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Abstract: Objective: To investigate the relationship of the learning and memory function with ERK signaling pathway 
changes and microtubule-associated protein-2 (MAP-2) expression in hippocampal CA1 region of intermittent hy-
poxic rats. Methods: The chronic intermittent hypoxia rat model was established; 96 mature male wistar rats were 
randomly divided into three groups: normal air (control) group, 5% intermittent hypoxia (5% IH) group and the inter-
vention (5% IH U0126) group; homemade hypoxic chamber was used to simulate 5% chronic intermittent hypoxia 
model; exposure time was 8 h/d, continuing 28 d; after modeling, learning and memory behaviors of the rats were 
detected by Morris water maze test at four time points (7, 14, 21, 28 d); P-ERK1/2 and MAP-2 protein expression in 
hippocampal CA1 region was detected by immunohistochemistry. Results: Compared with the control group, escape 
latencies at 14, 21, 28 d in 5% IH group were increased significantly (P<0.05); from 14 d, with prolonged hypoxia 
time, escape latency prolonged (P<0.05); and the time of rats crossing the target quadrant was shortened (P<0.05). 
In the intervention group escape latency time at 7, 14, 21, 28 d was similar to the 5% IH group. Compared with the 
intervention group, 5% IH group changed more obviously (P<0.05). Immunohistochemistry results showed that, in 
5% IH group, P-ERK1/2 protein expression levels in hippocampal CA1 region at 7, 14, 21, 28 d were significantly 
higher than those in control group (P<0.05). In the intervention group, P-ERK1/2 protein expression levels at 7, 14, 
21, 28 d showed no significant difference compared with the control group (P>0.05). However, compared to control 
group, MAP-2 protein expression levels were reduced significantly both in 5% IH group and in the intervention group. 
Conclusion: Chronic intermittent hypoxia can lead to learning and memory dysfunction in rats, activate ERK pathway 
in rat hippocampus, and induce MAP-2 protein degradation. Chronic intermittent hypoxia leading to reduced levels 
of learning and memory in rats may be associated with reduced MAP-2 levels in the hippocampus.
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Introduction

Obstructive sleep apnea hypopnea syndrome 
(OSAHS) is a chronic respiratory disease with 
clinical characteristics of repeated complete or 
incomplete upper airway obstruction in sleep 
state, accompanied by intermittent hypoxemia, 
sleep structure disorders and (or) merger hyper-
capnia. OSAHS is now being considered as an 
independent risk factor of cardiovascular dis-
ease, nerve damage and dysfunction of metab-
olism, while the main clinical manifestation of 
nervous system damage is cognitive dysfunc-

tion, and the removal of obstructive cause can-
not make complete reversal in cognitive dys-
function [1], seriously affecting the health and 
quality of life of patients. Extracellular signaling 
kinase (ERK) mitogen is a member of mitogen-
activated protein kinases (MAPKs) family; a 
large number of studies have demonstrated 
that ERK signaling pathway is closely related to 
learning and memory processes [2]. Mic- 
rotubule-associated protein-2 (MAP-2) is a pro-
tein related with neuron regeneration and 
repair; it is a molecular marker of neuronal 
regeneration, with neuron specificity [3]. In this 
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study, through the establishment of chronic 
intermittent hypoxia rat model to simulate 
OSAHS hypoxia-reoxygenation process, learn-
ing and memory function changes, hippocam-
pal CA1 P-ERK1/2 and MAP-2 expression and 
changes after the intervention of ERK inhibitor 
U0126 were observed in each group to further 
explore the relevant mechanisms of cognitive 
impairment in patients with OSAHS, providing 
more effective treatment to avoid complica-
tions in patients with OSAHS.

Materials and method

Experimental materials

Experimental animals: 96 adult male Wistar 
rats (Tianjin Shanchuanhong Laboratory Animal 
Science and Technology Co., Ltd.), license num-
ber: SCXK (Tianjin) 2009-0001, body weight 
180 ± 10 g, with free access to food and water 
in conventional breeding box.

Main reagents and instruments: P-ERK1/2 rab-
bit anti-mouse polyclonal antibody (Cell signal-
ing company, USA); MAP-2 rabbit anti-mouse 
monoclonal antibody (Beijing Biosynthesis 
Biotechnology Co., Ltd.); U0126 (Germany 

Leika company); low oxygen chamber (Ch- 
angsha ChangJin Technology Co., Ltd.); hypoxia 
process control and monitoring system (Tang- 
shan Friendship Technology Co., Ltd.); Morris 
water maze system (Institute of Materia 
Medica, Chinese Academy of Medical Sciences).

