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Backgroun：Insomnia is a disease that is difficult to cure in modern medicine. Some supplemental and alternative medicines
are effective. Mongolian medicine warm needle can treat insomnia in the past practice.
Objective：To study the changes in the expression of nNOS positive cells and the changes in the expression of nNOS
mRNA during REM sleep deprivation at different points in time during sleep revival after deprivation.
Methods：The rats were divided into blank control group (CC), environmental control group (TC), Xingnaojing intervention
group (XNJ) and the non-drug intervention group. The immunohistochemical method was used to test the expression level
of the nNOS positive cells. The semiquantitative RT-PCR was used to determine the nNOS mRNA level.
Results: Compared with the control group, the memory ability of the rats in the sleep deprivation groups difference was
significant (P<0.01); the expression of the nNOS positive cells increased and exacerbated with the pronged deprivation
duration. Compared with the sleep deprivation group, the learning and memory abilities of the rats improved slightly at 6h,
12h, 24h, and 48h after sleep revival at 7 days after sleep deprivation.
Conclusion:Sleep deprivation causes increased expression of nNOS positive cells, produces a great deal of NO, inhibits the
formation of long-term potentiation of the hippocampus, and deteriorates the learning and memory abilities. The
nNOSmRNA expression level increases significantly with the duration of sleep deprivation. Xingnaojing plays a protective
role in memory impairment arising from sleep deprivation.
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Introduction

Sleep deprivation refers to decreased sleep hours or
declined sleep quality due to certain reasons. Sleep
deprivation significantly affects human body. Sleep
deprivation can cause adverse reactions such as fatigue,
declined work capacity, deteriorated immunologic function,
reduced memory ability, decreased work efficiency etc.
[l,2]. Long-term sleep deprivation may lead to death. In
recent years, the relation between sleep deprivation and
cognitive disorder has been arousing more and more
attention with rapid development such disciplines as
chemical neuroanatomy, molecular pathology, cognitive
neuroscience etc. [3]. Research shows that REM (rapid eye
movement) sleep is significant to development and

maturation of nervous systems of animals and closely
associated with thermoregulation, autonomic nervous
functions etc. [4,5]The cerebral oxygen consumption
during the REM sleep period is significantly higher than
that during strong physical and mental activity states and
the cerebral protein synthesis would also increase
significantly. Thus, it plays a very important role in
advanced cerebral functions such as learning, memory,
emotion etc. It is a major form of human body refreshment.
In recent years, [6] research has shown that learning and
memory are one of advanced cerebral functions, which
includes a complex physiological and biochemical process.
Their normal realization relies on integrity and
coordination of relevant structures and functions.
Exploration of the principles and regularities of learning
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and memory helps explain the mechanism of sleep
disorders manifested by learning and memory disorders
and find an effective approach for prevention and control
of such disorders [7]. In recent years, many scholars have
studied the mechanism of the effect of sleep deprivation on
learning and memory but no definite conclusions have been
obtained yet [8].

NO (Nitric-oxide) is a recently-identified special
neurotransmitter [9]. It is a critical signal during the
learning and memory process and can also cause severe
nerve injury. As a new signal substance of the nervous
system [10], NO participates in the long-term potentiation
(LTP) mechanism related to synaptic plasticity and
learning and memory with its unique retrograde messenger
function. To further study the effect of the sleep
deprivation on the learning and memory abilities, we
observed the changes in the nitric oxide synthase (NOS)
that was closely related to learning and memory at different
points in time during sleep deprivation and at different
points in time after sleep revival and observed the changes
in the learning and memory abilities of the animals at
different points in time after sleep revival by the water
maze test and drug intervention. Then, we further study the
changes in the expression of nNOS positive cells and the
changes in the expression of nNOS mRNA during REM
sleep deprivation at different points in time during sleep
revival after deprivation and discuss the action mechanism
of NO related to learning and memory disorders arising
from sleep deprivation. Finally, we observed the effect of
the sleep deprivation on learning and memory abilities and
expression of nNOS positive cells by intervention with the
drug of Xingnaojing, which provides a theoretical basis for
further research on prevention and treatment of sleep
deprivation.

