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Abstract: We aimed to investigate the effects of Xylaria nigripes (XN) extracts on the rapid eye movement sleep deprivation (REMSD)-induced memory impairment, and explore related mechanism. Male Sprague Dawley rats were
randomly divided into 6 groups: cage control (CC)-NaCl group; tank control (TC)-NaCl group; sleep deprivation (SD)NaCl group; CC-XN group; TC-XN group and SD-XN group. The rats were administered with intragastric XN and 0.9%
of sodium chloride. SD group rats were deprived of REM sleep for 72 h. Morris water maze (MWM) was used to
assess the effects of XN on spatial learning and memory. The expression of cAMP-response element binding protein (CREB) and p-CREB were also investigated in all groups. Result showed rats in SD-NaCl group had significantly
longer mean escape latencies in finding the platform as compared to the control rats (p<0.05) in MWM test. The
SD-NaCl group spent significantly less time in goal quadrant compared with the SD-XN group. REMSD and XN did
not alter CREB expression in the hippocampus, while sleep deprivation resulted in reduced phosphorylation of CREB
in the hippocampus, which was reversed by XN. XN mitigates spatial memory impairment induced by REMSD in rat.
Phosphorylation of CREB in hippocampus might be one of the mechanisms.
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Introduction
Xylaria nigripes (XN), also known as Wu Ling
Shen, is a high value medicinal fungus belonging to the family of Xylariaceae. The sclerotia of
XN grows several feet underground the fungus
combs of the Odontotermes termite species
during the spring and summer seasons [1].
Recent studies show that XN have a tranquilizing effect on the central nervous system, it
could modulate some physiological functions
such as anti-oxidative damage [2-4], antiinflammatory activity [5] and protecting carbon
tetrachloride-induced liver injury in mice [6]. XN
is also used to relieving depression and treating trauma [7, 8]. In traditional Chinese medicine (TCM), XN is commonly used to regulating
wake and sleep. Previous studies have shown
that XN could induce sleepiness and maintained sleep time in insomnia patients [9, 10].

