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Abstract: Objective: This study aims to analyze the relationship between changes in MAPK/ERK signaling pathway 
and learning/memory in sleep deprivation rats, and explore the mechanism of memory impairment in those rats. 
Methods: Sixty male rats were randomly divided into two groups: control group and sleep deprivation group. The 
sleep deprivation model was prepared using a multi-platform water environment method. The Morris water maze 
was employed to observe the changes on spatial navigation and spatial search abilities of rats in control group and 
sleep deprivation group, respectively. Meanwhile, western blot was used to detect MAPK/ERK signaling pathway-
related protein changes. Results: With the increasing number of training, the frequency of the search platform was 
improved gradually. The search time and exploration distance also were decreased in both groups. The escape 
latency of rats in the sleep deprivation group was significantly longer than that in the control group (P<0.05), and 
the exploration distance was significantly increased than that in the control group (P<0.05). Comparing the ability 
of space exploration between the two groups, the percentages of exploration time in the sleep deprivation group on 
the original platform (1, 2, and 4 quadrants) were significantly lower than those in the control group (all P<0.05). 
The total number of crossed times on the platform in the control group (12.51±2.14) was significantly higher than 
that in the sleep deprivation group (6.03±3.07, P<0.001). Western blot results showed that the expression levels of 
Ras, Raf-1, MEK1/2, ERK1/2, p-ERK1/2, and p-ERK/ERK in the control group were significantly higher than those 
in the sleep deprivation group. B-Raf expression in the control group was significantly lower than that in the sleep 
deprivation group. Conclusion: Sleep deprivation can affect learning and memory in rats, and its mechanism may 
be related to the MAPK/ERK signaling pathway.
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Introduction

Sleep deprivation (SD) usually refers to the 
state or process of abnormal sleep rhythm or 
severe lack of sleep (less than 4 hours per day) 
[1]. Sleep deprivation can easily lead to the 
decreased levels of behavior, lack of concentra-
tion, memory loss, and decreased learning  
ability, which can result in serious death [2]. In 
recent years, studies have found that sleep 
deprivation can affect body health to varying 
degrees, but research on the mechanism of  
the effect of sleep deprivation on learning and 
memory ability is still limited [3, 4].

The mitogen-activated protein kinase (MAPK) 
superfamily is a kind of highly evolved enzyme, 
that is able to associate with intracellular and 

extracellular information pathway. The main 
members of the MAPK family, ERK1/2 and 
MEK, produce effects when they receive exter-
nal stimuli. Then these proteins can transduce 
extracellular signals into the nucleus and com-
plete the regulation of cell functions. MAPK/
ERK signaling pathway is one of the most wi- 
dely studied signal transduction pathways. It 
participates in various physiological and pat- 
hological processes such as cell proliferation, 
growth, and differentiation [5].

At present, long-term potentiation (LTP) is 
thought to be involved in the process of learn-
ing and memory in the brain. LTP can be induc- 
ed by activating N-methyl-D-aspartate (NMDA) 
[6, 7]. The previous study has shown that blo- 
cking the MAPK/ERK signaling pathway can 
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inhibit the generation of LTP, thereby affect  
the brain’s ability to learn and memory [8]. 
Therefore, we believe that MAPK/ERK plays an 
important role in brain learning and memory.

In this study, a sleep deprivation rat model  
was established to observe the behavioral 
changes in the Morris water maze after sleep 
deprivation in rats. Simultaneously, the chang-
es of the related protein in the hippocampus  
of the rats were examined to investigate the 
mechanism of the effects in sleep deprivation 
on learning and memory abilities in rats.

Materials and methods

Animal information

This study was approved by Experimental Ani- 
mal Ethics Committee of Zhucheng People’s 
Hospital. Adult SD male rats (198-274 g, pur-
chased from Kay Science and Technology, 
China) were selected. Adaptive feeding was 
used during one week, and the rats could eat 
and drink freely. Then the rats were randomly 
divided into the control group and the sleep 
deprivation group using a random sampling 
method. Each group contained 30 animals. The 
control group was treated with a platform con-
trol system (no rotation of the breeding plat-
form). The rats in the sleep deprivation group 
were subjected to 6 days of sleep deprivation 
based on the requirements.

