of EE and MSD on anxiety-like behaviors. (A) The time spent in the center of the three groups during the open field test. (B) The time spent in
open arms of the three groups during the elevated plus maze. (C) The number of the entries to the center of the open field test. (D) The number of the entries to the
open arms of the elevated plus maze. (E) The total distance of the open field test. (F) The total distance of the elevated plus maze. ∗∗P < 0.01 vs. control male;
#P < 0.05, ##P < 0.01 vs. control female; $P < 0.05, $$P < 0.01 vs. MSD male; &P < 0.05, &&P < 0.01 vs. MSD female.
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Environmental Enrichment Improves
Cognitive Impairment Induced by Maternal
Sleep Deprivation
TheMWMwas used to evaluate the effect of EE onMSD-induced
cognitive deficits. In the learning phase, a repeated-measures
ANOVA revealed no sex differences in escape latency (Control
group: F(1,28) = 0.05, P > 0.05; Figure 3A; MSD group:
F(1,28) = 0.14, P > 0.05; Figure 3B; MSD+EE group: F(1,28) = 0.24,
P > 0.05; Figure 3C) and swimming velocity (Control group:
F(1,28) = 0.98, P > 0.05; Figure 3D; MSD group: F(1,28) = 3.08,
P > 0.05; Figure 3E; MSD+EE group: F(1,28) = 1.00, P > 0.05;
Figure 3F) for each group when the analysis was controlled for
treatment. However, a repeated-measures ANOVA for latency
from different groups showed significant differences when the
analysis was controlled for sex (male group: F(2,42) = 23.19,
P< 0.01; Figure 3G; female: F(2,42) = 16.39, P< 0.01; Figure 3H).
The post hoc analysis revealed that both male and female mice
from theMSD group spentmore time to find the hidden platform
than those in the control group (Ps < 0.01), while both male
and female mice from the MSD+EE group spent less time to find
the hidden platform than those in the MSD group (Ps < 0.05).
There were no sex differences in swimming velocity within any of
the three groups (male group: F(2,42) = 3.24, P = 0.05; Figure 3I;
female group: F(2,42) = 0.38, P > 0.05; Figure 3J).

In the memory phase, the two-way ANOVA showed that
the time spent in the target quadrant was significantly different
between the three groups (F(2,84) = 34.30, P < 0.01; Figure 3K).
Post hoc comparisons showed the time percent was lowest
in the MSD group (Ps < 0.05). EE could ameliorate, but
not normalize, the time percent of the MSD+EE group when
compared to the control group (P< 0.05). These results indicated
that EE improved MSD-related spatial learning and memory
impairment.

Effect of Enriched Environment and
Maternal Sleep Deprivation on BDNF and
Syt-1 mRNA Levels
A two-way ANOVA showed significant between-group
differences in the mRNA levels of BDNF and Syt-1 (BDNF:
F(2,42) = 99.36, P < 0.01; Syt-1: F(2, 42) = 102.82, P < 0.01;
Figures 4A,B). The post hoc analysis revealed that the MSD
group had a lower BDNF mRNA level and higher Syt-1 mRNA
level than the control group (Ps < 0.01). EE increased the BDNF
mRNA level and Syt-1 mRNA level, as shown by the MSD+EE
group vs. MSD group comparison (Ps < 0.05).

Effect of Enriched Environment and
Maternal Sleep Deprivation on BDNF and
Syt-1 Protein Levels
We further evaluated the protein levels of BDNF and Syt-1
using Western blotting. A two-way ANOVA showed that the
protein levels of BDNF and Syt-1 were significantly different
between the three groups (BDNF: F(2,30) = 156.01, P < 0.01;
Syt-1: F(2,30) = 379.71, P < 0.01; Figures 5A–C). The post hoc
analysis revealed that MSD decreased the protein level of BDNF
and increased the protein level of Syt-1, as revealed by the MSD

group vs. control group comparison (Ps< 0.01). EE increased the
BDNF protein level and decreased the Syt-1 protein level in mice
from the MSD+EE group relative to the MSD group (Ps < 0.01).

