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INTRODUCTION
Mitogen-activated protein kinases (MAPKs) are 

serine/threonine-specific protein kinases that transfer 

extracellular stimuli to membrane receptor and regulate 

various cellular activities such as gene expression, 

mitosis, differentiation, proliferation, and cell survival/
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BACKGROUND: Edaravone can alleviate brain injury and improve neurological functions and 

symptoms. This study aimed to investigate the effect of edaravone on the p38Mitogen-activated 

protein kinases/Caspase-3 (p38MAPK /Caspase-3) pathway after diffuse brain injury (DBI) in rats.

METHODS: DBI models were established according to the description of Marmarou's method. 

A total of 250 rats were divided (random number) into four groups: control group (CG, n=45), model 

group (MG, n=77), low-dose edaravone group (n=67, dosage 5 mg/kg) and high-dose edaravone 

group (n=61, dosage 10 mg/kg). After 1, 6, 24, 48, and 72 hours after injury, brain tissues were 

collected. The changes of neuron morphous in the hippocampal region were observed through 

Nissl staining. The expression levels of phosphorylated p38MAPK and caspase-3 were detected by 

immunohistochemistry and Western blotting respectively. Learning and memory function were tested 

with Morris water maze from the 3rd to 7th day after injury.

RESULTS: Some neurons had histopathologic changes of necrosis and apoptosis in the model 

group compared with the control group. The phosphorylated p38MAPK expressions increased at 

1, 6, 4, and 48 hours (P<0.05), but no significant difference was observed at 72 hours (0.54±0.19 

vs. 0.40±0.14, P>0.05). Caspase-3 expressions increased at 6, 24, 48, and 72 hours respectively 

(P<0.05), but there was no signifi cant difference at 1 hour (0.59±0.29 vs. 0.40±0.17, P>0.05). From 

the 3rd to 6th day during the Morris water maze test, the latency to fi nd the platform was signifi cantly 

prolonged (P<0.05) and times of rats crossing the platform was decreased on the 7th day (2.28±1.18 

vs. 8.20±1.52, P<0.05). The phosphorylated p38MAPK expressions decreased at 6, 24 and 48 hours 

respectively in the low dose edaravone group compared with the model group (P<0.05), whereas no 

signifi cant difference was seen at 1 hour (1.66±0.80 vs. 1.85±0.86, P>0.05). Caspase-3 expression 

decreased at 6, 24, 48, and 72 hours (P<0.05). The latency to find the platform was significantly 

shortened (P<0.05), and times of rats crossing the platform increased (4.17±1.15 vs. 2.28±1.18, 

P<0.05). The above mentioned parameters changed more signifi cantly in the high-dose edaravone 

group than in the low-dose edaravone group.

CONCLUSION: Edaravone can alleviate brain tissue damage after DBI, inhibit p38MAP 

signal activation after early injury, reduce the expression of caspase-3, and promote the recovery of 

neurological function in the late period.
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apoptosis. The MAPK super-family is composed of 

three major sets of kinases: extracellular-receptor 

kinases (ERKs), c-Jun N-terminal kinases (C-Jun) 

and p38 MAPK kinases. After being confirmed that 

MAPKs signal pathway activation existed in the brain 

ischemia model in 1993, many studies have reported 

that the MAPKs signal pathway plays a crucial role 

in the pathological process of central nervous system 

diseases. It has been found that the activated p38 MAPK, 

which participates extensively in the process of hypoxic 

ischemic brain damage by cascade reaction, can regulate 

down-stream genes or protein transcription and induce 

apoptosis or inflammatory reactions.
[1,2]

 Edaravone 

(3-methyl-1-phenyl-2-pyrazolin-5-one), as a new type of 

neuroprotective agents, can markedly reduce brain injury 

and improve neurological functions and symptoms.
[3,4]

 

Pharmacological studies have confirmed that edaravone 

has the effects of scavenging oxygen free radicals, 

anti-lipid peroxidation and anti-apoptosis.
[5,6]

 Through 

establishing a rat model of diffuse brain injury, this study 

aimed to determine whether edaravone can decrease 

neurons damage and promote neurological functional 

recovery.

METHODS
Experimental animals

Two hundreds and fifty healthy male SD rats 

weighing (30±20) g were provided by Vital River 

Laboratories Animal Technology Co., Ltd (clean-class, 

certifi cation of approval: SCXK, Beijing, 2002-003).

Reagents and instruments
Edaravone injection was purchased from Shandong 

Zhongke Pharmaceutical Company. Phosphorylated 

P38MAPK murine monoclonal antibodies were 

purchased from Cell Signaling Technology, Inc, 

USA; caspase-3 elisa was gained from Zhongshan 

Goldenbridge Biotechnology Co.,Ltd; and image 

acquisition and analysis technology were obtained from 

Bio-Rad Laboratories, Ltd.