Experimental method

Animal grouping and preparation of model: The 
rats were randomly divided into the control 
group, 5% ZH group, and the intervention group, 
n=32; each group was divided into 7 d, 14 d, 21 
d and 28 d groups, n=8. Every day the rats were 
exposed in the cabin model for 8 hours; the 
control group: compressed air was continuous-
ly injected into the cabin to maintain oxygen 
concentration at 21%. Intermittent hypoxia 
group: nitrogen was injected into the cabin for 
30 s; when oxygen concentration was as low as 
5%, the air was injected into the cabin for 40 s 
to increase oxygen concentration to 21%, and 
then the air was injected into the cabin for 50 s 
to maintain oxygen concentration at 21%; per 2 
min was a cycle. Intervention group: In 30 min 
before placed into hypoxia cabin, U0126 intra-
venous injection (0.2 mg/kg) was performed; 
hypoxia condition was the same as intermittent 

Table 1. Comparison of the rat escape latency (s, _x±s)
Group 7 d (n=8) 14 d (n=8) 21 d (n=8) 28 d (n=8)
Control group 23.26 ± 1.30 21.14 ± 2.87 23.20 ± 2.86 21.47 ± 3.04
Intervention group 21.36 ± 2.92 26.62 ± 3.22▲ 31.32 ± 4.54▲ 40.55 ± 3.95▲,*,●

5% IH group 21.79 ± 3.36 34.56 ± 2.41▲,▼ 45.66 ± 3.89▲,*,▼ 58.93 ± 3.63▲,*,●,▼

Note: Compared with the control group, ▲P<0.05; compared with the intervention group, ▼P<0.05; within the intervention 
group and 5% IH group: Compared with 7 d, ▲P<0.05; compared with 14 d, *P<0.05; compared with 21 d, ●P<0.05.

Table 2. Comparison of the time of rats crossing the target quadrant (s, 
_
x±s)

Group 7 d (n=8) 14 d (n=8) 21 d (n=8) 28 d (n=8)
Control group 53.16 ± 4.75 52.29 ± 4.93 49.22 ± 5.35 50.49 ± 3.40
Intervention group 53.06 ± 2.84 44.21 ± 3.65▲ 40.38 ± 4.38▲ 32.33 ± 5.34▲,*,●

5% IH group 50.15 ± 3.90 39.23 ± 3.57▲,▼  29.40 ± 3.86▲,*,▼ 22.95 ± 2.26▲,*,●,▼

Note: Compared with the control group, ▲P<0.05; compared with the intervention group, ▼P<0.05; within the intervention 
group and 5% IH group: Compared with 7 d, ▲P<0.05; compared with 14 d, *P<0.05; compared with 21 d, ●P<0.05.

Table 3. P-ERK1/2 protein immunohistochemical results in hippocampal CA1 region of rats (IOD, 
_
x±s)

Group 7 d (n=8) 14 d (n=8) 21 d (n=8) 28 d (n=8)
Control group 8.40 ± 3.15 8.21 ± 3.49 8.88 ± 2.82 7.43 ± 3.26
Intervention group 7.42 ± 3.16 9.17 ± 3.42 9.42 ± 3.07 8.90 ± 3.72
5% IH group 31.31 ± 3.96*,●,▼ 21.30 ± 2.83▲,▼,● 43.04 ± 5.58▲,*,▼ 55.03 ± 4.08▲,*,●,▼

Note: Compared with the control group, ▲P<0.05; compared with the intervention group, ▼P<0.05; within the intervention group 
and 5% IH group: Compared with 7 d, ▲P<0.05; compared with 14 d, *P<0.05; compared with 21 d, ●P<0.05.
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hypoxia group. At 7, 14, 21, and 28 days, Morris 
water maze test and immunohistochemistry 
index detection were performed.

Morris water maze was used to test learning 
and memory function of rats: According to the 
method of Ref. [4], the Morris water maze test 
was performed. In morning, the animals were 
subjected to 5 times of escape lantency and 
crossing the target quadrant exercise, and test 
was performed each six times in the morning 
and in the afternoon, respectively; escape 
latency time and across target quadrant time 
were recorded in each group; the average of 
the detected record was calculated.

Immunohistochemistry was used to detect 
P-ERK1/2 and MAP-2 expression: After the 
simulation, brain tissue of the rats in each 
group was removed at a predetermined time 
point for biopsy; SP immunohistochemical 
staining was performed, and positive cells were 
observed; Motic medical image analysis sys-
tem immunohistochemical analysis module 
was used to calculate IOD values of positive 
target with the same area.