Materials and Methods

Experimental animals and groups
100 male Sprague-Dawley rats aged weighing

250-280g were purchased from Nanjing Better
Biotechnology Co., Ltd. The rats were randomly divided
into the sleep deprivation (SD group, n=80) and the control
group (n=20). The control group was subdivided into the
blank control group (CC) and environmental control group
(TC). The sleep deprivation group was subdivided into the

Xingnaojing intervention group (XNJ) and the non-drug
intervention group. Each group included 8 points in time, 1
day, 3 days, 5 days and 7 days after sleep deprivation and 6
hours, 12 hours, 24 hours, and 48 hours after sleep
deprivation. There were 5 rats for each point in time. The
rats were weighed and number individually.

Main reagents and instruments
Rabbit Anti-NOSl, ready-to-use SABC

immunohistochemical staining kit, and DAB colour
reagent (Wuhan Boster Biological Technology., LTD.),
tissue/cell total RNA extraction kit ( Shanghai Huashun
Bioengineering Co., Ltd.), MMuLV RT/PcR Kit, primers,
tris, Agarose, (Shanghai Shenneng Bocai Biotechnology
Co., Ltd.), internal reference B-actin (Shanghai Sangon
Biotech Co., Ltd.), EDTA, glacial acetic acid (Shanghai
Biochemical Reagent Co., Ltd.), PBS, TBS, etc. (prepared
in the laboratory), Du 640 nucleic acid and protein analyzer
(BECKMkN Company, U.S.), PCR amplifier (Techne
Company, UK), electrothermal constant temperature water
bath (Shanghai No.5 Medical Apparatus and
Instrumentation Plant), electrophoresis apparatus (Beijing
Liuyi Instrument Plant), electrophoresis analyzer,
high-speed refrigerated centrifuge, MG-II maze (Shanghai
Jiliang Software Technology Co.,Ltd.), CH optical
microscope, BX-50 microscope, OLYMPUS BXS0
biological microscope (OLYMPUS Company, Japan),
zD-Ⅲb fast biomedical experimental apparatus (Shanghai
Kangcheng Biotechnology Co., Ltd.), HPIAS-1000 image
measurement and analysis system (U.S. MediaCybermetic
Company).

Establishment of REM sleep deprivation models
The modified multiple platform REM sleep

deprivation method was used to establish a REM sleep
deprivation model [11]. The rats woke after nutation and
touching the water thus always preventing the animal from
entering the REM sleep period and leading to REM sleep
deprivation. The muscle tone of the rats decreased when
they enter the REM sleep period. The rats stayed on the
platform for 1 week (1h each day) before the experiment.
The TC group used the rat boxes with the size same as that
used by the SD group but a closely-woven wire net was
placed at the bottom instead of a platform. The rats were
placed on the net. Water was placed 1cm under the net to
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form an environment similar to that in the SD group. Other
conditions were similar to those in the SD group. In the CC
group, there were rats that were raised for 2 weeks and
received no treatment. The raising conditions were the
same as that in the SD group and TC group.

Test of Cognitive Functions
Setup parameters of the MG-Ⅱ "Y" maze (Shanghai

Jiliang Technology Co., Ltd.) [12]. Electrical Stimulation
Parameters: Voltage 50-70v, time delay 2-5 s. It was a right
response that the rats ran to the safe area within 10s after
their feet were electrified. The rats were trained for 3-4
consecutive days, 20 times each day. It was defined as a
"right response" that the rats ran directly from the staring
area to the safe area after electric shock. The learning and
memory performance of the rats was expressed with the
times of electric shock required for 9 consecutive right
ones of the 10 responses. The times of electric shock
required for 9/10 right responses indicated the quality of
the cognitive functions of the rats.

Immunohistochemical staining
The animals in the immune group were sacrificed at

corresponding points in time [13]. The brain was placed in
30％ saccharose. The sections were regularly dewaxed
and washed 3 times with distilled water. The antigen was
subject to thermal remediation. The sections were blocked
at room temperature for 20 minutes after addition of
normal goat serum blocking buffer (Germany Calbiochcm
Company). The sections were cultured at 37℃ for 1 hour
after addition of 1:300 diluted rabbit anti neuronal nitric
oxide synthase (Germany Calbiochcm Company). The
sections were cultured at 37℃ for 20 minutes after addition
of biotinylated goat anti-mouse IgG (U.S. Jackson
Company). The sections were cultured at 37℃ for 20
minutes after addition of SABC (prepared in the
laboratory). 1 ml of distilled water and 1 droplet of color
developing agents of A, B, and C were well mixed and
added to the sections. The sections were dehydrated,
cleared, mounted, and observed under a microscope. The
positive products from immunoreaction were counted using
the standard grid under a 40X light microscope with 3
adjacent fields.