DISCUSSION

This study investigated the beneficial effects of EE on
MSD-induced anxiety-like behavior and spatial cognition
dysfunction, as well as synaptic plasticity markers changes in
offspring CD-1 mice. Our results indicate that EE could be
a useful strategy to alleviate the anxiety-like behaviors and
cognition dysfunction caused by MSD. Preservation of cognitive
function was associated with an increase in BDNF and a decrease
in Syt-1 in the hippocampus.

Insufficient sleep during pregnancy is a public health problem
that brings serious mental and psychological problems to
offspring, and also increases the financial burden on society
(Oyiengo et al., 2014). Therefore, it is interesting and meaningful
to use an MSD rodent model to explore the behavioral
phenotypes and their underlying biological mechanisms in
MSD-induced offspring. There have been conflicting results on
the anxiety-like behavior of MSD-induced offspring. One study
suggested that Sprague-Dawley rats born to mothers undergoing
sleep deprivation during pregnancy displayed anxiety-like
behavior during the EPM and novelty-suppressed feeding task
(Peng et al., 2016). Another study reported that Wistar rats
exposed to MSD during gestation showed a decrease in anxiety-
related behavior during the EPM (Radhakrishnan et al., 2015). In
the present study, we found that the offspring of MSDCD-1mice
showed anxiety-like behavior, as indicated by decreased time
and entries in the center and open arms during OFT and EPM,
separately. It may be that offspring from different strains have
different tolerances to MSD. Furthermore, the MWM results
suggested that MSD impaired hippocampus-dependent learning
andmemory, which has been validated in numerous experiments
(Zhao et al., 2014; Peng et al., 2016). Moreover, we found that EE
reversed the levels of MSD-induced anxiety, and alleviated—yet
did not normalize—MSD-induced cognitive dysfunction. The
hippocampus is an important brain region for learning and
memory, and its morphology and synaptic function are more
susceptible to stress and more difficult to repair than emotion-
related regions (Guan et al., 2004; Ruskin et al., 2004). To the best
of our knowledge, our experiment is the first to demonstrate the
beneficial effect of EE on MSD-associated anxiety-like behavior
and cognitive impairment.

BDNF is widely expressed in the hippocampus and has potent
effects on cognitive function (Autry and Monteggia, 2012).
In vitro study, BDNF can promote the survival, proliferation, and
differentiation of neural stem cells (Chen et al., 2013; Hachem
et al., 2015). In vivo study, the heterozygous (BDNF+/-) mice
with knockout of BDNF showed a decrease in cell proliferation
and survival in the dentate gyrus of the hippocampus (Lee
et al., 2002). The (BDNF2lox/BDNF2lox/CaMKII-cre) mice with
conditional knockout of BDNF in mature neurons exhibited
an impaired dendritic development without affecting cell
proliferation and differentiation (Choi et al., 2009). The
inconsistent results regarding the effects of BDNF are due
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FIGURE 3 | EE attenuated the decline in spatial learning and memory ability of MSD-induced mice. In the learning phase, the escape latency (A,B,C,G,H) and
swimming velocity (D,E,F,I,J) for each of the seven training days are shown. In the memory phase, the percent time spent in the target quadrant is shown (K).
∗∗P < 0.01 vs. control male; ##P < 0.01 vs. control female; $P < 0.05 vs. MSD male; &P < 0.05 vs. MSD female.

to differences in experimental methods and gene knockout
techniques. A previous study had demonstrated that the
C57BL/6 mice exposed to isoflurane during aging exhibited
cognitive deficits, which were accompanied by inhibition of

the BDNF pathway and downregulation of synaptic plasticity
markers in the hippocampus (Wu et al., 2016). Similarly, our
results showed that MSD resulted in impaired cognitive function
accompanied by a downregulation of BDNF. Furthermore,
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FIGURE 4 | Relative mRNA levels of BDNF and Syt-1 in the hippocampus. (A) The mRNA level of BDNF in the hippocampus of the three groups. (B) The mRNA
level of Syt-1 in the hippocampus of the three groups. ∗P < 0.05, ∗∗P < 0.01 vs. control male; ##P < 0.01 vs. control female; $$P < 0.01 vs. MSD male; &P < 0.05,
&&P < 0.01 vs. MSD female.