Sleep deprivation rat model preparation

Using a sleep deprivation device (SA107, SANS 
Biological Technology, China), a rat sleep depri-

vation model was prepared according to the 
instrument operating instructions, and 6 days 
of continuous sleep deprivation was perform- 
ed as follows. The experimental rats were pla- 
ced in a sleep deprivation apparatus to pro- 
vide adequate food and water. The platform 
was set to rotate forward and backward, and 
the running speed was 100 rpm/min. When the 
rats entered into rapid eye movement (REM) 
sleep and the whole body muscle tension 
decreased, the standing platform of the rats 
moved randomly. Thus, the rats could not  
enter into out-of-phase sleep at all times.  
The phenomenon of unresponsiveness, apa- 
thy, and decreased alertness in rats indicates 
that the rat model of sleep deprivation was  
successfully prepared [9].

Morris water maze experiment

The Morris water maze tracking system (WMT-
100S, Taimeng, China) was used for position- 
ing navigation and space exploration experi-
ments [10]. Positioning navigation experiment 
was performed as follows. The experimental 
training period was 4 days, which was divided 
into morning and afternoon periods. In each 
period, the rats were trained 4 times. The plat-
form quadrant was randomly selected as the 
water entry point to record the time that the 
rats reached the platform from the water (the 
escape latency). If the rats stayed in the water 
for more than 90 s, they were guided to the 
platform artificially, and the escape latency  
was recorded as 90 s.

After the training, the rats in the control group 
were reared on the platform, and the rats in  
the sleep deprivation group were subjected to 
sleep deprivation for 1, 2, 3, 4 and 5 days.  
The positioning navigation experiments were 
performed daily to record the escape latency  
of the control group and the sleep deprivation 
group. Space exploration experiment was per-
formed as follows. After withdrawing the sleep 
deprivation platform (6 days), the original quad-
rant of the platform was recorded as the target 
area. The number of times that the rat crossed 
the original platform in 120 s was measured. 
The ratio of the time in the original platform’ 
quadrant to the total time was also recorded.

Western blot determination

The expression of key proteins in the MAPK/
ERK pathway in the rat hippocampus was 

Figure 1. Comparison of escape latency between two 
groups of rats. *P<0.05.
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detected [11]. After the completion of the spa- 
ce exploration experiment in rats, they were 
sacrificed, and the whole brain were quickly 
extracted. The bilateral hippocampal tissues 
were peeled off on ice, frozen in liquid nitro- 
gen and ground. The total protein was extract-
ed with RIPA lysate (P0013D, Beyotime Bio- 
technology, China).

Protein was quantified according to the proce-
dures of BSA protein quantitation kit (PA115-
01, Tiangen, China). SDS-PAGE gel electropho-
resis was used for 80 min. Then the protein 
was transferred to membrane. It was blocked 
with 5% skim milk powder at room tempera- 
ture for 1 h, and incubated with primary anti-
bodies (anti-Ras: SAB4301113, Merck; anti-B-
Raf: 7H30L21, Invitrogen; anti-Raf-1: ab1735- 
39, Abcam; anti-MEK1/2: ab178876, Abcam; 
anti-ERK1/2: ab17942, Abcam; anti-p-ERK1/2, 
4377, CST; anti-β-actin: ab8226, Abcam) over-
night at 4°C. After washing with 1* TBST on  
the next day (3 times for 5 min each time), the 
corresponding resistant secondary antibodies 
(goat anti-rabbit H&L antibody ab6721, Abcam; 

J software was performed to evaluate the pro-
tein by gray-scale analysis.

Statistical analysis 

SPSS 21.0 software was used for statistical 
analysis. The measurement data was express- 
ed as mean ± standard deviation (

_
x  ± sd). The 

measurement data with normal distribution 
was conducted with t test. The comparison of 
incubation period and exploration distance 
between the control group and the sleep de- 
prived rats were performed using multivaria- 
te analysis of variance. The difference in the 
relative gray value between the two groups  
was determined by t test and expressed by t. 
P<0.05 indicates statistically significant diffe- 
rence.

Results

The effect of sleep deprivation on positioning 
navigation

In the positioning navigation experiment, the 
escape latency of rats in the sleep deprivation 
group was significantly extended with the pro-
longed sleep deprivation time, and the explora-
tion distance was also longer. Moreover, the 
sleep latency of rats in the sleep deprivation 
group was longer than that in the control group 
on the 2nd, 3rd, 4th, and 5th day, respectively 
(all P<0.05, Figure 1). After analyzing and com-
paring the exploration distances between the 
two groups of rats, we found that as the time  
of sleep deprivation was increased, the explo-
ration distances by the rats were decreased. 
However, the exploration distances in the sleep 
deprivation group were longer than that in the 
control group (all P<0.05, Table 1).