Extraction of total RNA in rat brain

The brain was taken immediately after the rat was
decollated [14]. It was placed in the Eppendorf tube treated
with 0.1% DEPC and cryopreserved at - 70℃ after the
bilateral cortices and hippocampi were separated.
Extraction of total RNA used the small-amount tissue/cell
total RNA extraction reagent kit produced by Shanghai
Huashun Bioengineering Co., Ltd. Specific plans were
implemented as per the instructions for the kit.

Determining the nNOS mRNA level using
semiquantitative RT-PCR

The rat nNOS genetic cDNA sequence was found in
the gene library. The ligo 5.0 software program was used to
design sense and antisense primers:

Upstream primer RF:
5’GGGGCTCAAATGGTATGG3’;

Downstream primer PR:
5’GATGAAGGACTCCGTGGC3’.

Upstream primer RF:
5’TGTATGCCTCTGGTCGTACCAC3’;

Downstream primer :
PR:5’ACAGAGTACTTGCGCTCAGGAG’.

Total RNA of a sample was taken and placed in 6
tubes (2μl for each tube). It was subject to RT-PCR
amplification at the same time. One tube was taken every
other 3 cycles from the 20th cycle until the 35th cycle. The
product was stained with 0.5% μg/100ml ethidium bromide
for 7min after electrophoresis with 1.5% agarose. The
electrophoresis result subject to an electrophoretic band
analysis with the GIS digital gel image processing system.
A diagram was plotted with the ratio of NOS to β-actin
absorption peak area v.s. number of amplification cycles.
The most appropriate number of cycles was selected. 0.25,
0.5, 0.75, 1.0, 1.25, and 1.50μg of the total RNA of one
sample served as templates for PCR amplification. A
diagram was plotted with the ratio of NOS to β-actin
absorption peak area v.s. number of amplification cycles.
The most appropriate number of templates was selected.

Statistical Method
The enumeration data were expressed with sx  . The

difference significance was subject to a t test analysis. The
relative expression level of nNOS mRNA was calculated
with nNOS/β-actin. The experimental data were expressed
with sx  . The data were subject to a variance analysis
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and q test with the SPSS19.0 statistical software. P<0.05
indicated that the difference was significant.

Results

Determination of learning and memory
No learning and memory disorders occurred to the

normal control group and the environmental control group
from beginning to end. Compared with the control group,
the times of electric shock increased significantly (P<0.01)
with the increase of the deprivation duration and learning
and memory disorders occurred in the sleep deprivation
group. The learning and memory abilities improved with
the extension of the revival time after sleep deprivation.
Compared with the non-intervention sleep deprivation
group, the electric shock times were fewer and the learning
and memory abilities were better in the Xingnaojing group.
However, the electric shock times increased with the
deprivation duration; the learning and memory abilities
declined; the learning and memory abilities improved with
the increasing revival time after sleep deprivation. See
Figure 1 for the determination result.

Fig. 1 Learning and memory performance of rats in the Y-Type maze

experiment.

*Compared with the control group, P<0.05.

**Compared with the control group, P<0.01.

Immunohistochemical staining
The nNOS immune positive cells exhibited a

brownish yellow color after the sections of various groups
were subject to immunohistochemical staining (Figure 2).
Compared with the control group, the nNOS immune

positive cells in the hippocampi and cortical areas of the
rats in the REM sleep deprivation group The statistical
result has indicated that the NA level in the REM sleep
deprivation group is significantly higher than that in the
environmental control group and the blank control group
(P<0.01). The NA level of the nNOS positive cells in the
Xingnaojing group was lower than that in the REM sleep
deprivation group and also significantly higher than that in
the environmental control group and the blank control
group (P<0.01) (Figure 3).