FIGURE 5 | Hippocampal protein levels of BDNF and Syt-1. (A) Western blot: band 1: Control-male; band 2: MSD-male; band 3: MSD+EE-male; band 4:
Control-female; band 5: MSD-female; band 6: MSD+EE-female. (B) The protein level of BDNF in the hippocampus of the three groups. (C) The protein level of Syt-1
in the hippocampus of the three groups. ∗∗P < 0.01 vs. control male; ##P < 0.01 vs. control female; $$P < 0.01 vs. MSD male; &&P < 0.01 vs. MSD female.

a previous study demonstrated that adolescent enriched
environment could alleviate sleep deprivation-associated
cognition dysfunction by restoring BDNF expression levels in
male Wistar rats (Ghaheri et al., 2022). Our Western blotting
and real-time fluorescence quantitative polymerase chain
reaction results have suggested that EE increases BDNF
mRNA and protein levels in the hippocampus of MSD
mice. A previous study showed that long-term treatment
of hippocampal slice cultures with BDNF increased the
number of docked vesicles at hippocampal CA1 synapses and
increased the protein levels of synaptotagmin, synaptophysin,
and synaptobrevin (Tartaglia et al., 2001). The interaction
between the synaptic vesicle-associated proteins and BDNF
might trigger the imbalance of synaptic plasticity that occurs
in cognitive impairment. The downregulation of Syt-1 has
been implicated in chronic brain hypoperfusion-associated
presynaptic plasticity dysfunction and treadmill exercise training

improved hippocampus-associated learning and memory by
upregulation of Syt-1, which indicated that the expression
level of Syt-1 was positive with cognitive function (Liu et al.,
2009; Yan et al., 2020). Surprisingly, our results showed that
MSD-induced cognitive impairment was associated with
increased Syt-1 expression. The results are in accordance
with a previous report that upregulation of Syt-1 in the
hippocampus has been found to cause neuron damage associated
with prenatal stress- and hypothyroidism-induced cognitive
impairment (Vara et al., 2002; Jia et al., 2010). Moreover,
EE could improve MSD associated-cognitive deficits by
reducing Syt-1 expression, which was consistent with our
previous study that exposure to an EE from adolescence
improved age-associated cognitive decline by downregulating
the expression of Syt-1 (Zhang et al., 2022). The contradictory
results regarding the relationship between Syt-1 expression level
and cognitive function could be a result of differences in the
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specific mechanisms leading to cognitive impairment in different
pathological models.

Importantly, the mechanisms underlying MSD-related
cognitive impairment involve not only changes in synaptic
markers but also alterations in inflammation and the
hypothalamic-pituitary-adrenal axis (Zhao et al., 2014; Ehichioya
et al., 2022). Previous studies suggested that EE could improve
cognitive dysfunction by altering pro-inflammatory cytokines
and hyperactivity of the hypothalamic-pituitary-adrenal axis
(Delanogare et al., 2020; Keymoradzadeh et al., 2020). The
effects of EE on inflammatory and hypothalamic-pituitary-
adrenal markers should be further explored in MSD models.
Moreover, we found that EE attenuated MSD-associated
impaired cognition, but did not fully reverse it. Further studies
could examine the effect of drugs and other non-drug treatments,
such as exercise, on MWM performance in MSD-induced mice
(Liu et al., 2009).

Our study has limitations. First, we only used Western
blotting and real-time fluorescence quantitative polymerase
chain reaction to evaluate the expression levels of BDNF and
Syt-1, and did not use immunohistochemistry to quantitatively
analyze the effect of EE on the expression levels of BDNF and
Syt-1 in different subregions of the hippocampus. Second, we did
not further assess hippocampal synaptic plasticity resulting from
changes in synaptic plasticity markers by patch-clamp technique.
Third, we did not use RNA interference technology to reduce
BDNF and increase Syt-1 to verify the targets of EE.

CONCLUSION

Our study demonstrated that MSD-induced offspring exhibited
anxiety-like behavior, cognitive impairment, and BDNF and
Syt-1 expression. Notably, sleep deprivation during pregnancy
induced randomly without analyzing the circadian rhythm
and their activity pattern. Access to EE alleviated anxiety-like

behavior and cognitive impairment in offspring from the
MSD group. The improved cognitive function can be partially
explained by an increase in BDNF and a decrease in Syt-1
in the hippocampus. Thus, EE treatment may have utility for
the prevention of the development of anxiety-like behaviors
and recovery from cognitive deficits following sleep deprivation
during pregnancy.
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