The effect of sleep deprivation on space explo-
ration

In the space exploration experiment, the per-
centage of exploration time in the original plat-

Table 1. Comparing the exploration distances between the control 
group and the sleep deprivation group
Day Control group (cm) Sleep Deprivation group (cm) t P 
1 364.27±290.58 382.76±213.39 -0.281 0.780
2 286.36±74.93 374.83±190.74 -2.365 0.021
3 237.82±82.73 358.23±109.09 -4.817 <0.001
4 176.53±23.96 281.61±37.85 -12.848 <0.001
5 125.73±31.65 193.06±42.12 -7.000 <0.001

Figure 2. Comparison of the percentages of explo-
ration time in the original platform’s quadrants be-
tween two groups of rats. *P<0.05.

goat anti-mouse H&L anti-
body: ab6789, Abcam) were 
added, and incubated for 2  
h at room temperature. Then 
the membrane was washed  
3 times for 5 min with 1 × 
TBST. Finally, the membrane 
was developed (P0018, Be- 
yotime Biotechnology, China) 
and photographed. The image 
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form quadrant of the rats in the control group 
and the sleep deprivation group were higher 
than the baseline value before the training. The 
percentages of exploration time of the rats in 
the sleep deprivation group on the original  
platform 1, 2, and 4 quadrants were signifi- 
cantly lower than that in the control group (all 
P<0.05). There was no significant difference  
in the percentage of exploration time between 
the two groups in the third quadrant (Figure  
2). The total number of crossing platforms in 
the control group (12.51±2.14) was significant-
ly higher than that in the sleep deprivation 
group (6.03±3.07). The difference was statisti-
cally significant (t=9.484, P<0.001).

Ras, Raf-1, B-Raf protein expression in rat hip-
pocampus

The Ras, Raf-1, and B-Raf proteins in the hip-
pocampus of rats in the control and sleep 
deprivation groups were detected by western 
blot. The results showed that the expression 
levels of Ras (t=5.667, P=0.005) and Raf-1 

(t=12.41, P<0.001) in the hippocampus of  
rats in the sleep deprivation group were signifi-
cantly lower than the control group. Moreover, 
the expression level of B-Raf protein was sig-
nificantly increased (t=5.024, P=0.007, Fi- 
gures 3, 4).

Expression of MEK1/2, ERK1/2, p-ERK1/2 
proteins in rat hippocampus

The protein expressions of MEK1/2, ERK1/2 
and p-ERK1/2 in hippocampus of rats were 
detected by western blot. The results show- 
ed that the expression levels of MEK1/2 (t= 
4.114, P=0.015), ERK1/2 (t=5.364, P=0.006), 
p-ERK1/2 (t=7.538, P=0.002) and, p-ERK1/2 
and ERK1/2 ratio (t=3.888, P=0.018) in the 
hippocampus of rats in the sleep deprivation 
group were significantly lower than the control 
group (Figures 5, 6).

Discussion

Sleep deprivation usually refers to a state 
formed by the process of the surrounding  
environment and its own factors leading to 
incapable or inadequate sleep [12]. At pre- 
sent, people’s living rhythm continues to ac- 
celerate, and the work pressure is gradually 
increasing. More and more people are being 
threatened by lack of sleep, sleep restriction, 
and long-term potential sleep deprivation state 
[13]. In recent years, studies on epidemiology, 
human sleep deprivation tests, and animal 
sleep deprivation experiments have found  
that people or animals that were in a state  
of sleep deprivation for a long time can cau- 
se fatigue, irritability, and sub-healthiness. It 

Figure 3. Ras, Raf-1, and B-Raf protein expression in hippocampus of rat. A: Expression of Ras protein in two groups; 
B: Expression of B-Raf protein in two groups; C: Expression of Raf-1 protein in two groups (n=30, experiment re-
peated three times). RGV: Relative grey value. *P<0.05.

Figure 4. Expression of Ras, Raf-1, B-Raf proteins in 
hippocampus of rat on western blot.
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would lead to confusion in thinking, learning 
and memory, impaired performance and ot- 
her phenomena [14-18]. The degree of impair-
ment in learning and memory ability of humans 
and animals is proportional to the duration of 
sleep deprivation [19]. However, the mecha-
nism of the effects of sleep deprivation on 
learning and memory is not yet clear.