Changes in the expression of nNOS mRNA in the
hippocampus and cortex after REM sleep deprivation
and revival

After agarose gel electrophoresis, it was observed that
the two bands of nNOS and β-actin were 307 bp and 592
bp respectively (Figure 4). There was no significant
difference in the expression of nNOS mRNA in the
hippocampus and cortex in the CC group and TC group.
The expression of nNOS mRNA increased at 1 day and 3
days after REM sleep deprivation. The expression of nNOS
mRNA increased significantly at 5 days after REM sleep
deprivation. The expression of nNOS mRNA reached the
peak value at 7 days after REM sleep deprivation. The
expression of nNOS mRNA was still higher than that in the
TC group at 6 hours, 12 hours, and 24 hours after sleep
revival (Table 1).

Table 1. Changes in the Expression of nNOS mRNA in the

Hippocampus and Cortex after REM Sleep Deprivation and

Revival

Group Hippocampus Cortex

CC 0.484±0.025 0.435±0.022

TC 0.526±0.024 0.492±0.021

SD1d 0.611±.0.21 0.604±0.003

SD3d 0.604±0.024 0.653±0.011

SD5d 0.650±0.011* 0.654±0.022*

SD7d 0.672±0.023* 0.674±0.014*

RS6h 0.563±0.012 0.662±0.012

RS12h 0.531±0.007 0.609±0.014

RS24h 0.595±0.019 0.589±0.023

RS48h 0.482±0.012 0.573±0.020

Legend: Compared with the environmental control group, * P＜0.05.

*
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Fig. 2 Pictures of Sections in Various Groups after Immunohistochemical Staining with nNOS.

a. presents the expression of nNOS positive cells in the hippocampus at 5 days after sleep deprivation;

b. presents the expression of nNOS positive cells in the hippocampus at 7 days after sleep deprivation;

c. presents the expression of nNOS positive cells in the cortex at 5 days after sleep deprivation;

d. presents the expression of nNOS positive cells in the cortex at 7 days after sleep deprivation;

e. presents the expression of nNOS positive cells in the hippocampus at 5 days after sleep deprivation in the Xingnaojing group;

f. presents the expression of nNOS positive cells in the hippocampus at 7 days after sleep deprivation in the Xingnaojing group;

g. presents the expression of nNOS positive cells in the cortex at 5 days after sleep deprivation in the Xingnaojing group;

h. presents the expression of nNOS positive cells in the cortex at 7 days after sleep deprivation in the Xingnaojing group;

i. presents the expression of nNOS positive cells in the hippocampus at 5 days after sleep deprivation in the blank control group;

j. presents the expression of nNOS positive cells in the hippocampus at 7 days after sleep deprivation in the blank control group.

Discussion

Sleep is a normal physiological need of organisms
[15,16]. Sleep deprivation will produce corresponding
physical and psychological effects on organisms and lead
to behavior disorder and incidence of diseases [17]. REM
sleep has greater effect on learning and memory during the
sleep stage. The amount of REM sleep increased
significantly after learning complex knowledge or
completing many tasks [18,19]. The amount of REM sleep
increased slightly after completing simple tasks or learning
simple knowledge. Exploration of the principles and
regularities of learning and memory helps explain the
mechanism of sleep disorders manifested by learning and
memory disorders and find an effective approach for
prevention and control of such disorders [20]. Nitric oxide
synthase (NOS) is the only enzyme of endogenous from
catalyzing [21,22]. It largely determines the biological
effect of NO as a result of such characteristics of NO as

non-vesicle release, high dispersion, extremely short half
life. As a new signal substance of the nervous system, NO
participates in the long-term potentiation mechanism
related to synaptic plasticity and learning and memory with
its unique retrograde messenger function.