Animal grouping and molding
The 250 rats were randomly divided into 4 groups: 

control group (CG, n=45), model group (MG, n=77), low-

dose edaravone group (n=67, dosage 5 mg/kg) and high-

dose edaravone group (n=61, dosage 10 mg/kg). All groups 

were subdivided into 5 subgroups: 1 hour, 6 hours, 24 

hours, 48 hours and 72 hours after injury respectively. 

Five rats from each subgroup were subjected to Morris 

water maze test. 

Diffuse brain injury (DBI) models were established 

according to Marmarou
[7]

: under etherization condition 

(the anaesthesia time 70-150 seconds), copper rod 

(diameter 18 mm, weight 450 g) fell in a vertical way and 

struck in a stainless gasket, which was located between 

the lambdoid suture and sagittal suture of rats. Rats in 

the control group were anesthetized but not injured. Rats 

in the edaravone groups were injected with edaravone 

immediately after injury via tail vein injection (low-dose 

5 mg/kg; high-dose 10 mg/kg; q24h, d1-d3). During the 

modeling process, 32, 22 and 16 rats died in the model 

group, low and high dose groups, respectively.

Toluidine blue staining and immunochemical 

staining of phosphorylated p38MAPK and 

caspase-3
Twenty rats from each group were anesthetized 

with 0.4% pentobarbital sodium at 1, 6, 24, 48 and 72 

hours. The chest of the rats was open, and the heart was 

exposed and perfused with 4% polymerisatum. Finally 

the rats were killed. At 1-6 mm behind the optic chiasma, 

coronal sections were cut, and brain tissue of the middle 

part was taken out, fixed with 4% paraformaldehye, 

embedded in paraffi n, and sectioned at 5 μm. Slices were 

deparaffi nized to hydrate and stained with toluidine blue.

Other slices were prepared, deparaffinized to 

hydrate, and repaired with citrate microwave. Then 

the slices were dripped rat monoclonal antibody 

phosphorylated p38MAPK (1:150) and rabbit polyclonal 

antibodies caspase-3 (1:150), and kept in a wet box at 4 

°C overnight. IgG antibody 2HRP polymer (pv two step 

method tests the kid, Beijing Zhongshan Goldenbridge 

Biotechnology Co., Ltd) was put in an incubator for 

30 minutes at 37 °C, stained with DAB, restained with 

brazilwood, dehydrated, vitrifi cated, and deposited. The 

slices were observed under a microscope.

Determination of phosphorylated p38MAPK 

and caspase-3 using Western blotting
Twenty rats were selected from each group and 

killed at 1, 6, 24, 48 and 72 hours for the removal of the 

hippocampus. The hippocampus was homogenized on ice 

after adding with denaturing solution, and centrifugated 

at 3000 r/min and 4 °C for 5 minutes. The supernatant 

was collected, and the protein was quantitated using 

the coomassie brilliant blue method. The specimens 

were prepared and transferred to the membrane, 

which was added with antibodies (phosphorylated 

p38MAPK, 1:1000; caspase-3, 1:1500; β-actin, 1:2000) 
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and incubated for 2-3 hours at room temperature. The 

membrane was washed and incubated with secondary 

antibody (phosphorylated p38MAPK, 1:1000; caspase-3, 

1:1500; β-actin,1:2000), stained with ECL. The Bio-

Rad system was used to measure the absorption, and 

the protein level was expressed as the ratio of average 

absorption to aim strips and internal control β-actin, 

which were analyzed semiquantitatively.

Learning and memory ability tests
Learning and memory ability was tested twice using 

the Morris water maze method at 3, 4, 5, 6 and 7 days 

after injury, one in the morning and the other in the 

afternoon according to Smith. 
[8]

 The latency for seeking 

the platform was recorded at 3, 4, 5 and 6 days; the 

platform was removed, the times for rats crossing the 

original platform was recorded, and the mean value was 

calculated.

Statistical analysis
Data were expressed as mean ±SD. ANOVA with 

Bonferroni's post hoc test was used to determine 

statistical signifi cance as appropriate. A P value less than 

0.05 was considered statistically signifi cant.