Sleep loss is a common disorder with a high
incidence. Numerous studies showed that
sleep plays a key role in learning and memory
[11, 12]. Rapid eye movement (REM) sleep is an
important part in sleep, which is closely related
with synaptic plasticity and long-term potentiation [13, 14]. So far, no study examined the
potential effect of XN on memory impairment
induced by sleep loss.
cAMP response element-binding protein (CREB)
was firstly described in 1987 as a cAMP-responsive transcription factor regulating the somatostatin gene [15]. Through binding to certain
DNA sequences called cAMP response elements (CRE), CREB could regulate the transcription of its downstream genes such as c-fos,
neurotrophin brain-derived neurotrophic factor
(BDNF) and neuropeptides (such as somatostatin), VGF, and corticotropin-releasing hormone
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related gene [16]. CREB has a well-documented role in neuronal plasticity and long-term
memory formation. The phosphorylated form of
CREB (p-CREB) is a critical protein act in hippocampal-dependent learning and synaptic plasticity [17]. Moreover, the decrease of phosphorylated CREB was presently reported to be one
of the mechanisms of REMSD-induced cognition impairment. It is also reported that p-CREB
levels reduce after sleep deprivation [18].
These reports inspired us whether XN mediate
the spatial memory impairment of REM sleep
deprivation, and further, whether CREB phosphorylation involved in this process.
In present study, the cultivated XN were used to
prepare powders extracts. We studied the role
of XN in modulating hippocampus-dependent
spatial learning and memory through the MWM
method, and examined the change of CREB
and p-CREB expression in the rat hippocampus
in XN treated group after 72 h of REMSD.
Materials and methods
Preparation of extracts and test solutions
The XN materials were obtained from Zhejiang
Jolly Pharmaceutical Co., Ltd (Zhejiang Province,
China). Dried XN materials were subjected to
water extraction, the extracts were prepared
according to the traditional uses of XN materials as procedures described previously [19].
After dried by lyophilisation, the powders of XN
were stored at 4°C until use. Test solutions
were freshly prepared for each experiment with
0.9% NaCl. The same amount of NaCl (0.9%)
served as control.
Animals
All experimental procedures were approved by
the Institutional Animal Care and Use
Committee at Second Military Medical
University. Male Sprague Dawley rats (body
weight: 220-250 g) were randomly divided into
6 groups: cage control (CC)-NaCl group; tank
control (TC)-NaCl group; sleep deprivation (SD)NaCl group; CC-XN group; TC-XN group and
SD-XN group, each group consisted 8 animals.
They were housed freely access to food and
water under an automatic 12 h light/12 h dark
cycle at a temperature of 24°C and a humidity
of 50-60%.
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Intragastric administration
The rats were administered with intragastric XN
(300 mg/kg bodyweight, dissolved in 0.9%
NaCl) or control of 3 ml 0.9% NaCl once a day
for 6 weeks respectively [20].
Rapid eye movements sleep deprivation
The rats in SD group were deprived of REM
sleep for 72 h using the modified multiple platform method [21]. Cage control (CC) group rats
were maintained in their home cages. Rats in
SD and tank control (TC) group were placed into
a water tank (123 × 44 × 44 cm) containing 14
circular platforms (6.5 cm diameter) or 10 circular platforms (14 cm diameter), the water
was up to 1 cm beneath the platform. When the
SD rats reached the REM sleep phase, they
were awakened by touching the water because
of muscle atonia. For TC group rats, they were
placed on large platforms as the REMSD environment to simulate the sleep deprivation condition while allowing sleep to occur. The water
in the tanks was changed daily.
Assessment of spatial learning and memory
The MWM task was performed as described
previously [22, 23]. The MWM was a black circular tank (167 cm in diameter, 50 cm in deep)
filled with water (22-24°C) at a depth of 25 cm.
The maze was divided into four quadrants of
equal size. A hidden black platform (12 cm in
diameter) was placed in the middle of the
southwest quadrant, submerged 1.5 cm below
the water surface. The rats were trained
between 11:00 and 13:00 in four trials for 4
days to find the hidden platform. Each rat was
released facing the wall of the maze from different positions around the perimeter of the tank
(north, northwest, east and southeast), respectively. In each trial, a rat was allowed to locate
the platform up to 120 s and then stayed for 5
s. If the platform was not found in 120 s, the rat
was guided onto it and stayed there for 30 s.
The escape latency to find the hidden platform
was recorded automatically using the Video
Tracking System (Ji Liang Technology, Shanghai,
China). At the end of REMSD, a probe test was
adopted. The platform was removed and each
rat started at northeast and had to swim freely
for 2 min. Memory retention was measured by
quantifying the time spent in the goal target
(southwest quadrant). The swimming trail was
recorded at the same time.
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Western blot

Results

Hippocampal tissues of the rats in each group
were dissected and then homogenized in 1%
sodium dodecyl sulphate (SDS) containing 1
mM of phenylmethylsulphonyl-fluoride (PMSF)
and centrifuged. The supernatants were collected and the total protein concentration was
determined using a BCA Protein Assay Kit
(Beyotime, Shanghai, China). Whole tissue
homogenates (50 μg of total protein) were heated at 100°C for 5 min and resolved on 12%
gels using SDS-polyacrylamide gel electrophoresis and then transferred to nitrocellulose
membranes. The membranes were blocked
with skim milk in Tris buffered saline (TBS) for
2 h at room temperature and incubated with
anti-CREB (1:200, Santa Cruz, USA) and antiGAPDH (1:10000, KangChen, Shanghai, China)
antibodies in TBS plus 0.1% Tween-20 (TBST)
with 5% bovine serum albumin; anti-p-CREB
(1:200, Santa Cruz, USA) and anti-GAPDH
(1:10000, KangChen, Shanghai, China) antibodies in TBS supplemented with 0.1% Tween20 (TBST) and 5% bovine serum albumin overnight at 4°C, respectively. GAPDH was used as
a loading control. Membranes were washed in
TBS and incubated with horseradish peroxidase-conjugated
anti-rabbit
antibodies
(1:10000, sigma, USA) for 2 h at room temperature. Then the blots were visualized by
enhanced chemiluminescence (Bipec Biopharma, Massachusetts, USA) and captured on
autoradiography films (Kodak X scientific image
film, Xiamen, China). Densitometric scans of
the autoradiographs were digitized on a
ScanMaker 3860 (Microtek, Shanghai, China)
with Scanwizard 5 software (Microtek), and
quantified using Quantity One 4.6 (Bio-Rad)
image analysis software.