Statistical analysis 

SPSS17.0 statistical analysis software was 
used to analyze data; data (

_
x  ± s) were ana-

lyzed by ANOVA; pairwise comparisons were 

performed using (LSD) method; P<0.05 indi-
cated a significant difference. 

Results

Place navigation test

In each group, on the 5th day of training, rat 
escape latency was significantly reduced com-
parison with the first day; the difference 
between different time points was not signifi-
cant in the control group (P>0.05); in the inter-
vention group and 5% IH group, with hypoxia 
prolonged, escape latency time was gradually 
extended (P<0.05); compared with the inter-
vention group, the changes in 5% IH group were 
more obvious (P<0.05), shown in Table 1.

Space exploration experiments

With hypoxia was gradually extended, the time 
of rats across the target quadrant did not 
change significantly in control group (P>0.05); 
compared with the control group, the time of 
rats crossing the target quadrant was signifi-
cantly shorter in the intervention group and 5% 
IH group (P<0.05); compared with the interven-
tion group, 5% IH group changed more obvious-
ly (P<0.05), shown in Table 2.

Effects of intermittent hypoxia on expression of 
P-ERK1/2 in hippocampal neurons: Under an 
optical microscope, brownish yellow or pale yel-

Figure 1. P-ERK1/2 protein expression in hippocampal CA1 region of rats. SP method, × 400. A: Control group; B: 
5% IH 28 d group; C: Intervention 28 d group.

Table 4. MAP-2 protein immunohistochemical results in hippocampal CA1 region of rats (IOD, 
_
x±s)

Group 7 d (n=8) 14 d (n=8) 21 d (n=8) 28 d (n=8)
Control group 68.12 ± 5.04 70.24 ± 2.67 71.99 ± 5.59 67.49 ± 4.39
Intervention group 71.24 ± 5.43 61.20 ± 3.66▲ 50.81 ± 4.87▲,* 42.06 ± 4.40▲,*,●

5% IH group 68.70 ± 6.60 49.06 ± 5.03▲,★ 38.98 ± 5.72▲,*,★ 30.23 ± 4.49▲,*,●,★

Note: Compared with the control group, ▲P<0.05; compared with the intervention group, ★P<0.05; within the intervention 
group and 5% IH group: Compared with 7 d, ▲P<0.05; compared with 14 d, *P<0.05; compared with 21 d, ●P<0.05.
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low in the cytoplasm or nucleus was positive. 
Scattered positive expressing cells were ob- 
served in the control group and the intervention 
group; in 5% ZH group positive expression in 
hippocampus CAl region was significantly high-
er than that in the intervention group (P<0.05), 
shown in Table 3; Figure 1.

Effects of intermittent hypoxia on expression of 
MAP-2 in hippocampal neurons: Under an opti-
cal microscope, brownish yellow or pale yellow 
in the cytoplasm or nucleus was positive. The 
control group showed high expression; positive 
expression in 5% ZH group and intervention 
group was significantly lower than that in the 
control group (P<0.05), shown in Table 4; Figure 
2.

Discussion

Sleep apnea hypopnea syndrome is a chronic 
sleep breathing disease characterized by recur-
rent hypoxia/reoxygenation in sleep state. This 
study used the rat models of chronic intermit-
tent hypoxia at different time points to simulate 
human OSAHS intermittent hypoxia; the results 
show that intermittent hypoxia can directly 
cause cognitive decline in rats, and the decline 
extent was related with duration of hypoxia, 
consistent with clinical practice [5].

ERK1/2 is an important serine/threonine pro-
tein kinase; its substrates include histones, 
transcription factors, K + channels and other 
intracellular kinases; these substances as 
important components of cells, are indispens-
able in learning and memory formation pro-
cess. Numerous studies have confirmed that, 
ERK pathway is closely related to learning and 
memory injury [2], but its mechanism of action 
remains controversial. Some studies suggest 
that activation of the ERK pathway is advanta-