RESULTS
Results of toluidine blue staining

In the control group, hippocampal neurons were 

tightly arranged, neurons were large with round nuclei 

and clear nucleolus, hypochromatic cytoplasm was 

slightly stained and uniformed, and Nissl bodies were 

abundant. In the model group, changes of cellular 

morphology in the hippocampus were seen 1 hour after 

injury, and cells were disorderly arranged with the 

extension of time. Cell body was contracted to polygon, 

partial cytoplasm was autolyzed, and Nissl bodies 

became smaller. The morphological changes of injured 

hippocampal neurons were alleviated in the edaravone 

group compared with the model group at 1, 6, 24, 48 and 

72 hours, and normal neurons accounted for the majority. 

The above changes were more obvious in the high dose 

edaravone group than in the low dose edaravone group 

(Figure 1).

Results of phosphorylated p38MAPK and 

caspase-3 detection
Immunohistochemical  s taining showed that 

phosphorylated p38MAPK posi t ive expression 

was mainly located in the nucleolus, and less in the 

cytoplasm, but caspase-3 positive expression was 

mainly located in cytoplasm. Fine brown particles were 

seen in the cytoplasm of positive cells. Positive cells 

in both phosphorylated 38MAPK and caspase-3 were 

mainly distributed in CA1and CA2 of the hippocampus, 

followed by CA1 and dentate gyrus.

Results of western blotting
Compared to the control group, phosphorylated 

p38MAPK expression in the model group was increased 

significantly at 1, 6, 24, and 48 hours after injury (P 

<0.05), but there was no significant difference between 

the two groups at 72 hours (P>0.05). Compared to the 

model group, phosphorylated p38MAPK expression 

in the edaravone groups was significantly decreased 

at 6, 24, and 48 hours after injury (P<0.05), whereas 

no significant difference was seen at 1 and 72 hours 

(P>0.05) (Table 1, Figure 2 ). Compared to the control 

group, caspase-3 expression in the model group increased 

signifi cantly at 6, 24 and 48 hours after injury (P<0.05), 

but there was no significant difference between the 

two groups at 1 hour (P>0.05). Compared to the model 

group, caspase-3 expression in the edaravone groups 

decreased signifi cantly at 6, 24 and 48 hours after injury 

(P<0.05), but there was no signifi cant difference between 

them at 1 and 72 hours (P>0.05) (Table 2, Figure 3).

Figure 1. Morphological changes of neurons in the hippocampal region of the rat at 72 hours after injury (Nissl staining ×400). A: control group; B: 
model group; C and D: low and high dose edaravone groups.

A B C D
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Figure 2. Phosphorylated p38MAPK expression in the hippocampal region of the rat by Western blotting. A: control group; B: model group; C 
and D: low and high dose edaravone groups.
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Figure 3. Caspase-3 expression in the hippocampal region of the rat by Western blotting. A: control group; B: model group; C and D: low and 
high dose edaravone groups.
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Groups Number 1 h 6 h 24 h 48 h 72 h

Control group 20 0.40±0.14 0.41±0.15 0.43±0.16 0.40±0.13 0.40±0.14

Model group 20 1.85±0.86
*

4.40±1.26
*

6.70±1.87
*

5.67±1.58
*

0.54±0.19

Low-dose edaravone group 20 1.66±0.80
*

2.46±0.92
*Δ

4.50±1.34
*Δ

2.98±1.02
*Δ

0.49±0.17

High-dose edaravone group 20 1.35±0.76
*

1.17±0.45
*Δ#

2.56±0.98
*Δ #

1.87±0.78
*Δ#

0.44±0.16

Table 1. Comparison of phosphorylated P38MAPK protein in the hippocampal region of the rats in each group (mean ±SD)

Compared with control group, 
*
P<0.05; compared with model group, 

Δ
P<0.05; compared with low-dose edaravone group,

 #
P<0.05

Groups Number
Latency for seeking the platform 

Times for crossing the 
original platform

3d 4d 5d 6d 7d

Control group 5   55.5±7.5   32.7±6.3 25.8±6.5 24.8±5.5 8.20±1.52

Model group 5 120.8±28.0
*

105.6±24.5
*

98.5±21.8
*

92.0±19.5
*

2.28±1.11
*

Low-dose edaravone group 5   84.8±22.8
*Δ

65.20±19.0
*Δ

62.0±16.7
*Δ 

59.5±15.6
*Δ

4.17±1.15
*Δ

High-dose edaravone group 5   70.5±20.7
*Δ

  55.4±18.49
*Δ

39.0±11.3
*Δ#

32.2±11.0
*Δ#

6.48±1.32
*Δ#

Table 3. Results of Morris water maze in each group (mean±SD)