NO is a recently-identified special neurotransmitter
[23,24]. It is a critical signal during the learning and
memory process. It can also cause severe nerve injury. NO
is related to the formation of long-term potentiation of the
hippocampus. Nitric oxide is generated from L-arginine
and molecular oxygen under the catalysis of 3 different
nitric oxide synthases. Based on the cellular or histological
origins, the enzymes can be divided into 3 types: neuronal
NOS(nNOS, NOS-1), immune NOS (iNOS, NOS-2), and
endothelial cellular NOS(ecNOS, NOS-3). Based on the
functions, nNOS and ecNOS constitutive ones (cNOS) and
iNOS is an inducible one (iNOS). It is generally accepted
that [25-28] the NO produced by ecNOS has
neuroprotective effect while the NO produced by nNOS
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and iNOS has neurotoxic effect.
It has been discovered in the experiment that

compared with the control group, the learning performance
of all sleep-deprived rats decline and the learning ability of
the rats declines significantly with the increasing sleep
deprivation duration. Extension of sleep deprivation
duration leads to an increase in the number of the nNOS
positive cells. Catalysis generates high-concentration NO.
The high-concentration NO has neurotoxic effect. It can
induce oxidative stress, inhibit the functions of
mitochondria, interfere with energy metabolism, damage
DNA or cause DNA mutation, increase the Ca2+ in cytosol,
damage cells, and induce cell apoptosis. Extremely-high
NOS also has neurotoxic effect [29]. The number of the
NOS positive cells decreases and the learning and memory
abilities are excellent in the Xingnaojing group, which may
be related to the special pharmacological action of
Xingnaojing compared with that in the non-intervention
group.

Fig. 3 A.Comparison of NA Values of nNOS Immune Positive Cells

in the Hippocampus;B.Comparison of NA Values of nNOS Immune

Positive Cells in the Cortical Region.Comparison of NA in nNOS

Positive Cells in the Hippocampus and Cortex Regions Compared

with the control group, P<0.05; ** compared with the control group,

P<0.01.

The experiment has indicated that sleep deprivation after
injection with Xingnaojing can improve the learning and
memory abilities of the rats, decrease the electric shock
times, and decline the number of the nNOS positive cells

compared with that in the non-intervention sleep
deprivation group. The early application of Xingnaojing
can improve the damage to learning and memory after
sleep deprivation. Its mechanism may be related to the
expression of certain cell factors and may also be relevant
to antagonism and NO expression. Meanwhile, it can
improve intracellular metabolic disorders thus improving
learning and memory disorders, which indicates that
Xingnaojing has protective effect on memory impairment
arising from sleep deprivation.

Fig. 4 Electrophoresis Result a presents the RT-PCR products from

agarose gel electrophoresis of the hippocampus. The two bands are

nNOS and β-actin respectively. 1-9 are 1d, 3d, 5d and 7d after sleep

deprivation, 6h, 12h, 24h, 48h after sleep revival, CC group and TC

group; b presents the RT-PCR products from agarose gel

electrophoresis of the cortex; the two bands are nNOS and β-actin;

1-9 are 1d, 3d, 5d and 7d after sleep deprivation, 6h, 12h, 24h, 48h

after sleep revival, CC group and TC group.

The experiment result has indicated that sleep
deprivation can not only lead to the expression of the
nNOSmRNA level and the expression level of
nNOSmRNA can be increased significantly with the sleep
deprivation duration. The expression level of nNOSmRNA
declines significantly with the increasing time after sleep
revival. It demonstrates that the nNOS closely related to
learning and memory is affected by sleep deprivation. It
coincides with the fact that corresponding changes occur to
the memory function based on the Y maze test. The
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experiment has indicated that the prolonged sleep
deprivation duration causes increased expression of
nNOSmRNA and produces a great deal of nNOS. Catalysis
produces high-concentration NO. The high-concentration
NO has toxic effect on the nerves. It induces oxidative
stress, inhibits mitochondrial functions, interferes with
energy metabolism, damages DNA or leads to DNA
mutation, raises the level of Ca2+ in cytosol, and interferes
with the LTP process. It can also a decline in the learning
and memory abilities. The nNOSmRNA expression
decreases at different points in time during sleep revival
after sleep deprivation. The sleep revival can mobilize
various types of potential of the mechanisms, balance the
concentrations of various neurotransmitters, and remove
excessive NO. The NO at a physiological concentration
plays a role. It activates the ornithine cyclase through
cytomembranein, raises the cGMP level, and promotes
release of the neurotransmitters (such as glutamic acid etc.).
The glutamic acid acts on the postsynaptic NMDA and
non-NMDA receptor. It also induces the LTP process. The
experiment involves research on the changes in the
expression of the NOSgene level with the RT-PCR
technique, which provides a theoretical basis for further
exploration of the mechanism for the effect of sleep on the
learning and memory abilities.
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