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Lessening effect of hypoxia-preconditioned rat cerebrospinal fluid on oxygen-
glucose deprivation-induced injury of cultured hippocampal neurons in neonate

rats and possible mechanism
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Abstract: The present study was to investigate the effect of cerebrospinal fluid (CSF) from the rats with hypoxic preconditioning
(HPC) on apoptosis of cultured hippocampal neurons in neonate rats under oxygen glucose deprivation (OGD). Adult Wistar rats were
exposed to 3 h of hypoxia for HPC, and then their CSF was taken out. Cultured hippocampal neurons from the neonate rats were ran-
domly divided into four groups (n = 6): normal control group, OGD group, normal CSF group and HPC CSF group. OGD group re-
ceived 1.5 h of incubation in glucose-free Earle’s solution containing 1 mmol/L Na,S,0,, and normal and HPC CSF groups were sub-

jected to 1 d of corresponding CSF treatments followed by 1.5 h OGD. The apoptosis of neurons was analyzed by confocal laser

Received 2011-04-23  Accepted 2011-07-06

This work was supported by the Natural Science Foundation of Shandong Province, China (No. ZR2010HM029), Medical Science
Technology Development Program of Shandong Province, China (No. 2009HZ096), Scientific Research Development Program of the
Department of Education, Shandong Province, China (No. JOSLG71) and Technology Development Program of Taian Municipality,
China (No. 2007t037).

“Corresponding author. Tel: +86-538-6237428; E-mail: niujingzhong@tom.com



492 L AR Acta Physiologica Sinica, December 25, 2011, 63(6): 491-497

scanning microscope and flow cytometry using Annexin V/PI double staining. Moreover, protein expressions of Bcl-2 and Bax were
detected by immunofluorescence. The results showed that few apoptotic cells were observed in normal control group, whereas the
number of apoptotic cells was greatly increased in OGD group. Both normal and HPC CSF could decrease the apoptosis of cultured
hippocampal neurons injured by OGD (P < 0.01). Notably, the protective effect of HPC CSF was stronger than that of normal one (P <
0.01). Compared to OGD group, normal and HPC CSF groups both showed significantly higher levels of Bcl-2 (P < 0.01), and Bcel-2
expression level in HPC CSF group was even higher than that in normal CSF group (P < 0.01). Whereas the expressions of Bax in
normal and HPC CSF groups were significantly lower than that in OGD group (P < 0.01), and the Bax expression in HPC CSF group
was even lower than that in normal CSF group (P < 0.01). These results suggest that CSF from hypoxic-preconditioned rats could de-

grade apoptotic rate of OGD-injured hippocampal neurons by up-regulating expression of Bcl-2 and down-regulating expression of

Bax.
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Fig. 1. Identification of primary culture of rat hippocampal neu-
rons with immunofluorescence staining of neuron-specific eno-
lase (NSE). Scale bar, 50 pm.
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K 2. Bl ool TR I R OE SR R K (Annexin V/PTXLHY)
Fig. 2. Confocal laser scanning micrographs showing apoptosis in neurons stained with Annexin V (green)/PI (red). 4: Normal group.

B: OGD group. C: Normal CSF group. D: HPC CSF group. Scale bar, 50 pm. OGD: oxygen glucose deprivation; CSF: cerebrospinal

fluid; HPC: hypoxic preconditioning.
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Fig. 3. Dot plots of FCM showing survival rates of neurons (Annexin V/PI double staining). 4: Normal group. B: OGD group. C: Nor-

mal CSF group. D: HPC CSF group. OGD: oxygen glucose deprivation; CSF: cerebrospinal fluid; HPC: hypoxic preconditioning.
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Fig. 4. Expressions of Bcl-2 protein in neurons from different groups detected with FITC-conjugated antibody. 4: Normal group. B:

OGD group. C: Normal CSF group. D: HPC CSF group. Scale bar, 50 um. OGD: oxygen glucose deprivation; CSF: cerebrospinal

fluid; HPC: hypoxic preconditioning.
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A1 ALY 2T bn R T A A A PR
Table 1. Comparisons of apoptosis and survival rate of neurons from different groups

Group Annexin V-FITC (green) PI (red) Survival rate (%)
Control 0.050+0.010 0.020+0.010 73.445 +3.319
OGD 2.470+0.145 2.748 £ 0.110 45.245 +2.251
Normal CSF 1.625+0.171" 2.016 £ 0.023™ 51.828 £1.606™
HPC CSF 0.605 + 0.0827"* 0.117 +£0.028"# 65.275£2.615™*

Means + SD, n=6. P < 0.01 vs OGD group; “P < 0.01 vs normal CSF group. OGD: oxygen glucose deprivation; CSF: cerebrospi-

nal fluid; HPC: hypoxic preconditioning.

%2, A404% % 7T Bcl-242Bax A &) & A 89 bR

Table 2. Comparison of protein expressions of Bel-2 and Bax in neurons from different groups

Group Fluorescence intensity Number of positive cells Bcl-2/Bax
Bcl-2 Bax Bcl-2 Bax

Control 0.040+£0.012 0.401+0.010 4.000 +0.330 3.800 £ 0.930 1.06 £0.45

OGD 0.040 £ 0.003 1.548 £ 0.068 8.800+2.610 16.100 + 3.520 0.59+0.32

Normal CSF 0.457 £0.044" 1.072+£0.219° 11.900 £ 2.190 12.300 = 1.090™" 098 +0.17

HPC CSF 1.923 £0.078"# 0.411 £0.039"* 17.500 +4.390™ 8.400 + 0.760"* 1.84 £0.24"#

Means = SD, n = 6. "P < 0.05, P < 0.01 vs OGD group; “P < 0.05, #P < 0.01 vs normal CSF group. OGD: oxygen glucose depriva-
tion; CSF: cerebrospinal fluid; HPC: hypoxic preconditioning. Bcl-2/Bax: Ratio of Bcel-2 positive cells to Bax positive ones.

Kl 5. A4 iBax s FHARIE T I

-.

Fig. 5. Expressions of Bax protein in neurons from different groups detected with FITC-conjugated antibody. 4: Normal group. B:

OGD group. C: Normal CSF group. D: HPC CSF group. Scale bar, S0 um. OGD: oxygen glucose deprivation; CSF: cerebrospinal

fluid; HPC: hypoxic preconditioning.
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0.01)( % 2, K 5).
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HRZFETHE (P<0.01)( % 2).
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