Compared with control group, 
*
P<0.05; compared with model group, 

Δ
P<0.05; compared with low-dose edaravone group,

 #
P<0.05

Groups Number 1 h 6 h 24 h 48 h 72 h

Control group 20 0.40±0.17 0.52±0.15 0.48±0.12 0.64±0.18 0.44±0.18

Model group 20 0.59±0.29 2.60±1.09
*

4.68±1.56
*

5.34±2.12
*

7.78±3.41
*

Low-dose edaravone group 20 0.56±0.27 1.96±0.82
*Δ

2.49±0.96
*Δ

3.58±1.02
*Δ

5.84±2.17
*Δ

  

High-dose edaravone group 20 0.60±0.30 1.47±0.51
*Δ#

1.76±0.68
*Δ#

2.22±0.98
*Δ#

3.49±1.19
*Δ#

Table 2. Comparison of caspase-3 protein in the hippocampal region of the rats in each group (mean±SD)

Compared with control group, 
*
P<0.05; compared with model group, 

Δ
P<0.05; compared with low-dose edaravone group, 

#
P<0.05
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Results of learning and memory ability tests
Compared to the control group, latency for seeking 

the platform in the model group was obviously prolonged 

at 3, 4, 5 and 6 days (P<0.05), and times of rats crossing 

the original platform markedly decreased at 7 days 

(P<0.05). Compared to the model group, latency for 

seeking the platform in the model group was evidently 

shortened (P<0.05), and times of rats crossing the original 

platform decreased obviously (P<0.05) (Table 3).

DISCUSSION
Diffuse brain injury (DBI), which can cause 

extensive damage to different parts of the brain, has 

already become the main cause of death in the population 

under 45 years old.
[9]

 DBI may be due to the toxic effect 

of glutamic acid, calcium overload and inflammatory 

reaction, etc. Edaravone (3-methyl-1-phenyl-pyrazolin-

5-one), a novel free radical scavenger, has been used 

clinically in the treatment of adult brain stroke to protect 

neuronal cells from hypoxic brain injury.
[9]

 Edaravone 

provides free radicals with electrons, scavenges hydroxyl 

radicals, and limits hydroxyl radical-dependent lipid 

peroxidation,
[10]

 thereby inhibiting radicals' hazardous 

activities.
[11]

 Edaravone also affects the expression of 

cell-regulated genes, thus resulting in the improvement 

of antioxidatve ability of brain tissue, reduction of 

neurons apoptosis, and increase of neuroprotective 

function.
[11,12]

 In this study we found that the damage 

of neuron structure and the study/memory ability was 

greatly alleviated in the high/low dose ddaravone groups 

compared with the model group. This finding indicates 

that edaravone has a good therapeutic effect on DBI.

The P38MAPK signaling pathway is a stress 

reaction of cells to its surroundings, which regulates 

the physiological and pathological processes such as 

differentiation, development, survival and death of cells. 

After cerebral ischemic injury, the p38MAPK signaling 

pathway plays an important role in the pathological 

process of infl ammatory reaction, oxygen radical injury, 

and apoptosis of nerve cells. Pretreatment of SB202190 

(P38MAPK inhibitor) brain ischemia can alleviate 

brain injury and promote the recovery of neurological 

function in cerebral ischemia rats.
[13-16]

 This study 

revealed that high or low-dose edaravone can lower the 

level of phosphorylated p38MAPK after injury, and this 

effect was dose-dependent. This finding indicates that 

edaravone can inhibit the activation of the p38MAPK 

pathway after injury.

Caspase-3 is a key protease during apoptosis. The 

activated caspase-3 can enzymolyse specific substrates 

such as DNA-dependent protein kinase and sterol 

regulatory element binding protein, and induce apoptosis 

by changing its structure or affect specific signaling 

molecules. Caspase-3 expression and apoptosis of neural 

cells can be detected in the early period of traumatic 

brain injury, and the expression level of caspase-3 

is related to the extent of brain injury.
[17]

 p38MAPK 

downstream signal transduction includes the activation of 

caspase-3 in the process of cerebral ischemia
[18]

 and the 

inhibition of P38MAPK phosphorylation can block the 

expression of caspase-3 and reduce neuronal apoptosis in 

model of neurodegenerative diseases.
[19]

 Our study found 

that the distribution of P38MAPK was almost the same 

as that of caspase-3. After treatment with edaravone, the 

expression of phosphorylated P38MAPK and caspase-3 

declined dose-dependently. This indicates that the 

protective effect of edaravone on the brain is associated 

with the inhibition of the neuronal apoptosis pathway of 

P38MAPK and caspase-3. 

In conclusion, edaravone can alleviate brain damage 

after DBI, inhibit p38MAP signal activation after early 

injury, reduce the expression of caspase-3, and promote 

the recovery of neurological function in the late period.
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