geous in learning and memory formation pro-
cess; For example, in item identification experi-
ments, the researchers injected MEK inhibitor 
in mouse nose cortical to block the activation 
of ERK pathway, and a significant reduction 
was observed in the ability to identify objects 
[6]. In the hippocampus of seizure rats, the 
expression of ERK protein significantly de- 
creased, and Morris water maze test showed 
that learning and memory ability of rats signifi-
cantly decreased [7]. While other studies [8] 
found that ERK1/2 activation also promote 
apoptosis, which led to nerve cell apoptosis in 
models of ischemia-reperfusion and cerebral 
trauma due to oxidative stress, toxic substanc-
es or lack of growth factors and other stimula-
tion. The results of this study showed that, with 
time, in 5% ZH group, phosphorylated ERK posi-
tive cells in the hippocampus of rats gradually 
increased, while the U0126 intervention group 
and the control group had no significant chang-
es, which was consistent with rat behavior 
trends, indicating that ERK activation is involved 
in the pathogenesis of chronic intermittent 
hypoxia nerve injury. We also noted that, in 5% 
IH group, P-ERK1/2 expression had a trough 
value in this experiment; it showed a downward 
trend on d14 but was still significantly higher 
than control group; then on d21 and d28 d, the 
expression showed an increasing trend, which 
may indicate that self-regulatory mechanisms 
of ERK pathway were working. Some studies [9, 
10] showed that self-regulatory mechanisms of 
ERK signaling pathway included positive feed-
back regulation and negative feedback regula-
tion, and the main factor determining ERK sig-
nal output was the duration of the signal; the 
present results suggest that ERK pathway may 
be gradually extended with hypoxia time, which 
may be through self-regulatory mechanisms to 
activate downstream gene expression to par-

Figure 2. MAP-2 protein expression in hippocampal CA1 region of rats SP method, × 400. A: Control group; B: 5% IH 
28 d group; C: Intervention 28 d group.
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ticipate in nervous system lesion formation in 
early chronic intermittent hypoxia.

In recent years, several studies have found that 
in cerebral ischemia and reperfusion, experi-
mental brain trauma and other neuronal degen-
eration processes, intracellular calcium ho- 
meostasis disruption leads to an increase in 
calcium influx and calcium overload, resulting 
in the activation of calcium neutral protease-
calpain; after activation, calpain can act on 
cytoskeletal proteins (MAP-2, etc.) to cause 
destruction, degradation and loss of cytoskel-
etal proteins, leading to axonal transport barri-
ers and damage to cell structural integrity, 
eventually resulting in neuronal degeneration 
and necrosis, and nerve function disorders 
[11]. Calpain is a direct substrate of ERK1/2; 
ERK1/2 activation can increase calpain activi-
ty [12], so presumably, ERK pathway can indi-
rectly activate calpain to degrade MAP-2, lead-
ing to nervous system dysfunction.

MAP-2 is highly expressed in the central ner-
vous system and involved in neuronal develop-
ment, structural stability, projection formation 
and synaptic plasticity; it can promote neuronal 
regeneration and repair, sensitive to a variety 
of factors and ischemic injury, which can be 
used as an early marker of neuronal morphol-
ogy damage. Studies have shown that chronic 
stress can lead to decreased MAP-2 expres-
sion in rat hippocampus and neuronal struc-
tural damage, so that the cognitive function 
was significantly reduced in rats [13]; while in 
the rat model of vascular dementia, it had been 
found that water maze score of experimental 
animals was related with MAP-2 expression in 
hippocampal CA3 region [14]. This study 
showed that in intermittent hypoxia group, with 
time prolonged, hypoxia MAP-2 expression 
decreased, consistent with the trend of rat 
behavior changes, suggesting that long-term 
intermittent hypoxia can lead to the degrada-
tion of MAP-2, resulting in learning and memory 
behavioral disorders. The MAP-2 in the inter-
vention group was significantly higher than that 
in hypoxia group; learning and memory func-
tion of rats also recovered, suggesting that 
MAP-2 degradation was associated with ERK 
pathway activation. In addition, this study 
showed that between the intervention and con-
trol groups, there was no significant difference 
in P-ERK positive expression in hippocampus 

of rats, while between the intervention group 
and 5% IH group and control group, there were 
differences in cognitive function level and 
MAP-2 protein levels; in addition, over time, the 
cognitive function level and MAP-2 protein 
expression level in the intervention group and 
5% IH group showed a gradual reduction, while 
ERK expression level was not significantly dif-
ferent within the intervention group, suggesting 
that hypoxia-induced cognitive changes may 
not only related with the activation of ERK sig-
naling pathway in rat hippocampal CA1 region 
and decreased MAP-2 expression, but also be 
affected by other mechanisms of action. There 
are few studies on the mechanism of ERK path-
way regulating MAP-2 expression currently at 
home and abroad; in the chronic intermittent 
hypoxia, the role of ERK pathway in mediating 
the degradation of MAP-2 and cognitive dys-
function still needs to be further studied by 
more targeted research, so as to finally reveal 
the mechanism of cognitive dysfunction in 
patients with OSAHS.
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