Spatial learning

Statistical analysis
Statistical analysis was performed by SPSS
16.0 software. Data were expressed as mean ±
S.E.M. The difference of latencies to target
were determined by ANOVA with repeated measures (MANOVA) followed by post-hoc test for
multi-group comparisons. Two-way classification ANOVA followed by post-hoc test was used
to determine whether XN affected memory
impairments induced by REMSD. Western blot
data were analysed using one-way analysis of
variance. P<0.05 was considered as significant.
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Before REMSD, all groups were trained in the
MWM for spatial learning assessment. As
shown in Figure 1A, all groups showed reductions in latency to find the hidden platform during the training. The differences in latency to
find the hidden platform among the 6 groups
were significant [F (5, 42) = 21.60, P<0.01]. The
rats in SD-NaCl group had significantly longer
mean escape latencies in finding the platform
during the 4-day training compared with the
control rats (p<0.05). The rats treated with XN
had slightly shorter mean latencies in finding
the platform throughout the 4-day training period compared with the rats in SD-NaCl group.
These results indicated that REMSD impaired
spatial learning in rats and XN could alleviate
the impaired spatial learning.
XN mitigates spatial memory impairment
induced by REMSD
After REMSD, a probe trial was performed to
evaluate spatial memory. As shown in Figure
1B, the percent times spent in the goal quadrant were different among the 6 groups [F (5,
42) = 110.374, P<0.01]. The CC-NaCl and
TC-NaCl groups spent significantly more percent time in the goal quadrant than the SD-NaCl
group (39.92 ± 1.75 and 38.50 ± 1.61 vs 25.44
± 1.80, P<0.01). The rats in SD-XN group spent
significantly longer time in the target quadrants
compared with the rats in SD-NaCl group (37.70
± 2.07 vs 25.44 ± 1.80, p<0.01). The different
swim trajectories of the groups in the probe
test were shown in Figure 1C, the rats swam
mainly in the target quadrant in CC and TC
groups, and the rats swam equally dispersed in
the four quadrants in SD-NaCl group, but the
swim trajectory in the SD-XN group was similar
to the control groups.
CREB expression in the hippocampus
We used western blot to examine the difference of CREB expression in the hippocampus
between the 6 groups. CREB was detected in
the whole-tissue homogenate of the hippocampus respectively (Figure 2). Quantitative analysis showed there was no difference in CREB
expression among all the groups [F (5, 42) =
0.854, P>0.05], which indicating that REMSD
and XN did not alter CREB expression in the
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P<0.01] (Figure 3). 72-h
after REMSD, the expression of p-CREB in the hippocampus significantly decreased in SD-NaCl group compared with CC-NaCl and
TC-NaCl group (0.3044 ±
0.0163 vs 0.6094 ± 0.0239 and 0.5910 ± 0.0283,
P<0.01). While the expression of p-CREB increased
significantly in the SD-XN
group compared with the
SD-NaCl group (p-CREB
expression/GAPDH: 0.5825 ± 0.0212 vs 0.3044 ±
0.0163, P<0.01).
Discussion
In the present study we
found that Xylaria nigripes
mitigated the spatial memory impairment induced by
72 h REMSD in rats, and XN
attenuated the reduction of
the p-CREB expression.
This is the first time that
medicinal fungus XN was
shown to possess potent
anti-spatial memory impairment activity through inducing CREB phosphorylation
in the hippocampus.
Considerable studies have
reached a consensus that
REM sleep is closely related with cognition, and REM
sleep deprivation impairs
Figure 1. Performance of rats in the Morris water maze during spatial learning
cognitive function [24, 25].
and memory. A: Mean latency to find the hidden platform. B: Time (%) rats spent
swimming in the target quadrant during the probe test. C: Representative swim
Our data showed that the
trajectories in the probe test. *P<0.05, **P<0.01. CC, cage control; TC, tank
spatial learning and memocontrol; SD, sleep deprivation.
ry were impaired, which
were caused by 72 h REMwhole-tissue homogenate of the hippocampus
SD. The results are consistent with our previous
studies [26, 27]. Xylaria nigripes is a high value
(p>0.05).
medicinal fungus used in TCM and are comIncreased p-CREB expression after XN treated
monly used to treat insomnia and trauma [3, 6,
8-10]. Xylaria nigripes contains polysaccharide,
We also used western blot method to examine
rare elements such as Fe, Mn, Zn, Mg, K, Na, P,
the difference of p-CREB expression in the hipCa, B, Co, etc., Vitamin D2, K1, E, and naturally
pocampus. Quantitative analysis showed sigoccurring amino acids, such as gamma-aminobutyric acid (GABA) and glutamate decarboxylnificant difference in p-CREB expression
ase [28].
between the 6 groups [F (5, 42) = 214.999,
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latency which increased
after REMSD. The results
demonstrated that XN mitigates spatial memory
impairment induced by
REMSD, and also improves
the spatial learning induced
by REMSD deficit slightly.

