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Abstract 

BACKGROUND: Cerebral hemorrhage can activate the proliferation and differentiation of neural stem 

cells in the dentate gyrus of the hippocampus. Through continuous differentiation and proliferation, 

endogenous neural stem cells can gradually replace aging and damaged neurons, thus protecting the 

brain structure.  

OBJECTIVE: To compare the difference of the proliferation and differentiation of neural stem cells in the 

dentate gyrus of the hippocampus of rats with different ages. 

METHODS: Ninety-six adult rats and 96 aged rats were randomly divided into normal group (n=18 per 

group), sham operation group (n=12 per group) and cerebral hemorrhage group (model group, n=66 per 

group), respectively. Cerebral hemorrhage models were made in the two model groups in which, the rats 

were subjected to cerebral hemorrhage for 6, 24, 48, 72 hours and 7 days, respectively. Then, brain 

tissues were collected to measure brain water content. BrdU/NeuN and BrdU/GFAP double staining were 

performed at 3, 7, 14, 21, 28 days after surgery to calculate the number of positive cells. 

RESULTS AND CONCLUSION: For both adult and aged rats, the brain water content was significantly 

higher than that in the normal group and sham operation group (P < 0.05), while in the normal and sham 

operation groups, the brain water content was significantly lower in the aged rats than the adult rats (P < 

0.05). The number of bilateral BrdU-positive cells in the adult and aged model groups was significantly 

higher than that in the corresponding normal and sham operation groups (P < 0.05), and moreover, the 

positive cell number at the hemorrhage side was significantly higher than that at the opposite side (P < 

0.05). In addition, the number of BrdU-positive cells at the hemorrhage side in the adult rats was 

significantly higher than that in the aged rats at different time after cerebral hemorrhage (P < 0.05). Results 

from immunohistochemical double staining showed that the BrdU/NeuN and BrdU/GFAP expression in the 

hippocampal dentate gyrus of adult rats with cerebral hemorrhage was significantly higher than that of 

normal adult rats. All these experimental results show that there are a few neural stem cells proliferating in 

the hippocampal dentate gyrus of normal rats, and the proliferation ability is stronger in the adult rats than 

the aged rats. Cerebral hemorrhage can significantly strengthen the proliferation of neural stem cells in the 

dentate gyrus in the adult rats compared with the aged rats.  

Subject headings: Cerebral Hemorrhage; Stem Cells; Neural Stem Cells; Hippocampus; Tissue 

Engineering 
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Table 1  Brain water content of rats in each group 
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Table 2  Number of BrdU-positive cells in the dentate gyrus 

of adult rats following cerebral hemorrhage 
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a

 

105.23±5.25

a

 

75.02±3.35

a

 

64.28±2.75

a

 

60.23±3.12

a

 

> 0.05 

> 0.05 

 

< 0.05 

< 0.05 

< 0.05 

< 0.05 

< 0.05 

 

� 3  ������������� BrdU �������

�                                   (x

_

±s�n=6��) 

Table 3  Number of BrdU-positive cells in the dentate gyrus 

of aged rats following cerebral hemorrhage 
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Table 4  Comparison of the number of BrdU-positive cells 

in the hemorrhagic dentate gyrus of aged and adult rats 

following cerebral hemorrhage 
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44.15±4.25 

45.05±3.15 

 

80.23±5.11
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130.23±7.15
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110.25±5.25
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69.12±6.22
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55.13±3.75
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53.12±3.15 

54.20±3.51 

 

103.12±2.85
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170.23±5.03

a

 

120.35±5.45
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99.03±4.51
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65.20±3.12
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< 0.05 

< 0.05 

 

< 0.05 

< 0.05 

< 0.05 

< 0.05 

< 0.05 
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Table 5  Immunohistochemical double staining results of 

neural stem cells in the dentate gyrus of rats following 

cerebral hemorrhage in rats 
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�� BrdU/GFAP 19.21±3.21
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 24.01±3.12
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 15.89±2.13 

�� BrdU/GFAP 13.25±1.20

 a

 28.12±2.11 
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Figure 1  Changes of brain water content in adult and aged 

rats at different time of cerebral hemorrhage 
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