As an important extracellular signal transduc-
tion pathway, MAPK can transduce signals into 

As a classic experiment, the Morris water maze 
was mainly used to analyze the spatial and 
memory changes of animals [25]. Zhu et al. 
found that sleep deprivation rats could be  
studied using Morris water maze test [26]. In 
that study, the escape latency and exploration 
distance in sleep deprivation rats were signifi-
cantly higher than that in the control group. The 
percentage of search time on the original plat-
form was significantly lower than that of the 
control group. They confirmed that the spatial 
memory of rats was significantly reduced after 
sleep deprivation. This study explored the 
effect of sleep deprivation on learning and 
memory in rats through the Morris water maze 
test. The analysis of rats’ navigation and spa- 
tial exploration abilities showed that, with the 
prolonged duration of sleep deprivation, the 
escape latency of rats in the sleep deprivation 
group was significantly prolonged than that in 
the control group. The explored distance was 
significantly increased than that in the control 
group. Comparing the ability of space explora-
tion, the percentages of exploration time in the 
original platform’s quadrant of the rats in the 
control and sleep deprivation group were high-
er than the baseline value before the training. 

Figure 5. Expression of MEK1/2, ERK1/2, p-ERK1/2 proteins in hippocam-
pus of rat. A: MER protein expression in the two groups of rats; B: ERK protein 
expression in the two groups; C: p-ERK protein expression in the two groups; 
D: p-ERK and ERK ratio in the two groups (n=30, experiment repeated three 
times). RGV: Relative grey value. *P<0.05.

Figure 6. Expression of MEK1/2, ERK1/2, p-ERK1/2 
proteins in hippocampus of rat on western blot.

the nucleus and make cells 
produce effects. It includes 
three pathways: ERK, protein-
regulated kinase p38, and 
c-jun end-regulated kinase. 
MAPK/ERK signaling pathway 
can activate ERK through mul-
tiple pathways in cells. After 
activation, ERK can participa- 
te in learning and memory for-
mation from many aspects 
[20, 21]. ERK mainly includes 
two configurations: ERK1 and 
ERK2. Some studies have fo- 
und that ERK was associat- 
ed with LTP [22-24]. When 
ERK expression was inhibited, 
it can lead to LTP induction 
block in hippocampal CA1 
region. LTP and learning/me- 
mory processes are closely 
related. Its inhibition of ex- 
pression would also affect 
learning and memory [23]. It  
is believed that MAPK ac- 
tivation of ERK, can play an 
important role in the process 
of learning and memory.
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The percentages of the rats in the sleep depri-
vation group on the original platform 1, 2, and 4 
exploration time were lower than that in the 
control group. The total number of crossing the 
platform was significantly lower than that of  
the control group. The difference was statisti-
cally significant and consistent with the above 
studies. Therefore, sleep deprivation can lead 
to a decrease in learning and memory of rats.

Ras, the promoter of the MAPK/ERK pathway, 
is a GTP-binding protein. Ras is activated by  
signal transduction receptors and can bind 
with Raf-1 and B-Raf. Then it will activate their 
functions [27]. Raf-1 and B-Raf can bind to- 
gether and activate MEK1/2. Then the acti- 
vated MEK can bind with ERK1/2. Activated 
ERK1/2 transmits signals into the nucleus  
and affects the related transcription factors  
to achieve cell regulation. Zhang et al. used 
inhibitors to block the MAPK/ERK signaling 
pathway in rats. In that study, western blot 
results showed that decreased levels of ERK 
phosphorylation can influence learning and 
memory in rats [28].

This study found that the expression of Ras, 
Raf-1, MEK1/2, ERK1/2, and p-ERK1/2 pro-
teins in the MAPK/ERK pathway, the ratio of 
relative expression level of p-ERK1/2 and 
ERK1/2 in the sleep-deprived rats were signifi-
cantly lower than that in the control group. 
These results indicated that the MAPK/ERK 
signaling pathway was inhibited in the sleep 
deprivation group. The protein expression level 
of B-Raf in the sleep deprivation group was  
significantly increased. This was considered  
as its widespread distribution. Therefore, we 
believe that the declination of learning and 
memory in sleep deprivation rats may be relat-
ed to inhibition of MAPK/ERK signaling path-
way. However, there were still limitations in this 
study. The sample size was relative small, and 
we only performed western blot on MAPK/ERK 
related proteins in this study. Thus, we will 
examine the expression of MAPK/ERK protein 
in rat brain tissue by immunohistochemical 
staining to determine the change.

In conclusion, the effects of sleep deprivation 
on learning and memory in rats may be relat- 
ed to the changes of expression of key proteins 
in the MAPK/ERK pathway in the hippocam- 
pus.
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