Figure 2. Western blots analysis of CREB expression in the hippocampus. A:
Western blot result. B: Histogram result of CREB/GAPDH ratio among the 6
groups. CC, cage control; TC, tank control; SD, sleep deprivation.

It is well established that
CREB, a member of the
activating transcription factor (ATF) family, plays an
important role in prolonged
maintenance of memory
and long-term potentiation.
The phosphorylated form of
CREB (p-CREB) is a critical
modulator of hippocampaldependent learning, memory storage and synaptic plasticity [29]. Report indicated that p-CREB level increased in the hippocampus
following learning [30]. For
instance, p-CREB increased
in the hippocampus following learning of an operant
conditioning task [29, 31].
Recent findings demonstrate sleep deprivation disrupts hippocampal function
by interfering with cAMP
signalling [32], p-CREB levels decrease after interrupted sleep deprivation
[33].

In our study, the CREB
expression did not change
after sleep deprivation but
CREB phosphorylation was
inhibited during the process of REMSD, this indicate that the phosphorylated form of CREB is the
Figure 3. Western blots result of p-CREB in hippocampus. A: Western blot recritical factors related to
sult. B: Histogram result of p-CREB/GAPDH ratio among the 6 groups. *P<0.05,
learning and memory after
**P<0.01. CC, cage control; TC, tank control; SD, sleep deprivation.
sleep deprivation. The
decreased expression of
In this study, our data indicated that adminisp-CREB was activated by XN. Therefore, we
tration of XN increased the percent time in the
speculated that XN might partially reverse the
goal quadrant, which decreased after REMSD
reduction of p-CREB expression in hippocamsignificantly, and also shortened the mean
pus induced by REMSD, and mitigate REMSD-
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induced memory impairment. Thus, we concluded that it might be one of the mechanisms
of XN protective function in mitigating memory
impairment.
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+86-21-8188-5451; E-mail: zhengh56xiang@163.
com (Zhenghua Xiang)

Specific mechanisms of this process is not
entirely clear, GABA may play an important role
in it. Previous study shows that Xylaria nigripes
could promote sleep and decrease autonomic
locomotion, and Xylaria nigripes exert its sedative and sleep-promoting effect through activating the receptors of GABA [20]. Furthermore,
study has demonstrated that GABA-mediated
excitation regulates CREB activation [34], and
GABA-B receptor activity upon ethanol exposure could modulate the expression of p-CREB
[35, 36]. Consistently, other studies showed
that CREB phosphorylation could be induced by
selective activation of GABA-B receptor via an
ERK1/2-dependent pathway, this suggested a
role of the ERK/CREB pathway in GABA-B
receptor-mediated long-term synaptic plasticity
and memory [37]. Accordingly, we speculated
that XN may modulate p-CREB signalling to promote learning and memory through activating
GABA receptor in rats. This hypothesis requires
further studies.
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